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DESCRIPTION

[0001] The present invention relates to a power transmission device for inductive energy
transfer, that can operate at a wide range of voltages and that has reduced energy losses.

[0002] The principle of inductive energy transfer serves in a plurality of applications as physical
basis of technical development of a large number of applications. A schematic illustration of a
system for inductive energy transfer is shown in Figure 1. An essential element in case of an
inductive energy transfer is a loosely coupled conductor, which represents magnetic coupling
of an inductor or a magnetic winding in the base part or charger or power transmission device
102 with an inductor or a magnetic winding in the mobile part 104 (target device). Figure 1 (a)
shows a power transmission device during operation, when energy is transferred between the
base part 102 and the mobile part 104. This energy can be utilized to enable functionality of
the mobile part 104. Alternatively the inductively transferred energy can be buffered in
accumulator batteries (for modern applications mostly Li-ion accumulators, although further
types of accumulator batteries like lead-, NiCd-, NiMh-types can be used). If the mobile part
104 is removed from the base part 102 as shown in Figure 1b, the energy transfer is
interrupted. The mobile part 104 is then supplied by the previously charged internal energy
storage or remains in inactive state until the next contact with the base part 102.

[0003] When the mobile part 104 is positioned close to the base part 102, a magnetic coupling
between the base part and the mobile part can be obtained so as to allow energy transfer from
the base part to the mobile part. The most popular example of such an inductive charging
system is the electric toothbrush, which enables contactless charging of the toothbrush as
mobile part 104. In this context the term contactless is used to indicate that energy transfer can
be realized without any electrical connection between corresponding electrical contacts on the
mobile and the base part respectively.

[0004] Omission of electrical contacts is of great importance for many applications in different
areas of application. This applies specifically to applications with high demands in the
mechanical set up of the electric connections between the power source and sink in which
technically complex plugs and cables can be avoided by application of inductive energy
transfer (IE). Further, technical energy supply system components based on IE can be
protected from environmental impacts without making the mechanical set up unnecessarily
complex by appliance of outsourced connectors. Moreover, in some application areas for IE,
the use of electrical connections has to be avoided in light of technical feasibility. For example,
in explosion prone environments or during operation of the system components in conductive
and/or aggressive media it may be technically advantageous to rely on systems that allow
contactless energy transfer. Furthermore, the use of IE can improve the reliability of systems in
which the devices and eventually the electrical contacts of these devices are exposed to high
stresses. This is the case on the one hand for systems with rotating or moveable parts, since
components based on IE allow avoiding the use of wiper contacts, which are prone to wear
due to friction. In addition, IE technologies can be advantageously used in devices with
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connectors, which would have to be otherwise dimensioned for a plurality of plugs.

[0005] Figure 2 shows a configuration of the power section of a system comprising a charger
and a target device capable of inductive energy transfer based on a resonant DC to DC
converter according to the state of the art. Besides this, further converter types based on
transformers are known (flyback, forward, CUK, asymmetric half bridge etc). The input voltage
V; is cut up by a switch bridge 106 into a high frequency AC voltage. This switch bridge 106

consists of a half bridge, or full bridge, wherein semiconductor switches are used as active
components. The AC voltage generated by the switch bridge is applied to the primary side of
the loosely coupled transformer 110. On the primary side and the secondary side of the
transformer are provided reactive components, which are schematically depicted as resonant
circuits 108 and 112. As a general rule, a series capacity is integrated in the primary side
although further reactive components can be provided for controlling the frequency properties
of the primary circuit.

[0006] On the secondary side usage of additional reactive components can be omitted
although further capacities for compensating the main inductance of the conductor can be
used in parallel as well as in series circuits. Moreover, additional reactive components can be
also used for controlling the frequency characteristics of the secondary side.

[0007] The secondary current is rectified on the output side at a rectifying circuit 114. The
rectifying circuit 114 can be configured to perform a half way rectification or a full way
rectification. The components of the rectifying circuit 114 can be conventional diodes as well as
semi-conductor switches (synchronous rectification). The rectified output current is smoothed
with the help of a filter 116, which can optionally include an inductance.

[0008] In light of the increasing attention to environmental sustainable solutions for consumer
items, in particular electronic items, also the efficiency of battery chargers assumes a
fundamental importance in the design of electronic consumer items. In addition, legislation
pushes manufacturers of electronic devices to develop electronic devices that show reduced
power consumption. In particular, reducing the power consumption of battery charger due
losses occurring when the portable device is not connected to the battery charger or when the
portable device is not being charged because the battery is already full (no-load condition) may
significantly increase the efficiency of the electronics item.

[0009] In addition, with the increasing penetration of different markets around the world by
electronics consumer items, including devices using the principles of IE, it is of highest interest
to develop devices that can be connected without risk to different power lines. Therefore, there
a need to develop a battery charger that can be connected to a wide range of input voltages.

[0010] US 2011/012556 describes a wireless chargeable game device. An LED is used to
indicate whether the charging is finished or not.

[0011] US 2012/0244822 A1 relates to a wireless power transmission system, which detects a
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plurality of target devices used to wirelessly receive power.

[0012] The object of the present invention is, therefore, to develop an inductive transmission
power device that can operate at a wide range of input voltages and that shows a reduced
power consumption under no-load conditions.

[0013] This object is solved by the subject matter of the independent claims. Preferred
embodiments are subject matter of the dependent claims.

[0014] The present invention provides, therefore, a transmission power device for contactless
inductive energy transfer including a resonant circuit adapted to magnetically couple the
transmission power device to a target device and a control circuit. The control circuit can
monitor the resonant circuit and control same so that losses due to the switching of the
operation mode of the resonant circuit when the transmission power device changes from
charge to no-load mode are almost zero.

[0015] In particular, the present invention provides a power transmission device for contactless
inductive energy transfer. The power transmission device comprises a first stage adapted to be
connected to a supply input voltage and adapted to convert the supply input voltage to an
operating voltage, the supply input voltage being a wide-range voltage. The power
transmission device further includes a second stage comprising a resonant circuit connected to
the first stage and adapted to generate an oscillating voltage from the operating voltage so as
to generate a magnetic field for contactless transfer of energy from the power transmission
device to a target device via an air gap. A control circuit is connected to the second stage. The
control circuit is adapted to detect a parameter value of the second stage and is adapted to
start or stop amplification of the resonant circuit based on the detected parameter value.

[0016] The energy transfer may occur via an air gap in case of a contactless energy transfer.
Alternatively, the power transmission device of the invention can also work on contact. In
particular, by reducing the distance between a primary and a secondary coil to zero and by
implementing a ferrite around them, a transformer with a high coupling factor from the primary
to the secondary coil may be obtained. However, also in this case there will be galvanic
separation for inductive energy transfer. Therefore, in case of a contact version of the power
transmission device, energy transfer can occur directly without an air gap.

