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VOLTAGE REGULATOR AND CONTROL CIRCUIT FOR SILVER-ZINC BATTERIES
IN HEARING INSTRUMENTS

CROSS REFERENCE TO RELATED APPLICATION
[0001]  This PCT application claims priority to U.S. provisional application serial no.
62/013,606, filed on June 18, 2014, which is considered part of the disclosure of this

application and is hereby incorporated by reference in its entirety.

TECHNICAL FIELD
[0002] The present invention relates to battery powered hearing aid devices. More

specifically, this invention relates to managing battery voltage for power hearing aid devices.

BACKGROUND
[0003] A hearing aid is an electronic device known to alleviate hearing loss of a human.
Generally, the hearing aid captures sounds from the environment using one or more
microphones and amplifies the captured sounds electrically according to a hearing aid
prescription. Digital representations of the amplified signals are converted back into
electrical signals suitable for driving an output transducer of the hearing aid for generating
sound waves perceivable to its user.
[0004] It is known to utilize a battery to power a hearing aid. Zinc-air batteries, while
characteristic of a high energy density and relatively inexpensive to produce, are non-
rechargeable and must be replaced once they have been depleted. A silver-zinc battery is
capable of being recharged but includes a higher maximum voltage compared to that of the
zinc-air battery. For instance, the zinc-air battery may include a maximum voltage of about
1.45 V and the silver-zinc battery may include a maximum voltage of about 1.86 V. This
maximum voltage corresponding to the silver-zinc battery may exceed voltage thresholds of
existing electronics within the hearing aid. Accordingly, the silver-zinc battery cannot simply
be utilized as a substitute for the zinc-air battery unless the maximum voltage is lowered or
the electronic components within the hearing aid are redesigned.
[0005] A rechargeable hearing aid is required to be turned off and unpowered to avoid
draining the battery during charging events and prevent feedback noise or whistling from
occurring while the battery of the hearing aid is connected to a charger. Generally, the
rechargeable hearing aid utilizes designated external contacts for charging the battery. There
is only enough to room to utilize two external contacts, e.g., a charger positive voltage and a
charger negative voltage, due to the very small size of the hearing aid. Accordingly, an
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additional external contact indicating a charger present signal is not available for use to turn

off the hearing aid during the charging event.

SUMMARY
[0006] One aspect of the disclosure provides an apparatus for managing power within a
voltage regulating circuit of a battery-powered hearing aid device. The apparatus includes an
input terminal of a voltage regulator that receives an input voltage supplied by a battery and
an output terminal of the voltage regulator that provides an output voltage to a hearing aid
terminal. The hearing aid terminal is electrically connected to one or more electrical
components of the hearing aid device. The output voltage is based on the input voltage. The
apparatus also includes a sensing terminal of the voltage regulator for sensing a charging
current between the charging device and charging contacts of the voltage regulating circuit.
The voltage regulating circuit is configured to reduce a magnitude of the input voltage when
the magnitude of the input voltage exceeds an input voltage threshold to generate the output
voltage having a magnitude that is less than a maximum output voltage.
[0007] Implementations of the disclosure may include one or more of the following
optional features. In some embodiments, the apparatus includes a switch device. The switch
device is configured to transition to an ON state to allow the charging device to charge the
battery based on the sensing terminal of the voltage regulator sensing the charging current
between the charging device and the charging contacts. In these embodiments, the switch
device is also configured to transition to an OFF state to block battery voltage from the
charging contacts when the output voltage is present. The switch device may further include
a metal-oxide-semiconductor field-effect transistor and it may be integrated into the voltage
regulator.
[0008] In some examples, the charging contacts of the voltage regulating circuit include
only a positive contact and a negative contact. The voltage regulator may include a switching
DC-DC converter utilized to reduce the magnitude of the input voltage and generate the
output voltage by a desired ratio when the magnitude of the input voltage exceeds an upper
voltage plateau threshold that is greater than the input voltage threshold.
[0009] The apparatus may include a plurality of flying capacitors, each having an
identical capacitance and electrically connected to the voltage regulator. The flying
capacitors may be configured to transfer charge from the input voltage to the output voltage
when the switching DC-DC converter is being utilized. The voltage regulator may further

include a linear DC-DC converter utilized to reduce the magnitude of the input voltage and
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output the output voltage to a predetermined value when the magnitude of the input voltage
exceeds the input voltage threshold and does not exceed an upper voltage plateau threshold.
The voltage regulator may include a bypass switch utilized to minimize reducing of the input
voltage and generate the output voltage having a magnitude that is less than the maximum
output voltage when the input voltage does not exceed the input voltage threshold. The
battery may include a reduced voltage battery having a maximum voltage less than the input
voltage threshold, and it may include an increased voltage battery having a maximum voltage
that exceeds the input voltage threshold. In some examples, the reduced voltage battery has
an open circuit voltage or voltage under load of from about 0.9 V to about 1.5 V when the
battery has a state of charge (SOC) of about 100% (e.g., from 90% to about 100%). In some
examples, the increased voltage battery has an open circuit voltage or voltage under load of
greater than about 1.5 V (e.g., from about 1.6 V to about 3.0 V) when the battery has an SOC
of about 100% (e.g., from about 90% to about 100%). And, in some examples, the input
voltage threshold is about 1.5 V (from about 1.50 V to about 1.55 V).

