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APPARATUS AND METHOD FOR BATTERY PASSIVATION COMPENSATION IN A
MEDICAL DEVICE

CLAIM OF PRIORITY

[001] This application claims priority to U.S. Application No. 16/720,273, which is entitled

“APPARATUS AND METHOD FOR BATTERY PASSIVATION COMPENSATION IN A

MEDICAL DEVICE,” and was filed on 19-Dec-2019, the entire contents of which are

incorporated herein by reference.

TECHNICAL FIELD
[002] The disclosure relates generally to the field of battery powered medical devices and, more
specifically, to battery powered medical devices that are susceptible to battery passivation,

including blood glucose test meters.

BACKGROUND

[003] Analvte test meters that are known to the art enable the analysis of a bodily fluid sample
provided by a user to identify the level of one or more analvies in the body of the user nsing an
slectronic device and coe of more electrochenical reactions. These analyts meters provide
significant henefits for the accurate measurement of analvies in fluidic samples (1.2, biological
or environmental) for individual users. An avalyvie meter applics elecirical signals to the
combination of the reagents and the fluid sample and records responses to the applied electrical
signals, and a combination of electronic hardware and software in the analyte test meter
implements a detection engine that detects a level of the analyte in the body of the user based on
the recorded responses to the electrical signals. For example, persons with digbetes can benefit
from measuring glucess by providing a fluid sampie of biood or another bindily finid to reagents
that are formed on an electrochemical fest strip, which 13 electnically connected to a blood
glucose meter (BOM). The BGM provides a measurement of the blood ghicose level of the user,
and many BGM devices use single-use electrochemical test strips that are discarded after each
blood glucose measurement. Analyie test meters can also provide benefits to users at-risk for
heart disease by providing measurements of cholesterals and triglyeerides. among other analvies.

These are but a few exarples of the benefits of measuring snalytes in biological samples.
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Advancements in the medical sciences are identifying a growing rumber of analvtes that can be
electrochemically analyzed in a Buidic sample.

[004] Many existing analyte test meters use batteries as an energy source to power the
electronic components of the analyte meters and to provide a compact and portable test meter
that a person with diabetes (PwD) or other medical user carries about his or her person. In typical
use, the test meter is activated for use over a comparatively short period, often one minute or less
for obtaining a blood glucose measurement, during which one or more batteries provide
electrical current to operate components in the test meter. The test meter undergoes
comparatively prolonged periods in a deactivated or “hibernation” mode in which the test meter
is inactive and the batteries in the test meter provide little or no electrical current to the test
meter. For example, even in a heavy usage scenario in which a PwD performs ten tests of his or
her blood sugar during a day, the blood glucose meter spends the large majority of the day in the
deactivated mode, and many blood glucose meters experience lower-frequency usage that
produces even longer periods of inactivity. For example, some PwDs test blood sugar only three
times per day, and some PwDs who employ continuous glucose monitors (CGMs) only use a
portable blood glucose meter on an infrequent basis (e.g. once every few days or even
weeks/months) to verify and supplement data from a CGM.

[005] Passivation is one issue that affects existing batteries during prolonged periods of
inactivity in which the batteries produce little or no current to drive a load. As a non-limiting
example, passivation occurs in non-rechargeable lithium batteries when a passivation layer of
lithium chloride forms on a surface of lithium in the anode of the battery. The passivation layer
reduces the nominal voltage level of the battery, which mimics the effects of actually discharging
the battery to a reduced voltage level, although the passivation process does not substantially
discharge the battery and in fact the passivation process may inhibit “self-discharge” of a battery.
Passivation occurs over periods of time when the battery does not discharge appreciable amounts
of current, and large changes in temperature in the environment around the battery facilitate the
passivation process. Since users typically carry blood glucose monitors and other battery-
powered medical devices with them through various weather conditions and may leave these
devices in vehicles or other locations that experience large hot and cold temperature swings,

passivation is a possibility in the batteries used in these devices.
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[006] As described above, passivation reduces the nominal voltage level of a battery. In some
circumstances, a medical device incorrectly identifies that a battery has been discharged to a
point where the battery cannot be used to operate the medical device because the reduction in
voltage due to passivation is similar to the reduction in voltage that occurs as the battery
discharge. This problem is compounded because in many devices the same battery that may be
passivated or discharged is also the sole source of energy to operate the voltage measurement
devices and other electronic components that determine if the battery has sufficient charge to
enable normal operation of the medical device. Consequently, improvements to blood glucose
meters and other battery powered medical devices that detect and compensate for battery

passivation would be beneficial.

SUMMARY

[007] In one embodiment, a method for operating a medical device to compensate for battery
passivation has been developed. The method includes activating a processor in the medical
device in a low-power operating mode, the processing receiving electrical power from a battery
electrically connected to the medical device, measuring, with the processor, a first voltage level
of the battery, applying, with the processor, at least one discharge pulse to the battery in response
to the first voltage level of the battery being greater than a predetermined passivation minimum
voltage threshold and less than a predetermined passivation maximum voltage threshold,
measuring, with the processor, a second voltage level of the battery after the at least one
discharge pulse, and operating the processor in the medical device in an increased-power
operating mode to continue operation of the medical device only in response to the second
voltage level being greater than or equal to a predetermined operating voltage threshold, the
predetermined operating voltage threshold being greater than the predetermined passivation
minimum voltage threshold and less than or equal to the predetermined passivation maximum
voltage threshold.

[008] In another embodiment, a method for operating a medical device to compensate for
battery passivation has been developed. The method includes activating a processor in the
medical device in a low-power operating mode, the processing receiving electrical power from a
primary battery electrically connected to the medical device, measuring, with the processor, a

first voltage level of the primary battery, receiving, with the processor, a second voltage level of
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a secondary battery electrically connected to the medical device that provides electrical power to
at least one peripheral device in the medical device, increasing a clock speed of the processor to
apply at least one discharge pulse to the primary battery in response to the first voltage level of
the primary battery being greater than a predetermined passivation minimum voltage threshold
and less than a predetermined passivation maximum threshold, activating, with the processor, the
at least one peripheral device in the medical device to apply at least one discharge pulse to the
secondary battery in response to the second voltage level of the secondary battery being greater
than the predetermined passivation minimum voltage threshold and less than the predetermined
passivation maximum threshold, measuring, with the processor, a third voltage level of the
primary battery after the at least one discharge pulse applied to the primary battery, measuring,
with the processor, a fourth voltage level of the secondary battery after the at least one discharge
pulse applied to the secondary battery, and operating the processor in the medical device in the
increased-power operating mode and activating the at least one peripheral to continue operation
of the medical device only in response to the third voltage level being greater than or equal to a
first predetermined operating voltage threshold, the first predetermined operating voltage
threshold being greater than the predetermined passivation minimum voltage threshold and less
than or equal to the predetermined passivation maximum voltage threshold, and the fourth
voltage level being greater than or equal to a second predetermined operating voltage threshold,
the second predetermined operating voltage threshold being greater than the predetermined
passivation minimum voltage threshold and less than or equal to the predetermined passivation
maximum voltage threshold.

