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FIG. 2

(57) Abstract: A capacitive driving system (100) comprises: - a supply device (10) comprising a power generator (13), capacitive
transmission electrodes (11, 12) and preferably at least one inductor (16) connected in series between the power generator and at
least one of said transmission electrodes; - at least one load device (20) comprising two capacitive receiver electrodes (21, 22) and at
least one load member (23) coupled to said receiver electrodes. For resonant energy transfer, the supply device and the load device
have an energy transter position in which a first one of said transmission electrodes together with a first one of said receiver elec-
trodes defines a first transfer capacitor (31) while simultaneously a second one of said transmission electrodes together with a second
one of said receiver electrodes defines a second transfer capacitor (32). At least one auxiliary capacitance (111; 112; 121; 122) is
connected in series with inductor and load.
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System for capacitively driving a load

FIELD OF THE INVENTION

The present invention relates in general to the field of wireless power transfer
to a load device. In a particular embodiment, the load device is a lighting device including
one or more light-generating units. In another example, the transfer involves the charging of a
battery of an appliance, for instance a telephone. The invention will be specifically explained

for these examples without intending to limit the scope of the invention to these examples.

BACKGROUND OF THE INVENTION

Traditionally, electric power from a source to a load is transferred via wires,
which obviously requires that the load device is connected to the source via wires. The desire
to be able to move the load device leads to the solution of having connectors in the wires,
such connectors making mechancial (Ohmic) contact. There are however examples where it
is desirable to move the load device often, in which case the need to often connect/disconnect
such connector becomes a burden. Practical examples include electric toothbrushes,
telephones, and also lamps. To meet such desire, wireless power transfer has been developed.
In such devices, connectors involve an inductive or a capacitive coupling. Typically, one of
the coupling components is arranged within or attached to the housing of the load device
itself. For instance, in the case of inductive coupling, the housing of the load device may
contain a receiver coil, which for power transfer will be coupled to a transmission coil in a
docking station, the two coupled coils basically constitute a transformer. In the case of
capacitive coupling, the load device will include at least one receiver electrode which for
power transfer will be coupled capacitively to a transmission electrode in a supply structure
such as for instance a docking station. Such receiver electrode and transmission electrode are
usually implemented as a plate, and when coupled they together define a capacitor.

Figure 1 is a block diagram schematically illustrating a capacitive driving
system 1, comprising a supply device 10 and a separate load device 20. The supply device 10
comprises two plate-shaped transmission electrodes 11, 12, which can be considered as
output terminals. The supply device 10 further comprises a power generator 13 for generating

AC power. A first output terminal 14 of the supply device 10 is connected to a first one 11 of
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the transmission electrodes, while a second output terminal 15 of the supply device 10 is
connected to a second one 12 of the transmission electrodes. At least one inductor 16 is
connected in series between the supply device 10 and the transmission electrodes 11, 12. The
load device 20 comprises at least one load member 23 connected in series in between a first
plate-shaped receiver electrode 21 and a second plate-shaped receiver electrode 22. The load
member 23 is depicted as a resistor, and may ideally have ohmic characteristics. The
transmission electrodes 11, 12 are located close to an outer surface of the supply device 10,
and the receiver electrodes 21, 22 are located close to an outer surface of the load device 20.
The disposition of the receiver electrodes 21, 22 matches the disposition of the transmission
electrodes 11, 12, so that the load device 20 and the supply device 10 can be placed in close
proximity of each other in an energy transfer position in which the first transmission
electrode 11 together with the first receiver electrode 21 defines a first transfer capacitor 31
while simultaneously the second transmission electrode 12 together with the second receiver
electrode 22 defines a second transfer capacitor 32.

The inductor 16 together with the capacitors 31 and 32 define a resonance
circuit having a resonance frequency, and the power generator 13 is designed to generate an
AC output signal at said resonance frequency, so that the circuit operates in resonance and
power is efficiently transferred from the power generator 13 to the load member 23.

There are applications where the load device 20 is mounted to the supply
device 10 once, and there are applications where the load device 20 is connected to and
disconnected from the supply device 10 frequently. In any case, there exists a problem that
the precise actual capacitance value of the transfer capacitors 31, 32 depends on the
circumstances of the precise actual placement of the load device 20. A displacement of the
load device 20 with respect to the supply device 10, or the accidental presence of pieces of
dirt between the contacts, or, in cases where an additional dielectric contact liquid is applied,
variations in the properties of the dielectric, will result in variation of the actual capacitance
value of the transfer capacitors 31, 32, which in turn will result in variation of the actual
resonance frequency and thus, since the power generator 13 is set to operate at the design
resonance frequency, a variation in the power transferred to the load member 23.

