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charging that can interfere with analyte tests. Prior to beginning a
charging session, the charging control selects the maximum charging
current that does not change during the charging session based capa-
city of a charging source along with a first temperature measured near
the battery that is compared with a first temperature range. By select-
ing the maximum charging current in this manner, the risk of the
measurement module preventing a test under high lock-out conditions
and the risk of the measurement module allowing a test when low
lock-out conditions that are masked is reduced. Methods also are
provided for using/operating such devices.
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HANDHELD ANALYTE METER WITH RECHARGING CONTROL FOR IMPROVED
ANALYTE TESTING

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This patent application claims priority to and the benefit of US Patent Application No.
14/285,144 (filed 22 May 2014), which is incorporated herein by reference as if set forth in its

entirety.

TECHNICAL FIELD
[0002] This disclosure relates generally to engineering and medical diagnostics, and more
particularly, it relates to handheld in vitro analyte meters having a rechargeable battery and
recharging controls, such as a blood glucose meter or an infusion pump controller with an

integral blood glucose meter.

BACKGROUND

[0003] Diabetes mellitus, often referred to as diabetes, is a chronic condition in which a person
has elevated blood glucose levels that result from the body's inability to produce insulin, use
insulin or both. There are three (3) main types of diabetes. First is Type 1 diabetes, which
usually strikes children and young adults and is linked to conditions such as autoimmune,
genetic, environmental or a combination. Second is Type 2 diabetes, which accounts for 90%-
95% of diabetes cases and which is linked to obesity and physical inactivity. Lastly is
gestational diabetes, which is a form of glucose intolerance diagnosed during pregnancy, and
which usually resolves itself soon after delivery.

[0004] In 2013, some 382 million people worldwide were estimated to have diabetes, and an
estimated 5.1 million people between the ages of 20 and 79 die from diabetes annually,
according to the Int’l Diabetes Foundation Diabetes Atlas. In the US, nearly 24 million
Americans have diabetes with an estimated 25% of seniors age 60 and older being affected,
according to The Centers for Disease Control and Prevention. Diabetes costs are estimated to be
$174 billion in the US alone every year, according to the National Diabetes Information

Clearinghouse. Without treatment, diabetes can lead to severe complications such as heart
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disease, stroke, blindness, kidney failure, amputations and even death related to pneumonia and
flu.

[0005] Handheld blood glucose meters are used by persons with diabetes to measure blood
glucose using a test element/test strip, such as a biosensor, inserted into the meter. 'The test
element has a collection area on one end that extends from the meter. A small drop of blood is
placed on the collection area to initiate an electrochemical or photometric enzymatic reaction to
determine a blood glucose measurement. This enzymatic reaction is sensitive to temperature, so
an acceptable temperature range is established for performing accurate blood glucose
measurements. Prior to initiating a blood glucose measurement, a temperature sensor typically
inside the meter housing measures temperature to determine whether the temperature is within
the acceptable temperature range. If the temperature is within the acceptable temperature range,
a glucose measurement is performed. If the temperature is outside the acceptable temperature
range, a glucose measurement is not performed.

[0006] As handheld blood glucose meters have increased in capability with features such as
color displays, multiple microprocessors and wireless communications, power consumption also
has increased, necessitating a use of rechargeable batteries. During recharging, the charging
current and electrochemical reactions cause the battery to self-heat or warm, which causes a
temperature rise inside the housing or self-heating, particularly during the first hour or two of
recharging. When the temperature inside the blood glucose meter rises, the meter’s estimate for
the acceptable temperature range to perform a blood glucose test can be inaccurate. Modulating
charging current during a recharging session can create self-heating thermal conditions that are
difficult to predict. An inaccurate temperature measurement can cause a lock-out condition that
prevents a blood glucose measurement from being performed or mask a lock-out condition that
inappropriately allows a blood glucose measurement to be performed, potentially for the first
hour of recharging. Examples of rechargeable handheld analyte meters include LifeScan’s
OneTouch Verio IQ® Blood Glucose Monitoring System; Bayer’s Contour® USB Glucose
Monitoring System; and Roche Diagnostics’ Accu-Chek® Inform II Blood Glucose Monitoring
System.

[0007] What is needed is a rechargeable analyte meter with recharging control to manage

battery self-heating for improved analyte testing.
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BRIEF SUMMARY

[0008] An inventive concept described herein includes providing recharging controls to
manage rechargeable battery self-heating in handheld analyte meters for improved analyte
testing. Advantageously, the recharging controls address the problem of self-heating thermal
conditions that can occur when modulating charging current during a recharging session and that
are difficult to predict. Such recharging controls therefore attenuate instances when a false lock-
out condition prevents a blood glucose measurement from being performed or mask a lock-out
condition that inappropriately allows a blood glucose measurement to be performed. This
inventive concept is achieved by selecting a maximum charging current prior to the beginning of
a charging session, which does not change during the charging session. The maximum charging
current is based upon a capacity of a charging source and a first temperature compared to a first
temperature range, where the first temperature closely reflects a meter temperature as measured
by a first sensor. Prior to initiating an analyte measurement, a second sensor measures a second
temperature that more closely reflects the reaction temperature near a test element, which is
compared to a high-lockout temperature range and/or a low-lockout temperature range. In this
manner, the second temperature sensor more closely reflects the test element temperature, while
the first temperature sensor more closely reflects the battery temperature. This inventive concept
therefore can be incorporated into exemplary devices and methods as described herein and in
more detail below.

[0009] For example, and in one embodiment, handheld analyte meters are provided, such as a
blood glucose meter or a combination blood glucose meter and infusion pump controller, with a
recharging control that improves analyte testing by regulating self-heating that occurs during
recharging and that can adversely influence analyte tests. Briefly, the meters can include a
housing, a cable connector, a rechargeable battery, a main processor, a display, a first
temperature sensor, a measurement module, a second temperature sensor, a battery charger, and
a charging control. A maximum charging current is selected prior to initiating a charging
session, and the maximum charging current does not change during the charging session. The
maximum charging current is selected based upon a capacity of a charging source and a first
temperature compared to a first temperature range. By selecting the maximum charging current
in this manner, the risk of the measurement module preventing a test under high lock-out
conditions and the risk of the measurement module allowing a test when low lock-out conditions

are masked is attenuated or reduced.



WO 2015/179642 PCT/US2015/031979

4

[0010] In view of the foregoing, and in another embodiment, methods are provided for
controlling handheld analyte meter recharging, such as a blood glucose meter or a combination
blood glucose meter and infusion pump controller, which improve analyte testing by regulating
self-heating that occurs during recharging and can adversely influence analyte tests. Briefly, the
methods of controlling handheld meter recharging can include connecting a cable to a charging
source and to the handheld meter, identifying a charging source capacity, measuring a first
temperature inside the meter with a first temperature sensor, selecting a maximum charging
current, and recharging a rechargeable battery. The maximum charging current is selected prior
to initiating a charging session, and the maximum charging current does not change during the
charging session. The maximum charging current is selected based upon the charging source
capacity and a first temperature compared to a first temperature range. By selecting the
maximum charging current in this manner, the risk of the measurement module preventing a test
under high lock-out conditions and the risk of the measurement module allowing a test under low
lock-out conditions that are masked is reduced.