[009] In another embodiment, a medical device that is configured to compensate for battery
passivation has been developed. The medical device includes a processor that is configured to be
connected to a battery to receive electrical power from the battery. The processor is configured to
activate in a low-power operating mode, measure a first voltage level of the battery, apply at
least one discharge pulse to the battery in response to the first voltage level of the battery being
greater than a predetermined passivation minimum voltage threshold and less than a
predetermined passivation maximum voltage threshold, measure a second voltage level of the
battery after the at least one discharge pulse, and operate the processor in an increased-power
operating mode to continue operation of the medical device only in response to the second

voltage level being greater than or equal to a predetermined operating voltage threshold, the
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predetermined operating voltage threshold being greater than the predetermined passivation
minimum voltage threshold and less than or equal to the predetermined passivation maximum
voltage threshold.

[0010] In another embodiment, a medical device that is configured to compensate for battery
passivation has been developed. The medical device includes a processor configured to receive
electrical power from a primary battery electrically connected to the medical device, at least one
peripheral device in the medical device operatively connected to the processor and configured to
receive electrical power from a secondary battery electrically connected to the medical device.
The processor is configured to activate in a low-power operating mode, measure a first voltage
level of the primary battery, receive a second voltage level of the secondary battery, increase a
clock speed of the processor to apply at least one discharge pulse to the primary battery in
response to the first voltage level of the primary battery being greater than a predetermined
passivation minimum voltage threshold and less than a predetermined passivation maximum
threshold, activate the at least one peripheral device in the medical device to apply at least one
discharge pulse to the secondary battery in response to the second voltage level of the secondary
battery being greater than the predetermined passivation minimum voltage threshold and less
than the predetermined passivation maximum threshold, measure a third voltage level of the
primary battery after the at least one discharge pulse applied to the primary battery, measure a
fourth voltage level of the secondary battery after the at least one discharge pulse applied to the
secondary battery, and operate the processor in the medical device in the increased-power
operating mode and activating the at least one peripheral to continue operation of the medical
device only in response to the third voltage level being greater than or equal to a first
predetermined operating voltage threshold, the first predetermined operating voltage threshold
being greater than the predetermined passivation minimum voltage threshold and less than or
equal to the predetermined passivation maximum voltage threshold, and the fourth voltage level
being greater than or equal to a second predetermined operating voltage threshold, the second
predetermined operating voltage threshold being greater than the predetermined passivation
minimum voltage threshold and less than or equal to the predetermined passivation maximum

voltage threshold.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The advantages, effects, features and objects other than those set forth above will become
more readily apparent when consideration is given to the detailed description below. Such
detailed description makes reference to the following drawings, wherein:

[0012] FIG. 1 is a schematic diagram of a battery-powered medical device, which is further
depicted as a blood glucose monitor that operates using a single battery.

[0013] FIG. 2 is a schematic diagram of a battery-powered medical device, which is further
depicted as a blood glucose monitor that operates using two batteries.

[0014] FIG. 3 is a block diagram of a process for detecting and compensating for passivation in
the battery of a battery-powered medical device including the battery of the blood glucose meter
of FIG. 1 and the primary battery of the blood glucose meter of FIG. 2.

[0015] FIG. 4 is a block diagram of a process for detecting and compensating for passivation in
a secondary battery of a battery-powered medical device including the secondary battery of the

blood glucose meter of FIG. 2.

DETAILED DESCRIPTION

[0016] These and other advantages, effects, features and objects are better understood from the
following description. 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. Corresponding reference numbers indicate corresponding
parts throughout the several views of the drawings.

[0017] 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, and features
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, and features useful in solving

other problems.
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[0018] The devices, systems 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, systems 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.

[0019] Likewise, many modifications and other embodiments of the devices, systems and
methods described herein will come to mind to one of skill in the art to which the disclosure
pertains having the benefit of the teachings presented in the foregoing descriptions and the
associated drawings. Therefore, it is to be understood that the devices, systems 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 claims. Although specific terms
are employed herein, they are used in a generic and descriptive sense only and not for purposes
of limitation.

[0020] 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 methods, the preferred methods and materials are described
herein.

[0021] 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 that there
be one and only one element. The indefinite article “a” or “an” thus usually means “at least one.”

2«

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.
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[0022] FIG. 1 depicts a schematic diagram of a battery-powered medical device 100 that is
configured to compensate for battery passivation. A housing 50 in the medical device 100
includes a receptacle for a replaceable battery 128 that is electrically connected to the medical
device 100 and houses the other components of the medical device 100. The medical device 100
operates using electrical power delivered from the battery 128 to operate a processor 104
memory 116, user input/output (I/O) peripherals 140, and a wireless transceiver 144 peripheral
device. In the illustrative embodiment of FIG. 1, the battery 128 is a single lithium battery that is
available commercially as a CR2032 coin cell battery with a nominal 3 V voltage level in a fully-
charged battery. However, in alternative embodiments the battery 128 is a different type of
battery that can experience passivation. Furthermore, in alternative embodiments what is referred
to as the single battery 128 further includes multiple battery cells that are electrically connected
in a series, a parallel, or a series-parallel configuration to act as a power source for components
in a medical device. In the illustrative example of FIG. 1, the medical device 100 is a blood
glucose meter that includes a test strip port 136. The test strip port 136 receives a portion of an
electrochemical test strip and provides electrical connections between electrodes in the test strip
and the processor 104 to enable the processor 104 to apply signals in an electrical test sequence
and receive response signals from the test strip to enable measurement of glucose levels in a
blood sample that is applied to the test strip 136. Other medical device embodiments that do not
perform blood glucose measurements or other forms of electrochemical analyte measurement do
not include the test strip port 136.