[0010] Another aspect of the disclosure provides a method for managing power within a
voltage regulating circuit of a battery-powered hearing aid device. The method includes a
processing device of a voltage regulator of the voltage regulating circuit executing the
following steps. The steps include monitoring an input voltage supplied by a battery for
powering one or more electrical components of the hearing aid device and comparing a
magnitude of the input voltage to an input voltage threshold. When the magnitude of the
input voltage is not greater than the input voltage threshold, the method includes determining
the battery is indicative of a reduced voltage battery and minimizing reducing of the input
voltage to output an output voltage for powering the one or more electrical components.
When the magnitude of the input voltage is greater than the input voltage threshold, the
method includes determining the battery is indicative of an increased voltage battery and
reducing the input voltage to output an output voltage having a magnitude that is less than a
maximum output voltage for powering the one or more electrical components.

[0011] This aspect may include one or more of the following optional features. The
method may include monitoring a presence of a charging voltage signal indicating one of a
charge current and periodic current pulses from a charging device electrically connected to
the voltage regulating circuit for charging the battery. The method may optionally include
controlling the output voltage to decrease to zero to shut down the hearing aid device based
on the presence of the charging voltage signal and transitioning a switch device to an ON

state to allow the charging device to fully charge the battery. The method may also include
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transitioning a switch device to an OFF state when the one or more electrical components are
being powered by the output voltage. The OFF state of the switch device may block
exposure of voltage to charging contacts of the voltage regulating circuit.

[0012] In some implementations, reducing the input voltage to output the output voltage
having the magnitude that is less than the maximum output voltage includes comparing the
input voltage to an upper voltage plateau threshold. Here, the upper voltage plateau threshold
is greater than the input voltage threshold. When the input voltage exceeds the upper voltage
plateau threshold, the method may include proportionally reducing the input voltage by a
switching DC-DC converter of the voltage regulator to generate the output voltage that does
not violate the maximum output voltage. When the input voltage exceeds the input voltage
threshold and does not exceed the upper voltage plateau, the method may include reducing
the input voltage by a linear DC-DC converter to deliver a constant predetermined output
voltage that does not violate the maximum output voltage.

[0013] The electrical components of the hearing aid device may include at least one of a
microphone, a signal processor, an audio amplifier, related electrical circuitry, and a loud
speaker. The voltage battery may include a zinc-air batter, a nickel-metal hydride battery, or

a rechargeable silver-zinc battery.

DESCRIPTION OF DRAWINGS
[0014] The following figures are provided by way of example and are not intended to
limit the scope of the invention.
[0015] FIG. 1 is a schematic of a voltage regulating circuit of a battery-powered hearing
aid device, in accordance with the present disclosure.
[0016] FIG. 2 is a block diagram of a voltage regulator of the voltage regulating circuit of
FIG. 1, in accordance with the present disclosure.
[0017] FIG. 3 is a block diagram for regulating output voltage of the voltage regulator of
FIGS. 1 and 2, in accordance with the present disclosure.
[0018] FIG. 4 is a non-limiting plot of exemplary test data illustrating input and output
voltages for a silver-zinc battery using the voltage regulating circuit of FIG. 1, in accordance
with the present disclosure.
[0019] FIG. 5 is a non-limiting plot of exemplary test data illustrating input and output
voltages during a charging event of the battery of the voltage regulating circuit of FIG. 1, in

accordance with the present disclosure.
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[0020] FIG. 6 is a non-limiting plot of exemplary test data illustrating voltage profile
lines over a predetermined time to detect a zinc-air battery, in accordance with the present
disclosure.

[0021] FIG. 7 is a non-limiting plot of exemplary test data illustrating input and output
voltages for a zinc-air battery bypassing the voltage regulator of FIG. 1, in accordance with
the present disclosure.

[0022] FIG. 8 is a non-limiting plot of exemplary test data illustrating a discharge voltage
profile for a rechargeable silver-zinc battery, in accordance with the present disclosure.
[0023] FIG. 9 is a non-limiting plot of exemplary test data illustrating a discharge voltage
profile for a nickel-metal hydride (NiMH) battery cell, in accordance with the present
disclosure.

[0024] FIG. 10 is a non-limiting plot of exemplary test data illustrating a discharge
voltage profile for a zinc-air battery cell, in accordance with the present disclosure.

[0025] Like reference symbols in the various drawings indicate like elements.