[0011] These and other advantages, effects, features and objects of the inventive concept will
become better understood from the description that follows. In the description, reference is made
to the accompanying drawings, which form a part hereof and in which there is shown by way of

illustration, not limitation, embodiments of the inventive concept.

BRIEF DESCRIPTION OF THE DRAWINGS
[0012] The advantages, effects, features and objects other than those set forth above will
become more readily apparent when consideration is given to the description of exemplary
embodiments below. Such description makes reference to the following drawings, wherein:
[0013] Fig. 1 shows a person with diabetes and a health care provider in a clinical
environment.
[0014] Fig. 2 shows a person with diabetes with a variety of diabetes devices.
[0015] Fig. 3 shows a perspective view of a handheld analyte meter with a rechargeable
battery.
[0016] Fig. 4 shows a perspective cut-away view of a handheld analyte meter with a
rechargeable battery.
[0017] Fig. 5 shows a printed circuit board for a handheld analyte meter with a rechargeable

battery.
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[0018] Fig. 6 shows a block diagram of a handheld analyte meter with a rechargeable battery.
[0019] Fig. 7 shows a block diagram of a charging module including a battery charger and
charging control program for a handheld analyte meter with a rechargeable battery.

[0020] Fig. 8 shows a flowchart of a charge control program for selecting a charge current
for the battery charger.

[0021] Fig. 9 shows a flowchart of a method of recharging a handheld analyte meter with a
rechargeable battery.

[0022] Fig. 10 shows test results from a heated environmental chamber comparing a
handheld analyte meter with a charging control and a handheld analyte meter without charging
control during recharging.

[0023] Fig. 11 shows test results from a cooled environmental chamber comparing a
handheld analyte meter with a charging control and a handheld analyte meter without charging
control during recharging.

[0024] While the inventive concept is susceptible to various modifications and alternative
forms, exemplary embodiments thereof are shown by way of example in the drawings and are
herein described in detail. It should be understood, however, that the description of exemplary
embodiments that follows is not intended to limit the inventive concept to the particular forms
disclosed, but on the contrary, the intention is to cover all advantages, effects, features and
objects falling within the spirit and scope thereof as defined by the embodiments described
herein and the claims below. Reference should therefore be made to the embodiments described
herein and claims below for interpreting the scope of the inventive concept. As such, it should
be noted that the embodiments described herein may have advantages, effects, features and

objects useful in solving other problems.

DESCRIPTION OF EXEMPLARY EMBODIMENTS
[0025] The devices and methods now will be described more fully hereinafter with reference
to the accompanying drawings, in which some, but not all embodiments of the inventive concept
are shown. Indeed, the devices and methods may be embodied in many different forms and
should not be construed as limited to the embodiments set forth herein; rather, these
embodiments are provided so that this disclosure will satisfy applicable legal requirements.
[0026] Likewise, many modifications and other embodiments of the devices and methods

described herein will come to mind to one of skill in the art to which the disclosure pertains
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having the benefit of the teachings presented in the foregoing descriptions and the associated
drawings. Therefore, it is to be understood that the devices and methods are not to be limited to
the specific embodiments disclosed and that modifications and other embodiments are intended
to be included within the scope of the appended claims. Although specific terms are employed
herein, they are used in a generic and descriptive sense only and not for purposes of limitation.
[0027] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of skill in the art to which the disclosure pertains.
Although any methods and materials similar to or equivalent to those described herein can be
used in the practice or testing of the devices and methods, the preferred methods and materials
are described herein.

[0028] Moreover, reference to an element by the indefinite article “a” or “an” does not
exclude the possibility that more than one element is present, unless the context clearly requires

[P

that there be one and only one element. The indefinite article “a” or “an” thus usually means “at

kN1

least one.” Likewise, the terms “have,” “comprise” or “include” or any arbitrary grammatical
variations thereof are used in a non-exclusive way. 'Thus, these terms may both refer to a
situation in which, besides the feature introduced by these terms, no further features are present
in the entity described in this context and to a situation in which one or more further features are
present. For example, the expressions “A has B,” “A comprises B” and “A includes B” may
refer both to a situation in which, besides B, no other element is present in A (i.e., a situation in
which A solely and exclusively consists of B) or to a situation in which, besides B, one or more

further elements are present in A, such as element C, elements C and D, or even further

elements.

Overview

[0029] Fig. 1 shows a person with diabetes 10 and a health care provider 12 in a clinical
environment 14. A person with diabetes 10 can use a handheld analyte meter such as a blood
glucose meter or a combination blood glucose meter and infusion pump controller 16 as part of
the person’s therapy. A person with Type 1 diabetes can perform blood glucose measurements
seven (7) or more times a day, and the need to perform blood glucose measurement can be urgent
for events such as a feeling of low blood glucose, hypoglycemia, and prior to eating for
calculating an insulin bolus. The health care provider 12 can manage the person with diabetes’

10 diagnostic and therapy information using diabetes management programs such as Accu-
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Chek® 360 Diabetes Management System software and Accu-Chek® Pump Configuration
software operating on a computer, accessed via the World Wide Web, or both.

[0030] Fig. 2 shows a person with diabetes 10 wearing a variety of diabetes devices. The
person with diabetes 10 in a self-care environment can use a variety of diabetes devices such as
an ambulatory infusion pump 18, a patch infusion pump 20 that adheres to the person’s skin, and
a continuous glucose monitor 22. These diabetes devices are intended to be used by the person
with diabetes 10 during daily activities such as outside under variable seasonal temperatures.
[0031] Alternatively, a handheld blood glucose meter or a combination handheld blood
glucose meter and infusion pump controller can be used by persons with diabetes to measure
blood glucose. As shown in Fig, 3, a test element 24 (or biosensor) can be inserted into the
meter 16, where the test element 24 has a collection area 26 on one end extending away from the
meter 16. A small drop of blood is placed on the collection area 26 to initiate an enzymatic
reaction for electrochemical or photometric analysis to produce a blood glucose measurement.
This enzymatic reaction is sensitive to temperature, so an acceptable temperature range is
established for performing accurate blood glucose measurements, such as from about 4°C to
about 45°C (about 39°F to about 113°F), from about 6°C to about 44°C (about 43°F to about
111°F); from about 4°C to about 40°C (about 39°F to about 104°F); or from about 10°C to about
45°C (about 50°F to about 113°F) and the like. Alternatively, the acceptable enzymatic reaction
temperature range can be from about 5°C to about 40°C, from about 10°C to about 35°C, from
about 15°C to about 30°C, or from about 20°C to about 25°C. Alternatively still, the acceptable
enzymatic reaction temperature range can be from about 5°C to about 10°C, from about 10°C to
about 15°C, from about 15°C to about 20°C, from about 20°C to about 25°C, from about 25°C to
about 30°C, from about 30°C to about 35°C, from about 35°C to about 40°C, from about 40°C to
about 45°C, or about 45°C. Also, the acceptable enzymatic reaction temperature can be about
5°C, about 10°C, about 15°C, about 20°C, about 25°C, about 30°C, about 35°C, about 40°C or
about 45°C.

[0032] As used herein “about” means within a statistically meaningful range of a value or
values such as, for example, a stated concentration, length, width, height, angle, weight,
molecular weight, pH, sequence identity, time frame, temperature or volume. Such a value or
range can be within an order of magnitude, typically within 20%, more typically within 10%,

and even more typically within 5% of a given value or range. The allowable variation
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encompassed by “about” will depend upon the particular system under study, and can be readily
appreciated by one of skill in the art.