[0017] The operating voltage may be a DC voltage, for permanent oscillation. Alternatively the
operating voltage may be a rectified AC sine wave. In the second case amplification and
oscillation is possible as long as the sine wave, for instance a 50 Hz sine wave, combined with
the resonant circuit voltage level is below the maximum acceptable voltage of the amplification
transistor. In this configuration, the zero voltage switching is still active, thereby producing low
amplification losses.

[0018] In the power transmission device of the invention, the control circuit may compare the
detected parameter with a predefined threshold value and start or stop amplification based on
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the comparison result.

[0019] Specifically, the parameter value may be a mean voltage value across the resonant
circuit and the control circuit may be configured to start amplification of the resonant circuit if
an actual mean voltage is below a voltage threshold value.

[0020] Alternatively, the parameter value may be a peak voltage value across the resonant
circuit. The control circuit may sense the peak voltage and may start amplification of the
resonant circuit if the sensed peak voltage is below a voltage threshold value.

[0021] In a yet alternative realisation, the parameter value may comprise a peak voltage value
and a rising time thereof across the resonant circuit. The control circuit may sense the peak
voltage and the rising time and may be configured to start amplification of the resonant circuit if
the sensed peak voltage and rising time is below a voltage threshold value after a specified
time.

[0022] In the power transmission device of the invention, the voltage threshold value may be a
previously measured voltage value and the control circuit may be configured to start
amplification if the actual mean voltage input is smaller than the previously measured mean
voltage value.

[0023] In an alternative embodiment, the parameter value may be an input current input from
the first stage to the second stage and the control circuit may be configured to start
amplification of the resonant circuit an actual sensed input current is larger than a current
threshold value.

[0024] Advantageously, the current threshold value may be a previously measured current
input to the second stage and the control circuit may be configured to start amplification of the
resonant circuit when the actual input current is larger that the previously measured input
current. Indeed, when an additional load, such as a target device is inductively coupled to the
power transmission device, the current rises compared to the no-load state, when only the
resonant circuit was load. The current sensing may be repeatedly done and if the current value
is to low amplification is stopped for a predefined time.

[0025] In the power transmission device of the invention, the second stage may further include
a switching element connected to the resonant circuit, the switching element being adapted to
start or stop amplification of the resonant circuit. Specifically, the switching element performs
the amplification of the energy level within the resonant circuit so as to start or stop
amplification of the resonant circuit.

[0026] The switching element may be switched off for stopping amplification of the resonant
circuit, wherein the switching/amplification element is switched on when the voltage across the
switching element is at a minimum value across the switching/amplification element. In addition
or alternatively, the switching/amplification element may switched off for starting amplification of
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the resonant circuit, wherein the switching element is switched on when an output current of
the switching element is at a predetermined value.

[0027] In the power transmission device of the invention, the first stage may include a dimming
section configured to decrease the input voltage to a predefined operating direct current
voltage. Advantageously, the dimming section may include a high ohmic Mos-Fet element. This
choice allows to reduce switching losses.

[0028] In addition or alternatively, the resonant circuit may be designed so as to include a
capacitor and a choke connected in parallel.

[0029] In the power transmission device according to the invention, the control circuit may stop
amplification for a predefined off-time and the ratio of the off-time with a period of the
oscillating signal may be advantageously chosen so as to minimize losses of the first stage.
The off-time may be e.g. 500mS off-time and the on-time for performing detection may be
2mS. According to a further embodiment, the present invention may include a system for
inductive energy transfer. The system comprises a power transmission device as described
above and a target device. The target device is adapted to be magnetically coupled to the
power transmission device for transfer of energy from the power transmission device to the
target device.

[0030] In a preferred embodiment the power transmission device may sense an opposing
magnetic field of a power receiving coil in the target device to which the power is transferred,
the opposing magnetic field being sensed through the detected parameter value.

[0031] In the system for inductive energy transfer a magnetic decoupling of the power
receiving coil may be activated by switching the power receiving coil electrically to a high ohmic
load and/or by electrically opening one or both wire ends of the power receiving coil to
disconnect said one or both wire ends from the low ohmic load. The magnetic decoupling
triggers the less power consuming no-load mode.

[0032] The concepts underlying the present invention can additionally be used for power
transfer in common plug connected power supplies with a transformer since the secondary
coils can also be part of one transformer together with the primary one. As long as there is no
load magnetically coupled to the secondary coil the same set up is build like having an
inductive concept, in which there is no handheld or target device with coil inside the primary
magnetic field.

[0033] For a better understanding of the present invention, said invention will be explained with
reference to the embodiments depicted in the following figures. Therein equal parts are
provided with equal reference signs and equal component labels. Furthermore, particular
features or combinations of features from the depicted and described embodiments can be
considered individually and can provide independent inventive solutions according to the
invention.
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Figure 1 shows a schematic diagram of a subdivision of a system using the principles of
inductive energy transmission according to the state of the art;

Figure 2 is a schematic drawing showing a composition of a system for inductive energy
transmission using a resonant DC-DC converter according to the state of the art;

Figure 3 is a schematic drawing showing an inductive energy transmission device according to
an embodiment of the present invention;

Figure 4 shows a circuit diagram describing a possible realization of a power transmission
device according to an embodiment of the present invention;

Figure 5 shows a wave form detected across the resonant circuit under no load conditions and
an input voltage of 120 Volts on a scale of 500 ps/div according to an embodiment of the
present invention;

Figure 6 a plot of the same wave form depicted in Figure 5 at a time scale of 100 ms/div;

Figure 7 shows a waveform across the resonant circuit during amplification and the
corresponding current for an input voltage of 120 V under charging conditions and at a time
scale of 5 ys/div according to an embodiment of the present invention;

Figure 8 is a plot of the same wave form and current of Figure 7 at a time scale of 20 ms/div;

Figure 9 is a plot of input voltage grid (120 Vrms), the rectified input voltage and the
intermediate constant voltage supplied to the resonant circuit during charge of the target
device;

Figure 10 shows the same parameters depicted in Figure 9 detected under no-load
conditions;

Figure 11 shows a circuital scheme of the integrated circuit element MC40B.

[0034] In the following description, the term permanently or permanent used in connection with
the status of the switching element or of with the amplification means that the switching
element/amplification will maintain his status without any change as long as the condition that
caused said status is verified. Similarly, the term the continuous referred to the amplification is
referred means that the system is continuously amplified during the time window in which the
amplification is on.

[0035] The present invention is based on the need of developing electronic tools that comply
with the latest regulations in terms of energy consumption. For the reasons explained above,
the present invention is based on the observation that inductive battery chargers - commonly
used for contactless charging of batteries in hand held tools (target devices) - are responsible
for increased energy consumption due to energy losses. As already mentioned above, the
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term contactless is used herein to indicate that energy transfer can be realized without any
electrical connection between corresponding electrical contacts on the mobile and the base
part respectively. Although in the present invention energy transfer may occur in a contactless
manner via an air gap, the power transmission device of the invention can also work on
contact. In particular, by reducing the distance between a primary and a secondary coil to zero
and implementing a ferrite around them, a transformer with a high coupling factor from primary
to secondary may be obtained. However, also in this case there will be galvanic separation for
inductive energy transfer. Therefore, in case of a contact version of the power transmission
device, energy transfer can occur directly without an air gap. Even when the following
description refers to contactless energy transfer, in has to be understood that the power
transmission device of the present invention can also work on contact as described above.