DETAILED DESCRIPTION
[0026] Referring to FIG. 1, a schematic of a voltage regulating circuit 100 of a battery-
powered hearing aid device is depicted for regulating output voltage (Vouyr) that powers
electrical components of the hearing aid device. While implementations herein are directed
toward powering a hearing aid device, this disclosure is equally applicable for regulating
output voltage supplied from a battery for powering electrical components corresponding to
other devices or systems not limited to hearing aid devices. The voltage regulating circuit
100 (hereinafter “regulating circuit 100”) includes a battery 120, an input capacitor Cy 122,
current sense resistor Rc 124, battery resistors Rg; 126 and Rg; 128, a switch device 150, a
charging terminal 130, a hearing aid terminal 132, an output capacitor Coyr 146, and a
voltage regulator 200. In a non-limiting example, the Ciy 122 and the Coyr 146 are both
equal to 1.0 pF, the R¢ 124 is equal to 49.9 Q, and the battery resistors Rg; 126 and Rp, 128
are equal to 499 k Q and 1.0 M Q, respectively.
[0027]  The battery 120 supplies an input voltage (Vi) via negative and positive terminals
to corresponding terminals 120-1 and 120-2 of the voltage regulator 200. In the illustrated
example, the negative and positive terminals 120-1 and 120-2, respectively, of the voltage
regulator 200 may be collectively referred to as an “input terminal” of the voltage regulator
200. Based upon the magnitude of the Vy supplied from the battery 120, the voltage

regulator 200 provides the Voyr via output terminal 140 for powering the hearing aid
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terminal 132 electrically connected to one or more of the electrical components of the hearing
aid device. Embodiments herein are directed toward the voltage regulator 200 reducing the
magnitude of the Vy supplied from the battery 120 when the magnitude of the Vy exceeds
an input voltage threshold (Vi wresh) to ensure that the resulting Vouyr does not exceed a
maximum output voltage (Vou_max). As used herein, the term “maximum output voltage
(Vour_max)” refers to a maximum allowable output voltage that can be utilized to power the
electrical components of the hearing aid device without causing harm or damage thereto. In a
non-limiting example, the Vou;_max is from about 1.5 V to about 1.6 V (e.g., about 1.6 V). As
used herein, the term “electrical components” can refer to, but are not limited to, a
microphone, a signal processor, an audio amplifier, related electrical circuitry, and a
loudspeaker.

[0028] In some embodiments, the regulating circuit 100 is configured to accept either one
of a reduced voltage battery and an increased voltage battery. For example, the battery 120
may be a reduced voltage battery that can include a zinc-air battery (e.g., button cell), a
nickel-metal hydride battery (NiMH) battery (e.g., button cell), or an alkaline manganese
dioxide battery (e.g., button cell); or the battery 120 may be an increased voltage battery that
can include a silver-zinc battery (e.g., button cell) or a lithium ion battery (e.g., button cell).
Zinc-air batteries are generally non-rechargeable. NiMH, lithium ion, and silver-zinc
batteries are rechargeable. Hereinafter, the reduced voltage battery will simply be referred to
as the zinc-air battery and the increased voltage battery will simply be referred to as the
silver-zinc battery; however, any battery cell type not exceeding the Viy thresh is a “reduced
voltage battery” and any battery cell type exceeding the Vin mresh is an “increased voltage
battery”. In a non-limiting example, the maximum voltage of the zinc-air battery is about
1.45 V to about 1.55 V under load and the maximum voltage of the silver-zinc battery is
about 1.65 V to about 3.0 V (e.g., about 1.65 V to about 2.0 V) under load. Accordingly, the
voltage regulator 200 may determine whether the battery 120 is either a reduced voltage
battery or an increased voltage battery based upon the magnitude of the Vy received at the
terminals 120-1 and 120-2 of the voltage regulator 200. Thereafter, the voltage regulator 200
may then by-pass any regulating or reduce the Vv if the battery 120 is determined to be a
reduced voltage battery or the voltage regulator 200 may regulate the Vi if the battery 120 is
determined to be an increased voltage battery. In some embodiments, the voltage regulator
200 can regulate the voltage using any combination of a switching DC-DC converter and a
linear DC-DC converter based upon the magnitude of the Viy. In some embodiments, the

voltage regulator 200 only detects whether the battery 120 is an increased voltage battery
6



WO 2015/195731 PCT/US2015/036119

when the magnitude of the Vv exceeds the Viy_mresh for a predetermined period of time. Ina
non-limiting example, the predetermined period of time is from about 3 min to about 10 min
(e.g., about 5 minutes). And, in some embodiments, Vin_tresh is from about 1.45 V to about
1.50 V.

[0029] The regulating circuit of FIG. 1 may include one or more flying capacitors
depending on a desired ratio of Vour to be generated by the switching DC-DC converter 230.
In the illustrated example of FIG. 1, the regulating circuit 100 includes first, second and third
flying capacitors C; 134, C; 136 and C; 138, respectively. Each of the flying capacitors is
substantially identical, and in a non-limiting example, include a capacitance of 470 nF. The
flying capacitors are configured to transfer charge from the Vi to the Voyr when the
switching DC-DC converter of the voltage regulator 200 is being utilized. Negative terminals
of the flying capacitors are electrically connected to corresponding terminals 134-1, 136-1
and 138-1 of the voltage regulator 200. Positive terminals of the flying capacitors are
electrically connected to corresponding terminals 134-1, 136-1 and 138-1 of the voltage
regulator 200. The voltage regulator 200 further includes end-of-life (EOL) voltage terminals
142 and 144 to configure EOL voltages necessary to signal a low battery warning at the
hearing aid terminal 132.