[0033] If the enzymatic reaction occurs outside the acceptable temperature range, the test
element will be operating outside of specifications and could produce an inaccurate blood
glucose measurement. Prior to beginning a blood glucose measurement, a temperature sensor
located inside the meter housing measures temperature to determine whether the temperature is
within the acceptable temperature range. If the temperature is within the acceptable temperature
range, a glucose measurement is performed, and, if the temperature is outside the acceptable
temperature range, a glucose measurement is not performed.

[0034] As handheld analyte meters, such as blood glucose meters and combination blood
glucose meters and infusion pump controllers, have been enhanced with features such as color
displays, multiple microprocessors, and wireless communications power consumption has
increased. Increased power consumption also produces internally generated heat that can
adversely affect blood glucose measurements. An example of power management to control
internal heating in a combination pump controller and blood glucose meter is disclosed in US
Patent Application Publication No. 2012/0095312.

[0035] Increased power consumption also has increased battery energy demands leading to
the use of rechargeable batteries. As also shown in Fig. 3, recharging can be performed by
connecting a cable 56 to the meter 16 that supplies power for recharging or by placing the meter
16 configured for inductive charging on a charging pad. During recharging, the charging current
and electrochemical reactions cause the battery to self-heat, which causes a temperature rise
inside the housing. Also during recharging, the person with diabetes 10 can have an urgent need
to perform a blood glucose test. If the meter 16 is recharging by a cable, the person with
diabetes 10 would be required to disconnect the cable 56 from the meter 16 for safety to enable
the blood glucose measurement. During this interruption of charging for an urgent blood glucose
measurement, battery self-heating can pose the greatest risk for interfering with the blood
glucose measurement. When the blood glucose meter 16 rises in temperature, the meter’s 16
estimate for the acceptable temperate range to perform a blood glucose test can be inaccurate.
An inaccurate temperature measurement can prevent a blood glucose measurement from being
performed when the collection area 26 is actually within an acceptable temperature range (e.g., a
high lock-out condition caused by battery self-heating). An inaccurate temperature measurement

also can permit a blood glucose measurement to be performed when the test element’s sample
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collection area is outside the acceptable temperature range (e.g., masking a low lock-out
condition caused by battery self-heating).

[0036] The devices and methods described herein therefore are useful in a variety of
applications and address the problems noted above with self-heating that may result from
charging and/or using a rechargeable battery. For example, rechargeable, handheld devices are
routinely used to assay a variety of analytes for diagnosing and monitoring disease and
treatment. Examples of such useful analytes include, but are not limited to, carbohydrates such
as glucose, ketones such as beta-hydroxybutyrate, and lipids such as triglycerides. Of particular
interest herein are analytes related to diagnosing and monitoring diabetes, especially assaying an

analyte such as glucose.

Devices

[0037] Fig. 3 shows a perspective view of an exemplary handheld analyte meter 16 with a
rechargeable battery 36, and Fig. 4 shows a perspective cut-away view of the exemplary
handheld analyte meter 16 with a rechargeable battery 36. The handheld analyte meter 16 with
recharging control for controlling self-heating to improve analyte testing includes a device
housing 28, a cable connector 34, a rechargeable battery 36, a display 38, a first temperature
sensor 40, a measurement module 42, a second temperature sensor 44, a test element connector
46, a battery charger 48, and a charging control 50.

[0038] The housing 28 is formed from a thermoplastic that both encloses handheld analyte
meter 16 components and serves as a frame for carrying components. The housing 28 is
substantially sealed except for the test element port 32 that is open to receive a test element 24,
where some airflow can occur through the test element port 32 to the housing interior. Fig. 6
shows that the cable connector 34 is carried in the housing 28 with a first end 52 exposed outside
the housing for connecting to a charging source and a second end 54 coupled the circuit board
30. The cable connector 34 is used for both communicating and recharging and can be a
Universal Serial Bus (USB) mini connector and the like. When a cable 56 is attached to the
cable connector 34 for recharging, the battery charger 48 can determine both the type and
capacity of the power source for recharging. The general types of power sources available are a
dedicated power source and a USB power source such as can be found on a computer USB port.

Both the dedicated power source and auxiliary power source for USB have an available charging
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current of 500 mA; however, the auxiliary power source often limits charging current to below
500 mA due to constraints such as other power requirements.

[0039] The rechargeable battery 36 is carried inside the housing 28 and is coupled to the
circuit board 30 and to the cable connector second end 54. During recharging the rechargeable
battery 36 self-heats due to electrochemical reactions associated with recharging along with
electrical impedance associated with the charging current. Heat rise generated by the
rechargeable battery during recharging ranges from about 2°C to about 4°C (about 3.6°F to about
7.2°F) depending upon the charging current. The rechargeable battery 36 can be a lithium ion
battery rated at 3.7 VDC and 1150 mAh and has a predetermined charge level in the range from
about 300 mA to about 1150 mA such as, for example, less than about 450 mA.

[0040] Fig. 5 shows a printed circuit board 30 for a handheld analyte meter 16 with a
rechargeable battery 36. The spatial relationship is shown among the main processor 58, first
temperature sensor 40, measurement module 42, and second temperature sensor 44.
Additionally shown are the battery charger 48 and charging control 50.

[0041] Fig. 6 shows a block diagram of a handheld analyte meter 16 with a rechargeable
battery 36. The handheld analyte meter 16 includes a housing (not shown), a cable connector 34,
a rechargeable battery 36, a main processor 58 with memory 60, a display 38, a first temperature
sensor 40, a measurement module 42, a second temperature sensor 44, a test element connector
46, and a charging module 62 including a battery charger 48 and a charging control 50. The
main processor 58, also known as the user interface processor, can be a Freescale i.MX233
application processor using an operating system such as Microsoft® WinCE. Memory 60
coupled to the process can be both volatile Synchronous Dynamic Random Access Memory
(SDRAM) and non-volatile flash memory. The display 38 can be a liquid crystal display (L.CD)
having a resistive touch panel overlaid that cooperates with the display to form user interface
buttons.

[0042] The first temperature sensor 40 can be a thermistor and is carried on the circuit board
30 near the main processor 58 and rechargeable battery 36. The first temperature sensor 40 is
used for measuring a first temperature inside the housing 28 prior to beginning a charging
session that is compared to a first temperature range. The first temperature range is selected to
balance self-heating against charging time such as, for example, in a range from about 18°C to
about 27°C (about 64°F to about 81°F). Alternatively, the first temperature range can be from
about 19°C to about 26°C, from about 20°C to about 25°C, from about 21°C to about 24°C, or
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from about 22°C to about 23°C. Also, the first temperature can be about 18°C, about 19°C,
about 20°C, about 21°C, about 22°C, about 23°C, about 24°C, about 25°C, about 26°C, or about
27°C.

[0043] The measurement module 42, sometimes referred to as a measurement engine, is
carried on the circuit board 30 near the test element port 32 and coupled to the main processor
58, the second temperature sensor 44, and a test element connector 46. The measurement
module 42 can be an Application Specific Integrated Circuit (ASIC) with a module processor
and module memory that contains measurement firmware that perform the electrochemistry or
photometric analysis of the test element 24 once a blood sample has been applied to produce a
blood glucose measurement. The measurement module 42 also directly controls the second
temperature sensor 44.