[0023] In the medical device 100, the processor 104 includes one or more digital logic devices
such as a microcontroller, microprocessor, application specific integrated circuit (ASIC), or any
other electronic device or devices that implement the digital logic functions to perform the
operations for battery passivation compensation and for operation of the medical device 100.
While not depicted in further detail herein, the processor 104 also incorporates or is operatively
connected to digital-to-analog converters, drive signal generators, signal measurement circuits,
and analog-to-digital converters and any other electronic components that are required for the
processor 104 to generate an electrical test sequence that is applied to electrodes in an
electrochemical test strip through the test strip port 136 and for the processor 104 to detect
electrical response signals from the electrochemical test strip in response to the electrical test

sequence. While not depicted in greater detail, the processor 104 also includes input/output (I/0)
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hardware that operatively connects the processor 104 to the I/O peripherals 140, the wireless
transceiver 144, and the memory 116.

[0024] In the medical device 100, the processor 104 incorporates or is operatively connected
to a clock generator 106. The clock generator 106 includes an oscillator and other electronic
components that are generally known to the art to generate a clock signal that synchronizes the
execution of operations of the processor 104. The clock generator 106 generates clock signals
with at least two different frequencies that adjusts the speed of execution of instructions in the
processor 104, which in turn affects the level of electrical power consumption of the processor
104 during operation with lower-frequency clock speeds drawing lower power levels than
higher-frequency clock speeds. In one configuration, the processor 104 operates in a low-power
operating mode with the clock generator 106 producing a 1 MHz clock signal and the processor
104 operates in an increased-power operating mode with the clock generator 106 producing a 16
MHz clock signal. Of course, alternative processor configurations employ clock generators that
produce different specific clock frequencies and clock generators are configurable to generate
clock signals at three or more different frequencies as well.

[0025] In the medical device 100, the processor 104 incorporates or is operatively connected to
a voltage sensor 108, which includes an analog voltage measurement device and an analog-to-
digital converter that provides digital data corresponding to the voltage of the battery 128 to the
processor 104. The voltage sensor 108 is operatively connected to the battery 128 and to a
switchable battery test resistor 132. The voltage sensor 108 detects a voltage across the terminals
of the battery 128 both when the battery 128 is minimally loaded and when the battery 128 is
connected to the switchable battery test resistor 132. The switchable battery test resistor 132
includes a resistor with a predetermined resistance level (e.g. 820Q) that applies a high-
impedance load across the terminals of the battery 128. The high-impedance load draws minimal
current from the battery 128, but enables the voltage sensor 108 to measure both an open-circuit
and loaded voltage level of the battery 128. The processor 104 operates a switch, such as a solid-
state switching transistor or relay, to connect the resistor to the battery 128 to enable the voltage
sensor 108 to measure the voltage of the battery 128 while under a predetermined load and to
disconnect the battery test resistor 132 from the battery 128 after measuring the voltage.

[0026] In the medical device 100, the memory 116 is a digital data storage device that includes
at least one non-volatile data storage device such as an EEPROM, NAND or NOR flash, phase
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change memory, or other suitable data storage devices that retain stored digital data in the
absence of electrical power from the battery 128. The memory 116 further includes one or more
volatile memory devices including a static or dynamic random-access memory (RAM) that is
either integrated into the processor 104 or is embodied as a separate memory device. The
memory 116 holds a set of battery voltage thresholds 118, recorded error code data 120, and
stored program instructions 122 that the processor 104 executes to perform the battery
passivation compensation operations and other functions of a medical device that are described
herein.

[0027] The battery voltage thresholds 118 include predetermined data indicating the levels of
battery voltage that are sufficient to enable operation of the medical device 100 without regard to
potential battery passivation (high battery voltage threshold), a minimum operating voltage level
that enables operation of the medical device where the medical device 100 potentially needs to
compensate for battery passivation to reach the operating voltage (operating voltage threshold),
and a minimum voltage level at or beneath which the medical device 100 will not continue
operation even if the battery 128 is affected by passivation (minimum voltage threshold). Table 1
depicts an illustrative example of voltage thresholds in a blood glucose meter that operates using
a lithium battery 128 with a 3 V nominal voltage level, although the precise voltage thresholds
may vary based on the battery configuration and voltage requirements of electronic components

in different medical devices:

Table 1: Voltage thresholds for single battery

Passivation Maximum Voltage Threshold 2.60V
Passivation Minimum Voltage Threshold 1.80V
High Battery Voltage Threshold 2.50V
Operating voltage threshold [minimum] 246V
Minimum Voltage Threshold 240V

[0028] In Tablel, the passivation maximum voltage threshold corresponds to the maximum
voltage at which the medical device 100 attempts to perform a passivation compensation process

to reduce or eliminate passivation in a battery, and if the battery voltage exceeds this threshold

-10 -
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then passivation compensation is not necessary for standard operation of the medical device 100.
The passivation minimum voltage threshold corresponds to the minimum voltage level in the
battery that is required for the medical device 100 to compensate for potential passivation. If the
voltage level of the battery is less than the passivation minimum voltage threshold, then the
medical device 100 deactivates without attempting to compensate for battery passivation.

[0029] The high battery voltage threshold, the operating voltage threshold, and the minimum
voltage threshold refer to battery voltage levels that affect the operation of the medical device
100 after completing a passivation compensation operation. The high battery voltage threshold
indicates a voltage at or above which the medical device 100 can perform standard operations
without any further testing of the battery 128. The high battery voltage threshold is generally set
below the nominal voltage level of a fully charged battery (3 V in the example of the medical
device 100). The operating voltage threshold represents the minimum voltage level at which the
medical device 100 can continue operation, although the medical device 100 optionally generates
an output informing the user that the level of charge of the battery is approaching the point of
requiring battery replacement. . For example, in one embodiment the processor 104 generates an
output via, for example, a display device or indicator light that the battery 128 should be replaced
soon if the voltage level is greater than or equal to the predetermined operating voltage threshold
but below the predetermined high battery voltage threshold. However, the medical device 100
continues operation if the battery voltage is greater than or equal to the predetermined operating
voltage threshold. The voltage range above the minimum voltage threshold and below the
operating voltage threshold indicates voltage levels where the medical device 100 cannot
complete standard operations without an unacceptable risk of malfunction due to the low battery
voltage, but in this voltage range the processor 104 remains operable to generate an error
message output that alerts the user to the need to replace the battery 128. The minimum voltage
threshold indicates a level at which the medical device cannot continue operation even to emit
battery error messages without an unacceptable risk of a malfunction, and beneath this threshold
the processor 104 performs a device shutdown operation without attempting to compensate for
potential battery compensation. Those of skill in the art will note that the minimum voltage
threshold is not indicative of a completely discharged battery since the battery 128 still retains

some charge that is sufficient to at least enable minimal operation of the processor 104 to test
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battery voltage. As is generally known in the art, a severely discharged or absent battery will
prevent activation of the processor 104 in the first instance.

