wo 2010/055484 A1 I 10KV 0 RO OO

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

ot VAP,
(19) World Intellectual Property Organization /g [} 1M1 AN A0 00 1.0 D O 0O O
ernational Bureau S,/ ‘ 0 |
. L MEY (10) International Publication Number
(43) International Publication Date \,!:,: #
20 May 2010 (20.05.2010) WO 2010/055484 Al
(51) International Patent Classification: (81) Designated States (unless otherwise indicated, for every
HO02M 3/155 (2006.01) HO2P 7/29 (2006.01) kind of national protection available): AE, AG, AL, AM,
(21) International Application Number: ég’ éﬁ’ ég’ CAI\ZI, CBS > CBRB’ CBI(J}, g;l’ DB]IE{ ? DBI\(V ’];313[{ ? ]];é’
PCT/IB2009/055044 Dz, EC, EE, EG, ES, FL, GB, GD, GE, GH, GM, GT,
(22) International Filing Date: HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
12 November 2009 (12.11.2009) KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
. ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
(25) Filing Language: English NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
(26) Publication Language: English SE, 8G, SK, SL, SM, ST, 8V, §Y, TJ, TM, TN, TR, TT,

TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(30) Priority Data:

08019880.7 14 November 2008 (14.11.2008) gp (84) Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,

(71) Applicant (for all designated States except US): BRAUN GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
GMBH [DE/DE]; Frankfurter Strasse 145, 61476 Kron- ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
berg/Taunus (DE). TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,

ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SI, SK, SM,

[DE/DE]; Waldstrasse 16, 61250 Usingen (DE). GOER- TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,

LACH, Ralf [DE/DE]; Niederhoechstaedter Strasse 23, ML, MR, NE, SN, TD, TG).
61476 Kronberg (DE). Published:

(74) Common Representative: BRAUN GMBH; c/o Fileen —  with international search report (Art. 21(3))
L. Hughett Global Patent Services, 299 East Sixth Street
Sycamore, Building, 4th Floor, Cincinnati, Ohio 45202

(US).

(72) Inventors; and
(75) Inventors/Applicants (for US only): LEPPER, Joachim

(54) Title: ELECTRONIC CIRCUIT ARRANGED TO CONTROL VOLTAGE APPLIED TO A LOAD

Fig. 1

(57) Abstract: The present invention is concerned with an electronic circuit (C) that is connectable to a voltage source (B) and a
load (M). The circuit (C) comprises a controllable load switch element (TL) that is arranged so that a supply voltage (V5) provid-
ed by the voltage source (B) in a connected state is provided to the load (M) when the load switch element (TL) is switched on
and is not provided to the load (M) when the load switch element (TL) is switched off and a voltage detection circuitry (VD) that
in the connected state is coupled to the load (M) so as to be energized by the voltage (pVs) applied to the load (M). The circuit
further comprises a switch-on circuitry (Son) that is coupled to the load switch element (TL) and is arranged to switch on the load
switch element (TL) for a determined period of time (T) after a switch (S1 ) arranged between the switch-on circuitry (Son) and
the voltage source (B) is closed. The proposed circuit allows for using a simple voltage detection circuit (VD) that is energized by
the voltage to be measured by providing the switch-on circuitry (Son).
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ELECTRONIC CIRCUIT ARRANGED TO CONTROL VOLTAGE APPLIED TO A LOAD

FIELD OF THE INVENTION
The present invention is concerned with electronic circuits that are arranged to control a volt-
age applied to a load and it specifically is concerned with such electronic circuits in which a
supply voltage to be applied to the load is repeatedly switched-on and switched-off in a con-

trolled manner.

BACKGROUND OF THE INVENTION
Electronic circuits according to the opening paragraph are known. Such a circuit is e.g. used
to control the voltage applied to a motor as load by varying the on and off periods (i.e. the
duty cycle) of a pulse-width modulation (PWM) of the voltage supply according to a control
signal. An average voltage results that is lower than the supply voltage.

In US 3,748,564 a motor control circuit is disclosed that is used to control the speed of a left
and a right motor of a small vehicle, the left and the right motor driving the left and the right
wheel of the small vehicle, respectively. By applying a given supply voltage in a PWM man-
ner, the average voltage applied to the motors can be varied individually and hence the
speed and the direction of the small vehicle can be influenced.

It is a disadvantage of the known control circuits that they are relatively complex and yet ex-

pensive.

It is hence desirable to provide a respective electronic circuit and a corresponding method
that are relatively simple.

SUMMARY OF THE INVENTION
Such a relatively simple electronic circuit for controlling the voltage applied to a load is pro-
vided according to claim 1 and the corresponding method is provided according to claim 11.
Additional embodiments are given by the dependent claims.