[0044] The measurement module 42 determines high lock-out and low lock-out conditions to
prevent blood glucose measurements based upon the second temperature of the second
temperature sensor 44. The measurement module 42 determines a high lock-out condition when
the temperature as measured by the second temperature sensor 44 is higher than the specific
range for the enzymatic reaction such as above about 45°C (113°F), above about 44°C (about
111°F), above about 43°C (109°F), above about 42°C (108°F), above about 41°C (106°F), or
even above about 40°C (about 104°F). Likewise, the measurement module 42 determines a low
lock-out condition when the temperature measured by the second temperature sensor 44 is lower
than the specific range for the enzymatic reaction such as lower than about 4°C (39°F), lower
than about 5°C (41°F), lower than about 6°C (about 43°F), lower than about 7°C (45°F), lower
than about 8°C (46°F), lower than about 9°C (48°F), or even lower than about 10°C (about
50°F).

[0045] The temperature range between the low lock-out and high lock-out is the acceptable
temperature range as measured by the second temperature sensor 44 for performing blood
glucose measurements, which is from, for example, about 4°C to about 45°C (about 39°F to
about 113°F), from about 6°C to about 44°C (about 43°F to about 111°F), from about 4°C to
about 40°C (about 39°F to about 104°F), from about 10°C to about 45°C (about 50°F to about
113°F) and the like.

[0046] During recharging, battery self-heating can potentially create a false high-lock out
condition to prevent performing a blood glucose measurement when the test element is actually

within the acceptable temperature range to perform a blood glucose measurement. Also during
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recharging, battery self-heating can potentially mask a low lock-out condition that would permit
performing a blood glucose measurement when the actual test element temperature is lower than
the acceptable temperature range to perform a blood glucose measurement. If a low lock-out
condition is masked by battery 36 self-heating, a person with diabetes 10 could perform a blood
glucose measurement outside of the specifications for the test element 24. This blood glucose
measurement performed outside of test element 24 specifications could then be used for a
therapy adjustment such as delivering an insulin bolus with unpredictable results.

[0047] The second temperature sensor 44 can be a thermistor carried on the circuit board 30
near the measurement module 42 for measuring a second temperature inside the housing 28. By
locating the second temperature sensor 44 near the measurement module 42, the second
temperature sensor 44 more closely reflects the test element temperature than the first
temperature sensor 40 that more closely reflects the battery temperature.

[0048] The measurement module 42 controls the second temperature sensor 44. Prior to
beginning an analyte test, the measurement module 42 obtains a second temperature from the
second temperature sensor 44, and the second temperature is compared to a second temperature
range. The second temperature range is the test element-specified temperature operating range
such as, for example, from about 6°C to about 44°C (about 43°F to about 111°F). The
measurement module 42 compares the second temperature to the second temperature range to
determine whether to impose a high lock-out or low-lock out to prevent a blood glucose
measurement from being conducted because the test element temperature could be outside its
specified temperature range.

[0049] The test element connector 46 is carried on the circuit board 30 near the test element
port 32. The test element connector 46 is coupled to the measurement module 42 and is
configured to receive a test element 24. When the test element 24 is inserted through the test
element port 32 into the test element connector 46, test element 24 contacts form an electrical
connection with test element connector 46 terminals and to the measurement module 42. There
is little thermal conduction between the test element 24 and the test element connector 46
because the test element 24 substrate is plastic. The charging module 62 is discussed below.
[0050] Fig. 7 shows a block diagram of a charging module 62 including a battery charger 48,
a charging control 50, a fuel gauge 64, and a rechargeable battery 36. The battery charger 48 is
carried on the circuit board 30 and is coupled to the cable connector 34 that charges the

rechargeable battery 36 up to a maximum charging current until the rechargeable battery 36
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reaches a predetermined charge level. The battery charger 48 also is coupled to fuel gauge 64.
The battery charger 48 receives 5 VDC from the USB port and converts it to 4.2 VDC for
charging the battery 36, and the charging current also is controlled by the battery charger 48.
The fuel gauge 64 provides a battery 36 temperature lock-out for charging to prevent damage to
the battery. The battery 36 temperature charging acceptance range is wide enough, so it does not
interact with the high lock-out and low lock-out.

[0051] The charging control 50 includes a charging resistor matrix 66 and a charge control
program 68. The charging resistor matrix 66 is used to change the control voltage of the battery
charger 48 to limit charging current. The charging control 50 is carried on the circuit board 30
and is coupled to the battery charger 48 that prior to initiating a charging session selects the
maximum charging current that does not change during the charging session. The maximum
charging current is selected based upon capacity of a charging source, and the first temperature
compared to the first temperature range. The maximum charging current can be in a range from
about 50 mA to about 450 mA, from about 75 mA to about 425 mA, from about 100 mA to
about 400 mA, from about 125 mA to about 375 mA, from about 150 mA to about 350 mA,
from about 175 mA to about 325 mA, from about 200 mA to about 300 mA, from about 225 mA
to about 275 mA or about 250 mA. Alternatively, the range can be from about 50 mA to about
100 mA, from about 100 mA to about 150 mA, from about 150 mA to about 200 mA, from
about 200 mA to about 250 mA, from about 250 mA to about 300 mA, from about 300 mA to
about 350 mA, from about 350 mA to about 400 mA, or from about 400 mA to about 450 mA.
Also, the maximum charging current can be about 50 mA, about 100 mA, about 150 mA, about
200 mA, about 220 mA, about 250mA, about 300 mA, about 350 mA, about 360 mA, about
370mA, about 380 mA, about 390 mA, about 400 mA, about 410 mA, about 420 mA, about 430
mA, about 440 mA, and about 450 mA.

Methods

[0052] Fig. 8 shows a flowchart of a charge control program 68 for selecting a charge current
for the battery charger. The charge control program 68 is stored in memory 60 and is executed
by the main processor 58. The charge control program 68 includes the steps of identifying the
charging source 70, measuring a first temperature 72, comparing the first temperature to a first
temperature range 74, determining whether the first temperature is outside the first temperature

range 76, selecting high maximum charging current if the first temperature is not outside the first
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temperature range 78 or selecting a low/reduced maximum charging current if the first
temperature is outside the first temperature range 80, and charging the battery §2.

[0053] When a charging source is plugged into the cable connector 52, the battery charger 48
determines whether the charging source is a dedicated charger or a charging source from a
device such as a computer. Dedicated charging sources typically have a capacity of at least
about 500 mA. Device charging sources such as a computer typically have a capacity from
about 100 mA to about 500 mA. The first temperature is read to determine the temperature
inside the housing. This first temperature is compared against a first temperature range that is
selected to balance self-heating against charging time such as in the range from about 18°C to
about 27°C (about 64°F to about 81°F). If the first temperature is within the first temperature
range, the charge control program will select a highest maximum charging current of 500 mA or
less such as 380 mA. If the first temperature is outside the first temperature range, the charge
control program will select a reduced maximum charging current that is under 380 mA, such as
300 mA, 220 mA, or 50 mA.

[0054] Fig. 9 shows a flowchart of a method for recharging a handheld analyte meter 16 with
a rechargeable battery 36. The method includes the steps of connecting a cable 84, sensing the
cable 86, identifying the charging source 70, measuring a first temperature 72, determining
whether the first temperature was outside a first temperature range 76, selecting a high maximum
charging current if the first temperature is not outside the first temperature range 78 or selecting
a reduced maximum charging current if the first temperature is outside the first temperature
range 80, recharging a rechargeable battery 82, disconnecting the cable 88, inserting a test
element 90, measuring a second temperature 92, determining whether the second temperature is
within a second temperature range 94, stopping analyte measurement 96 if the second
temperature is outside the second temperature range or performing the analyte test 98 if the
second temperature is within the second temperature range.

