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a voltage reduction to a fixed part of the
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v ] reduction that ensures that a minimum

voltage is maintained. Preferably the fixed
part reduction and the variable reduction
are performed in parallel and the fixed
voltage conversion is a 2/3 conversion of
the input voltage. Also advantageous is it
when a fixed voltage conversion and the

variable voltage conversion are balanced
according to the actual battery voltage.
The invention further relates to a battery
powered headworn communication device.
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POWER SUPPLY ARRANGEMENT FOR BATTERY POWERED DEVICE

The invention relates to the area of power supply systems for use in connection with
battery powered headworn communication devices. More specifically the invention

relates to power supply systems where the battery voltage is higher than desired and
therefore need to be reduced. Such battery-powered devices may be hearing aids,

telephone headsets and other mobile devices.

BACKGROUND OF THE INVENTION

In connection with battery powered headworn communication devices it is previously
known to use a switched mode power supply based on a class-D driver and an external
LC-lowpass filter. This solution has a good efficiency but suffers from a variety of
problems due to the presence of an inductor, which gives rise to magnetic interference,
stability problems and in some cases size problems. Another idea is to use a switched
capacitor step down converter, which in no-load condition would linearly transform the
battery voltage to a fraction of it. In principle, this would have a satisfactory function,
however, for battery voltages below a certain voltage the output supply can no longer be
guaranteed to be the desired. Low battery voltage may occur gradually or instantaneously
(sudden load changes) during lifetime of the battery. A third possibility is to use linear
regulators to provide a lower voltage than the battery voltage, however a drawback for
such conversion is that the energy efficiency is poor. High efficiency is however a very
important aspect for battery operated applications where lifetime of the battery may be

crucial for the individual in need of such battery-operated device.

The objective of the invention is therefore to provide a power conversion method and
system for battery operated applications, where the energy efficiency is improved

compared to previously known linear regulator systems, which does provide a stable
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power supply and which still is capable of maintaining a sufficient voltage for the battery

operated application.

SUMMARY OF THE INVENTION

According to the invention this objective is achieved by means of the method as defined

in claim 1.

By performing the conversion in this manner there has been provided an opportunity for
a more energy efficient conversion than hitherto known in connection with battery
powered headworn communication devices. The conversion may be performed in a
stable manner and a sufficient voltage can be maintained during the lifetime of the

battery.
Advantageous embodiments are defined in the dependent claims 2-5.

By the embodiment set forth in claim 2 the two systems are operated in parallel hereby

enabling a simple implementation.
The reduction fraction is preferably 2/3, but in principle any fraction may be achieved.

By balancing the fixed part voltage conversion and the variable part conversion, a
possibility of optimising the efficiency of the system may be achieved. In a system
comprising a switched capacitor part this is preferably done by setting the clock

frequency of the switched capacitor part.

Further according to the invention the objective is achieved by means of the system as

defined in claim 6.

By means of the system defined in claim 6 the same advantages as mentioned in

connection with the method may be achieved.
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Advantageous embodiments are defined in the dependent claims 7 to 11 hereby
achieving the same advantages as defined above in connection with the method

according to the invention.

The invention will be described more detailed in connection with the following

description of a preferred embodiment with reference to the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and FIG. 1B are block diagrams showing a combined switched capacitor/linear
DC/DC power supply;

FIG. 2 shows typical DC transfer characteristics for the system according to the
invention;

FIG. 3 shows output current and voltage in the linear regulator as part of the overall
supply system;

FIG. 4 is a block diagram showing an automatic adapting system;

FIG. 5 shows behaviour of voltages and currents in an automatically adapting system;
FIG. 6 shows behaviour of an automatically adapting system using transistor level
schematics;

FIG. 7 shows basic operating principle of 2/3 switched capacitor step down converter;

DESCRIPTION OF A PREFERRED EMBODIMENT

It should be appreciated that the system in principle can be adapted to any input and
output voltages and still have the same advantages as in the specific example. The
example shown is related to a battery powered headworn communication device, and

more specifically to a hearing aid or a headset.

The SC step down converter provides a power efficient conversion of the battery voltage
by a factor of e.g. 2/3 while the linear regulator ensures operation of the digital supply at
low battery voltages. This technique as explained in the following allows significant

saving of battery current compared to a supply based on a pure linear regulator.
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The (high) battery voltage should power efficiently be transformed to a pre-defined
Jlower supply voltage, which can be provided by a SC step down converter. This SC-
power converter can however not guarantee sufficient output voltage at a low battery
supply. A combination of a linear and a switched capacitor supply is therefore proposed
here, where at low battery voltage the linear regulator gradually takes over the load

current while maintaining the required supply voltage.