An electronic circuit as proposed is connectable to a load and a voltage source. A connected
state is hence the state in which the electronic circuit is connected to the load and the volt-
age source. The electronic circuit has an off state and an active state. The active state com-
prises a switch-on phase and a control phase. The electronic circuit comprises a controllable
load switch element, a voltage detection circuitry, and a switch-on circuitry. The load switch
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element is in the connected state arranged between the voltage source and the load. When
the load switch element is switched on, a supply voltage provided by the voltage supply is
provided at the load and when the load switch element is switched off no voltage is provided
at the load. By repeatedly switching on and off the load switch element, a pulsed voltage is
provided at the load and the average voltage provided at the load is thus smaller than the
supply voltage. The voltage detection circuit is coupled to the load and will be energized in
the active phase by the voltage applied to the load. This allows for using a very simple and
hence cheap voltage detection circuit that has no external voltage supply. In order to start
the operation of the electronic circuit, the switch-on circuitry is coupled to the load switch
element and is arranged to switch on the load switch element during a determined period of
time after initialization of the switch-on phase, which initialization happens by closing a
switch. For this period of time, the switch-on circuitry forces the load switch element to stay
switched on. This allows the voltage detection circuitry to become energized and hence, after
the certain period of time, the voltage detection circuitry takes over the control of the load
switch element and repeatedly switches on and off the load switch element in dependence
on the average voltage provided at the load. The proposed circuit switches on and off the
load switch element as long as the supply voltage provided by the voltage supply is higher
than the average voltage to be provided at the load. By the closed-loop control, variations in
the supply voltage can be absorbed and any respective variations in the load state of the
load are avoided. Specifically for the case where the supply voltage is delivered by a battery
or an accumulator, an average voltage can be applied to a load so that over time the voltage
provided at the load and hence the load state stays essentially constant and does not follow
the usual voltage breakdown known from discharging batteries or accumulators. This leads
also to the effect that the energy provided at the load is controlled to stay at a constant level,
so that a prolonged battery (accumulator) lifetime results.

The electronic circuit may further comprise a switch-off circuitry that is coupled to the load
switch element. The switch-off circuitry forces the load switch element to be switched-off
after initialization of a switch-off phase, which initialization may happen by opening the same
switch again that was closed to initialize the switch-on phase. As the closed-loop control that
is performed by the voltage detection circuitry in the control phase is energized by the volt-
age applied to the load, just opening the switch will not stop the closed-loop control. Hence,
if the switch-off phase is to be initialized by the same switch that is used to initialize the
switch-on phase, the switch-off circuitry allows this by forcing the load switch element to stay
switched off. Then the voltage supply of the voltage detection circuit will stop for a period
long enough so that the voltage detection circuit de-energizes and the closed-loop control
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stops. This allows for using a single switch that needs to be operated by a user of an appli-
ance in which the electronic circuit is used, which renders the electronic circuit and hence the
appliance as simple and easy to operate.

In an embodiment of the proposed electronic circuit, the switch-on circuitry comprises a se-
ries arrangement of a first capacitor and a third resistor and further a first switch element that
has a control side that is coupled in between the first capacitor and the third resistor. The
first capacitor is coupled to the switch and hence starts to charge when the switch-on phase
is initialized. A current is then flowing through the capacitor and into the control side of the
first switch element, which first switch element becomes switched on. The first switch ele-
ment is arranged between ground potential and a control side of the load switch element.
While the first switch element is switched on, essentially ground potential is provided at the
control side of the load switch element, which forces the load switch element to stay
switched on. The current flow through the first capacitor is determined by the time constant
of the series arrangement of first capacitor and third resistor. A period of time during which
the load switch element is forced to be switched on by the switch-on circuitry can thus be
determined.

In another embodiment of the proposed electronic circuit, the period of time is chosen such
that the load is not boosting up to a load state beyond a targeted load state, which could
happen as the full supply voltage provided by the voltage supply is larger than the average
voltage to be applied to the load.

In a further embodiment of the proposed circuit, the switch-off circuitry comprises a second
switch element that has a control side that is coupled to the switch and that is arranged be-
tween the voltage source and the control side of the load switch element. In case the switch-
off phase is initiated by opening the switch, the second switch element becomes switched on
and hence forces the load switch element to stay switched off.