[0055] To prepare for recharging, the user connects a cable 84 that is coupled to a charging
source to a cable connector 52 on the handheld analyte meter 16, and the user turns the analyte
meter 16 “on” if it was “off.” The cable 56 provides both power and communications such as a
USB cable. The analyte meter 16 senses 86 when the cable 56 is connected to the cable
connector 52 and disables the analyte meter 16 from conducting an analyte test for electrical
safety. 'The analyte meter 16 also identifies the type of charging source 70 and the charging

source capacity.
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[0056] Prior to initiating the recharging session, the analyte meter 16 measures a first
temperature in the analyte meter 16 with a first temperature sensor 40 located inside the analyte
meter housing 28 near the rechargeable battery 36. The analyte meter 16 determines whether the
first temperature is outside a first temperature range to reduce the maximum charging current.
The first temperature range is selected to balance self-heating against charging time such as, for
example, in the range from about 18°C to about 27°C (about 64°F to about 81°T).

[0057] A maximum charging current is selected prior to beginning a charging session that
does not change during the charging session. The maximum charging current is selected based
upon capacity of a charging source and the first temperature compared to the first temperature
range in the range from, for example, about 50 mA to about 380 mA or even one of the discrete
values of 50 mA, 220 mA, 300 mA, 380 mA, and 450 mA. Although the maximum charging
current is selected, the actual charging current can be zero because the fuel gauge 64 provides a
battery temperature lock-out to prevent damage to the battery 36. If the battery temperature is
too high, the charging module 62 will disable charging to avoid damaging the battery 36. The
maximum charging current does not change during the charging session because the maximum
charging current is selected to avoid self-heating that would create a high lock-out condition or
mask a low-lock out condition.

[0058] If the first temperature is within the first temperature range, the charge control
program 50 will select a high maximum charging current of 500 mA or less such as 380 mA. If
the first temperature is outside the first temperature range, the charge control program 50 will
select a reduced maximum charging current that is under 380 mA, such as 300 mA, 220 mA, or
50 mA. After the maximum charging current is selected, the recharging session begins by
recharging the rechargeable battery 36 of the analyte meter 16 at up to the maximum charging
current selected.

[0059] When the recharging session is completed or if the user desires to interrupt the
recharging session to perform an analyte test, such as an urgent blood glucose measurement due
to feelings of hypoglycemia or to calculate an insulin bolus. The user disconnects the cable 56
from the analyte meter 16. The analyte meter 16 is now enabled to perform an analyte test such
as a blood glucose measurement. The user inserts a test element 24 into a test element port 32 on
the analyte meter 16, and the measurement module 42 is activated to measure the second
temperature with the second temperature 44 sensor located inside the analyte meter housing 28

near the measurement module 42. The measurement module 42 determines whether the second
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temperature measurement is within a second temperature range to conduct an analyte test. The
analyte meter 16 then performs the analyte test if the second temperature is within the second
temperature range. The analyte meter will report an error if the second temperature is outside the
second temperature range.

[0060] Fig. 10 shows test results in a heated environmental chamber comparing temperature
increases during recharging for a handheld analyte meter with charging control (first analyte
meter) and a handheld analyte meter without charging control (second analyte meter). The
environment chamber was heated to 38°C (100°F), and the first analyte meter and the second
analyte meter were placed in the environmental chamber. To measure temperatures that could
cause the measurement module 42 to impose a high lock-out condition or a low lock-out
condition, a thermocouple was attached by a thermally conductive adhesive to the second
temperature sensor of each of the first analyte meter and the second analyte meter. A third
thermocouple was placed in the environmental chamber to measure internal chamber
temperature as shown by the heated chamber trace.

[0061] The testing procedure began with opening environment chamber door to plug in a
USB cable with a dedicated charger to each meter’s cable connector. Opening the environmental
chamber door caused a temporary transient temperature decrease of about 4°C (7.2°F) as shown
by the heated chamber trace. The first analyte meter is shown in the test results as a heated first
trace, and the second analyte meter is shown in the test results as a heated second trace. As the
meters are allowed to charge over several hours, the temperature characteristics were observed.
The second analyte meter without the charging control program charged at 380 mA and
experienced an initial temperature rise of about 4°C compared to the first analyte meter with the
charging control program 50. The initial temperature rise on the second analyte meter without
the charge control program would have caused a high lock-out condition, and incorrectly
prevented the second analyte meter because the heated chamber trace shows the test element
temperature would have been within an acceptable temperature range to perform a blood glucose
test.

[0062] In contrast, the first analyte meter with the charge control program charged at 220
mA, and the heated first trace shows that the first analyte meter did not enter a high lock-out
condition during the entire test.

[0063] Fig. 11 shows test results in a cooled environmental chamber comparing temperature

increases during recharging for a handheld analyte meter with charging control (i.e., first analyte
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meter) and a handheld analyte meter without charging control (second analyte meter). The
environment chamber was cooled to 4°C (39.2°F), and the first analyte meter and the second
analyte meters were placed in the environmental chamber. To measure temperatures that could
cause the measurement module 42 to impose a high lock-out condition or a low lock-out
condition, a thermocouple was attached by a thermally conductive adhesive to the second
temperature sensor of the first analyte meter and the second analyte meter. A third thermocouple
was placed in the environmental chamber to measure interval chamber temperature as shown by
the cooled chamber trace.

[0064] The testing procedure began with opening environment chamber door to plug in a
USB cable with a dedicated charger to each meter’s cable connector. Opening the environmental
chamber door caused a temporary transient temperature increase of about 3°C (5.4°F) as shown
by the cooled chamber trace. The first analyte meter is shown in the test results as a cooled first
trace, and the second analyte meter is shown in the test results as a cooled second trace. As the
meters are allowed to charge over several hours, their temperature characteristics were observed.
The second analyte meter without the charge control program charged at 380 mA and
experienced an initial temperature rise of about 4°C (10.8°F) compared to the first analyte meter
with the charge control program. The initial temperature rise on the second analyte meter would
have masked a low lock-out condition, and incorrectly allowed a blood glucose test to be
performed despite the strip temperature being too low as shown by the cooled chamber trace. In
contrast, the first analyte meter with the charge control program charged at 220 mA and did not
mask a low lock-out condition during the entire test.