[0036] The energy losses responsible for a high energy consumption mostly occur during
stand-by of the charger (idle running of the Charger), when the charger is not connected to
any load, such as a target device, energy consumption can still be quite high due to internal
losses of the power transmission device. These losses could be, for instance due to the energy
consumption of a resonant circuit of the power transmission device used for generating the
magnetic field used for coupling the power transmission device with a target device. On the
other hand, if the current fed to the resonant circuit is set to be low so as to reduce losses
during no-load operation, the transmission power of the resonant circuit results to be reduced
even when a target device is magnetically coupled to the power transmission device for re-
charging. This reduces the efficiency of energy transfer, resulting in a negative impact on the
energy transfer between the power transmission device and the target device.

[0037] The idea of the present invention is thus to reduce the losses of the power transmission
device under no-load condition, where no-load condition means that there is no magnetic
coupling between the power transmission device and the corresponding hand held device
(target device). This is obtained by providing the power transmission device with a control
circuit configured to monitor a parameter of the resonant circuit of the power transmission
device and control amplification of the resonant circuit based on the value of said parameter.
Specifically, based on the variation of said parameter, the control circuit can detect the
presence or not of a magnetic coupling between the power transmission device and the target
device. If such a magnetic coupling is detected, the control circuit starts a preferably
permanent high efficient zero voltage switching amplification of the resonant circuit, thereby
increasing the efficiency of energy transfer between the power transmission device and the
target device over no-load and load condition. On the other hand, when the control circuit
detects no magnetic coupling between the power transmission device and the target device,
amplification is stopped and only repeats starting amplification for a short time to detect new
load status, so as to reduce no-load energy consumption of the power transmission device.
The short time for which restart is repeated may be, for instance, 2 ms.

[0038] Further, the present invention is based on the observation that common power
transmission devices for contactless inductive energy transfer, such as inductive battery
chargers, can only operate at a specific supply voltage. Therefore, the use of electronic tools
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having such battery charger is limited to those environments that provide the particular grid
voltage at which the battery charger can operate. This is disadvantageous for manufactures
since battery chargers with different specifications need to be produced for markets in which
different grid voltages are used, thereby increasing production costs.

[0039] Thus the idea of the present invention is also to implement a dimming circuit in the first
stage of the power transmission device, wherein the dimming circuit is capable of converting
input voltages spanning the full wide-range of grid input voltages to a predefined intermediate
operating voltage Vdc or intermediate voltage.

[0040] The operating voltage may be a DC voltage, for permanent oscillation. Alternatively the
operating voltage may be a rectified AC sine wave. In the second case amplification and
oscillation is possible as long as the sine wave, for instance a 50 Hz sine wave, combined with
the resonant circuit voltage level is below the maximum acceptable voltage of the amplification
transistor. In this configuration, the zero voltage switching is still active, thereby producing low
amplification losses.

[0041] Figure 3 is a schematic drawing showing an inductive energy power transmission
device according to the present invention. The power transmission device 200 includes a first
stage 210 and a second stage 220. The first stage 210 comprises a dimming circuit (not shown
in Fig. 3) configured to receive as input an alternate input voltage from an electricity grid and to
convert the input AC voltage into a predefined constant intermediate voltage.

[0042] In an advantageous embodiment, the dimming circuit in the first stage may be a trailing-
edge phase dimmer realised using a high Ohmic Mos-Fet transistor. This choice allows the
reception, at the first stage 210, of an input voltage spanning the full wide range of input
voltages that can go from 90 Vrms to 264 Vrms. Any of these input voltages will be then
decreased to a predefined operating constant voltage (intermediate voltage) to be supplied to
the resonating circuit. Advantageously, the operating voltage can be chosen to be an
intermediate voltage of, e.g. 120 Vdc. Clearly, this choice of the operating voltage is not limiting
and the system can be designed so that the resonant circuit operates at any other constant
voltage. The operating voltage can be chosen based on the operational voltage of the
switching element, which may me a switching transistor: the operating voltage is limited by the
maximum operational voltage of the switching element. Specifically, the sum of the operating
voltage and the peak of the oscillation voltage should not be higher than the operational
voltage of the switching element and it should not be higher than the maximum voltage of the
resonant circuit elements. Additionally to have a zero voltage switching, the peak of the
oscillation voltage should be such that the difference between the operating voltage and the
peak of the oscillation voltage is below QV. The useable range of operating voltages can be
determined based of the boundary conditions described above.

[0043] Building the dimming circuit with very high Ohmic components, such as a high Ohmic
Mos-Fet, diodes and resistors, provides the following advantage over dimmers commonly used
in electronic applications. Specifically, common dimmers are designed for controlling normal
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light bulbs and are composed by diodes and triodes. These components normally need high
no-load current to be operative, thereby causing high no-load losses. The use of Mos-Fet
transistors with a high Ohmic resistance for controlling dimming of the input voltage, allows to
obtain, starting from any AC input voltage, an intermediate constant voltage, while significantly
reducing losses that are normally present in solutions using common dimmer concepts.

[0044] The second stage 220 is further connected to a control circuit 230. The second stage
220 includes a resonant circuit 221, which in an advantageous embodiment may be realised
using a parallel connection of a capacitor and a choke. The choke may be a common choke
including two coils wound on a magnetic core. A first one of the coils could work as main
inductance, while a second coil could be used for having a control signal. The oscillating circuit
221 is connected to a switching element 222. The switching element may be, for instance, a
switching transistor. However, any other component capable of performing a switching
operation upon a control signal may be used instead. The switching element 222 is controlled
by the control circuit 230 in phase with the oscillation of the resonant circuit 221 so as to
amplify the oscillation of the resonant circuit 221. Specifically, the transistor is switched on
when the voltage across the transistor is at a minimum, typically around 0 volts. After the zero
voltage is reached the transistor is switched on. When the collector current reaches a pre-
determined value, the transistor is switched off. During this time energy is transferred into the
resonant circuit so as to generate a magnetic field for coupling with a target device 240. The
predetermined value may be a reference voltage stored inside an application specific
integrated circuit (ASIC) component in the control circuit (not shown in figure 3). The resonant
circuit acts as an energy storage element that is fed by the current form the switching
transistor. The current is given only for a short time to increase the power level within the
resonant circuit. Since the control circuit monitors the voltage across the switching element
222, the switching element 222 can be operated when switching losses are at minimum
(almost 0). By stopping the amplification for a predefined time at the end of a short detection
period, if there is no magnetically coupled load, resulting in a quick rise and overshot of the
energy and voltage within the resonant circuit it is possible to reduce no-load power losses.
The detection period may be, for instance 2 ms. In this way, losses during no-load can be
significantly reduced, while the efficiency in energy transfer can be increased.