Such variation is undesirable, with the level of inconvenience depending on
the situation. In the case of a charger of an appliance, charging to the required level can take
longer than expected, or the batteries are charged insufficiently and will be exhausted before
this is expected. In case multiple mutually identical loads are driven in parallel, the loads

receive different amounts of power. In the case of a lighting system having multiple lighting
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units driven in parallel, the respective lighting units produce mutually different output light
levels, which is clearly visible to an observer.

For the developer and manufacturer of the driving system, such possible
variations mean that there is uncertainty about the actual capacitance value of the transfer
capacitors 31, 32, even if all components have been manufactured with great precision. If the
manufacturer wishes to avoid the above-mentioned problems, adaptations to the power
generator are needed.

US 2009/302690 A1 discloses a power transmission system that includes a power
supplying apparatus and a power receiving apparatus. The power supplying apparatus
comprises a power generator, a first resonance unit and power supplying electrodes. The first
resonance unit comprises an induction component and/or a capacitance component and
resonates the power signal, which resonated power signal is externally radiated by the power
supplying electrodes. The power receiving apparatus comprises power receiving electrodes
for receiving the radiated power signal and a second resonance unit that has an induction
component and/or a capacitance component. The power supplying electrodes and the power
receiving electrodes define transfer capacitors. To transmit power more efficiently by
relaxing constraints on spatial relationships the power transmission system is provided with a
control unit. The control unit controls the induction component and/or a capacitance
component of the first or the second resonance unit based on the power value measured by
the power measurement unit. This is a rather complicated way to compensate for spatial or

placement deviations.

SUMMARY OF THE INVENTION

A general objective of the present invention is to eliminate or at least reduce
the above-mentioned problems.

According to an important aspect of the present invention, at least one
auxiliary capacitance is included in series with the transfer capacitors, either included in the
supply device or in the load device, or both. The auxiliary capacitance is preferably designed
to have a lower capacitance value than the optimum design capacitance of the transfer
capacitors, and is preferably manufactured to a precision better than the expected variation of
the transfer capacitors. Consequently, the resonance properties of the system are primarily
determined by the auxiliary capacitance, so that the accuracy of the system as a whole has
improved.

Further advantageous elaborations are mentioned in the dependent claims.
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BRIEF DESCRIPTION OF THE DRAWINGS

These and other aspects, features and advantages of the present invention will
be further explained by the following description of one or more preferred embodiments with
reference to the drawings, in which same reference numerals indicate same or similar parts,
and in which:

Fig. 1 is a block diagram schematically illustrating a capacitive driving
system;

Fig. 2 is a block diagram schematically illustrating a capacitive driving
system;

Fig. 3 is a block diagram schematically illustrating a capacitive driving system
for driving multiple loads;

Fig. 4 is a block diagram schematically illustrating a capacitive driving system
for driving multiple loads;

Figs. 5A and 5B are block diagrams schematically illustrating examples of a
load device capable of being capacitively driven;

Figs. 6A and 6B are block diagrams schematically illustrating other examples
of a load device capable of being capacitively driven;

Fig. 7 is a block diagram schematically illustrating another example of a load
device capable of being capacitively driven;

Fig. 8 is a block diagram schematically illustrating another example of a load
device capable of being capacitively driven;

Fig. 9 is a block diagram schematically illustrating a semiconductor building

component.

DETAILED DESCRIPTION OF THE INVENTION

Figure 2 is a block diagram comparable to figure 1, of a capacitive driving
system 100 illustrating the basic principle underlying the present invention. The figure shows
four possible locations for an auxiliary capacitance included in series with the transfer
capacitors 31, 32. A first auxiliary capacitance 111 is shown at a first possible location in the
supply device 10, in series with the first transmission electrode 11 and the inductor 16. A
second auxiliary capacitance 112 is shown at a second possible location in the supply device
10, in series with the generator's opposite output 15 and the second transmission electrode 12.