[0065] All of the patents, patent applications, patent application publications and other
publications recited herein are hereby incorporated by reference as if set forth in their entirety.
[0066] The present inventive concept has been described in connection with what are
presently considered to be the most practical and preferred embodiments. However, the
inventive concept has been presented by way of illustration and is not intended to be limited to
the disclosed embodiments. Accordingly, one of skill in the art will realize that the inventive
concept is intended to encompass all modifications and alternative arrangements within the spirit
and scope of the inventive concept as set forth in the appended claims. Numbered embodiments

are presented below.
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Numbered Embodiments
1. A handheld analyte meter with a recharging control for regulating self-heating to
improve analyte testing, the meter comprising:

a housing having a circuit board carried inside the housing and a test element port;

a cable connector carried in the housing with a first end exposed outside the housing for
connection to a charging source and a second end coupled to the circuit board;

a rechargeable battery carried inside the housing and coupled to the circuit board and
coupled to the cable connector second end;

a main processor carried on the circuit board and coupled to the rechargeable battery,
the main processor having memory;

a display coupled to the circuit board and the main processor;

a first temperature sensor carried on the circuit board near the main processor and
rechargeable battery for measuring a first temperature inside the housing prior to beginning a
charging session that is compared to a first temperature range;

a measurement module carried on the circuit board near the test element port and
coupled to the main processor;

a second temperature sensor carried on the circuit board near the measurement module
for measuring a second temperature inside the housing prior to beginning an analyte test that is
compared to a second temperature range;

a test element connector carried on the circuit board near the test element port, the test
element connector coupled to the measurement module and configured to receive a test element;

a battery charger carried on the circuit board and coupled to the cable connector that
charges the rechargeable battery up to a maximum charging current until the rechargeable battery
reaches a predetermined charge level; and

a charging control carried on the circuit board and coupled to the battery charger that
prior to the beginning of a charging session selects the maximum charging current that does not
change during the charging session,

wherein if the first temperature is within the first temperature range, the charging
control selects a high maximum charging current for the maximum charging current, and

wherein if the first temperature is outside the first temperature range, the charging

control selects a reduced maximum charging current for the maximum charging current.
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2. The handheld analyte meter of Embodiment 1, wherein if the first temperature is higher
than the first temperature range, the maximum charging current is reduced to lower the risk of a
high lock-out that prevents an analyte test when the second temperature is higher than the second

temperature range.

3. The handheld analyte meter of Embodiment 1, wherein if the first temperature is lower
than the first temperature range, the maximum charging current is reduced to lower the risk of
masking a low lock-out that permits an analyte test when the second temperature is higher than a

lowest value of the second temperature range.

4. The handheld analyte meter of any one of Embodiments 1 to 3, wherein the charging

current is in a range from about 50 mA to about 450 mA.

5. The handheld analyte meter of any one of Embodiments 1 to 4, wherein the test

element has a temperature range from about 4°C to about 45°C.

6. The handheld analyte meter of any one of Embodiments 1 to 5, wherein the handheld
analyte meter is a handheld infusion pump controller with blood glucose meter or a self-testing

blood glucose meter.

7. A method of controlling handheld analyte meter recharging to regulate self-heating for
improved analyte testing, the method comprising the steps of:

connecting a cable coupled to a charging source to a cable connector on the handheld
analyte meter and turning the analyte meter on if the analyte meter was off when the cable is
connected to the cable connector;

sensing the cable is connected to the cable connector and disabling the analyte meter
from conducting an analyte test for safety;

identifying the charging source capacity by the analyte meter;

measuring a first temperature in the analyte meter with a first temperature sensor
located inside the analyte meter housing near the rechargeable battery prior to the beginning of a
charging session;

determining whether the first temperature is within a first temperature range;
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selecting a high maximum charging current for a maximum charging current prior to
the beginning of a charging session that does not change during the charging session based upon
capacity of a charging source and if the first temperature is within the first temperature range;

selecting a reduced maximum charging current for the maximum charging current prior
to the beginning of the charging session that does not change during the charging session based
upon capacity of the charging source and if the first temperature is outside the first temperature
range;

recharging a rechargeable battery of the analyte meter at up to the maximum charging
current selected;

disconnecting the cable from the analyte meter and enabling the analyte meter to
perform an analyte test;

inserting a test element into a test element port on the analyte meter;

measuring a second temperature with a second temperature sensor located inside the
analyte meter housing near a measurement engine;

determining whether the second temperature measurement is within a second
temperature range to conduct an analyte test; and

performing the analyte test if the second temperature is within the second temperature

range.

8. The method of Embodiment 7, wherein if the first temperature is higher than the first
temperature range, the maximum charging current is reduced to lower a risk of a high lock-out
that prevents an analyte test when the second temperature is higher than the second temperature

range.

9. The method of Embodiment 7, wherein if the first temperature is lower than the first
temperature range, the maximum charging current is reduced to lower a risk of masking a low
lock-out that permits an analyte test when the second temperature is higher than a lowest value of

the second temperature range.

10. The method of any one of Embodiments 7 to 9, wherein the charging current is in a

range from about 50 mA to about 450 mA.
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11. The method of any one of Embodiments 7 to 10, wherein the test element has a

temperature range from about 4°C to about 45°C.
12. The method of any one of Embodiments 7 to 11, wherein the handheld analyte meter is
a handheld infusion pump controller with blood glucose meter or a handheld blood glucose

meter.

13. A handheld analyte meter with recharging control for regulating self-heating to improve

analyte testing as substantially described and shown herein.

14. A method of controlling handheld analyte meter recharging to regulate self-heating for

improved analyte testing integrity as substantially described and shown herein.

Listing of Reference Numbers

10 person with diabetes
12 health care provider
14 clinical environment

16 handheld analyte meter
18 ambulatory infusion pump

20 patch infusion pump

22 continuous glucose monitor
24 test element/test strip

26 collection area

28 device housing

30 circuit board

32 test element port/test strip port
34 cable connector

36 rechargeable battery

38 display
40 first temperature sensor
42 measurement module

44 second temperature sensor



WO 2015/179642

46
48
50
52
54
56
58
60
62
64
66
68
70
72
74
76
78
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test element connector/test strip connector
battery charger

charging control

first end of cable connector
second end of cable connector
connecting cable

main processor

memory

charging module

fuel gauge

charging resistor matrix
charge control program
identifying a charging source

measuring a first temperature

comparing the first temperature to a first temperature range

PCT/US2015/031979

determining whether the first temperature is outside first temperature range

selecting a high maximum charging current if the first temperature is not outside the first

temperature range

80

selecting a low maximum charging current if the first temperature is outside the first

temperature range

82
34
86
88
90
92
94
96

charging a battery
connecting a cable
sensing the cable
disconnecting the cable
inserting a test element

measuring a second temperature

determining whether the second temperature is within a second temperature range

stopping analyte measurement if the second temperature is outside the second

temperature range

98

performing analyte measurement if the second temperature is within the second

temperature range
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CLAIMS
The invention claimed is:
1. A handheld analyte meter with recharging control for regulating self-heating to improve

analyte testing, the meter comprising:

a housing having a circuit board carried inside the housing and a test element port;

a cable connector carried in the housing with a first end exposed outside the housing for
connection to a charging source and a second end coupled to the circuit board;

a rechargeable battery carried inside the housing and coupled to the circuit board and
coupled to the cable connector second end;

a main processor carried on the circuit board and coupled to the rechargeable battery, the
main processor having memory;

a display coupled to the circuit board and the main processor;

a first temperature sensor carried on the circuit board near the main processor and
rechargeable battery for measuring a first temperature inside the housing prior to beginning a
charging session that is compared to a first temperature range;

a measurement module carried on the circuit board near the test element port and coupled
to the main processor;

a second temperature sensor carried on the circuit board near the measurement module
for measuring a second temperature inside the housing prior to beginning an analyte test that is
compared to a second temperature range;

a test element connector carried on the circuit board near the test element port, the test
element connector coupled to the measurement module and configured to receive a test element;

a battery charger carried on the circuit board and coupled to the cable connector that
charges the rechargeable battery up to a maximum charging current until the rechargeable battery
reaches a predetermined charge level; and

a charging control carried on the circuit board and coupled to the battery charger that
prior to the beginning of a charging session selects the maximum charging current that does not
change during the charging session,

wherein if the first temperature is within the first temperature range, the charging control

selects a high maximum charging current for the maximum charging current, and
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wherein if the first temperature is outside the first temperature range, the charging control

selects a reduced maximum charging current for the maximum charging current.