[0030] The embodiments described herein enable the medical device 100 to compensate for
battery passivation that reduces the voltage of the battery 128 in the voltage ranges between the
passivation maximum voltage threshold and the passivation minimum voltage threshold. In the
event that the battery 128 has experienced passivation, the compensation processes described
herein can increase the voltage of the battery 128 above the operating voltage threshold or the
high battery threshold in at least some circumstances. The passivation compensation reduces or
eliminates false error messages indicating the need to replace the battery 128 or a premature
failure of the medical device 100 to operate with the battery 128. While the example depicted
above includes a passivation high voltage threshold that is greater than the high battery voltage
threshold and a passivation minimum voltage threshold that is less than the minimum voltage
threshold, in an another configuration a least one of the passivation high voltage threshold is
equal to the high battery voltage threshold and the passivation minimum voltage threshold is
equal to the minimum voltage threshold. Furthermore, in some embodiments the operating
voltage threshold has the same voltage level as the high battery voltage threshold, the passivation
maximum voltage threshold, or both of these thresholds instead of being less than the high
battery voltage threshold and the passivation maximum voltage threshold as depicted in Table 1.
[0031] Referring again to FIG. 1, the user I/O peripherals 140 include input devices and output
devices that enable user interaction with the medical device 100. Examples of input devices
include touchpads and touchscreen inputs, buttons, switches, dials, and the like. At least some
types of input devices receive electrical power from the battery 128, either directly or via drive
circuitry in the processor 104. The output devices include display devices such as LCD or OLED
display screens, indicator lights, audio output speakers, electromechanical actuators for haptic
feedback devices, and the like, and these output devices also draw electrical power from the
battery 128 directly or via drive circuitry in the processor 104,

[0032] The wireless transceiver 144 is, for example, a Bluetooth, Bluetooth Low Energy (BLE),
IEEE 802.11 “Wi-Fi”, Near Field Communication (NFC), cellular, or other wireless transceiver
that enables the medical device 100 to perform wireless communication with external computing
devices including, but not limited to, smartphones, personal computers (PCs), and network

services via a data network. In one non-limiting embodiment, the wireless transceiver 144 is
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implemented as a BLE transceiver with an antenna that contained within the housing 50. The
wireless transceiver 144 receives electrical power from the battery 128 either directly or via drive
circuitry in the processor 104. In some medical device embodiments, the wireless transceiver 144
draws a substantial level of power from the battery 128 during operation, and in particular during
radio transmission operations. The wireless transceiver 144 is an optional component that need
not be included in every embodiment of a medical device since some medical devices are not
configured for wireless communication with external computing devices.

[0033] FIG. 2 depicts a schematic diagram of another battery-powered medical device 200. The
medical device 200 includes some common elements to the medical device 100 including a
housing 50, processor 104, memory 116, user I/O peripherals 140, and wireless transceiver 144.
The medical device 200 is also depicted as a blood glucose meter that includes a test strip port
136. Unlike the medical device 100, the medical device 200 includes receptacles for two
different replaceable batteries, which are depicted as a primary battery 228 and a secondary
battery 254 that are both electrically connected to the medical device 200. In the configuration of
FIG. 2, the primary battery 228 provides electrical power to the processor 104, including
components that generate electrical test signals for the test strip port 136, and the memory 116.
The secondary battery 254 provides electrical power to drive the wireless transceiver 144 and the
user [/O peripherals 140. In the medical device 200, the processor 104 uses the voltage sensor
108 and switchable battery test resistor 132 to measure the voltage level of the primary battery
228 in a similar manner to that described above in FIG. 1, while a separate power management
integrated circuit (PMIC) 250 provides voltage measurements of the secondary battery 254 to the
processor 104. In the illustrative example of FIG. 2, both the primary battery 228 and the
secondary battery 254 are lithium batteries that are available commercially as a CR2032 coin cell
batteries with a nominal 3 V voltage level in a fully-charged battery.

[0034] In the embodiment of FIG. 2, either or both of the primary battery 228 and the secondary
battery 254 may experience passivation, and the two batteries may generate different voltage
levels during the course of operation of the medical device 200. The memory 116 stores battery
voltage thresholds 218 that are similar to the battery thresholds 118 in the medical device 100,
but optionally include separate sets of voltage threshold values for the primary battery 228 and
the secondary battery 254, although in some embodiments both the primary battery 228 and the

secondary battery 254 use the same voltage threshold values. Table 2 depicts an illustrative
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example of voltage thresholds in a blood glucose meter that operates using two lithium batteries
with 3 V nominal voltage levels, although the precise voltage thresholds may vary based on the

battery configuration and voltage requirements of electronic components in different medical

devices:
Table 2: Voltage thresholds for primary and secondary battery
Passivation Maximum Voltage Threshold [primary and secondary] 2.60V
Passivation Minimum Voltage Threshold [primary and secondary] 1.80V
Primary High Battery Voltage Threshold 2.50V
Primary Operating voltage threshold [minimum] 246V
Primary Minimum Voltage Threshold 240V
Secondary High Battery Voltage Threshold 242V
Secondary Operating voltage threshold [minimum] 235V
Secondary Minimum Voltage Threshold 2.30V

[0035] In the embodiment of FIG. 2, the processor 104 in the medical device 200 uses the same
passivation maximum voltage threshold and passivation minimum voltage threshold values for
both the primary battery 128/228 and the secondary battery 254, although an alternative
configuration may employ different passivation maximum and minimum voltage thresholds for
the primary and secondary batteries. The processor 104 uses the primary high battery voltage
threshold, primary operating voltage threshold, and primary minimum voltage threshold in
substantially the same manner described above for the corresponding voltage thresholds in the
medical device 100. The secondary high battery voltage threshold, secondary operating voltage
threshold, and secondary minimum voltage threshold have a similar function to the
corresponding thresholds described above as the processor 104 compensates for potential
passivation in the secondary battery 254 to enable operation of the wireless transceiver 144 using
electrical power from the secondary battery 254. Additional details of the operation the medical
devices 100 and 200 are provided below with reference to the processes of FIG. 3 and FIG. 4.
[0036] FIG. 3 depicts a block diagram of a process 300 for activating a battery-powered
medical device to compensate for passivation in a battery in the medical device. In particular, the
process 300 is applicable to the medical device 100 using a single battery 128 and to the primary
battery 228 in the medical device 200. These batteries are referred to interchangeably in the
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context of the process 300 unless otherwise noted herein. In the description below, a reference to
the process 300 performing a function or action refers to the operation of a processor to execute
stored program instructions to perform the function or action in association with other
components of a medical device.