A third auxiliary capacitance 121 is shown at a first possible location in the load device 20, in
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between the load 23 and the first receiver electrode 21. A fourth auxiliary capacitance 122 is
shown at a second possible location in the load device 20, in between the load 23 and the
second receiver electrode 22. It should be clear that, in each and every one of the above
examples, in the resonant circuit going from the first output terminal 14 of the supply device
10 to the opposite output terminal. The auxiliary capacitance concerned is arranged in series
with the transfer capacitances. The invention can be implemented with any one of the
auxiliary capacitances shown, but it is also possible to have a combination with two (or more)
auxiliary capacitances in the supply device 10, two (or more) auxiliary capacitances in the
load device 20, at one side or at opposite sides of the load, or one (or more) auxiliary
capacitances in the supply device 10 and one (or more) auxiliary capacitances in the load
device 20.

For explaining the invention, the following calculation is given.

Assume that the transfer capacitors 31, 32 each have a design capacitance C1
and a variation Al, meaning that this capacitance can range from (1-A1)-C1 to (1+A1)-C1.
Assume one auxiliary capacitance 121 in series with the load, having a design capacitance Ca
and a variation Aa.

Assume Ca/Cl =x, with x<1.

Assume Aa/Al =y, with y<1.

It will be seen that the overall capacitance Ct of the circuit can be written as

1 I 1 1 2Ca Cl1

Ct cl'cl Ca  ClCa ClCa

= Cl-Ca=Ct-(2Ca+Cl)

Cct=—tC oL ca(-2x)
2Ca +Cl 1+2C%1

The smaller the ratio x, the more accurate the above approximation is. In
practice, x can easily be smaller than 0.01.

From the same equation, it can be seen that the variation in the overall
capacitance Ct is primarily determined by the variation Aa of the auxiliary capacitance.
Consequently, the resonance frequency of the system is now more accurate, and is less
sensitive to variations in the capacitance of the transfer capacitors 31, 32.

Figure 3 is a block diagram of a capacitive driving system 300 adapted for
driving multiple loads. The supply device, now indicated by reference numeral 310, has
multiple sets of transmission electrodes 311, 312. In Figure 3, four such sets are shown, but

the number of sets may be higher or lower than four. Each set of electrodes is capable of



10

15

20

25

30

WO 2015/052263 PCT/EP2014/071591
6

coupling to a load device 320, always comprising a load member 323 in series with receiver
electrodes 321, 322. In Figure 3, only three load devices are shown. In the following, if it is
intended to distinguish individual load devices and corresponding electrodes, characters A, B,
C etc. will be added to the reference numerals.

The supply device 310 can accommodate any number of load devices up to a
certain maximum number. It is not necessary that all transmission electrodes are occupied. In
figure 3, transmission electrodes 311B, 312B are free.

According to the invention, respective auxiliary capacitances 340 are arranged
in series with the respective transmission electrodes 311. It is noted that such auxiliary
capacitances 350 may, additionally or alternatively, also be arranged in series with the
respective opposite transmission electrodes 312, as shown.

The auxiliary capacitances 340 and/or 350 are auxiliary capacitances dedicated
to individual transmission electrodes. Figure 3 further shows that it is also possible to have,
additionally or alternatively, one or more common auxiliary capacitances 361, 362 in series
with one or more of the output terminals 14, 15 of the power generator 13.

It is noted that it is not necessary that the various transmission electrodes are
actually discrete electrodes: it is for instance possible that the transmission electrodes are
implemented as continuous strips 411, 412, allowing one or more load devices, now indicated
by reference numeral 420, to be coupled to any surface portion of such relatively large-
surface electrode. Such system 400 is schematically illustrated in Figure 4. In this case, the
supply device 410 has one common auxiliary capacitance 461 in series with the inductance
16 and/or one common auxiliary capacitance 462 in series with the opposite output terminal
15 of the power generator 13.