[0045] The control circuit 230 is connected to the resonant circuit 220 to control operation of
the resonant circuit 220. The control circuit 230 may include a detecting circuit (not shown in
figure 3) adapted to detect the presence of a secondary load (target device) coupled to the
power transmission device 200. During detection amplification of the resonant circuit is enabled
and the increase of voltage (and therefore energy) inside the resonant circuit is monitored.
Under no-load condition, the voltage increases very fast to a level, which is above the
predetermined value for which amplification is stopped. In this case amplification stops and a
restart procedure begins which is much longer than the detection time. The restart procedure
is a discharge and charging procedure of an energy storage element. The energy storage
element may be e.g. a capacitor. A possible arrangement will be described later on with
reference to figure 4. Accordingly, the power consumption in standby/detection mode is
reduced.
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[0046] On the other hand, if a handheld or target device is present, the increase of the voltage
or equivalently of the energy inside the resonant circuit is reduced. Thus the predetermined
value is not reached and a continued charging mode will start. If the control circuit detects the
presence of a load, the amplification at zero voltage, which may be preferably permanent,
through the switching element 222 will source the resonant circuit 221 so as to generate a
magnetic field for establishing a magnetic coupling with the target device 240. If no secondary
load is detected, the control circuit controls the resonant circuit 221 through the switching
element 222 so as to stop amplification of the resonant circuit 221. The period of time during
which amplification is stopped is called off-time. During off-time the oscillation voltage level
decreases due to internal losses. The power consumption of the power transmission device
200 of the present invention can be adjusted based on the ratio of the OFF-time to the
OFF+ON-time of the amplification of the resonant circuit (period of the oscillating signal). This
time may be e.g. 500mS off-time and 2mS on-time (for detection). The parameter can be
adjusted to minimize the losses while detecting the presence of a load.

[0047] According to an advantageous embodiment, the detection of the presence of a load,
such as a target device 240, coupled with the power transmission device 200 can be carried
out by monitoring one or more parameters of the resonant circuit 221. A variation of such
parameters indicates the presence or not of a load. Specifically, the measured parameter may
be compared to a predefined threshold value. If the measured parameter is above or below
said threshold, the control circuit 230 detects the presence of a load and controls the switching
element so as to start amplification.

[0048] As an example, the voltage across the resonant circuit directly or sensed by an
additional magnetically coupled separate winding may be compared with a voltage threshold
value. The voltage threshold value may be a predefined value chosen based on design
parameters of the circuit or it may be a voltage value previously measured across the resonant
circuit 221. If the measured voltage is smaller than the voltage threshold value the control
circuit 230 controls the switching element 222 so as to start preferably permanent amplification
of the resonant circuit 221.

[0049] Specifically, in the case that a load is coupled to the power transmission device, the
wave form output at the resonant circuit 221 will be attenuated. Consequently, the mean
voltage value detected across the resonant circuit 221 will decrease compared to the mean
voltage value detected under no-load condition. Upon detecting a decrease in the mean
voltage value across the resonant circuit or the peak level at the additional winding, the control
circuit 230 will control the switching element so as to start amplification of the resonant circuit.
On the other hand, upon detecting an increase in the mean voltage value or peak voltage
level, meaning that the power transmission device is being operated under no-load conditions,
the control circuit 230 will control the switching element 222 so as to stop amplification of the
resonant circuit 221.

[0050] More precisely, the detection may be carried out in the following manner. Upon start of
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the oscillation the resonant circuit 221 is amplified and the voltage level of the resonant circuit
221 rises. Each time the switching element 222 switches (zero voltage switching) additional
energy is added into the resonant circuit and stored therein by increasing the voltage level
within the resonant circuit. When the target device 240 is being recharged, the magnetic
windings in the power transmission device 200 and in the target device 240 - respectively
indicated as primary and secondary coils - will be magnetically coupled. Upon magnetic
coupling of the secondary coil to the primary coil the raising speed and level of the voltage will
be reduced because the secondary coil consumes a part of the energy which is within and
which is transferred into the resonant circuit 221. Therefore, the oscillation voltage level, which
may be an example of measured parameter, will not overshoot the predefined threshold value.
The predefined threshold value may be in this case an internal voltage regulation level of an
integrated circuit within the control circuit 230 (not shown). As long as the oscillation voltage
level stays below this voltage regulation level the amplification continues.

[0051] In case that the target device 240 is not being recharged, there is no magnetic coupling
between the secondary coil in the target device 240 and the coil in the power transmission
device 200. Accordingly, the voltage within the resonant circuit 221 rises much faster. This
causes the measured parameter - in this case the oscillation voltage level which is sensed
delayed in the control circuit 230 - to overshoot the predefined threshold value. The
amplification stops (see figure 5, time A) until the oscillation voltage level decreases below the
predefined threshold value. This overshoot above regulation voltage causes a restart of the IC
within the control circuit 230 (not shown) because an enable Pin of the IC is hold on a stored
negative voltage. The negative voltage can be stored in a capacitive element during a rise of
the voltage level within the resonant circuit at startup. The duration of the overshoot allow the
parasitic consuming elements of the resonant circuit to consume the stored energy.
Additionally a voltage stored during the overshoot decreases below the predefined threshold
value, and amplification starts again but only for one time. This voltage may be stored in a
capacitive element connected at a pin of the IC. A comparison of oscillation voltage level and
the stored negative voltage is carried out (see figure 5, second rise of voltage after first high
oscillation level). Since the oscillation voltage level is to low to enable the next amplification the
IC waits for this enable and restarts. During the off-time the negative voltage is discharged so
that at next startup the enable can occur.

[0052] In a particular example, the target device that has to be recharged may include a 1
pulse rectifier connected to the resonant circuit 240. When such a target device is coupled to
the power transmission device, one half of the wave form output from the oscillation circuit 221
is attenuated. This attenuation causes a decrease in the mean voltage and peak voltage value
across the resonant circuit 221. In this manner, the control circuit can detect the presence of
the target device 240 coupled to the power transmission device 200.

[0053] Alternatively, detection of a secondary load (target device coupled to the power
transmission device) can be performed by monitoring the current input to the resonant circuit
221. As soon as the target device 240 is magnetically coupled to the inductance of the
resonant circuit 221, the current sensed at the input of the resonant circuit 221 will increase.
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Upon sensing of the increase during detection mode in the current input into the resonant
circuit 221, the control circuit 230 will control the switching elements so as to start preferably
permanent amplification of the resonant circuit. On the other hand, upon a decrease in the
sensed current - connected to the absence of a magnetic coupling between the target device
240 and the power transmission device 200 - the switching element 222 will be controlled by
the control circuit 230 so as to start the off-time, during which amplification of the resonant
circuit 221 is stopped.