2. The handheld analyte meter of Claim 1, wherein if the first temperature is higher than the
first temperature range, the maximum charging current is reduced to lower the risk of a high
lock-out that prevents an analyte test when the second temperature is higher than the second

temperature range.

3. The handheld analyte meter of Claim 1, wherein if the first temperature is lower than the
first temperature range, the maximum charging current is reduced to lower the risk of masking a
low lock-out that permits an analyte test when the second temperature is higher than a lowest

value of the second temperature range.

4. The handheld analyte meter of Claim 2, wherein the charging current is in a range from

about 50 mA to about 450 mA.

5. The handheld analyte meter of Claim 1, wherein the test element has a test element

temperature range from about 4°C to about 45°C.

6. The handheld analyte meter of Claim 1, wherein the handheld rechargeable analyte meter
is a handheld infusion pump controller with blood glucose meter or a self-testing blood glucose

meter.

7. A method of controlling handheld analyte meter recharging to regulate self-heating for
improved analyte testing, the method comprising the steps of:

connecting a cable coupled to a charging source to a cable connector on the handheld
analyte meter and turning the analyte meter on if the analyte meter was off when the cable is
connected to the cable connector;

sensing the cable is connected to the cable connector and disabling the analyte meter
from conducting an analyte test for safety;

identifying the charging source capacity by the analyte meter;



WO 2015/179642 PCT/US2015/031979

25

measuring a first temperature in the analyte meter with a first temperature sensor located
inside the analyte meter housing near the rechargeable battery prior to the beginning of a
charging session;

determining whether the first temperature is within a first temperature range;

selecting a high maximum charging current for a maximum charging current prior to the
beginning of a charging session that does not change during the charging session based upon
capacity of a charging source and if the first temperature is within the first temperature range;

selecting a reduced maximum charging current for the maximum charging current prior
to the beginning of the charging session that does not change during the charging session based
upon capacity of the charging source and if the first temperature is outside the first temperature
range;

recharging a rechargeable battery of the analyte meter at up to the maximum charging
current selected;

disconnecting the cable from the analyte meter and enabling the analyte meter to perform
an analyte test;

inserting a test element into a test element port on the analyte meter;

measuring a second temperature with a second temperature sensor located inside the
analyte meter housing near a measurement engine;

determining whether the second temperature measurement is within a second temperature
range to conduct an analyte test; and

performing the analyte test if the second temperature is within the second temperature

range.

8. The method of Claim 7, wherein if the first temperature is higher than the first
temperature range the maximum charging current is reduced to lower a risk of a high lock-out
that prevents an analyte test when the second temperature is higher than the second temperature

range.

9. The method of Claim 7, wherein if the first temperature is lower than the first
temperature range maximum charging current is reduced to lower a risk of masking a low lock-
out that permits an analyte test when the second temperature is higher than a lowest value of the

second temperature range.
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10. The method of Claim 7, wherein the charging current is selected in the range from about

50 mA to about 450 mA.

11. The method of Claim 7, wherein the test element has a temperature range from about 4°C

to about 45°C.

12. The method of Claim 7 wherein the handheld analyte meter is selected from one of a
handheld infusion pump controller with blood glucose meter and a handheld blood glucose

meter.



WO 2015/179642 PCT/US2015/031979

FIG. 1




WO 2015/179642 PCT/US2015/031979

2/10




PCT/US2015/031979

3/10

WO 2015/179642

v

2

NIz

e
LA A
4 .A\l 5 |




WO 2015/179642

PCT/US2015/031979

4/10

0]
0]
mm
g
|I|:|:Ilm i
B g
m B
8 [0 &40
mm mm
mm
mm
ElII:I:IIlII:I:II
©Pee® © |:|
|11:|11E @
- ©
8™ g g,
E mm
(O]
© EE (i1 O
e ©
EE i [\«44
B e 8g
m o
w g B BEE ™42
Em mm
— ggm
©E0©
O

FIG. 5



PCT/US2015/031979

WO 2015/179642

9old i Kianeg |
" oc/| Uo7 | O2ED |
i -wm ....... Uvl 7— !
|\ [ XMW | L [Jebieyy A
11 | Jojsisay [T | Auspeg .
_“ | “ I
T 1enIg | 89 weiboig |! 8y i
— d3TM r{ [0juo) | L _ "
OAllSISO I 09 I
oipy. || L0 | (LR [T |
8€
- % D00y SUOYJORIA b
= L__VOAOM___ _ oaT||[ewesds ASAQAA
Yol ao N al | iopsuuo)
80Ine(] Jojsiway N Tsnan| 8-
yloojen|g 0V~ "jsuq [ —m_wa -a/+a 8N |
[BNURUOD dsg pspoddng 1 pg/ 4
\ ZHNg, [ SvEL ) -8jeoseal SIS
wm%%_m § E ¥apgLs | LHOA ] 24 0°9 JouIm L -
eleaod | Hjoojenig X8UO] | ['suei] axL -
- Y, WYY 1 oA [ % 1axy snpoyy U ;Bn%gccoo
c_ﬂxmm_ —\ Kova00 | j0ssaool]  |eg ] POHSINSEN ;wN
| T L%% uogedgyjddy ¢ TOISIWIAY v
_ _ :
aa1] [ AJOWIN koo puodsg™ 7Y




PCT/US2015/031979

WO 2015/179642

6/10

L 94
¢
Jo)siuey | JO)SILIBY |
% ~ P
=1 10ss9201d |__| Jossaooid PLO99S
IN dN J0128ULIO
IHHHHHHHHHHH.HHHHHHHHHHHHHHHHHHHHHHHH.I." M&mmwm 0 \/\G.V
m weiboid | [i05uoo jueuns|! !
wwos %&mmw Iw_ame Lugw_wmm w m
Y an_ “
& 9 | pe
Al bJe "
9¢ 9)jeq ._M_ m._zm._% " o o °o_»o J0)oBUU0) \m
Jo]siwiay | 7 i xnpy gsn| SNEA asn \
oned 8v ! %\ 25
abneg i
9 = !
B3 laooo 1ve ™29



WO 2015/179642

7110

PCT/US2015/031979

{‘*’68

(" IDENTIFYING )
CHARGING |70
_ SOURCE |

Y

MEASURING )
FIRST ~72
| TEMPERATURE

(

( COMPARING )
FIRSTTEMP |74
TO FIRST

_ TEMP RANGE

FIG. 8

728
SELECTING
HIGH
MAXIMUM
CHARGING
CURRENT
(" SELECTING
REDUCED 80
MAXIMUM
CHARGING
. CURRENT
g Y
RECHARGING
| BATTERY 82