[0030] Still referring to FIG. 1, the charging terminal 130 may be selectively electrically
connected to a charging device for charging the battery 120 if the battery is of the cell type
that is rechargeable, e.g., silver-zinc or lithium ion cells. Hearing aids must be sufficiently
small enough to fit inside the user’s ears or just outside the ears. Due to the small size, the
charging terminal 130 is constrained to only include two contacts (i.e., positive and negative
charging contacts) for electrically connecting to the charging device for charging the battery
120. An additional contact indicating the presence of the charging device is not present.
Accordingly, to indicate that the regulating circuit 100 is electrically connected to the
charging device and the battery is undergoing the charging event, the voltage regulator 200
includes a sensing terminal 125 for sensing a charging current (Vsensg) between the battery
120 and the charging device via the charging contacts of the terminal 130. Specifically, the
charging current (Vsensg) is sensed by detecting voltage across the current sense resistor Re
124. The hearing aid device must be shut down (e.g., off mode or stand-by mode) to avoid
draining the battery 120 during the charging event and to prevent feedback noise or whistling
from occurring while in the charger. Thus, the voltage regulator 200 detects the presence of a
charge current via the sensing terminal 125 and reduces the Voyr to zero to shut down the

hearing aid device during the charging event. In some implementations, periodic current
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pulses may be provided from the charging device to maintain the Voyr at zero after charging
is completed but the charging terminal 130 and the charging device are still electrically
connected. Here, the voltage regulator 200 may enable the voltage output to turn on the
hearing aid device once charging terminal 130 is disconnected from the charging device and
the voltage regulator 200 no longer senses charge current or periodic current pulses via the
sensing terminal 125.

[0031] The switch device 150 is controlled by the output terminal 140 to block any
voltage from the charging contacts of the charging terminal 130 when the hearing aid device
is being powered via the Voyr. It is desirable to block battery voltage from the charging
contacts because any exposure to voltage may result in a short circuit or result in an
undesirable leakage of current. Accordingly, when there is a presence of Voyr at the output
terminal 140, the switch device 150 can turn to an OFF state to block the flow of current to
the charging contacts of the charging terminal 130. Likewise, when the sensing terminal 125
detects that the battery 120 is undergoing a charging event, the voltage regulator 200 may
reduce the Vour to zero to turn off the hearing aid device, thereby permitting the switch
device 150 to transition to an ON state and allow the charging device to fully charge the
battery 120. In the illustrated example of FIG. 1, the switch device 150 includes a metal-
oxide-semiconductor field-effect transistor (MOSFET). While the illustrated example of
FIG. 1 depicts the switch device 150 outside of the voltage regulator 200, some
implementations may include the switch device 150 integrated within the voltage regulator
200.

[0032] FIG. 2 is a block diagram of the voltage regulator 200 of the voltage regulating
circuit 100 of FIG. 1, in accordance with the present disclosure. The voltage regulator 200
can be described with reference to the voltage regulating circuit 100 of FIG. 1. The voltage
regulator 200 includes a regulator controller block 205, a supply reversal protection block
210, a clock source 212, a charging detection block 225, the switching DC-DC converter 230,
the linear DC-DC converter 240 and a bypass switch block 250.

[0033] The regulator controller block 205 monitors a plurality of input signals and
controls the voltage regulator 200 based upon one or more of the monitored input signals.
The regulator controller block 205 includes a processing device. In some implementations,
the regulator controller block 205 monitors whether or not the battery 120 is undergoing a
charging event, or the charging terminal is electrically connected to the charging device,
based upon an input signal received from the charging detection block 225. For instance, the

charging detection block 225 can detect the presence of the charging event based upon the
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Vsense signal received from the sensing terminal 125 indicating the charge current (or
periodic current pulses) from the charging device via terminal 130. Thereafter, the regulator
controller block 205 can control the Voyr to zero such that the hearing aid device is
shutdown. When the Voyr is controlled to zero, the switching device 150 transitions to the
ON state and allows the charging device to fully charge the battery 120. Likewise, when the
charging detection block 225 does not detect the presence of the charging terminal 130 to be
electrically connected to the charging device, the regulator controller block 205 will permit
the Vour to power the hearing aid terminal 132, whereby the switch device 150 is
transitioned to the OFF state to block the flow of current to the electrical contacts of the
charging terminal 130.