[0054] Figure 3 also show a system comprising the power transmission device 200 and a
target device 240. The target device 240 is adapted to be magnetically coupled to the power
transmission device 200 so as to transfer energy from the power transmission device 200 to
the target device. The system including the power transmission device 200 and the target
device 240 may sense the opposing magnetic field of a power receiving coil (not shown) in the
target device 240 to which the power should be transferred to. The opposing magnetic field
may be sensed by detecting changes in the parameter value as described above and as will be
discussed in detail with reference to figure 4.

[0055] In the system for inductive energy transfer a magnetic decoupling of the power
receiving coil which triggers the less power consuming no-load mode, is activated by switching
the power receiving coil electrically to a high ohmic load and/or by electrically opening one or
both wire ends of the power receiving coil to disconnect said one or both wire ends from the
low ohmic load. In this manner, the opposing magnetic field is strongly attenuated or not
available any more and creates the same situation as decoupling the power receiving coil by
placing it far away from the coil in the resonating circuit of the power transmission device
creating the magnetic field so that the opposing magnetic field is also strongly attenuated.

[0056] Figure 4 shows a circuit diagram describing a possible realization of a power
transmission device according to an embodiment of the present invention. The parts of the
circuital diagram corresponding to the first and second stages 210, 220 and to the control
circuit 230 are identified by dotted boxes. The first stage 210 includes a 1 pulse rectifying
circuit comprising the diode D1. The transistor T3 (alternatively T2 or T6) is switched on
directly - the gate capacity is charged by R10 and C2 - at the beginning of each rectified pulse
and held on through R6, R7, R8 and R9. A capacitor C12 is connected via a MOS-Fet T3 and
other elements in series to the grid. During this time the voltage the capacitor C12 rises
following the sine wave pulse voltage. The MOS-Fet T3 continues conducting until the sine
wave voltage divided by the resistors R1, R2, R3, R4 and R5 rises above T1 gate source
threshold voltage. At this moment T1 becomes conducting, discharges the gate-source
capacitor of T3 and disables it preferably in a permanent manner as long as the transistor T1
conducts. In order to ensure that the transistor T1 will not become high ohmic again (non
conductive), thereby enabling the transistor T3 - which is responsible for losses (sin 90° to
180°) -, before the sine wave pulse drops below 0V (sin 180° to 360°), then the capacitor C1
as well as C15 and C16 store the sine wave voltage level for a predetermined time. The
predetermined time goes from the time the transistor T3 is switched off to the time the sine
wave drops below 0V. Nevertheless, the voltage level decreases of an amount that is enough
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so that the next sine wave pulse can be used to recharge the capacitor C12 again. The fact
that the capacitor is not completely recharged allows to reduce losses. The capacitors C1, C15
and C16 together with the resistors R25 and the transistor T3 Rds-on may be additionally used
to attenuate conductance disturbances (EMI). The fusible-resistor F1 as well as the included
thermal fuse ensure a safe stop of operation in case of a fault. F10 additionally reduces the
surge capability.

[0057] The capacitor C12 is connected to the resonant circuits 210 in the second stage 220
and provides the constant predefined voltage to the resonant circuit 221. Specifically, the
reference intermediate voltage, which is stored in the capacitor C12, powers the resonant
circuit in the second stage of 220 without being further converted. In the particular design
depicted in figure 4, the resonant circuit 221 is composed by the parallel connection of the
capacitor C4 with a winding including coils L1 and L2 wound around a core (not shown). In the
implementation described in Figure 4 transistor TS, which is connected to the resonant circuit
221 through the diode D3, has the function of the switching/amplification element 222. The
parallel resonant circuit 221 is powered by capacitor C12 only during the time the transistor TS
is switched on. Only during this time a current will flow from capacitor C12 to ground through
the resonant circuit 221 and the transistor T5. The transistor TS is switched on when the
control circuit detects that the voltage obtained by summing the voltage stored in the capacitor
C12 and the voltage across the resonant circuit is below or equal to zero. This condition can be
detected by monitoring the voltage value across the transistor T5. Detection is performed by a
detecting circuit 231, represented in figure 4 by the ASIC MC4O0B. It has to be clear to the
skilled person that although in the circuit of figure 4 the control circuit is embodied by the ASIC
231, other solutions could also be used as long as they are configured for carrying out the
detection of the invention.

[0058] More precisely, when the sum of the voltage in the capacitor C12, which is the
intermediate predetermined voltage and can be chosen to be around 120 Volts, and the
resonant circuit voltage is zero or below, the voltage measured across the transistor TS (or
alternatively by sensing the voltage of the magnetically coupled L2) becomes equal or smaller
than zero. In this manner the control circuit can detect when a voltage across T5 is below or
equal to zero and can thus switch on the transistor T5, when its voltage is zero or below. The
aforementioned switching timing allows controlling the transistor TS and therefore the resonant
circuit without losses. In other words, performing a zero voltage switching of the transistor TS
to control the resonant circuit provides the advantage of drastically reducing switching losses
on the transistor.

[0059] The zero voltage switching can be understood with reference to figures 7 and 8
Specifically, these figures depict with different zooming factors the signals on the resonant
circuit voltage TP2 to TP14 (channel 3) and the current through D4 (T5) (channel 4). Through
these figures the working principle of the zero voltage switching as well as that of the zero
switching detection can be understood.

[0060] The voltage of the resonant circuit is sensed in positive and negative peak value at L2.
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The positive pulse is in series low ohmically rectified by the diode D7 and subsequently high
ohmically rectified by the diode D11. The negative pulse is then low ohmically rectified by the
diode D10. The diode D7 powers the IC 231 and measures the peak voltage level within the
resonant circuit. The signal on D7 is also used for detecting the overshoot under no-load
conditions. The diode D11 is used to define the timing for the zero voltage switching. As soon
as Pin D of the IC 231 (detection circuit) becomes positive and Vp is below regulation voltage
the IC 231 activates the transistor T5 to start amplification. The D-Pin voltage is the sum of the
negative voltage stored at the capacitor C8 and the positive voltage rectified through the diode
D11. The above configuration is set in a way that the enabled state of the IC 231 is reached as
soon as the voltage at the transistor T5 is below 0V. Therefore, this voltage is not directly but
indirectly measured. In this manner, the oscillation process can also start when the first
amplification is not strong enough to reach 0V at the transistor T5, which would cause to stop
the amplification. The positive signal at pin D is stored internally in an IC or ASIC 231, which is
an example of detecting circuit. Thus it needs to be applied once to enable the D pin and is
reset after one amplification procedure. In this manner, the D pin can be enabled and after the
signal detected at the VP pin drops below the regulation level, the transistor TS is switched on.

[0061] In the realization depicted in figure 4, the zero switching point may be detected by
comparing the mean or peak voltage value of the sine wave output from the resonant circuit
with a voltage threshold of the IC. If the actual mean or peak voltage value is lower than the
threshold value, a load - such as a target device to be recharged - is connected to the charger.
In this configuration the power transmission device is charging the battery of the target device
and the resonant circuit has to be amplified so as to increase efficiency (zero voltage
switching) in the energy transmission. Alternatively, detection may be done by comparing the
mean or peak value with a previously detected value. An example of an amplified waveform
output from the resonant circuit 221 is depicted in Figures 7 and 8.