[0037] The process 300 begins with activation of the processor 104 in a low-power operating
mode (block 304). In the embodiments of FIG. 1 and FIG. 2, the processor 104 activates in
response to insertion of an electrochemical test strip into the test strip port 136 or through a
power button, switch, or other input device in the I/O devices 140. As described above, in the
low-power operating mode the clock generator 106 produces a reduced frequency clock signal
(e.g. 1 MHz) to enable operation of the processor 104 during startup of the medical device at a
lower performance level but with a correspondingly reduced power consumption level that
enables further battery voltage measurements and compensation for passivation of the battery
128/228.

[0038] The process 300 continues as the processor 104 measures the voltage of the battery
128/228 (block 308). In the meters 100 and 200, the processor 104 initially uses a voltage
comparator to identify an approximate level of voltage in the battery 128/228 upon startup. If the
approximate voltage level of the battery 128/228 is at or above the passivation minimum voltage
threshold, then the processor 104 uses the voltage sensor 108 to measure the voltage across the
terminals of the battery 128/228 both in an in open-circuit configuration and with the switchable
battery test resistor 132 connected to the battery 128/228 to provide a predetermined load. The
processor 104 then determines if the measured battery voltage is less than or equal to the
passivation minimum voltage threshold that is stored in the memory 116 (block 312) then the
processor 104 deactivates itself and any other activated component to cease operation of the
medical device 100/200 (block 316). As described above, a battery voltage that is less than or
equal to the passivation minimum voltage threshold for the battery 128/228 does not enable
stable operation of the medical device 100/200 and the processor 104 performs the shutdown
operation to prevent a reset loop or other unstable operations. As described above, if the
measured voltage is less than the predetermined passivation minimum voltage threshold then
even if battery passivation has occurred, the potential increase in voltage from compensation for
the passivation will be unlikely to return the battery to the minimum operating voltage threshold

and the passivation compensation process may destabilize operation of the medical device.
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[0039] During the process 300, if the measured voltage level is greater than the predetermined
passivation minimum voltage threshold (block 312) and additionally greater than or equal to the
predetermined passivation maximum voltage threshold that is stored in the memory 116 (block
320), then the processor 104 continues with a standard wake from hibernate or device reset
operation to begin standard operation of the medical device 100/200 (block 324). For voltage
levels that are greater than or equal to the passivation maximum voltage threshold, the battery
128/228 has either not experienced passivation or the effects from passivation can be ignored
since the voltage level of the battery is sufficient for normal operation of the medical device. In
the embodiments of FIG. 1 and FIG. 2, the wakeup from hibernation process occurs after the
medical device 100/200 has completed a successful previous operation, enters a low-power
hibernation state, and then returns to operation from hibernation using the same battery 128/228
during the prior operation. The reset process occurs during the first activation of the medical
device 100/200 after the battery 128/228 has been replaced, which entails additional processing
steps performed by the processor 104 to restore the medical device 100/200 to operation. In both
cases, the clock generator 106 increases the clock frequency to operate the processor 104 in the
increased power operating mode and the processor 104 operates the memory 116, the user I/O
peripherals 140, and the wireless transceiver 144 as needed to operate the medical device
100/200 using power received from the battery 128/228. In the specific configurations of FIG. 1
and FIG. 2, the processor 104 in the blood glucose meter medical device 100/200 operates in the
increased-power operating mode to continue operation of the medical device to generate a blood
glucose measurement by generating a sequence of electrical test signals that are applied to an
electrochemical test strip via the test strip port 136, and the processor 104 measures and
generates an output corresponding to the level of glucose in a blood sample on the test strip.
[0040] As described above, during the process 300 the processor 104 does not directly
compensate for battery passivation in situations where the measured battery voltage is either less
than or equal to the predetermined passivation minimum voltage threshold or greater than or
equal to the predetermined passivation maximum voltage threshold. However, if the measured
battery voltage is both greater than the predetermined passivation minimum battery voltage
threshold (block 312) and less than the predetermined passivation maximum voltage threshold
(block 320), then the processor 104 controls the application of at least one discharge pulse to the
battery 128/228 to compensate for potential passivation in the battery.
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[0041] A discharge pulse refers to the connection of a load to the battery 128/228 that draws
current from the battery for a predetermined time to produce a breakdown in the passivation
layer within the battery. The load used for a discharge pulse typically draws a large amount of
current from the battery 128/228, which produces changes in the internal of chemistry of the
battery that reduces or eliminates the passivation layer and results in an increase in the voltage
level of the battery 128/228. After the predetermined time, the processor 104 completes the
discharge pulse by waiting for another predetermined idle period time to enable the battery
128/228 to return to a quiescent state, and the processor 104 subsequently performs another
voltage measurement to identify the voltage level of the battery 128/228 after the application of
the discharge pulse. If the battery 128/228 has experienced passivation, then the voltage of the
battery 128/228 after the discharge pulse is greater than the voltage of the battery 128/228 prior
to the discharge pulse. In the specific configuration of the medical device 100/200, the processor
104 applies multiple discharge pulses to enable compensation for both larger and smaller levels
of battery passivation. If the battery 128/228 has experienced passivation, then the discharge
pulses compensate for the passivation and return the battery 128/228 to a higher voltage level
that enables operation of the medical device 100/200. Specific examples of discharge pulses in
the medical device 100/200 are described in further detail below.

[0042] In one configuration, the processor 104 applies the discharge pulse to the battery
128/228 directly as the clock generator 106 increases frequency and the processor 104 operates
in the increased-power operating mode at a high clock frequency (e.g. 16 MHz). During the
discharge pulse, the processor 104 optionally performs a busy loop or other operations that
increase the current draw of the processor 104 but that are not otherwise required to perform the
standard operation of the medical device 100/200. In the non-limiting embodiments described
herein, the processor 104 operates in the increased-power operating mode at the high frequency
clock speed for 300 milliseconds, at which time the clock generator 106 reduces the clock
frequency to return the processor 104 to the low-power operating mode for an idle period of 2
milliseconds after which the voltage sensor 108 generates another voltage measurement of the
battery 128/228. Of course, alternative embodiments can use different active and idle time
periods during a discharge pulse.