FIG. 1A shows the block diagram of the proposed supply FIG. 1B shows a simplified
equivalent model. It consists of a 2/3-switched capacitor step down converter plus a
linear regulator, which are connected in parallel. The switched capacitor part, whose
detailed operation will be described later, can be considered as an ideal transformer
applied to the battery with turn ratio n=2/3 and an equivalent resistor Rs.. On the other
hand, the linear regulator can be seen as fixed voltage source Vir with a (low-impedance)
output resistance Ryn. When connected in parallel, both of the two parts contribute to the
overall load current I;=I,+L;, with decreasing current I, (linear regulator) for an
increasing battery voltage Vyu. Above a critical battery voltage Voaterit, Jin becomes zero
and the load will only be supplied by the switched capacitor part. The advantage of such
a combined scheme is that for battery voltages around Vpatcric @ power supply is provided
by a high efficient DC/DC converter while the linear regulator guarantees a certain
minimum voltage Vo=V;t. At battery voltages higher than Vpatcrit the good efficiency is
preserved, however, the output voltage is linearly increased due to the aforementioned
transformer characteristics. For some applications, this might not be desired. A slightly
more complex system, which automatically adapts the frequency dependent equivalent

output resistance Ry of the SC-regulator to the actual load, can maintain good efficiency

~ while keeping the output voltage constant. This is described later.

The DC transfer characteristics of the described combined digital supply is shown in
FIG. 2. These are based on a simulation using the schematic of FIG. 1 with ideal

switches, capacitors and resistors.

As already mentioned above, the operation of the proposed SC-digital supply can be

divided in two operation modes (reference is made to FIG. 3):
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Mode 1: Viat > Voaterit: Only switched capacitor is active. Output voltage 7, scales
linearly with supply voltage

Mode 2: Viat <= Vpatcrit: Both linear and switched capacitor part are active. Output
voltage ¥, is constant around V.

For Ry, —> 0 the DC characteristics can be described as follows:

Mode 1 (Moot > Voatcrit)

2 R
1 V=27, ——t—
3 R, + Ry

Mode 2 (Vyat <= Vpaterit)
(2) VO = Vref

1 1 R 2
(3) Ibat = Ibat‘,sc + Ibat,lin = ‘kTS;|:Vref (5 + 1;; ) - Vbat : _9{|

2/3 12
(4) Ibat,sc = R_SC ' |:—§ : Vlml‘ - Vref}

R
(5 ) I bat,lin = 1 Vre ) 1 + |- z : I/bat
T Ry, R, 3

Where I, is the overall battery current, [, s is the battery current contribution of the

switched capacitor part and Ip4 s, is the current contribution of the linear regulator.

_The critical battery voltage Vpatcrit (see FIG. 2) can be derived from equation (5) when

setting Jpqz 1in tO ZeTO:!

3 R
(6) V;at,crit = Vref : 5(1 + —ﬁj

L

The above equations can be used to dimension the SC-digital supply such that its overall
efficiency is optimal. The most critical parameter hereby is the knee-point at Vpar=Vhat,crit-
Above this voltage the linear regulator is inactive and the overall efficiency is maximum.
Voaterit Should be centered around the typical battery voltages, which can vary from
battery type to battery type.
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If desired, the supply may be configured such that it provides good power efficiency over
a wide range of load currents, (which might change dynamically during lifetime of the
battery) , whereby the above system can be made more flexible. In principle, this can be
done by adapting Ry the same amount as the load resistor changes, as the critical battery
voltage Vpatorit, Where efficiency is best, depends on the load resistor Ry, and the switched
capacitor resistor Rs. To keep Vyatcrit, to be at the optimum independent of the load
current, the impedance Ry, can be changed by setting the clock frequency fs appropriate.
As an example, one can say: if the load current is doubled, the clock frequency fs. should

also be doubled, which then effectively reduces Ry by a factor two.

By measurement in the system which tells us whether the supply block operates close to
optimum or not the frequency dependent sc-resistor Rg. may be changed, such that this

optimum is achieved.

FIG. 3 depicts a scheme, which provides this information. The top graph shows the
output vs. battery voltage whereas the bottom graph depicts the current delivered by the
linear regulator. There are three regions of operation. In region 1 the sc-resistor Ry is too
high such that current partly has to be provided by the linear regulator. Region 2 is
optimal since there is no linear current and the output voltage is close to the target
voltage Vet In region 3, however, the impedance Ry is too low, leading to an
(undisirable) increase of the output voltage. The distinguishing of the three regions can

be done by voltage and current comparators:

Voltage comparator for regions 2 and 3: provides a logic high if V, < Vier+AV,

Current comparator for regions 1 and 2: provides a logic high if Jin < Jin, min-

By using the signals provided by these two comparators, a feedback loop may be
provided in the system, which automatically changes Ry, through the clock frequency f.
An implementation of such a feedback loop is shown in FIG. 4. If the current comparator
goes high (R to low), Ry will be increased. The effect then is that the system may
slowly oscillate between the borders of the good region (2), depending on the load. Time
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constant of the oscillation is set by the decoupling capacitor Cy, the load Ry, and the sc-

resistor Rgc.