[0062] As already generically described with reference to figure 3, the control circuit 230 is
connected to the resonant circuit 220 to control operation of the resonant circuit 220. The
detecting circuit (ASIC) 231 is adapted to detect the presence of a secondary load (target
device) coupled to the power transmission device 200. During detection amplification of the
resonant circuit is enabled and the increase of voltage (and therefore energy) inside the
resonant circuit is monitored. Under no-load condition, the voltage increases very fast to a
level, which is above the predetermined value for which amplification is stopped. In this case
amplification stops and a restart procedure begins which is much longer than the detection
time. The restart procedure is a discharging/charging procedure of an energy storage element.
In the shown circuit a capacitor C5 (or alternatively C6) is discharged by the pin Vp of the IC
231 and after reaching a undervoltage lock out level the IC sets this pin to be high ohmic.
Therefore the resistor R13 is able to recharge the capacitor powered by the intermediate
voltage until it reaches the start up level of the IC and the detection starts again.

[0063] Control of the switching transistor TS by the control circuit 230 with reference to the
circuit diagram of figure 4 will be described below. Upon start of the oscillation the resonant
circuit is amplified and the voltage level of the resonant circuit rises. Each time the transistor TS5
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switches (zero voltage switching) additional energy is added into the resonant circuit and
stored therein by increasing the voltage level within the resonant circuit. At the beginning
before it reaches the zero voltage the transistor TS may also switch at minimum amplitude.
The amount of energy fed into the resonant circuit is adjusted by a shunt resistor R11
connected in parallel with a resistor R12. When the target device is being recharged, the
magnetic windings L1, L2 (primary coil) in the power transmission device will be magnetically
coupled to those in the target device (secondary coil). Upon magnetic connection of the
secondary coil to the primary coil the rising speed of the voltage level as well as the resulting
peak level of the voltage will be reduced because the secondary coil consumes a part of the
energy which is transferred into the resonant circuit. Under this condition, the oscillation
voltage level, which may be an example of measured parameter, will not overshoot the voltage
level measured at the pin VP (pin 1) of the detecting circuit 231 MC40B (see also figure 11).
Said voltage level (voltage regulation level) defines in this embodiment the predefined
threshold value. As long as the oscillation voltage level stays below the voltage regulation level
measured at pin VP, the amplification goes on. When the oscillation voltage level is above the
regulation voltage level at the pin VP, the amplification stops until the oscillation voltage level
decreases below the regulation voltage level at the pin VP.

[0064] In case that the target device is not being recharged as well as the handheld was
connected and later on taken out of magnetic coupling to L1,L2, there is no magnetic coupling
between the secondary coil in the target device and the primary coil L1, L2 in the power
transmission device. Accordingly, the voltage within the resonant circuit rises much faster and
onto a higher level. The voltage regulation level on pin VP is delayed by the RC circuit element
including the series connection of the resistors R18 and R19 connected to the capacitor C5 (or
alternatively C6) in the control circuit 230. Therefore, the voltage of the resonant circuit rises
above the regulation level before amplification is stopped (see figure 5, time A). In this way the
voltage rises above the voltage regulation level before the voltage level at the pin VP causes a
stop of the amplification. In this manner the oscillation voltage rises above the voltage
regulation level at the pin VP by an amount that causes the IC or ASIC 231 (MC40B) to stop
amplification for a time that is long enough to allow the parasitic consuming elements of the
resonant circuit to consume the stored energy. Consequently, the voltage decreases to a low
level and amplification starts again but only for one time. This behavior can be seen in figure 5,
where a single current peak after time A can be recognized.

[0065] In this manner, the control circuit 230 can stop amplification for a predefined off-time
and the ratio of the off-time with a period of the oscillating signal can be advantageously
chosen so as to minimize losses of the first stage. The off-time may be e.g. 500mS off-time
and the on-time for performing detection may be 2mS. This is achieved by triggering a restart
of the IC 231 if no load is detected during active amplification detection time. This restart time
can be set e.g. to 500mS, as already mentioned above. With reference to the circuital scheme
of figure 4, the restart time is set by the RC element including the resistor R13 and the
capacitor C5 (alternatively C6) and intermediate voltage. During restart the capacitors C5 (C6)
are discharged by the IC 231 and recharged by the resistor R13 after reaching the lock out
level of the pin Vp of the IC 231.
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[0066] The detection process described above may also allow to implement a battery full mode
or similar having the same low power consumption than that obtained with disconnected target
device. Since the magnetically opposing field is used to start or stop ampilification the coil within
the target device only needs to be electrically disconnected from its accumulator and /or load.
The coil with disconnected winding ends will not be able to create any opposing field any more
and is therefore magnetically invisible for L1 L2. This results in the same behavior like having
the target device taken off the base/charging station.

[0067] Since the stored offset on the capacitor C8 is negative and one pulse summed onto the
negative offset is not high enough to enable the pin D of the MC40B any more, the MC40B will
not receive any further enable signal on the pin D. Consequently, the MC40B will only switch
the transistor TS one more time. As a result the MC40B goes on waiting for the enabling signal
and consumes energy from the capacitor C5 until the voltage at the pin VP of MC40B goes
below a under voltage lock out and becomes high ohmic on the pin VP. The under voltage
lockout may be for instance 6V , as shown in figure 11. At this point, the voltage at the
capacitor C5 rises power by the resistor R13 again until reaching start up voltage level. The
start up voltage level may be, for instance 20V , as shown in figure 11. During this time (lock
out and restart) the capacitor C8 is discharged by the series connection of the diode D10, the
winding L2+ L2- and the resistor R26. Therefore at restart one pulse is able to reach a positive
level on pin D of MC40B thereby enabling an ongoing amplification. The internal structure on
the ASIC MC40B and the connection of the pins VP, D and B are schematically shown in figure
1.

[0068] In the diagram of figure 4, the dotted elements such as the transistors T2, T6 and the
capacitor C3, C9, C13 indicate alternative arrangements. More precisely, the dotted transistor
T2 may be ' used in the indicated position instead of the transistor T3 in an alternative
implementation of the first stage 210. Similarly, capacitor C6 and the diodes D5, D6, D13, D9,
D14, D12, D2 and D8 as well as resistor R17 in the control circuit 230 are also meant to show
alternative design solution/set ups for the realization of the control circuit.

[0069] Figure 5 shows a wave form detected at the resonant circuit (TP2 to TP14) under no
load conditions and an input voltage of 120 Volts on a scale of 500 ps/div. From the plot in
Figure 5 it is possible to understand how the detection of the load/no-load conditions is
performed. After the amplification of the resonant circuit 221 is activated (Ton period), the
resonant circuit start oscillating and the waveform in the upper portion of the plot (dark gray
signal) is detected. As can be seen from the waveform, no attenuation of a side of the
waveform (such as the negative and or positive half side of the waveform) can be detected.
Therefore, the peak voltage value measured by the control circuit will not vary with respect to
the threshold reference voltage. Thus the control circuit 230 detects a no-load condition and
stops amplification. During the on time of the amplification (Ton period indicated in the plot with
the letter A), the energy inside the resonant circuit 221 increases, since there is no attenuation

due to the load. When the amplification is stopped by the control circuit 230, the voltage in the
capacitor C4 decreases rapidly again. The light gray signal indicates the current flow through
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the switching transistor TS during the amplification time.