[0043] In the embodiment of the medical device 100 of FIG. 1, the processor 104 optionally
applies the discharge pulse to the battery 128 indirectly by activating a peripheral device that
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draws current from the battery 128 for a predetermined time. For example, in one configuration
the processor 104 activates the wireless transceiver 144 to draw electrical current from the
battery 128. The wireless transceiver 144 draws electrical current from the battery 128 for a
predetermined period of time (e.g. 300 milliseconds or another predetermined time period) after
which the processor 104 deactivates the wireless transceiver and waits for a predetermined idle
time period before measuring the voltage level of the battery 128. During the discharge pulse, the
wireless transceiver 144 optionally transmits a beacon signal or similar signal that draws
electrical current from the battery 128 but that is not part of transmitting medical data during the
normal operation of the medical device 100. In another configuration, the processor 104 activates
a display device or other user I/O peripheral device 140 that draws sufficient current from the
battery 128 to perform the discharge pulse operation. Furthermore, the processor 104 optionally
activates multiple peripheral devices such as both the wireless transceiver 144 and a display
device or other user I/O peripheral 140 to enable multiple peripherals to draw current from the
battery 128. As described in further detail below in FIG. 4, in the medical device 200 that
includes the primary battery 228 and the secondary battery 254, a peripheral device is used to
apply discharge pulses to the secondary battery 228 since the processor 104 does not draw
substantial electrical power from the secondary battery 228. Of course, those of skill in the art
will further recognize that the discharge pulse can be applied using a combination of the
processor 104, /O devices 140, and wireless transceiver 144 including applying a discharge
pulse by operating the processor 104 at the high frequency clock speed while simultaneously
activating the wireless transceiver 144, one or more of the I/O devices 140, or operating all of
these components simultaneously.

[0044] Referring again to FIG. 3, as described above the processor 104 identifies if the
maximum number of discharge pulses have been applied to the battery 128/228 (block 328) and
if the maximum number has not been reached, then the processor 104 applies the discharge pulse
as described above (block 332). The processor 104 then performs another voltage measurement
(block 308) and the process 300 continues in a loop as described above with reference to the
processing of blocks 308 — 332 until either the measured voltage drops to be less than or equal to
the predetermined passivation minimum voltage threshold (blocks 312 and 316), the measured
voltage rises above the predetermined passivation maximum voltage threshold (blocks 320 and

324), or the measured voltage remains between these thresholds after performing the maximum
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number of discharge pulses (block 328). In one embodiment of the medical device 100/200, the
processor 104 applies a maximum of two discharge pulses, although alternative configurations
use one discharge pulse or more than two discharge pulses.

[0045] After reaching the maximum number of discharge pulses, the processor 104 identifies if
the most recently measured voltage level is greater than or equal to the predetermined high
battery voltage level or the predetermined operating voltage threshold (block 336). If the voltage
level of the battery 128/228 is greater than or equal to the predetermined high battery voltage
threshold or the predetermined operating voltage threshold, then the medical device 100/200
continues with device wakeup or reset process for operation (block 324). In some configurations,
during the additional operation that occurs when the voltage level of the battery 128/228 is
sufficient for operation (> predetermined operating voltage threshold) but less than the
predetermined high battery voltage threshold, the processor 104 generates a low battery indicator
message using one or more of the output peripherals 140 as part of continuing with the device
wakeup or reset process. The low battery indicator message is, for example, a graphical icon,
indicator light, or audible alarm that alerts the user to the need to a low charge level of the
battery and the need replace the battery 128/228 in the near future, although the medical device
100/200 continues operation with the present battery voltage level. As described above, in the
embodiments of the medical devices 100 and 200, the processor 104 operates in the increased-
power operating mode using the increased clock frequency from the clock generator 106 to
continue operation with the other components of the medical device to generate a blood glucose
measurement.

[0046] During the process 300, if the most recently measured voltage level after reaching the
maximum number of discharge pulses is less than the predetermined operating voltage threshold
(block 336), then the processor 104 further determines if the measured voltage level of the
battery 128/228 is less than the predetermined minimum voltage threshold (bock 340). If the
measured voltage level is greater than or equal to the predetermined minimum voltage threshold,
then the processor 104 issues an error code related to the battery 128/228 (block 344) and the
medical device 100/200 ceases standard operation (block 316). In the configuration of FIG. 1 and
FIG. 2, the processor 104 stores an error code with the error code data 120 in a non-volatile
portion of the memory 116. In this operating mode, the processor 104 optionally enters a

hibernation state in which a display device or other output peripheral 140 produces an output
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indicating that the battery 128/228 cannot provide sufficient power to enable standard operation
of the medical device 100/200 and that replacement is required prior to continued operation. This
operating mode provides an opportunity for the medical device 100 to alert the user to the need
for battery replacement while the battery 128/228 voltage level remains above the predetermined
minimum voltage threshold. During a subsequent startup process with a replacement battery, the
processor 104 uses the stored error code data 120 to identify the need to enter the reset
operational mode to resume operation using a new battery that has sufficient voltage to enable
standard operation of the medical device 100/200. If, however, the measured voltage level
remains below the predetermined minimum voltage threshold (block 340) then the processor 104
immediately ceases operation of the medical device 100/200 (block 316) because the battery
128/228 lacks sufficient charge to enable continued operation of the processor 104 in a reliable
manner.

[0047] As described above, the process 300 enables the medical device 100/200 to apply
discharge pulses that compensate for potential battery passivation in the battery 128/228 while
using the same battery for operation of the medical device 100/200 during a device startup
operation. The passivation compensation process enables the medical device 100/200 to reduce
or eliminate false alarm conditions in which the medical device 100/200 incorrectly alerts a user
to a low battery condition (when the passivation compensation returns battery voltage to >
predetermined high battery voltage threshold), to prevent an incorrect battery replacement error
that prevents standard operation of the medical device 100/200 (when the passivation
compensation returns battery voltage to > predetermined operating voltage threshold), or to at
least enable the medical device 100/200 to generate an error code and display an error message
to alert the user of the need to replace the battery (when the passivation compensation returns
battery voltage to > predetermined minimum voltage threshold).