[0034] In some implementations, the regulator controller block 205 monitors the
magnitude of Vy supplied by the battery 120 at the positive terminal 120-2. In the illustrated
example of FIG. 2, the negative terminal 120-1 is ground. The regulator controller block 205
may further monitor input signals indicating EOL voltages from the EOL terminals 142 and
144, reversal protection signals from block 210, and the clock source 212 for switching
frequency. Described in further detail below with reference to a block diagram 300 of FIG.
3, the regulator controller block 205 can include a comparator for comparing the magnitude
of the Vy to the input voltage threshold (Vin_tresh) to determine whether the battery 120 is
indicative of the zinc-air battery cell type or the silver-zinc battery cell type. For instance, if
the magnitude of the Vy received by the regulator controller block 205 does not exceed the
Vin_thresh, the regulator controller block 205 will determine that the battery 120 is indicative of
the zinc-air type and controls the bypass switch 250 whereby the Vy is not reduced or
regulated and is output as the Voyr at the output terminal 140. Likewise, if the magnitude of
the Vv does exceed the Viy_mresh, the regulator controller block 205 will determine that the
battery 120 is indicative of the silver-zinc battery cell type whereby the Vi, is regulated by
either the switching DC-DC converter 230 or the linear DC-DC converter 240 depending
upon the magnitude of the Vi,. In some implementations the magnitude of the Viy must
exceed the Viy_resh for the predetermined time period (e.g., 5 minutes) for the regulator
controller block 205 to detect that the battery 120 is indicative of the silver-zinc battery. In
these implementations, the regulator controller block 205 will assume that the battery 120 is
indicative of the zinc-air battery for time periods less than the predetermined time period.
[0035] When the battery 120 is indicative of the silver-zinc battery cell type, or other
increased voltage battery cell type, the magnitude of the Vyy supplied therefrom must be

reduced such that the resulting Voyr does not exceed the maximum output voltage (Vout_max)
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of the electrical components powered by the Voyr. Silver-zinc batteries possess a two
plateau voltage profile that is not observed in other battery chemistries (e.g., Zn-air or lithium
ion cells). The regulator controller block 205 determines the battery 120 is operating in the
upper plateau voltage profile or the lower plateau voltage profile based upon the monitored
input signal indicating the magnitude of the Viy. When the battery 120 is operating in the
upper plateau voltage profile, the switching DC-DC converter 230 is utilized to reduce the
Vv and output the resulting Vour by a desired ratio or percentage such that high efficiency is
achieved and the Voy;_max is not violated. In the illustrated example, the flying capacitors
flying capacitors C; 134, C, 136 and C; 138 are electrically connected to the switching DC-
DC converter 230. When the battery 120 discharges or depletes over time and transitions to
the lower plateau voltage profile, the switching DC-DC converter is disabled and the linear
DC-DC converter 240 is utilized to deliver a constant predetermined Voyr that does not
violate the Vou_maxindependent of what the magnitude of Vi is equal to.

[0036] Referring to FIG. 3, the block diagram 300 is illustrated for regulating output
voltage of the voltage regulator of FIGS. 1 and 2, in accordance with the present disclosure.
In the illustrated example, the battery 120 supplies the Vy to the regulator controller block
205 of FIG. 2. The Vy can be indicative of a magnitude within a range of voltages
corresponding to either the zinc-air battery cell type or the silver-zinc battery cell type. In the
non-limiting example, the range of voltages can be from about 0.9 to about 2.0 V. The
regulator controller block 205 compares the magnitude of the Vi to the Viy_resh.

[0037] In some implementations, the bypass switch 250 is utilized to bypass both the
switching DC-DC converter 230 and the linear DC-DC converter 240 when the magnitude of
the Vv does not exceed the Viy_mresh, as indicated by signal 251. Here, the battery 120 is
indicative of the zinc-air battery type or NiMH type and does not require a reduction in the
voltage supplied therefrom. Accordingly, the Vy is not regulated or reduced and the
resulting Vouyr for powering the hearing aid device does not violate the maximum output
voltage (Vout_max)-

[0038] In some implementations, the switching DC-DC converter 230 is utilized when
the magnitude of the Vv exceeds an upper voltage plateau threshold (Vypper thresh) that is
greater than the Viy_resh, as indicated by signal 231. Here, the battery 120 is indicative of the
silver-zinc battery type operating in the upper voltage plateau profile requiring a reduction in
the voltage supplied therefrom. Accordingly, the Vi is proportionally reduced by the
switching DC-DC converter 230 whereby the resulting Voyr for powering the hearing aid

device does not violate the Vou max.
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[0039] In some implementations, the linear DC-DC converter 240 is utilized when the
magnitude of the Viy exceeds the Vi mresn but does not exceed the upper plateau voltage
threshold (Vupper thresh), as indicated by signal 241. Here, the battery 120 is indicative of the
silver-zinc battery type and operating in the lower voltage plateau profile requiring a
reduction in the voltage supplied therefrom. The linear DC-DC converter 240 can be utilized
subsequent to the utilization of the switching DC-DC converter 250 upon the magnitude of
the Vy falling to the lower plateau voltage profile to thereby permit the highest efficiency to
be obtained from the battery 120. Accordingly, the Vi is reduced by the linear DC-DC
converter 240 whereby the resulting Voyr is equal to a predetermined value for powering the
electrical components of the hearing aid device that does not violate the Vgut_max.