In an embodiment of the circuit as proposed, the voltage detection circuit is arranged to
measure the voltage provided at the load and to control the load switch element in such a
way so that the average voltage provided at the load stays essentially at a predetermined
level (the target voltage) during the control phase. Constancy of the average voltage may
depend on a hysteresis and the accuracy of the voltage detection circuit. In a refinement of
this embodiment, the voltage detection circuit comprises a voltage comparator element that
has a voltage input at which the average voltage provided at the load is provided. The volt-
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age comparator element compares the voltage at the voltage input with a reference voltage
and provides a voltage at the voltage output in dependence on the comparison result. The
voltage output is coupled to the control side of the load switch element. In an even further
refinement of the previous embodiment, the voltage detection circuit comprises a low pass
filter that is arranged to average the pulsed voltage provided at the load and to provide the
averaged voltage at the voltage input of the voltage comparator element.

The invention is also concerned with an electric appliance in which a circuit as proposed is
utilized. Such an electric appliance can be, e.g., an electric toothbrush, an oral irrigator, a
pocket lamp or flashlight, an electronic tool such as a powered (cordless) screwdriver, a
(cordless) handblender, a powered safety razor, or an electric dry shaver. As aload, e.g., a
DC motor or a lamp can be employed. In such an electric device, the load state of the load is
kept constant and the energy of a battery or an accumulator is efficiently used.

BRIEF DESCRIPTION OF THE DRAWINGS
The invention will be further elucidated by a detailed description of an exemplary circuit and
by reference to figures. In the figures

Fig. 1 is a circuit diagram of an exemplary circuit as proposed, shown in a connected
state in which the circuit is connected to a load and a voltage source;

Figs. 2A-2C are diagrams that show voltage curves measured at an exemplary embodi
ment of a proposed circuit for a switch-on phase for three different supply
voltages;

Figs. 3A-3C are diagrams that show voltage curves measured at an exemplary embodi
ment of a proposed circuit for a switch-off phase for three different supply
voltages; and

Fig. 4 is a schematic depiction of an electric appliance in which the proposed circuit
is employed.

DETAILED DESCRIPTION OF THE INVENTION
Fig. 1 is a circuitry diagram of an exemplary embodiment of an electronic circuit C as pro-
posed. The circuit C is connectable to a load M such as a motor and a voltage source B such
as a battery or an accumulator (secondary battery) or a battery and/or accumulator pack.
The voltage source B may alternatively also be an AC/DC converter that is connected to
mains voltage. In Fig. 1 a single battery is shown as voltage source B, but instead of a single
battery, a series arrangement of batteries can be used (further batteries are indicated by a
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dotted battery symbol). The circuit C is shown in the connected state in which the circuit C is
connected to the load M and the voltage source B.

The circuit C comprises a switch S1, a voltage detection circuitry VD, a switch-on circuitry
Son, a switch-off circuitry Soff, a filter circuitry F, and a load switch element TL with a re-
spective protective circuit D. The load switch element TL is controlled in such a way that it
becomes repeatedly conductive and non-conductive so that a supply voltage Vs that is larger
than the voltage to be applied to the load M is applied as a pulsed voltage pVs to the load M.
The protective circuit D comprises a series arrangement of a first resistor R1 and a second
resistor R2. The switch-on circuitry Son comprises a first switch element T1 and a series
arrangement of a first capacitor C1 and a third resistor R3, which first capacitor C1 has a
capacitance C and which third resistor R3 has a resistance R, so that this series arrange-
ment has an electric time constant 1 = R-C. The switch-on circuitry Son further comprises an
eighth resistor R8 as input resistance for the control side of the first switch element. The
switch-off circuitry Soff comprises a second switch element T2, a fifth resistor R5 and a
fourth resistor R4. The filter circuitry F comprises a parallel arrangement of an overvoltage
protection diode D1 and a second capacitor C2. The voltage detection circuitry VD com-
prises a voltage comparator element VR1 that is energized by the voltage to be measured
and further a low pass filter comprising a sixth resistor R6, a seventh resistor R7, a third ca-
pacitor C3, and a fourth capacitor C4. The sixth resistor R6, the seventh resistor R7 and the
third and fourth capacitors C3 and C4 are used to smooth (or average) the pulsed voltage
pVs so that an averaged voltage V, is applied to a voltage input VI of the voltage comparator
element VR1. The voltage comparator element VR1 further has a voltage output VO and a
ground connection VGND. Measurement points TP1, TP2, TP3, TP4, and TP5 are also indi-
cated in Fig. 1. Voltages measured at these measurement points TP1, TP2, TP3, TP4, and
TP5 for an exemplary embodiment (Example 1 below) are shown in Figs. 2A, 2B, and 2C
and in Figs. 3A, 3B, and 3C.