[0048] FIG. 4 depicts a block diagram of a process 400 to compensate for passivation in a
secondary battery in a medical device. In particular, the processor 104 in the medical device 200
performs the process 400 to compensate for passivation in the secondary battery 254 in
conjunction with performing the process 300 to compensate for passivation in the primary
battery 228. In the description below, a reference to the process 400 performing a function or
action refers to the operation of a processor to execute stored program instructions to perform the

function or action in association with other components of a medical device.
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[0049] The process 400 begins as the processor 104 receives a voltage measurement for the
secondary battery 228 (block 408). In the embodiment of FIG. 2, the PMIC 250 measures the
voltage level of the secondary battery 228 and provides a digital representation of the voltage
level to the processor 104, although in an alternative embodiment the processor 104 uses a
voltage sensor to measure the voltage of the secondary battery 228 directly. As indicated in FIG.
4, the illustrative embodiment of the process 400 starts after the process 300 has begun and the
processor 104 has identified that the voltage of the primary battery 228 is at least greater than the
predetermined passivation minimum voltage threshold in block 312, which enables the processes
300 and 400 to be performed concurrently. In particular, the processes 300 and 400 enable as
least some of the discharge pulses to occur concurrently in some medical devices that perform
the process 300 and 400. In an another configuration, the processor 104 performs the process 400
after the process 300 has reached the continued operation state of block 324, where the process
400 is part of the continued wake from hibernation or reset process in the medical device 200.
[0050] The process 400 continues as the processor 104 identifies if the measured voltage level
of the secondary battery 254 is less than or equal to the predetermined passivation minimum
voltage threshold (block 412), and if the voltage level is less than the predetermined passivation
minimum voltage threshold then the processor 104 ceases operation of the medical device 200
(block 418). As noted above in Table 2, the predetermined passivation minimum voltage
threshold stored in the memory 116 that is associated with the secondary battery 254 may be
different than the corresponding passivation minimum voltage threshold of the primary battery
228, and of course the two batteries 228 and 254 may exhibit different voltage levels during
operation of the medical device 200.

[0051] During the process 400, if the measured voltage of the secondary battery 254 is greater
than the predetermined passivation minimum voltage threshold and greater than or equal to the
predetermined passivation maximum voltage threshold (block 420) then the processor 104
continues operation of the medical device 200 with standard activation and use of the peripheral
device or devices that receive power from the secondary battery 254 (block 424). For example,
in the medical device 200 the processor 104 activates the peripheral devices 140 and operates the
wireless transceiver 144 as normal during operation to transmit and receive data with external
computing devices because the voltage level of the secondary battery 254 is greater than the

predetermined passivation maximum voltage threshold for the secondary battery 254. Similarly
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to the primary battery 228, the processor 104 does not compensate for potential passivation in the
secondary battery 254 if the measured voltage level of the secondary battery 254 is either less
than or equal to the predetermined minimum voltage threshold or greater than or equal to the
predetermined high battery voltage threshold. In the medical device 200, the activation of the
peripherals and other operations that occur in response to the secondary batter 254 having
sufficient charge are also contingent upon the completion of process 300 to continue with a
wakeup or reset process as described above with reference to block 324.

[0052] During process 400, if the measured voltage level of the secondary battery 254 is greater
than the predetermined passivation minimum voltage threshold and less than the predetermined
maximum passivation voltage threshold, then the processor 104 activates one or more peripheral
devices to apply at least one discharge pulse to the secondary battery 254 up to a predetermined
maximum number of discharge pulses (blocks 428 and 432). The processor 104 activates one or
more peripheral devices, such as the wireless transceiver 144, for a predetermined period of time
to draw current from the secondary battery 254 to reduce or eliminate the passivation layer
within the secondary battery, followed by an idle period to enable the secondary battery 254 to
return to a quiescent state. In another configuration, the processor 104 activates a backlight or
other power-consuming components in an LCD, OLED or other display device (a user I/O
peripheral 140) to apply the discharge pulse instead of or in addition to the operation of the
wireless transceiver 144. The process 400 then returns to the processing of block 408 to enable
the processor 104 to receive another voltage measurement of the secondary battery 254. The time
duration of each discharge pulse and maximum number of discharge pulses for the secondary
battery 254 may be different than for the primary battery 228 due to the differences in loads that
are connected to each battery. For example, in the medical device 200 the processor 104 is
configured to apply a maximum of two discharge pulses to the primary battery 228 in the process
300, while the processor 104 is configured to apply a maximum of three discharge pulses to the
secondary battery 254 in the process 400, although the precise maximum number of discharge
pulses may vary for other embodiments. The discharge pulses compensate for potential
passivation in the secondary battery 254 in a similar manner to the compensation for passivation
in the primary battery 228 that is described above in FIG. 3.

[0053] During the process 400, the processor 104 performs a loop of the operations described in
blocks 408 — 432 described above until the measured voltage level of the secondary battery 254
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either drops to less than or equal to the predetermined passivation minimum voltage threshold
(blocks 412 and 418), increases to greater than or equal to the predetermined passivation
maximum voltage threshold (blocks 420 — 424), or the processor 104 reaches the maximum
number of discharge pulses without meeting either of the two conditions described above (block
428). After completing the maximum number of discharge pulses, if the measured voltage level
of the secondary battery 254 is greater than or equal to the predetermined high battery voltage
threshold or the predetermined operating voltage threshold (block 436), then the processor 104
continues with operation of the peripheral device or devices that receive power from the
secondary battery 254 (block 424). The processor 104 optionally generates an alert message with
an output device 140 to indicate a low battery condition for the secondary battery 254 if the
voltage of the secondary battery 254 is greater than or equal to the predetermined operating
voltage threshold but remains below the predetermined high battery voltage threshold.

[0054] After completion of the maximum number of discharge pulses, if the voltage level of the
secondary battery 254 remains below the predetermined operating voltage threshold (block 436),
then the processor 104 identifies if the measured voltage for the secondary battery 254 is greater
than or equal to the predetermined minimum voltage threshold for the secondary battery 254
(block 440). If the secondary battery voltage is greater than the predetermined minimum voltage
threshold then the processor 104 generates the error code indicating that the secondary battery
254 should be replaced (block 416) and ceases operation of the medical device 200 (block 418).
The processor 104 also stores the error code for the secondary battery 254 in the error code data
120 of the memory 116. While the medical device 200 does not continue operation, in some
configurations the processor 104 generates an output using one or more of the I/O devices 140 to
alert the user to the need to replace the secondary batter 254 to enable the medical device 200 to
resume operation if the voltage level of the secondary battery 254 is greater than or equal to the
minimum voltage threshold. If the voltage level of the secondary battery 254 is less than the
predetermined minimum voltage threshold, then the processor 104 immediately ceases operation
of the medical device 200 (block 418).

[0055] As described above, the process 400 enables the medical device 200 to apply discharge
pulses that compensate for potential battery passivation in the secondary battery 254 during a
device startup operation. The passivation compensation process enables the medical device 200

to reduce or eliminate false alarm conditions in which the medical device 200 incorrectly alerts a
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user to a low battery condition of the secondary battery 254 (when the passivation compensation
returns battery voltage to > predetermined high battery voltage threshold) or to prevent an
incorrect battery replacement error that prevents standard operation of the peripheral in the
medical device 200 (when the passivation compensation returns battery voltage to >
predetermined operating voltage threshold).