In the driving systems 300, 400 of Figures 3 and 4, the auxiliary capacitance(s)
is/are arranged in the supply device 310, 410. Such system 300, 400 is particularly useful in
cases where one or more users can add one or more load devices as desired. Exemplary
embodiments of such systems are: a charging system for mobile devices such as telephones,
PDAs, laptops, etc; an illumination system where lamp units can be added and placed as
desired. By implementing the auxiliary capacitance(s) in the supply unit, it is not necessary to
adapt the users' load devices. Although in such case the resonance frequency of the system as
a whole is determined more accurately, the coupling capacities of the respective individual
loads, however, may still vary widely so that the power distribution between the individual

loads may vary.
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In another approach, it is possible to adapt a load device for cooperation with a
capacitive supply device that does not need to be adapted. Such solution is particularly useful
in cases where it is undesirable or even impossible to adapt the supply device, for instance in
the case of an existing supply device. An example of such load device 520 according to the
present invention is schematically illustrated in Figure SA. Again, the load device 520
comprises a load member 523 connected in series between two plate-shaped receiver
electrodes 521, 522. A small auxiliary capacitance 540 is connected in series with the load
523. In a symmetric device, two such small auxiliary capacitances 541, 542 can be arranged
at opposite sides of the load member 523, as shown in Figure 5B. This load device 520 can
be used in cooperation with a supply device 10 of Figure 1.

Figure 6A shows an embodiment of a load device 620 according to the present
invention, comprising two loads 623A and 623B connected in parallel, this parallel circuit
being connected in series between two plate-shaped receiver electrodes 621, 622. A small
common auxiliary capacitance 640 is connected in series with the parallel arrangement of
loads 623A and 623B. In a symmetric device, two such small auxiliary capacitances 641, 642
can be arranged in series at opposite sides of said parallel circuit of load members 623A,
623B, as shown in Figure 6B. It is noted that said parallel circuit may comprise more than
two load members connected in parallel, with always one or more common auxiliary
capacitance(s) connected in series with the parallel circuit.

Figure 7 shows an embodiment of a load device 720 according to the present
invention, comprising two load members 723A and 723B connected in parallel, this parallel
circuit being connected in series between two plate-shaped receiver electrodes 721, 722. In
this embodiment, small dedicated auxiliary capacitances 741 and 742 are connected in series
with the respective load members 723A and 723B. It is noted that the load device may have
more than two loads connected in parallel, each load provided with its own dedicated
auxiliary capacitance in series. In a symmetric device, each load member may be connected
in series to two auxiliary capacitances at opposite sides, but this is not shown for sake of
simplicity.

It is noted that a combination of dedicated auxiliary capacitances and common
auxiliary capacitance is also possible.

Figure 8 shows an embodiment of a load device 820 according to the present
invention, where the load device is an illumination device and comprises a load 823 of two
(or more) strings of LEDs connected in series between two plate-shaped receiver electrodes

821, 822, each string comprising one or more LEDs, and the two strings being arranged anti-
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parallel to each other. Comparable to figure 6, the strings have one common auxiliary
capacitance 840, but it is also possible to have individual dedicated auxiliary capacitance per
LED string, comparable to Figure 7.

For manufacturing an accurate capacitance for the purposes of the present
invention, it is useful to turn to semiconductor technology. Methods for manufacturing a
capacitance in an integrated circuit are known per se. This is particularly useful in case the
load device is an illumination device and comprises a plurality of LEDs. These LEDs may be
manufactured in one semiconductor chip that also comprises individual capacitances per
LED (Figure 7) and/or common capacitances, in series with the LEDs.

The present invention is also embodied in a semiconductor building
component that is particularly suitable for building illumination load devices suitable for
being driven capacitively. Figure 9 is a block diagram schematically illustrating such
building component 900. This building component 900 comprises, formed in one common
semiconductor substrate 901, an anti-parallel arrangement of two LEDs 923, or a multiplicity
thereof. Formed in the same substrate 901, the building component 900 comprises at least
one common capacitance in series with said anti-parallel arrangement of LEDs. In the
embodiment shown, the arrangement is symmetrical and comprises two common
capacitances 941, 942 at opposite sides of the said parallel arrangement of LEDs. It is also
possible to have individual serie-capacitances per LED.

Summarizing, the present invention provides a capacitive driving system that
comprises:

- a supply device comprising a power generator and capacitive transmission
electrodes coupled to said power generator;

- at least one load device comprising two capacitive receiver electrodes and at
least one load member coupled to said receiver electrodes.

Either the supply device or the load device, or both, comprise at least one
inductor connected in series with at least one of said respective electrodes.

For resonant energy transfer, the supply device and the load device have an
energy transfer position in which a first one of said transmission electrodes together with a
first one of said receiver electrodes defines a first transfer capacitor while simultaneously a
second one of said transmission electrodes together with a second one of said receiver
electrodes defines a second transfer capacitor.