[0040] FIG. 4 is a non-limiting plot 400 of exemplary test data illustrating input and
output voltages for a silver-zinc battery using the voltage regulating circuit of FIG. 1, in
accordance with the present disclosure. A 2 mA background current drain is applied with
periodic 100ms 10mA pulses every 20 minutes. The horizontal x-axis denotes time (Hour)
and the vertical y-axis indicates voltage (V). The plot 400 includes an input voltage profile
320 for the silver-zinc (AgZn) battery that includes an upper plateau voltage until about 8.5
hours before falling to a lower plateau voltage until depleting at about 16 hours. The plot 400
further includes a resulting output voltage profile 340 based upon the input voltage being
reduced by the voltage regulator 200 of FIG. 1. In the illustrated example, the input voltage
profile 320 is regulated by the switching DC-DC converter 230 to output the resulting output
voltage profile 340 between about 0 and about 8.5 hours while the silver-zinc battery is
operative in the upper plateau voltage. Here, the switching DC-DC converter 230 reduces the
input voltage to about 75% (e.g., from about 70% to about 80 %). The ratio or percentage at
which the input voltage is reduced can be based upon the switched capacitor or inductor
design in some implementations and the desired load for powering the hearing aid device.
Likewise, the input voltage profile 320 is regulated by the linear DC-DC converter to output
the resulting output voltage profile 340 after 8.5 hours while the silver-zinc battery is
operative in the lower voltage plateau. Here, the linear DC-DC converter 240 outputs the
resulting output voltage at about 1.25 V independent of what the input voltage profile 320 is
equal to. For instance, the output voltage profile remains at 1.25 V even though the input
voltage profile 320 is decreasing after 15 hours.

[0041] FIG. 5 is a non-limiting plot 500 of exemplary test data illustrating input and
charging output voltages during a charging event of the battery 120 of the voltage regulating

circuit of FIG. 1, in accordance with the present disclosure. The horizontal x-axis denotes
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time (seconds) and the vertical y-axis denotes voltage (V). The non-limiting plot 500 depicts
an input voltage profile 520 supplied from the battery 120, a charging voltage profile 530 at
the terminal 130 and an output voltage profile 540 corresponding to the Voyr at the output
terminal 140 of FIG. 1. Between about 0 and about 13 seconds, the input voltage profile 520
is about 1.5 V indicating a silver-zinc battery operating in the lower voltage plateau and the
resulting output voltage profile 540 is about 1.25 V subsequent to being reduced by the linear
DC-DC converter 240 of FIG. 2. At about 10 seconds, the charging terminal 130 is
electrically connected to the charging device (e.g., the presence of the charging current
(Vsensg) 1s sensed) to initiate a charging event whereat the charging voltage profile 530
increases from zero to a brief peak of about 1.9 V at about 14 seconds. In response to the
charging event, the output voltage profile 540 is reduced to zero at about 14 seconds to turn
off (e.g., stand-by mode) the hearing aid device permitting the switch device 150 of FIG. 1 to
transition to the ON state and allow the charging device to fully charge the battery 120.
Specifically, the brief peak of the charging voltage profile 530 of about 1.9 V at about 14
seconds results from the voltage drop across a diode in the switching device 150 that falls
once the Vour is equal to zero and the switching device 150 transitions to the ON state. The
input voltage profile 520 increases in response to being charged during the charging event.
At about 30 seconds, the charging terminal 130 is disconnected from the charging dévice
whereat the charging voltage profile 530 is reduced to zero and the output voltage profile 540
is increased to 1.25 V due to the output voltage being allowed to now power the electrical
components of the hearing aid device. Hence, at about 30 seconds, the sensing terminal 125
is not sensing the presence of the electrical connection (e.g., the presence of the charging
current (Vsense) is sensed) between the battery 120 and the charging device.

[0042] FIG. 6 is a non-limiting plot 600 of exemplary test data illustrating voltage profile
lines over a predetermined time to detect a zinc-air battery, in accordance with the present
disclosure. The horizontal x-axis denotes time (minutes) and the left-side vertical y-axis
denotes voltage (V) and the right-side vertical y-axis denotes current (mA). A current profile
610 indicates the load at which the battery is operating. In the non-limiting example of FIG.
10, the current profile 610 equal to about a 1.3 mA load. The voltage profile lines 602 depict
battery voltage while the battery is under the 1.3 mA load at an ambient temperature of 25 °C
and 50% relative humidity. Vertical line 650 indicates a 5 minute threshold whereat a
decision is made that the battery is indicative of the zinc-air battery cell type since the voltage

profile lines 602 are relatively stable between about 1.26 to about 1.31 V and not exceeding
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the input voltage threshold (Vin_mresn) 60. In the illustrated example, the Vin_thresh 15 equal to
1.40 V.