In the connected state when the voltage source B and the load M are connected to the circuit
C, a series arrangement of the load switch element TL (in the shown embodiment, the load
switch element TL is realized as a MOSFET) and the load M is arranged in parallel to the
voltage source B such that the plus pole of the voltage source B is connected to a first side
(source electrode) of the load switch element TL and the minus pole (ground potential) of the
voltage source B is connected to a first side of the load M. A second side (drain electrode) of
the load switch element TL is connected with a second side of the load M. The filter circuitry
F is connected to the load M in the usual way so that the cathode of the overvoltage protec-
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tion diode D1 is connected to the second side of the load M and the anode of the overvolt-
age protection diode D1 is connected to the first side of the load M. A first side of the second
capacitor G2 is connected to the first side of the load M and the second side of the second
capacitor G2 is connected to the second side of the load M. The filter circuit F is a standard
filter circuit to protect a load against voltage peaks. A first side of the first resistor R1 of the
protective circuit D is connected to the plus pole of the voltage source B and the second side
of the first resistor R1 is connected to the control side (gate electrode) of the load switch
element TL and to the first side of the second resistor R2 of the protective circuit D. A first
side (emitter) of the second switch element T2 (in the shown embodiment realized as a pnp
transistor) is coupled to the plus pole of the voltage source B and a second side (collector) of
the second switch element T2 is connected with the first side of the second resistor R2. Fur-
ther, the first side of the switch S1 (in the shown embodiment realized as a manual on/off
switch) is coupled to the plus pole of the voltage source B and a second side of the switch
S1 is coupled to the first side of the fifth resistor R5. The second side of the fifth resistor R5
is connected to a control side (basis) of the second switch element T2 (the fifth resistor R5
is, as is known in the art, used as basis resistor for the second switch element). The second
side of the switch S1 is coupled to ground potential via the fourth resistor R4 and is further
coupled to the first side of the first capacitor C1. The second side of the first capacitor C1 is
coupled via the third resistor R3 to ground potential and also via the eight resistor R8 to the
control side (basis) of the first switch element T1 (which is in the shown embodiment realized
as a npn transistor). The eighth resistor R8 (again, used as basis resistor for the first switch
element) and the first switch element T1 may be realized by a single electronic component
such as a digital transistor as is e.g. provided by Rohm Co., Ltd., Kyoto, Japan. Similarly, the
fifth resistor R5 and the second switch element T2 could also be realized by a digital transis-
tor. A first side (collector) of the first switch element T1 is connected to the second side of
the second resistor R2 and a second side (emitter) of the first switch element T1 is con-
nected to ground potential. The second side of the load M is coupled to a low pass filter that
comprises the sixth resistor R6, the seventh resistor R7, and the third and fourth capacitors
C3 and C4. The second side of the load M is coupled to the first side of the seventh resistor
R7. The second side of the seventh resistor R7 is coupled to ground potential via the fourth
capacitor C4 and to the first side of the sixth resistor R6. The second side of the sixth resis-
tor R6 is coupled to ground potential via the third capacitor C3 and to the voltage input VI of
the voltage comparator element VR1. The ground connector VGND of the voltage compara-
tor element VR1 is coupled to ground potential and the voltage output VO of the voltage
comparator element VR1 is coupled to the first side (collector) of the first switch element T1
and to the second side of the second resistor R2. In a specific embodiment, the voltage
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comparator element VR1 is a low-voltage detection IC from the BU48XXG Series provided
by Rohm Co., Ltd., Kyoto, Japan. This reset IC has no external voltage supply, compares the
input voltage with an internal reference voltage, has a high accuracy of 1%, a preset hys-
teresis, and is very cost efficient. Obviously, the function of this reset IC can also be imple-
mented by a discrete realization of the underlying circuit arrangement of this reset I1C or by
any other reset IC, specifically a more complex reset IC (or discrete realization of such), e.g.
a reset IC that allows to choose between various hysteresis values and/or a reset IC that

allows comparison with various voltages.