At least one auxiliary capacitance is connected in series with the inductor and

the load member.



10

15

20

25

30

WO 2015/052263 PCT/EP2014/071591
9

While the invention has been illustrated and described in detail in the drawings
and foregoing description, it should be clear to a person skilled in the art that such illustration
and description are to be considered illustrative or exemplary and not restrictive. The
invention is not limited to the disclosed embodiments; rather, several variations and
modifications are possible within the protective scope of the invention as defined in the
appending claims.

For instance, instead of one inductor being located exclusively in the supply
device, it is possible that the supply device comprises two or even more inductors, it is
possible that the inductor is or multiple inductors are located in the load device, and it is
possible that one or more inductor(s) is/are located in the supply device while simultaneously
one or more inductor(s) is/are located in the load device. Since the key of the invention is the
presence of at least one series capacitance in either the supply device or the load device, or
both, the present invention also relates to a supply device comprising at least one series
capacitance but not necessarily comprising an inductor, and the present invention also relates
to a load device comprising at least one series capacitance but not necessarily comprising an
inductor.

Further, in the embodiments illustrated in figures 8 and 9, an illumination load
device comprises two LEDs (or LED strings) arranged anti-parallel. Such anti-parallel
arrangement allows for either polarity of the resonant current to flow through one of the two
branches. However, to achieve this effect, it is not necessary to have two anti-parallel (strings
of) LEDs: it is sufficient to have a first current path for first polarity current and to have a
second path for opposite polarity current while at least one of these paths includes at least one
LED. The other of said paths does not need to include any LEDs, but may for instance
include one or more normal (i.e. non-emissive) diodes or a simple resistor; the device as a
whole remains an illumination device, albeit perhaps with less illumination efficiency.
Depending on the LED technology used, the second path may even be provided by an
internal breakdown voltage of the LED itself, or by an internal protection diode of the LED
itself.

Other variations to the disclosed embodiments can be understood and effected
by those skilled in the art in practicing the claimed invention, from a study of the drawings,
the disclosure, and the appended claims. In the claims, the word "comprising" does not
exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a

plurality. Even if certain features are recited in different dependent claims, the present
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invention also relates to an embodiment comprising these features in common. Any reference

signs in the claims should not be construed as limiting the scope.
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CLAIMS:

1. Capacitive driving system (100), comprising:

- a supply device (10), the supply device (10) comprising a power generator
(13) having two output terminals (14, 15), at least one set of capacitive transmission
electrodes (11, 12) coupled to respective ones of the output terminals (14, 15);

- at least one load device (20), the load device (20) comprising two capacitive
receiver electrodes (21, 22) and at least one load member (23) coupled to said receiver
electrodes (21, 22);

wherein at least one of the supply device (10) and the load device (20) comprise at least one
inductor (16) connected in series with at least one of said respective electrodes (11, 12; 21,
22);

wherein the supply device (10) and the load device (20) have an energy transfer position in
which a first one of said transmission electrodes (11) together with a first one of said receiver
electrodes (21) defines a first transfer capacitor (31) while simultaneously a second one of
said transmission electrodes (12) together with a second one of said receiver electrodes (22)
defines a second transfer capacitor (32);

wherein, in the energy transfer position, resonant energy transfer takes place from the supply
device (10) to the load member (23);

wherein, in the resonant circuit containing the at least one inductor (16) and the load member
(23) in the energy transfer position, at least one auxiliary capacitance (111; 112; 121; 122) is
connected in series with the inductor (16) and the load member (23);

and wherein,

- the auxiliary capacitance has a capacitance value lower than a design
capacitance of the transfer capacitors; and

- the auxiliary capacitance has a precision better than an expected variation of

the transfer capacitors.

2. Capacitive driving system according to claim 1, wherein the supply device
(10) comprises at least one inductor (16) connected in series between the power generator

(13) and at least one of said transmission electrodes (11, 12).
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3. Capacitive supply device (10) suitable for a capacitive driving system
according to claim 1, comprising a power generator (13) having two output terminals (14,
15), at least one set of capacitive transmission electrodes (11, 12) coupled to respective ones
of the output terminals (14, 15) and at least one auxiliary capacitance (111; 112) connected in
series with at least one of said transmission electrodes (11, 12);

said transmission electrodes (11, 12) designed and suited for capacitive coupling with two
capacitive receiver electrodes (21, 22) of a load device (20) suitable for a capacitive driving
system according to claim 1, the coupled transmission and receiver electrodes defining
transfer capacitors;

the supply device (10) preferably further comprising at least one inductor (16) connected in
series between the power generator (13) and at least one of said transmission electrodes (11,
12);

wherein the auxiliary capacitance has a capacitance value lower than a design capacitance of
the transfer capacitors and has a precision better than an expected variation of the transfer

capacitors.