[0043] FIG. 7 is a non-limiting plot 700 illustrating exemplary test data of input and
output voltages for a zinc-air battery when bypassing the voltage regulator 200 of FIG. 1, in
accordance with the present disclosure. The battery is discharged at an ambient temperature
of 25 °C and 50% relative humidity. The horizontal x-axis denotes time (Hour) and the
vertical y-axis denotes voltage (V). The plot 700 includes an input voltage profile 762 for a
life cycle of the zinc-air battery that depletes after about 87 hours. Due to the battery being
indicative of the zinc-air battery cell type, the voltage regulator is by-passed and an output
voltage profile 764 is approximate to the input voltage profile 762. The output voltage
profile 764 depicts a 100ms 10 mA current pulse every 2 hours during a 2 mA background
current gain.

[0044] FIG. 8 is a non-limiting plot 800 of exemplary test data illustrating a discharge
voltage profile 802 for a rechargeable silver-zinc battery, in accordance with the present
disclosure. The horizontal x-axis denotes capacity (mAh) and the vertical y-axis denotes
voltage (V). The discharge voltage profile 802 is indicative of the silver-zinc battery
operative in the upper voltage plateau from about 0 to about 12 mAh until falling to being
operative in the lower voltage plateau from about 12 to 28 mAh before being depleted.
[0045] FIG. 9 is a non-limiting plot 900 of exemplary test data illustrating a discharge
voltage profile 902 for a nickel-metal hydride (NiMH) battery, in accordance with the present
disclosure. The horizontal x-axis denotes a percentage of charge remaining within the NiMH
battery and the vertical y-axis denotes voltage (V). The discharge voltage profile line 902
discharges a relatively stable voltage of about 1.2 V while the percent of charge remaining is
between about 80 to 30%. Once the percentage of charge remaining in the NiMH battery is
about 30%, the discharge voltage drastically reduces to about 1.0 V when there is no charge
remaining.

[0046] FIG. 10 is a non-limiting plot 1000 of exemplary test data illustrating a discharge
voltage profile 1002 for a zinc-air battery, in accordance with the present disclosure. The
horizontal x-axis denotes a percentage of capacity removed and the vertical y-axis denotes
voltage (V). The discharge voltage profile line 1002 is relatively stable from about 1.3 V
until about 90% of the capacity of the zinc-air battery is depleted. After 90% of the capacity
has been depleted, the discharge voltage profile 1002 of the zinc-air battery cell drastically
reduces. Thus, the zinc-air battery cell includes a high energy efficiency, enabling a desired

discharge voltage to be maintained during a majority of the life of the zinc-air battery cell.
13
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[0047] A number of implementations have been described. Nevertheless, it will be
understood that various modifications may be made without departing from the spirit and

scope of the disclosure. Accordingly, other implementations are within the scope of the

following claims.
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WHAT IS CLAIMED IS:

1. An apparatus for managing power within a voltage regulating circuit (100) of a
battery-powered hearing aid device, comprising:

an input terminal (120-1, 120-2) of a voltage regulator (200) receiving an input
voltage (Vn) supplied by a battery (200);

an output terminal (140) of the voltage regulator (200) providing an output voltage
(Vour) to a hearing aid terminal (132) electrically connected to one or more electrical
components of the hearing aid device, the output voltage (Vour) based on the input voltage
(Vmv); and

a sensing terminal (125) of the voltage regulator (200) for sensing a charging current
(Vsensg) between the charging device and charging contacts (130) of the voltage regulating
circuit (100);

wherein the voltage regulator (200) is configured to reduce a magnitude of the input
voltage (Vi) when the magnitude of the input voltage (Vi) exceeds an input voltage
threshold (Vin_mresh) to generate the output voltage (Vour) having a magnitude that is less than

a maximum output voltage (Vout max)-

2. The apparatus of claim 1, further comprising a switch device (150) configured to:
transition to an ON state to allow the charging device to charge the battery (120)
based on the sensing terminal (125) of the voltage regulator (200) sensing the charging
current (Vsensg) between the charging device and the charging contacts (130); and
transition to an OFF state to block the charging contacts (130) from receiving voltage

from the battery (120) when the output voltage (Vour) is present.

3. The apparatus of claim 2, wherein the switch device (150) comprises a metal-oxide-

semiconductor field-effect transistor (MOSFET).

4. The apparatus of either of claims 2 or 3, wherein the switch device (150) is integrated

into the voltage regulator (200).