The shown circuit C is used to enable a closed loop control of the average voltage V. applied
to the load M such that the average voltage is V constant (due to a hysteresis of the voltage
comparator element VR1, the constancy of the average voltage V. means a constancy within
the limits given by the hysteresis value) even if the voltage Vs provided by the voltage source
B varies over time. To achieve this, the voltage Vg provided by the voltage source B is ap-
plied to the load M in an intermittent or PWM way. The load switch element TL is controlled
to switch off the voltage applied to the load M for a controlled period during a repeating cycle
such that the average voltage V, stays constant. Hence, the voltage source B is chosen
such that it provides a voltage Vs that is higher than the average voltage V, required by the
load M. In case the voltage source B provides full voltage, the off-periods are relatively long
(this can be seen from Fig. 2A, which is discussed further below), while the off-periods be-
come shorter when the voltage provided by the voltage source B drops (which can be seen
from Fig. 2B). The voltage may drop in case the voltage source B is realized as a battery or
an accumulator that is considerably discharged. As an example, the voltage source B may
deliver 3 Volt as full voltage. If the supply voltage drops below the voltage required by the
motor (which is also the reference voltage chosen for the voltage comparator element VR1
and which may be 2 Volt), no off-periods will occur (which is seen from Fig. 2C) and, in case
the load M is a DC motor, the motor will rotate at a frequency proportional to the supply volt-
age. Such a control method as such is known, e.g. by using a microcontroller that is exter-
nally powered. The purpose of the proposed circuit C is to allow for using a voltage detec-
tion circuitry VD (and specifically a voltage comparator element VR1) that is energized by the
measured (averaged) voltage while only a single switch S1 is needed to start the closed loop
control and to stop the closed loop control. Further, the purpose of the circuit C is to use a
very simple and cost-efficient electronic structure, e.g. to use a simple reset IC as discussed
above, as voltage comparator element VR1.
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The operation of the proposed circuit C is described in the following, whereby reference is
also made to Figs. 2A, 2B, and 2C and Figs. 3A, 3B, and 3C. In these figures voltages
measured at the measurement points TP1, TP2, TP3, TP4, and TP5 indicated in Fig. 1 of an
exemplary circuit realization (see Example 1 below) are shown, where voltage V is depicted
against time t. Voltage curves are depicted for the switch-on (or start-up) phase (Figs. 2A,
2B, and 2C) and for the switch-off phase (Figs. 3A, 3B, 3C) for three different supply volt-
ages, where t, indicates the time instant at which the switch-on phase is initiated by closing
the switch S1 and t; indicates the time instant at which the switch-off phase is initiated by
opening the switch S1. Figs. 2A and 3A show the voltage curves for a full voltage provided
by the voltage source, Figs. 2B and 3B show the voltage curves for a somewhat reduces mid
voltage value that is still above the average voltage required by the load M, and Figs. 2C and
3C show the voltage curves for a low voltage lying below the internal reference voltage of the
voltage comparator element VR1.

In an off-state of the circuit C, the circuit C is connected to the voltage source B and the load
M, while the load M is not energized (no current is flowing through the load M), and the
switch S1 is open. As the voltage detection circuitry VD is energized by the measured (aver-
aged) voltage V, applied to the load M, it would be impossible to start the closed loop control
as the voltage to be measured is not present and hence the voltage detection circuitry VD is
not energized. To allow using such a voltage detection circuitry VD, the proposed circuit C
comprises the switch-on circuitry Son as described above. When the switch S1 is closed (at
time instant t, indicated in Figs. “a, 2B and 2C), current starts to flow through the first capaci-
tor C1 and the third resistor R3 and current is also flowing into the control side (basis) of the
first switch element T1. Due to the time constant 7 = R-C that is given by the resistance R
and the capacitance C of the third resistor R3 and the first capacitor C1, respectively, suffi-
cient current flows into the control side of the first switch element T1 to make the first switch
element T1 conductive for a period of time T that is determined by the time constant 1. In one
embodiment, the period of time T is chosen such that any boosting up of the load M beyond
a targeted load state (given by the average voltage Va to be applied to the load M) is essen-
tially avoided. A voltage VTP1 is present at measurement point TP1 that is exponentially

decreasing according to the formula VIPT1(1) = A-e """, A being a proportionality factor