[0056] While the exemplar battery-powered medical device described above is a blood glucose
meter, those of skill in the art will recognize that the devices and methods described herein are
equally applicable to a wide range of battery-operated medical devices that experience battery
passivation. In particular, even medical devices that operate continuously or with a high duty
cycle after activation may experience battery passivation during shipment and storage prior to
being activated. Examples of such devices include, but are not limited to, pumps that deliver
controlled doses of insulin or other pharmaceuticals to a user over time and continuous glucose
monitors.

[0057] This disclosure is described in connection with what are considered to be the most
practical and preferred embodiments. However, these embodiments are presented by way of
illustration and the disclosure is not intended to be limited to the disclosed embodiments.
Accordingly, one of skill in the art will realize that this disclosure encompasses all modifications
and alternative arrangements within the spirit and scope of the disclosure and as set forth in the

following claims.
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CLAIMS

What is claimed is:

1. A method for operating a medical device comprising:

activating a processor in the medical device in a low-power operating mode, the
processing receiving electrical power from a battery electrically connected to the
medical device;

measuring, with the processor, a first voltage level of the battery;

applying, with the processor, at least one discharge pulse to the battery in
response to the first voltage level of the battery being greater than a predetermined
passivation minimum voltage threshold and less than a predetermined passivation
maximum voltage threshold;

measuring, with the processor, a second voltage level of the battery after the at
least one discharge pulse; and

operating the processor in the medical device in an increased-power operating
mode to continue operation of the medical device only in response to the second
voltage level being greater than or equal to a predetermined operating voltage
threshold, the predetermined operating voltage threshold being greater than the
predetermined passivation minimum voltage threshold and less than or equal to the

predetermined passivation maximum voltage threshold.

2. The method of claim 1 further comprising:

continuing to operate the processor in the low-power mode to generate an error
code that is stored in a memory in response to the second voltage level of the battery
being less than the predetermined operating voltage threshold and greater than a
predetermined minimum voltage threshold, the predetermined minimum voltage
threshold being greater than or equal to the passivation minimum voltage threshold; and

deactivating, with the processor, the medical device.
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3. The method of claim 2 further comprising:

deactivating, with the processor, the medical device in response to the second
voltage level of the battery being less than the predetermined minimum voltage
threshold.

4. The method of claim 2 further comprising:
deactivating, with the processor, the medical device in response to the first
voltage level of the battery being less than the predetermined passivation minimum

voltage threshold.

5. The method of claim 1, the applying of the at least one discharge pulse further
comprising:

increasing a clock speed of the processor to operate the processor in the
increased-power operating mode for a predetermined period of time to draw electrical
current from the battery; and

reducing the clock speed of the processor to operate the processor in the low-

power operating mode after the predetermined period of time.

6. The method of claim 1, the applying of the at least one discharge pulse further
comprising:
activating, with the processor, at least one peripheral device in the medical
device for a predetermined period of time to draw electrical current from the battery; and
deactivating, with the processor, the at least one peripheral device after the

predetermined period of time.

7. The method of claim 6, wherein the at least one peripheral device is one or more of a

wireless data transceiver, a display screen, and an electromechanical actuator.

8. The method of claim 1, wherein the processor measures the second voltage level of

the battery after two discharge pulses.
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9. The method of claim 1 further comprising:
operating the processor in the medical device in the increased-power operating
mode to continue operation of the medical device to generate a blood glucose

measurement.

10. A method for operating a medical device comprising:

activating a processor in the medical device in a low-power operating mode, the
processing receiving electrical power from a primary battery electrically connected to
the medical device:

measuring, with the processor, a first voltage level of the primary battery;

receiving, with the processor, a second voltage level of a secondary battery
electrically connected to the medical device that provides electrical power to at least
one peripheral device in the medical device;

increasing a clock speed of the processor to apply at least one discharge pulse
to the primary battery in response to the first voltage level of the primary battery being
greater than a predetermined passivation minimum voltage threshold and less than a
predetermined passivation maximum threshold;

activating, with the processor, the at least one peripheral device in the medical
device to apply at least one discharge pulse to the secondary battery in response to the
second voltage level of the secondary battery being greater than the predetermined
passivation minimum voltage threshold and less than the predetermined passivation
maximum threshold:

measuring, with the processor, a third voltage level of the primary battery after
the at least one discharge pulse applied to the primary battery;

measuring, with the processor, a fourth voltage level of the secondary battery
after the at least one discharge pulse applied to the secondary battery; and

operating the processor in the medical device in the increased-power operating
mode and activating the at least one peripheral to continue operation of the medical
device only in response to the third voltage level being greater than or equal to a first

predetermined operating voltage threshold, the first predetermined operating voltage
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threshold being greater than the predetermined passivation minimum voltage threshold
and less than or equal to the predetermined passivation maximum voltage threshold,
and the fourth voltage level being greater than or equal to a second predetermined
operating voltage threshold, the second predetermined operating voltage threshold
being greater than the predetermined passivation minimum voltage threshold and less

than or equal to the predetermined passivation maximum voltage threshold.

11. The method of claim 10 further comprising:

continuing to operate the processor in the low-power mode to generate an error
code that is stored in a memory in response to the third voltage level of the primary
battery being less than the first predetermined operating voltage threshold and greater
than a first predetermined minimum voltage threshold and the fourth voltage level of the
secondary battery being less than the second predetermined operating voltage
threshold and greater than a second predetermined minimum voltage threshold; and

deactivating, with the processor, the medical device.

12. The method of claim 10, wherein the applying of the at least one discharge pulse to
the primary battery occurs prior to the applying of the at least one discharge pulse to the

secondary battery.

13. The method of claim 10, wherein the applying of the at least one discharge pulse to
the primary battery occurs concurrently to the applying of the at least one discharge

pulse to the secondary battery.

14. The method of claim 11, wherein the first predetermined minimum voltage threshold
is equal to the second predetermined minimum voltage threshold and the first
predetermined operating voltage threshold is equal to the second predetermined

operating voltage.
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15. The methaod of claim 10, wherein a power management integrated circuit (PMIC)
measures the second voltage level of the secondary battery and provides the second

voltage level to the processor.

16. The method of claim 10, wherein the at least one peripheral device is a wireless

data transceiver.

17. The method of claim 10 wherein the at least one peripheral device is a display

device.

18. The method of claim 10, wherein the processor measures the third voltage level of

the primary battery after applying two discharge pulses to the primary battery.

19. The method of claim 10, wherein the processor measures the fourth voltage level of
the secondary battery after applying three discharge pulses to the secondary battery.

20. The method of claim 10 further comprising:
operating the processor in the medical device in the increased-power operating
mode and activating the at least one peripheral in the medical device to continue

operation of the medical device to generate a blood glucose measurement.
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