5. The apparatus of any one of claims 2—4, wherein the charging contacts (130) of the

voltage regulating circuit (100) comprise only a positive contact and a negative contact.
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6. The apparatus of any one of claims 1-5, wherein the voltage regulator (200) further
comprises a switching DC-DC converter (230) utilized to reduce the magnitude of the input
voltage (Viv) and generate the output voltage (Vouyr) by a desired ratio when the magnitude
of the input voltage (V) exceeds an upper plateau voltage threshold (Vupper thresh) that is
greater than the input voltage threshold (Viy_hresh)-

7. The apparatus of claim 6, further comprising a plurality of flying capacitors (134, 136,
138) each having a substantially identical capacitance and electrically connected to the
voltage regulator (200), the flying capacitors (134, 136, 138) configured to transfer charge
from the input voltage (Vv) to the output voltage (Vour) when the switching DC-DC

converter (230) is being utilized.

8. The apparatus of any one of claims 1-7, wherein the voltage regulator (200) further
comprises a linear DC-DC converter (240) utilized to reduce the magnitude of the input
voltage (Vin) and output the output voltage (Vour) to a predetermined value when the
magnitude of the input voltage (Vi) exceeds the input voltage threshold (Vin_mresn) and does

not exceed an upper plateau voltage threshold (Vupper thresh)-

9. The apparatus of any of any one of claims 1-8, wherein the voltage regulator (200)
further comprises a bypass switch (250) utilized to minimize reducing of the input voltage
(Viv) and generate the output voltage (Vour) having a magnitude that is less than the

maximum output voltage (Vout_max) when the input voltage (Viv) does not exceed the input

voltage threshold (Vin_thresh)-

10.  The apparatus of claim 1, wherein the battery (120) comprises a reduced voltage

battery having a maximum voltage less than the input voltage threshold (Vin_thresh)-

11. The apparatus of claim 1, wherein the battery (120) comprises an increased voltage

battery having a maximum voltage that exceeds the input voltage threshold (Vin_thresh)-

12. A method for managing power within a voltage regulating circuit (100) of a battery-
powered hearing aid device, comprising:
a processing device (205) of a voltage regulator (200) of the voltage regulating circuit

(100) executing the following steps, comprising:
16
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monitoring an input voltage (Vv) supplied by a battery (200) for powering
one or more electrical components of the hearing aid device;

comparing a magnitude of the input voltage (V) to an input voltage threshold
(Vin_thresh); and one of

when the magnitude of the input voltage (Vin) is not greater than the input
voltage threshold (Vin_mresn), determining the battery (120) is indicative of a reduced voltage
battery and minimizing reducing of the input voltage (Vi) to output an output voltage (Vour)
for powering the one or more electrical components; or

when the magnitude of the input voltage (V) is greater than the input voltage
threshold (Vin_resh), determining the battery (120) is indicative of an increased voltage
battery and reducing the input voltage (V) to output an output voltage (Vour) having a
magnitude that is less than a maximum output voltage (Vout_max) for powering the one or more

electrical components.

13.  The method of claim 12, further comprising:

monitoring a presence of a charging voltage signal (Vsgnsg) indicating one of a charge
current and periodic current pulses from a charging device electrically connected to the
voltage regulating circuit (100) for charging the battery (120);

controlling the output voltage (Vour) to decrease to zero to shut down the hearing aid
device based on the presence of the charging voltage signal (Vsgnsg); and

transitioning a switch device (150) to an ON state to allow the charging device to fully
charge the battery (120).

14.  The method of any of claim 12, further comprising transitioning a switch device (150)
to an OFF state when the one or more electrical components are being powered by the output
voltage (Vour), the OFF state of the switch device (150) blocking exposure of voltage to
charging contacts (130) of the voltage regulating circuit (100).

15.  The method of any of the preceding claims, wherein reducing the input voltage (Vi)
to output the output voltage (Voyr) having the magnitude that is less than the maximum
output voltage (Vour_max) COmprises:

comparing the input voltage (Vv) to an upper voltage plateau threshold (Vupper thresh),

the upper voltage plateau threshold (Vypper thresh) is greater than the input voltage threshold

(Vin_thresh); and
17
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when the input voltage (Vin) exceeds the upper voltage plateau threshold (Vypper thresh),
proportionally reducing the input voltage (Viv) by a switching DC-DC converter (230) of the
voltage regulator (200) to generate the output voltage (Vour) that does not violate the

maximum output voltage (Vout_max)-

16.  The method of claim 15, further comprising, when the input voltage exceeds the input
voltage threshold (Vin_mresn) and does not exceed the upper voltage plateau threshold

(Vupper thresh), reducing the input voltage (Vi) by a linear DC-DC converter (240) to deliver a
constant predetermined output voltage (Vour) that does not violate the maximum output

VOltage (Vout_max).
17.  The method of any of the preceding claims, wherein the electrical components of the
hearing aid device comprise at least one of a microphone, a signal processor, an audio

amplifier, related electrical circuitry, and a loudspeaker.

18.  The method of any of the preceding claims, wherein the reduced voltage battery (202)

comprises a zinc-air battery.

19.  The method of claim any one of claims 12-17, wherein the reduced voltage battery
(202) comprises a nickel-metal hydride (NiMH) battery.

20.  The method of any of the preceding claims, wherein the increased voltage battery

(202) comprises a rechargeable silver-zinc battery.

18
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