4. Capacitive supply device (310) according to claim 3, comprising a plurality of
capacitive transmission electrodes (311, 312) coupled to said output terminals (14, 15),
further comprising respective auxiliary capacitances (340; 350) connected in series with the

respective transmission electrodes (311, 312).

5. Capacitive supply device (410) according to claim 3, comprising at least two
relatively large capacitive transmission electrodes (411, 412) coupled to said output terminals
(14, 15) designed and suited for capacitive coupling with capacitive receiver electrodes (421,
422) of a plurality of load devices (420) that further each comprise at least one load member
(423) coupled to said receiver electrodes (421, 422);

the supply device (410) further comprising at least one auxiliary capacitance (461; 462)

connected in series with a respective transmission electrode (411, 412).

6. Capacitive load device (20) suitable for a capacitive driving system according
to claim 1, comprising two capacitive receiver electrodes (21, 22), at least one load member
(23) coupled to said receiver electrodes (21, 22) and at least one auxiliary capacitance (121;

122) connected in series with the load member (23) and/or connected in series with at least
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one of said receiver electrodes (21, 22);

wherein said receiver electrodes (21, 22) are designed and suited for capacitive coupling with
two capacitive transmission electrodes (11, 12) of a supply device (10) suitable for the
capacitive driving system according to claim 1, the coupled transmission and receiver
electrodes defining transfer capacitors, and preferably at least one inductor (16) connected in
series between the power generator (13) and at least one of said transmission electrodes (11,
12);

wherein the auxiliary capacitance has a capacitance value lower than a design capacitance of
the transfer capacitors and has a precision better than an expected variation of the transfer

capacitors.

7. Capacitive load device (520) according to claim 6, comprising two auxiliary

capacitances (541; 542) connected in series at opposite ends of the load member (23).

8. Capacitive load device (620) according to claim 6, comprising a parallel
arrangement of at least two load members (623A, 623B) and one common auxiliary

capacitance (640) connected in series with said parallel arrangement.

0. Capacitive load device (620) according to claim 6, comprising a parallel
arrangement of at least two load members (623A, 623B) and two auxiliary capacitances (641;

642) connected in series at opposite ends of said parallel arrangement.

10. Capacitive load device (720) according to claim 6, comprising a parallel
arrangement of at least two load members (723A, 723B) and respective individual auxiliary

capacitances (741; 742) connected in series with respective ones of said load members.

11. Capacitive load device (820) according to any of claims 8-10, wherein the load
device is an illumination load device and at least one of said two load members comprises a
string of at least one first LED, while the other one of said two load members is at least
electrically conductive in the opposite direction as compared to the forward direction of said
at least one first LED, said other one of said two load members preferably comprising a

string of at least one LED arranged anti-parallel to said at least one first LED.
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12. Semiconductor building component (900) suitable for a capacitive driving
system according to claim 1, comprising a common semiconductor substrate (901), at least
one anti-parallel arrangement of strings of one or more LEDs (923) formed in said
semiconductor substrate (901), and at least one auxiliary capacitance (941, 942) formed in
said semiconductor substrate (901) and connected in series with said anti-parallel

arrangement of LEDs, or connected in series with respective ones of said LED strings.