[0070] Figure 6 shows a plot of the same wave form depicted in Figure 5 at a time scale of 100
ms/div. This shows the off and on times during detection mode. Figure 5 shows the short
detection period and in figure 6 the ratio of detection and power saving restart time can be
seen. Due to the larger time scale of the plot figure 6 allows to understand the amplification
cycles of the resonant circuit. Togg indicates the period of time during which the resonant

circuit is not amplified. The peaks in the waveforms plotted in figure 6 indicate the periods of
time during which amplification is switched off. During Togf time, current consumption is clearly

reduced, since no additional current flows through the transistor T5 to the resonant circuit. As
can be derived from the figure, under no-load condition, the Tggg time is much longer than the

Ton time over a full operation cycle of the power transmission device.

[0071] Figure 7 shows a waveform over the resonant circuit (TP2 to TP14) during amplification
and the corresponding current through D4 (T5) for an input voltage of 120 V under charging
conditions and at a time scale of 5 ys/div. The zero voltage switching can be seen within this
plot at the moment the voltage rises 0V after been negative. There the voltage is hold on 0V
for a short period of recharging the resonant circuit. This waveform is indicated in the plot as
the voltage oscillation of the capacitor C4 to GND forming the resonant circuit. From the
waveform in Figure 7 it is possible to see the amplification performed by the transistor T5.
Specifically, the waveform oscillates with a DC off-set of 120 Volts. When the sum voltage of
the capacitor C4 and the intermediate voltage (operating voltage) is below GND, the transistor
T5 is at zero voltage and will therefore be switched on. The transistor goes in a conducting
state until the voltage rises above GND level. After rising above GND voltage level, for a short
time, additional current flows to the resonant circuit, thereby realizing the amplification of the
resonant circuit. The level of amplification is regulated by sensing the current through its
voltage drop at the resistors R11 and R12. The B pin of the IC 231 switches the transistor TS
but also senses the voltage applied on this pin. This voltage, from which the transistor base-
emitter voltage is subtracted, is linear with the current and compared with an IC internal
threshold which as soon as reached will force the driver stage to switch off

[0072] The signal plotted in Figure 7 is measured on the winding L1- (TP2) of the coil to GND
(TP14), but the detection is done across the winding L2 of the primary coil. However, since the
primary and the secondary coils are magnetically coupled, the signal on the windings L1 and
L2 is the same.

[0073] Figure 8 shows the same wave form depicted in figure 7 and the corresponding current
through the switching transistor T5 taken at a different timescale. The wave form is plotted at a
time scale of 2ms/div to show the permanent oscillation during charging mode. From this figure
it thus possible to see the evolution of the signal output from the resonant circuit during
permanent operation of the power transmission device 200.

[0074] Figure 9 shows the operation of the dimming circuit 210 at an input voltage of 120 Vrms
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under load condition. The light grey waveform shows the input voltage from the electricity grid.
The dark grey waveform depicts the one pulse rectified signal that is used to generate the
intermediate predefined operating voltage stored in the capacitor C12. The time evolution of
the charge in the capacitor C12 is shown by the dark line. Under load conditions, the charge in
the capacitor C12 is discharged to feed the resonant circuit. When the voltage in the capacitor
C12 reaches a minimum value, the capacitor C12 is re-charged by a current flowing for a short
time through the transistor T3.

[0075] Figure 10 shows the operation of the dimming circuit 210 at an input voltage of 120
Vrms under no-load. As already explained with reference to figure 9, the light grey waveform
shows the input voltage from the electricity grid. The dark grey waveform depicts the one pulse
rectified signal that is used to generate the intermediate predefined operating voltage stored in
the capacitor C12. The time evolution of the charge in the capacitor C12 is shown by the dark
line. In this case, since no load is coupled to the power transmission device 200, the capacitor
C12 is not periodically discharged and therefore there are no periodic current peaks for re-
charging the capacitor C12.

[0076] Figure 11 shows a circuital scheme of the ASIC element MC40B 231 implemented in
the control circuit 230 as detecting circuit 231. The pin VP of the ASIC 231 is connected to the
capacitor C5. The pin D of MC40B is receives on high ohmic impedance through the diode D11
(or alternatively D6) and D15 as well as the resistors R14, R16 and R15 the sine half wave
from the winding L2. As already described before, inside the ASIC 231 there are several fix
reference voltages. The collector current of the transistor T5 is sensed through a driver output
pin B of the ASIC MC40B. The detecting circuit 231 includes a constant current push pull circuit
2311. When the switching transistor T5 is switched on using the constant current push pull
circuit 2311, the voltage at the output pin of the ASIC is the sum of the Base-Emitter voltage of
the transistor TS and the voltage drop across the resistors R11 and R12. The recharging
current of the resonant circuit flows through these resistors and generates a voltage. This
voltage is the voltage measured at the pin B and may be 4.1V. The voltage measured at pin B
forces the current push pull circuit 2311 to switch off the transistor T5 so as to stop
amplification.

[0077] In conclusion, the present invention provides a power transmission device that complies
with the latest regulations in terms of energy consumption and that can be used with a wide-
range of supply input voltages. Specifically, the present invention allows reducing the losses of
the power transmission device under no-load as well as other modes like e.g. battery full mode
condition. This is obtained by providing the power transmission device with a control circuit
configured to monitor a parameter of the resonant circuit of the power transmission device and
control amplification of the resonant circuit based on the value of said parameter. Specifically,
based on the variation of said parameter, the control circuit can detect the presence or not of a
magnetic coupling between the power transmission device and the target device. If such a
magnetic coupling is detected, the control circuit starts a continuous amplification of the
resonant circuit, thereby increasing the efficiency of energy transfer between the power
transmission device and the target device. Additionally the efficiency is even more increased by
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the zero voltage switching. On the other hand, when the control circuit detects no magnetic
coupling between the power transmission device and the target device, amplification is stopped
so as to reduce no-load energy consumption of the power transmission device.
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PATENTKRAYV

1. Stremoverfgringsindretning (200) til induktiv energioverfgring, hvor strgm-

overfgringsindretningen (200) omfatter:

10

15
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25

30

et forste trin (210) indrettet til at blive forbundet med en forsynings-
indgangsspanding og indrettet til at omdanne forsyningsindgangsspaen-
dingen til en driftsspaending;

et andet trin (220) indbefattende en resonanskreds (221) forbundet med det
forste trin og indrettet til at frembringe en oscillerende spaending fra drifts-
spaendingen for at frembringe et magnetisk felt til induktiv overforing af energi
fra stramoverfaringsindretningen (200) til en méalindretning (240);

en styrekreds (230) forbundet med det andet trin (220), hvor styrekredsen er
indrettet til at detektere en parametervaerdi af det andet trin (220), hvor den
detekterede parametervaerdi angiver, hvorvidt malindretningen oplades eller
ej, og er indrettet til at starte eller stoppe forstaerkning af resonanskredsen
(221) baseret pa den detekterede parameterveerdi;

kendetegnet ved, at resonanskredsen (221) er sammensat ved parallel-
forbindelse af en kondensator (C4) med en vikling af en overfaringsspole L1
0g en magnetisk koblet falerspole L2, hvor begge spoler L1, L2 er viklet om
en kerne og tjener som primaere spoler til induktivt at overfgre energi til en
malindretning indbefattende en anden spole, og styrekredsen (230) er ind-
rettet til at detektere parameteren af fglerspolen L2;

ved, at det andet trin (220) endvidere indbefatter et koblingselement (222)
forbundet med resonanskredsen (230), hvor koblingselementet (222) er ind-
rettet til at forsteerke resonanskredsens (221) oscillationer for at starte eller
stoppe forstaerkningen af resonanskredsen (221);

0og ved, at styrekredsen (230) er indrettet til at detektere en oscillations-
spaendingsveerdi af resonanskredsens (221) fglerspole L2 og at koble kob-
lingselementet (222) i fase med resonanskredsens (221) oscillationer for at
forstaerke resonanskredsens (221) oscillationer, hvor koblingen af koblings-
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elementet (222) udfgres som koblingsforstaerkning med nulspzending af
resonanskredsen (221).

2. Stremoverfgringsindretning ifolge krav 1, hvor styrekredsen er indrettet til at
detektere en parameter af et signal, som leveres via fglerspolen L2 og efter-
falgende forsinkes via et RC-kredslgbselement (R18, R19, C5), og/eller
hvor styrekredsen er indrettet til at detektere en parameter af et signal, som
leveres via folerspolen L2 og efterfalgende ensrettes via en diode (D7).

3.  Stremoverfgringsindretning (200) ifglge krav 1 eller 2, hvor styrekredsen
(230) sammenligner den detekterede parameter med en foruddefineret teerskel-
veerdi og starter eller stopper forstaerkningen baseret pa4 sammenligningsresul-
tatet.

4.  Stremoverfgringsindretning (200) ifglge krav 1 til 3, hvor parametervaerdien
er en gennemsnitlig spaendingsveerdi over resonanskredsen (221), og styre-
kredsen (230) er konfigureret til at starte forstaerkning af resonanskredsen (221),

hvis en faktisk gennemsnitlig speending er under en spaendingstaerskelveerdi.

5.  Stremoverfgringsindretning (200) ifelge krav 1 til 3, hvor parametervaerdien
er en topspandingsvaerdi over resonanskredsen (221), og hvor styrekredsen
(230) regqistrerer topspaendingen og er konfigureret til at starte forstaerkning af
resonanskredsen (221), hvis den registrerede topspanding er under en
spandingstaerskelvaerdi.

6. Strgmoverfgringsindretning (200) ifelge krav 1 til 3, hvor parametervaerdien
omfatter en topspeendingsveerdi og stigningstiden deraf over resonanskredsen
(221), og hvor styrekredsen (230) registrerer topspaendingen og stigningstiden og
er konfigureret til at starte forsteerkning af resonanskredsen (221), hvis den
registrerede topspaending og stigningstid er under en spaendingstaerskelvaerdi
efter en angivet tid.
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7.  Stremoverfgringsindretning (200) ifglge krav 4 til 6, hvor spaendingstaerskel-
veerdien er en tidligere malt parametervaerdi, og styrekredsen er konfigureret til at
starte forstaerkning, hvis det faktiske parameterinput er storre eller mindre end den

tidligere malte parametervaerdi.

8.  Stremoverfgringsindretning (200) ifolge krav 1 til 3, hvor parametervaerdien
er et indgangsstrominput fra det forste trin (210) til det andet trin (220), og styre-
kredsen (230) er konfigureret til at starte forstaerkning af resonanskredsen, hvis
en faktisk registreret indgangsstrom er stgrre end en stramtaerskelvaerdi.

9. Stremoverfaringsindretning (200) ifelge krav 8, hvor stramtaerskelvaerdien er
et tidligere malt streaminput til det andet trin (220), og styrekredsen (230) er kon-
figureret til at starte forsteerkning af resonanskredsen (230), nar den faktiske
indgangsstrem er storre end den tidligere malte indgangsstrom.

10. Stremoverfgringsindretning (200) ifalge krav 1, hvor koblingselementet (222)
frakobles for at stoppe forstaerkning af resonanskredsen (221).

11. Stremoverfgringsindretning ifalge krav 1 eller 10, hvor forstaerkningen og/
eller koblingselementet (222) afbrydes for at starte forstaerkning af resonans-
kredsen.

12.  Stremoverfgringsindretning (200) ifelge et hvilket som helst af kravene 1 til
11, hvor det forste trin (210) indbefatter et deempningsafsnit konfigureret til at oge
eller formindske indgangsspaendingen til en foruddefineret driftsjsevnstreamsspaen-
ding.

13. Stremoverfgringsindretning (200) ifglge krav 12, hvor deempningsafsnittet
indbefatter et hgjohmisk Mos-Fet-element, og/eller resonanskredsen (221) indbe-
fatter en kondensator og en drosselspole forbundet parallelt eller i serie.
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14. Stremoverfgringsindretning (200) ifelge et hvilket som helst af kravene 1 til
13, hvor styrekredsen (230) stopper forstaerkning i en foruddefineret hviletid, hvor
forholdet mellem hviletiden og en periode for oscilleringssignalet vaelges med

henblik p& at minimere tab i det forste trin.

15. System til induktiv energioverfgring, hvor systemet omfatter:

en stramoverfaringsindretning (200) ifalge et hvilket som helst af kravene 1
til 14; og

en malindretning (240) indrettet til at blive magnetisk koblet til straomover-
faringsindretningen (200) til overfgring af energi fra stromoverfaringsindret-

ningen til malindretningen.

16. System til induktiv energioverfgring ifelge krav 15, hvor stramoverfarings-
indretningen (200) registrerer et modsat magnetisk felt i en strammodtagende
spole i méalindretningen (240), hvortil strammen overfgres, idet det modsatte
magnetiske felt registreres gennem den detekterede parameterveerdi.

17. System til induktiv energioverfgring ifglge krav 16, hvor en magnetisk
frakobling af den strammodtagende spole aktiveres ved at koble den strgm-
modtagende spole elektrisk med en hgjohmsk belastning og/eller ved elektrisk at
abne en eller begge ledningsender i den strammodtagende spole for at frakoble
den ene eller begge ledningsender fra den lavohmske belastning, hvor den
magnetiske frakobling udlgser den mindre strgmforbrugende ikke-belastnings-

modus.
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Voltage C4, Resonant Circuit
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