(top most voltage curve VTP1 in Figs. 2A, 2B, and 2C). While the first switch element T1 is
conductive, the resistance across the first switch element T1 (along the collector-emitter
path) is essentially zero so that the potential on the first side (collector) of the first switch
element T1 is on ground potential level. The protective circuit D, comprising the first resistor
R1 and the second resistor R2, is arranged such that in this situation also the load switch
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element TL becomes conductive while the first switch element T1 is conductive independent
on any voltage output (whether present or not present) of the voltage comparator element
VR1. As a consequence, the motor is energized and the full battery voltage is provided at the
motor. The averaged voltage V4 (voltage curve VTP3 in Figs. 2A-2C) is provided through the
low pass filter R6, R7, C3, C4 at the voltage input VI of the voltage comparator element VR1
so that the voltage comparator element VR1 is energized. The voltage curve for the temporal
behavior of VTP3 during the switch-on phase is shown in Figs. 2A, 2B, and 2C for three dif-
ferent battery voltages as described above. While the first switch element T1 is conductive
and hence while the load switch element TL is conductive, the voltage provided by the volt-
age source B is provided at the load M and the load M is energized. In an embodiment in
which the load M is a motor, the motor warms up (i.e. starts to move). The time constant 7is
chosen such that a secure warming up of the load M is guaranteed. In a certain embodiment,
the time constant 7 is chosen such that the full battery voltage is applied to the motor only for
a limited period of time T (e.g. 40 ms for a typical DC motor as load used in electric
toothbrushes) during which the motor does essentially not speed-up to a higher rotation
speed than the targeted speed at which the motor should rotate. In case the motor would
speed-up to such a higher speed, this behavior would be audible. The audible speeding-up
process is thus avoided by choosing the electronic components such that the switch-on pe-
riod is limited (see Example 1 below). When the first capacitor C1 is charged so that the cur-
rent flow through the first capacitor C1 drops to a level at which the first switch element T1
becomes non-conductive, the voltage VPT4 provided at the control side (gate) of the load
switch element TL will become dependent on the voltage VPT2 provided at the voltage out-
put of the voltage comparator element VR1 and the closed loop regulation of the average
voltage V, provided at the load M starts and fast assumes a stable and continuous control
phase as can be seen from the voltage curves VPT2 and VPT4 shown in Figs. 2A, 2B, and
2C (the upper voltage level of these two voltage curves relate to the off-periods during which
the load switch element TL is not conductive). Hence, the switch-on circuitry Son is relevant
for the switch-on phase of the circuit C to enable the energizing of the voltage comparator
element VR1 and the warming up of the load M.

When the switch S1 is closed, the second switch element T2 becomes non-conductive.

The first resistor R1 of the protective circuit D functions as a failsafe protection element (pull-
up functionality) and the second resistor R2 functions as a current delimiter element.
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After the start phase described above, the circuit C stays in the control phase during which
the average voltage V, provided at the load M is held essentially constant. The voltage com-
parator element VR1 receives at its voltage input VI the voltage provided at the load M after
it is averaged by the low pass filter R6, R7, C3, C4. The hysteresis of the voltage comparator
element VR1 can be seen from the voltage curve VPT3 in Figs. 2A and 2B. The voltage
comparator element VR1 compares the voltage provided at its voltage input VI with a refer-
ence voltage (e.g. 2 Volts) and either provides ground potential at its voltage output VO in
case the voltage provided at the voltage input VI is below the reference voltage or provides
the received voltage at its voltage output if the received voltage is above the reference volt-
age. The voltage comparator element VR1 has a certain hysteresis, as said before. Depend-
ing on the voltage provided at the voltage output VO of voltage comparator element VR1
(shown in voltage curve VPT2 in Figs. 2A-2C), a thereof dependent voltage (shown in volit-
age curve VPT4 in Figs. 2A-2C) is applied to the control side (gate) of the load switch ele-
ment TL, which — in case the supply voltage Vs is above the average voltage that should be
applied to the motor, as is shown in Figs. 2A and 2B — is hence periodically switched on and
off to keep the average voltage V, provided at the load M constant even in case the voltage
provided by the voltage source B varies. In case the voltage provided by the voltage source
B is below the targeted average motor voltage, this supply voltage will always be applied to
the motor without any switching as can be seen from the voltage curves shown in Fig. 2C.
During the stable control phase, the first switch element T1 and the second switch element

T2 are non-conductive.

In order to allow for switching off the closed loop regulation that occurs during the control
phase with the same switch S1, the switch-off circuitry Soff is provided. To initiate the switch-
off phase, the switch 81 is opened (the voltage curve VTP5 shown in Figs. 3A, 3B, and 3C
indicates this switching at time instant t;). As a result, the second switch element T2 be-
comes conductive, which in turn forces the load switch element TL to become non-
conductive independent on the output of the voltage comparator element VR1 (without the
switch-off circuitry Soff, the closed loop control would simply continue if the switch S1 is
opened). As a consequence, the load M remains without voltage supply. In case the load M
is a motor, the motor slows down and finally stops. Voltage curve VPT3 shown in Figs. 3A,
3B, and 3C shows the averaged voltage that is generated by the motor of Example 1 during
it slows down. As external current flow through the circuit C stops, the fully charged first ca-
pacitor C1 discharges over the fourth resistor R4 of the switch-off circuitry Soff, as can be
seen from the respective voltage curves VTP1 shown in Figs. 3A, 3B, and 3C. Further, the
voltage supply of the voltage comparator element VR1 stops when neither a voltage is ap-
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plied at the load M nor a voltage is generated by the load M (e.g. a motor would generate an
inductive voltage due to its ongoing movement which is a result of the rotor inertia — see volt-
age curves VTP3 shown in Figs. 3A, 3B, and 3C). Voltage curves VTP4 in Figs. 3A, 3B, and
3C show that the voltage comparator element VR1 stops switching the output voltage as the
voltage provided at its voltage input VI (shown in voltage curves VPT3) drops below the ref-
erence voltage. The voltage shown by voltage curve VPT4 is measured at measurement
point TP4 and is hence put on high voltage when the second switch element T2 becomes
conductive. Hence, after a short period of time T, the switch-off phase is completed and no
voltage is present at the load M or applied to the voltage comparator element VR1. The cir-
cuit C is then again in the off-state.