WO 2015/052263

PCT/EP2014/071591
1/5
10 20 1
/ / «
16 1Mt 21
I
14 _ 9 i
H/ 23
13
15 -
FIG. 1
10 20 100
/ / «
16 1, 21
_/vw&/vx |1 \| |,/ |1
11 | | 11
144 / 31/ /
111 121 H/ ”
13
112
15 /
11
11

FIG. 2



PCT/EP2014/071591

WO 2015/052263

2/5

¢ Old

28 —

LCE —

0L —

aose 005¢ g06¢ V0Se
....... _/ A _/ _/ |
Trazne Ioue I sae 7T
J L g1
T/ T/ T/ L./ 208
/ T
AR .
0ze —
j L
: : : : 19€
T\ TN\ TN\ L7 N Y, o
TAQe DTAOoue LTAane DA :
....... TN TN\ N\ TN\ H
aove 0¥ aove YOpe
9l
A
00€




PCT/EP2014/071591

WO 2015/052263

3/5

v Old

424 / L Gl
..... yd zov
zey _
OV~ o
ozy —
V2P ]
j ]
..... < LY
LY / vl
IH
oLy —
ol
*~
00¥




WO 2015/052263

4 521
540+

—— 523

522

FIG. 5A

— 621

640 -+

620

—— 623A
— 623B

— 622

FIG. GA

PCT/EP2014/071591
4/5

— T — 521

541+ T

- 523

542 1| 529

FIG. 5B

621

641+

620

—— 623A
— 623B

HI-

— 622

642 T | _/

FIG. 6B



WO 2015/052263 PCT/EP2014/071591
5/5

[~ 721 — |8
840 +
i a2 820
741 T.i T 720
—— 723A A N | «—823
_— 723B
722 — 822

FIG. 7 FIG. 8

| W 900
4
941 -+ ]
_— 901
AN Y
N 923
942 + :1|'

FIG. 9



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/071591

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO02J5/00 HO2J7/02
ADD.

HO5B33/08

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

HO2J HO5B GO9G

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 2009/302690 Al (KUBONO FUMIO [JP] ET
AL) 10 December 2009 (2009-12-10)
paragraphs [0073] - [0187]; figures 6-27
A WO 02/31406 Al (FLAT WHITE LIGHTING PTY
LTD [AU]; BIRRELL PETER CHARLES [AU])

18 April 2002 (2002-04-18)

page 9, line 30 - page 17, line 29;
figures 2-8

1-12

1-12

A US 2012/049640 Al (ICHIKAWA KEIICHI [JP]
ET AL) 1 March 2012 (2012-03-01)
the whole document

1-12

A US 2012/299392 Al (ICHIKAWA KEIICHI [JP]
ET AL) 29 November 2012 (2012-11-29)
the whole document

1-12

_/__

See patent family annex.

Further documents are listed in the continuation of Box C.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance

"E" earlier application or patent but published on or after the international

- "X" document of particular relevance; the claimed invention cannot be
filing date

considered novel or cannot be considered to involve an inventive

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 December 2014

Date of mailing of the international search report

05/01/2015

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Hunckler, José

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2014/071591

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A WO 2012/120404 Al (KONINKL PHILIPS 1-12

ELECTRONICS NV [NL]; PHILIPS INTELLECTUAL

PROPERTY [DE)

13 September 2012 (2012-09-13)

the whole document
A US 2004/012336 Al (OKUDA YOSHIYUKI [JP]) 1-12

22 January 2004 (2004-01-22)
the whole document

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2



INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2014/071591
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2009302690 Al 10-12-2009  JP 4557049 B2 06-10-2010
JP 2009296857 A 17-12-2009
US 2009302690 Al 10-12-2009
WO 0231406 Al 18-04-2002 CN 1474921 A 11-02-2004
EP 1332315 Al 06-08-2003
JP 2004511078 A 08-04-2004
US 2004022058 Al 05-02-2004
WO 0231406 Al 18-04-2002
US 2012049640 Al 01-03-2012 CN 102386682 A 21-03-2012
JP 5093386 B2 12-12-2012
JP 2012070614 A 05-04-2012
US 2012049640 Al 01-03-2012
US 2012299392 Al 29-11-2012 CN 102754306 A 24-10-2012
EP 2579426 Al 10-04-2013
JP 5348322 B2 20-11-2013
US 2012299392 Al 29-11-2012
WO 2011148803 Al 01-12-2011
WO 2012120404 Al 13-09-2012 CN 103430314 A 04-12-2013
EP 2684215 Al 15-01-2014
JP 2014515862 A 03-07-2014
US 2013334960 Al 19-12-2013
WO 2012120404 Al 13-09-2012
US 2004012336 Al 22-01-2004 JP 2003345308 A 03-12-2003
US 2004012336 Al 22-01-2004

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - claims
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - drawings
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - wo-search-report
	Page 22 - wo-search-report
	Page 23 - wo-search-report