WO 2015/179642

220%  12:35
223u 6:24

OPreMeaI Zhago
DZSgrams 118 myL

8/10

PCT/US2015/031979

CONNECTING) 84
CABLE )
SENSING ~86 DISCONNECTING}gg
CABLE 68 CABLE
______________________ N
Ve ™
IDENTIFYING '[[ INSERTING }—gp
CHARGING 70 /|| TESTSTRIP
| SOURCE i 7
|
- < '| ( MEASURING )
MEASURING '||__SECOND _ |~92
FIRST |72 ' | \TEMPERATURE]
\TEMPERATURE) |
| 26
e N ! !
COMPARING | STOP
FHROSIT:IE%MP ~74 ! ANALYTE
|
TEMP RANGE N : MEASUREMEN
|
! !
SELECTING || (PERFORMING
M AI_)l(IICR/IHUM i ANALYTE 08
QHRSHING  |I| MEASUREMENT
CURRENT ) Y
! (E—
| o s 1200pm
SELECTING ) |
REDUCED (~g0o !
MAXIMUM !
CHARGING i
CURRENT |
| OF
vV 1 ——
RECHARGING ;
BATTERY )}~g2 i

—_————e—e— e ———



PCT/US2015/031979

WO 2015/179642

9/10

Ol "Old aoel] sl pejesH — - —
aoel| Joquey) pajesH
9oel| PUODSS PBJedH ————

sinoy ‘awny pesde|g
¢l 015 8 9 14 V4 oo.MWN

0°0¢

0°¢e

r 0've
/%._

N 0°9¢
001
= 2 0'8e

\ _

~Q /

u1 pebbn(d siebieys \ cob ! 00b
R /7801

ul pabbn|d siebieyn

At ocy
Nge = dwe) Jaqueyo
‘Aidwe Aleneq ‘Buibieys spow-Agpuels Buunp ainjesadwe) [eulalul 1810\

0 474

0 Bop ‘ainjeladwa|



PCT/US2015/031979

WO 2015/179642

10/10

m\m\ wm& aoel] jisil4 pojoo) — - —

aoel| Jaquwey) pajooD
90BI| PUODAS PBJ00D) ————

sinoy ‘aw pesde|g

o€ 8¢ 9¢ v ¢c 0¢ 8l ol
SWF. ui pabbn|d siabiey) N~ 0¢
T T T e T e T e T T e 0L
e, lﬂj& J./ ; Om
\\ — = ( _
. ) 0L
\ I
ul pabbn|d siebieyn /, 0l \ 8Ll
— ] 0'6
901" ~~
0'LL
o€l
0'GL
0Ll
06l
D% = dway Jequeys
‘Aidwa Aiapeq ‘Buibieyo spow-Aqpue)s Bulnp ainjesadwisd) [eutsjul 1o}
0'L¢

0 Bop ‘ainjeradwa



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 15/31979

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - A61B 5/00; GO1N 33/487; HO1M 10/44; H02J 7/04 (2015.01)

CPC - GO1N 33/487, GO1N 33/48785, H02J) 7/047, HO1M 10/443
According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification sgstem followed by classification symbols)
IPC(8)- A61B 5/00; GO1N 33/487; HO1M 10/44 (2015.01)

CPC- GO1N 33/487, GO1N 33/48785, H02J 7/047, HO1M 10/443

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
CPC- A61B5/14532, A61B2560/0252, GO1N33/48, GO1N33/487, GO1N33/48785, H02J7/047, HO1M10/443; IPC:H02J7/04 (2015.01)

USPC-204/193, 403.02; 205/792; 320/137, 150, 153; 340/636.1, 636.17, 636.18, 636.2; 422/68.1, 82.12; 436/63, 95; 600/309, 316

Electronic data base consulted during the inteational search (name of data base and, where practicable, search terms used)

PatBase, Proquest Dialog, Google Patents/Scholar; search terms used: handheld portable analyte glucose blood test meter detector
sensor monitor regulate self-heating rechargeable charge battery PCB circuit board processor microprocessor controller microcontroller
display thermistor temperature range second two multiple plural dual several maximum ¢

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2012/0095312 A1 (RAMEY et al.) 19 April 2012 (19.04.2012), Fig 2, 4, 6, 7A, para (0027}, 1-12
(0028), {0031], [0037], (0038], (0042], [0044), [0050]-(0052], (0054], [0055], (0062}, [0069],
[0071), [0075]

Y US 2013/0006536 At (KRAFT et al.) 03 January 2013 (03.01.2013), Fig 1-3, abstract, para 1-12
(0016)-(0018)
Y US 2011/0279092 A1 (SUTARWALA et al.) 17 November 2011 (17.11.2011), Fig 1, 5, abstract, | 1-12

para [0002], [0027], [0031], (0041], [0042]

Y US 8,164,468 B2 (GOFMAN et al.) 24 April 2012 (24.04.2012), abstract, col 10, In 67 ? col 11, 7-12
in 4, col 11, In 47-48

D Further documents are listed in the continuation of Box C, D
*  Special categories of cited documents: ‘ “T"  later document published after the international filing date or priority
“A"  document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
1o be of particular relevance the principle or theory underlying the invention
“E" earlier application or patent but published on or afier the international - X document of particular refevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
C"egi;lor:aséggh(i ;hec?fl_:le)(ljl)canon date of another citation or other ..y document of particular relevance: the claimed invention cannol be
spe " pe . o considered 10 involve an inventive step when the document is
“O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P"  document published prior to the international filing date but later than  «g»  4ocument member of the same patent family

the priority date claimed .

Date of the actual completion of the international search Date of mailing of the international search report
03 August 2015 (03.08.2015) 2 5
6 AUG 201
Name and mailing address of the ISA/US Authorized officer: ’
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Lee W. Young
P.O. 50{( 1450, Alexandria, Virginia 22313-1450 PCT Helpdssk: §71.272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)



THMBW(EF)

[ i (S RIR) A ()

RF(EFR)AGE)

HAT R E(ZFRR)AGE)

FRI& B A

EHA

IPCH 3=

CPCH¥E=

L5
H b 237 32k
S\EReERE

BEG®)

RUFHRDN , EEBNEER  TRBEMMFTBIES , kR
RARBBRRUBT RBHE AL TR TN B0 EFER
BRECH , RERFERERBNETRERNEEH AT HEN R
RFEBBRFRARELMHITN BN SE —REBEHITLRHNE R

B, BYAXME R ERKATEE ,
A28 B9 RS R 8848 SR AE 457 B 1k 9 ER B E SR et S VU S Y JRUB B AR

HERLBEFHNFHIIMN , AT SeEs N

EP3145391A1
EP2015796515

FRRERARPE

FEXEFKLT
F KHERBFEGMBH

FEREFKLT
F KR RBFEGMBH

RAMEY BLAINE
SIMPSON JOSEPH

RAMEY, BLAINE
SIMPSON, JOSEPH

A61B5/00 GO1N33/487 HO1M10/44 H02J7/04

patsnap

2017-03-29

2015-05-21

A61B2560/0204 GO1N33/48785 H0O1M2/1066 H0O1M10/443 HO1M10/46 HO1M2220/30 H02J7/007194
F04B49/06 F04B51/00 G0O1K13/00 GO1N33/66 H02J7/00 H02J7/0042 H02J7/007192

14/285144 2014-05-22 US

EP3145391A4

Espacenet

ERET ERREXHREN ST X,

NERRESHERMF T L


https://share-analytics.zhihuiya.com/view/83d16a56-1e8a-4f02-a058-553f5e09b7be
https://worldwide.espacenet.com/patent/search/family/054554764/publication/EP3145391A1?q=EP3145391A1