As an example, FIG. 5 shows a behavioural simulation of this adaptive system, when a
load current is applied. The bottom trace of the figure shows the output voltage
oscillating within a small ripple around Vir. The transient battery current, shown in the
third trace, jumps between the two current levels defined by the sc-resistor Rg. In the
top part of the figures the waveforms of the two comparators are shown, indicating in

which region of operation the system is working (see explanation above).

FIG. 6 shows simulation results using a full transistor level schematic for the regulator
system. Top trace is the output voltage for load currents varying between 180pA
...500pA. In the middle trace the efficiency is plotted, both for the adaptive and the non-
adaptive voltage supply. In the lower trace the oscillation frequency of the
aforementioned ripple is shown, appearing between 300pA ...400pA of load current.

To understand the basic operating principle of the 2/3 switched capacitor DC/DC
converter, FIG. 7 provides some background. The switched capacitor circuit is
periodically switched back and forth between the two phases (¢2) “charge phase” and
(¢1) “dump phase”, from which FIG. 7 shows the transient between ¢2 to ¢1. In the
charge phase, both capacitors C; are configured in parallel and put in series to the load
capacitor Cr. Charge is flowing from the battery to both C; and Cy. and the output
becomes Vo.=Viat-V11, Where V11 is the voltage across Ci. In the dump phase, the
capacitors C are the configured in series to the load capacitor Cy, in order to arrive at
Vo1+=2*V11+. In no load condition (;=0) the output voltage does not change from phase
to phase, hence Vo1+:=Vo1. and Vi14+:=V71.. This can only be satisfied for ¥, being exactly
2/3% Vit

When a load current J; is applied to the 2/3 SC-DC/DC converter, the settled output
voltage ¥, no longer is exactly 2/3*Vpy and a voltage pattern as shown in the bottom of
FIG. 7 is achieved. It can be shown that for large load caps C1>>C, the following

expression for the output voltage may be used:
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2
@) Vs =§'Vbat-RSC'IL

where f;,=1/T is the switching frequency and Ry is the equivalent switched capacitor
impedance of the 2/3 converter. The voltage ripple AV=V14-Vo1. can be determined to be
proportional to Ry, and the load current I, (CL>>Ch):

() AV o Ry -1}
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CLAIMS

L. A method for conversion of a battery voltage in a battery powered headworn
communication device, the method comprising providing a voltage reduction to a
fixed part of the input voltage and providing a variable reduction that ensures that

a minimum voltage is maintained.

2. A method according to claim 1, where the fixed part reduction and the variable

reduction are performed in parallel.

3. A method according to claim 1 or 2, where the fixed voltage conversion is a 2/3

conversion of the input voltage.

4, A method according to claim 1, 2 or 3, where a fixed voltage conversion and the

variable voltage conversion are balanced according to the actual battery voltage.

5. A method according to any of the preceding claims, where a switched capacitor
resistance is controlled by setting the clock frequency of a switched capacitor

voltage reduction system.

6. A battery powered headworn communication device comprising a voltage
conversion system for converting the battery voltage, the voltage conversion
system comprising means for providing a voltage reduction to a fixed part of the
input voltage and in addition to this means for providing a variable reduction that

ensures that a minimum voltage is maintained.

7. A battery powered headworn communication device according to claim 6, where
fixed part voltage reduction means and the variable reductions means are

arranged in parallel.

8. A battery powered headworn communication device according to claim 6 or 7,
where the means for providing a voltage reduction to a fixed part of the input

voltage comprises a switched capacitor conversion element.
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10.

11.

12.

A battery powered headworn communication device according to claim 6, 7 or 8,
where the switched capacitor conversion element is adapted to perform a 2/3

conversion of the input voltage.

A battery powered headworn communication device according to any of the
preceding claims, where the means for providing a voltage reduction to a fixed
part of the input voltage and the means for providing a variable reduction that
ensures that a minimum voltage is maintained are balanced according to the

actual battery voltage.

A battery powered headworn communication device according to claim 10,
where the switched capacitor resistor balanced in relation to the load current by

controlling the switched capacitor system frequency.
A hearing aid operating at a voltage lower than the battery voltage, where a

voltage conversion system is implemented, where the voltage conversion system

comprises the elements according to any of the preceding claims.

10
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