The circuit can be switched-on as was described above.

In another embodiment, the voltage comparator element VR1 comprises a selector with
which a reference voltage of the voltage comparator element VR1 can be selected, so that it
is enabled to use the proposed circuit also to provide one of several constant voltages to a
load. In case the proposed electronic circuit is used in a pocket lamp, different light intensi-
ties can then be selected. In case of a motor as load, different motor speeds can be se-
lected. If the circuit is e.g. utilized in an oral irrigator, different water pressures can then be
selected. In case of a driven toothbrush, different brushing speeds can be selected.

Example 1:

In an exemplary embodiment of the proposed circuit C, the circuit C is electronically dimen-
sioned to operate with a typical DC motor as is used for electric toothbrushes as load M. The
average voltage Va that should be applied to this motor is 2 Volt. As voltage source B, a se-
ries arrangement of two standard AA batteries (or accumulators), each providing 1.5 Volt, is
used, so that a full voltage provided by this series arrangement is 3 Volt. As voltage com-
parator element VR1 a low voltage detector IC BU4820G from the BU48XXG Series as pro-
vided by Rohm Co., Ltd., Kyoto, Japan, was utilized. This low voltage detector IC compares
input voltages with an internal reference voltage of 2 Volt and has an accuracy of £1%. As
switch load element TL a MOSFET IRLML6401 as provided by International Rectifier, El Se-
gundo, CA, USA, was used. As first and second switching elements T1 and T2, universal
pnp and npn transistors such as BC848B and BC858C, respectively, can be used. The first
and the third resistors R1 and R3 had a resistance of 100 kilo-Ohm, the second and fourth
resistors R2 and R4 had a resistance of 1 kilo-Ohm, while the resistances of the fifth, sixth,
seventh and eighth resistor R5, R6, R7, and R8 were 200 kilo-Ohm, 511 Ohm, 221 Ohm and
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10 kilo-Ohm, respectively. As first diode D1, a LL4148 diode was used. The first capacitor
C1 had a capacitance of 0.47 micro-Farad, the second capacitor C2 had a capacitance of
0.15 micro-Farad, and the third and fourth capacitors C3 and C4 had each a capacitance of
4.7 micro-Farad. The voltage curves as shown in Figs. 2A, 2B, and 2C and Figs. 3A, 3B, and
3C were measured at a circuit according to Example 1 at measurement points TP1, TP2,
TP3, TP4, and TP5 as indicated in Fig. 1. Voltage curves in Figs. 2A and 3A were measured
with a supply voltage of 3 Volt, voltage curves in Figs. 2B and 3B were measured with a
supply voltage of 2.4 Volt, and voltage curves in Figs. 2C and 3C were measured with a
supply voltage of 1.7 Volt. The switch-on time period T (as indicated in Fig. 2A) was 40 ms,
which was short enough to inhibit any audible speed-up of the motor to a speed above the
desired speed that is given by the targeted average voltage V4 to be applied in the control
phase.

Instead of a MOSFET as load switch element TL, the load switch element TL could also be
realized as a bipolar transistor, typically within a Darlington arrangement, and with respective
modifications to the exemplary embodiment shown in Fig. 1.

Fig. 4 shows an exemplary embodiment of an electric appliance in which the proposed circuit
is utilized. The exemplary electric appliance is an electric toothbrush 100 that has a
toothbrush head 101 and a handle 102. In a cavity of the handle 102, a voltage source B is
located as well as a circuit C’ and a load M. A switch S1 is arranged on the outside of the
body of the handle 102. The circuit C’ and the switch S1 form a circuit C as proposed. The
load M is a DC motor that is used to drive the toothbrush head 101 so that the head section
can be used to clean teeth as is known in the art of electric toothbrushes. The voltage source
B can be realized by a standard (primary or secondary) battery or by several batteries, e.g.
by a series arrangement of two standard rechargeable AA batteries. The circuit C is coupled
to the motor and to the battery. By closing and opening the single switch S1, the switch-on
and switch-off phases of the regulation of the voltage applied to the load M is initiated, re-
spectively, as has been described.

Even though the proposed electronic circuit was discussed with reference to a motor as load
and specifically with reference to an electric toothbrush as electronic device in which the
electronic circuit is used, the invention is not limited to such embodiments. Electronic devices
in which the proposed electronic circuit can be utilized comprise oral irrigators, (cordless)
electronic tools such as electronic screwdrivers, (cordless) kitchen devices such as hand-
blenders, pocket lamps or flashlights, powered safety razors, and electric dry shavers.
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The dimensions and values disclosed herein are not to be understood as being strictly lim-
ited to the exact numerical values recited. Instead, unless otherwise specified, each such
dimension is intended to mean both the recited value and a functionally equivalent range
surrounding that value. For example, a dimension disclosed as “40 mm” is intended to mean
“about 40 mm.”
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CLAIMS

What is claimed is:

Electronic circuit {C) connectable to a voltage source (B) and a load (M), said circuit
(C) comprising:

a controllable load switch element (TL) that is arranged so that a supply voltage (Vs)
provided by the voltage source (B) in a connected state is provided to the load (M)
when the load switch element (TL) is switched on and is not provided to the load (M)
when the load switch element (TL) is switched off; and

a voltage detection circuitry (VD) that in the connected state is coupled to the load
(M) so as to be energized by the voltage (pVs) applied to the load (M); and

a switch-on circuitry (Son) that is coupled to the load switch element (TL) and is ar-
ranged to switch on the load switch element (TL) for a determined period of time (T)
after a switch (S1) arranged between the switch-on circuitry (Son) and the voltage
source (B) is closed.

Electronic circuit according to claim 1 that further comprises a switch-off circuitry
(Soff) that is coupled to the load switch element (TL) and is arranged to switch off the
load switch element (TL) after the switch (S1) is opened.

Electronic circuit according to claim 1, wherein the switch-on circuitry (Son) com-
prises a series arrangement of a first capacitor (C1) and a third resistor (R3) and fur-
ther a first switch element (T1) that has a control side that is coupled in between the
first capacitor (C1) and the third resistor (R3), which second switch element (T2) is
arranged between ground potential and a control side of the load switch element.

Electronic circuit according to any one of claims 1 to 3, wherein the period of time (T)
is chosen such that any boosting up of the load (M) during the period of time (T) be-
yond a targeted load state is avoided.

Electronic circuit according to claim 2, wherein the switch-off circuitry (Soff) com-
prises a second switch element (T2) that has a control side that is coupled to the
switch (81) and that is arranged between the voltage source (B) and a control side of
the load switch element (TL).



10

15

20

25

30

35

WO 2010/055484 PCT/IB2009/055044

10.

11.

15

-15-

Electronic circuit according to claim 1, wherein the voltage detection circuitry (VD) is
arranged for measuring the voltage (pVs) provided at the load (M) and for switching
on or switching off the load switch element (TL) such that an averaged voltage (Va)
over the load (M) stays at a predetermined level in a control phase.

Electronic circuit according to claim 6, wherein the voltage detection circuitry (VD)
comprises a voltage comparator element (VR1) that is arranged to compare the av-
erage voltage (V) provided at a voltage input (VI) with a reference voltage and to
provide a voltage at a voltage output (VO) in dependence on the comparison result.

Electronic circuit according to claim 7, wherein the voltage detection circuitry (VD)
comprises a low pass filter (C3, C4, R6, R7) that is arranged to average the voltage
(pVs) applied to the load (M) and to provide the average voltage (Va) at the voltage
input (V1) of the voltage comparator element (VR1).

Electronic appliance comprising an electronic circuit (C) according to any one of the
claims 1 to 8 and a load (M) that is connected to or connectable with the electronic
circuit (C).

Electronic device according to claim 9 that further comprises a voltage source (B) that
is connected to or connectable with the electronic circuit (C).

Method of controlling the provision of a supply voltage (Vs) at a load (M) comprising

the following steps:

a) providing a supply voltage (Vs);

b) initiating a switch-on phase;

) controlling a load switch element (TL) such that it is switched on for a prede-
termined period of time (T) after the switch-on phase was initiated;

d) providing the supply voltage (Vs) to the load (M) while the load switch element
(TL) is switched on;

e) providing the voltage (pVs) applied to the load (M) to a voltage detection cir-
cuitry (VD) to energize the voltage detection circuitry (VD); and

f) assuming a control phase in which the voltage detection circuitry (VD) controls
the load switch element (TL) such that the load switch element (TL) is repeat-
edly switched on and switched off such that an average voltage (V,) provided
at the load (M) is essentially constant.
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