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(57) ABSTRACT 
A primary unit for transmitting power and/or data wirelessly 
by electromagnetic induction to a secondary unit separable 
from the primary unit, the primary unit comprising: a coil; 
and driving means operable to drive a fluctuating current 
through the coil, wherein both ends of the coil are decoupled 
from the driving means so that in use a Voltage level at each 
end of the coil fluctuates with time. 
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ELECTROMAGNETIC INTERFERENCE 
MTIGATION 

0001. The present invention relates to inductive power 
and/or data transfer systems, in particular to primary units for 
use in Such systems configured to mitigate potential electro 
magnetic interference. 
0002. It is desirable to be able to transmit power and/or 
data to devices without having to physically plug in a cable. 
One promising solution to this problem is to use electromag 
netic induction to transfer power wirelessly from the charger 
(primary unit or transmitter) to the portable device (secondary 
unit or receiver). These systems have a coil in the charger, 
through which an alternating current is passed to generate an 
alternating magnetic field in the vicinity of the coil. A second 
coil within the portable device is placed in close proximity, so 
that it couples with the magnetic field resulting in an alternat 
ing Voltage (and thus, current) being generated in the second 
coil. A schematic of such a system is illustrated in FIG. 1. 
I0003. In FIG. 1, a charger 2 comprises a primary coil L 4 
which is series resonant with a capacitor C, 6. This combina 
tion is driven by an inverter 8, the inverter 8 drawing power 
from a DC/DC converter 10. The portable device 12 has a coil 
L. 14, its own resonant capacitor 16, C, a rectifier 18, and its 
own DC/DC converter 20 configured to drive its load 22. Such 
a coil-based system can also be used to transmit data instead 
of or in addition to power (Such as for powering the portable 
device), for example as used in some RFID systems. 
0004. It can be particularly difficult to meet electromag 
netic compatibility (EMC) regulations for wireless power 
systems. The field generated has to extend out from the 
charger in order to couple to the portable device. Conse 
quently, it is not possible to completely shield the coil within 
the charger. One mechanism which is particularly trouble 
some is where the electric field generated capacitively 
couples to other conductors. These conductors may be within 
the charger itself or external to the charger. This can result in 
unwanted emissions being conducted along mains cables 
back to the mains Supply. 
0005 FIG. 2 is a schematic diagram useful for appreciat 
ing how the electric field may couple to a conductive object. 
The charger is represented by a coil L4, a capacitor C, 6, and 
an AC voltage source 30. The values of L and C are chosen 
to be resonant at the frequency of the AC source 30. Also 
shown is a conductive object 32. The voltage at point X is a 
sinusoidal Voltage, symmetrical about ground, with peak 
voltageV (denoted+V in FIG.2 as it is in-phase with the AC 
Voltage source). At the peak of the positive half cycle in time, 
the instantaneous voltage at point X is +V. L. is capacitively 
coupled to the object, Such that charge +q is induced in the 
object. Similarly at the peak of the negative half cycle in time, 
the Voltage at X is -V and charge-q is induced in the object. 
If the object is referenced to ground the charge on it will 
periodically alternative positive and negative. If the object is 
connected to ground via an impedance, an alternating Voltage 
is induced. This alternating charge can resultina Strong signal 
being conducted back up the mains cable to the mains Supply 
where it is a source of electromagnetic interference. 
0006. It is desirable to address the above-mentioned prob 
lems. 
0007 According to an embodiment of a first aspect of the 
present invention, there is provided a primary unit for trans 
mitting power and/or data wirelessly by electromagnetic 
induction to a secondary unit separable from the primary unit, 
the primary unit having: a coil; and driving means operable to 
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drive a fluctuating current through the coil, wherein both ends 
of the coil are decoupled from the driving means so that in use 
a voltage level at each end of the coil fluctuates with time. 
0008 Such decoupling may be decoupling in the sense 
that a non-DC path is provided between each end of the coil 
and the driving means. Such a path(s) may dominate at a 
desired frequency of operation over other paths provided. 
0009. Such an arrangement leads to a balanced operation 
of the coil, such that voltage fluctuations at one end of the coil 
partly or fully compensate for Voltage fluctuations at the other 
end of the coil. In this way, positive and negative charges may 
be induced in a conductive object, Such charges partly or fully 
cancelling each other out such that reduced noise, due to the 
electric (electrostatic) field generated by the coil, is suffered 
by that object. 
0010. The primary unit may, for example, be a charger 
and/or a data-signal transmitter. The primary unit may be 
provided in circuit form, or may be provided as a structured 
object, for example having a housing and the like. The sec 
ondary unit may, for example, be a portable electrical or 
electronic device and/or a data-signal receiver. The secondary 
unit may also be implemented in circuit form, or may be 
provided as a structured object, for example having a housing 
and the like. 
0011. Both ends of the coil may be capacitively decoupled 
from the driving means. For example, both ends of the coil 
may be connected to the driving means via a capacitor. Such 
an arrangement is a cost-effective and simple way of operat 
ing the coil in a balanced or near-balanced fashion. For 
example, the use of a transformer or a differential output coil 
driver could add cost and complexity. 
0012. Both ends of the coil may be decoupled from any 
DC source voltage in the primary unit. Both ends of the coil 
may be decoupled from any DC Source Voltage present in the 
primary unit other than along the length of the coil. Such 
decoupling may be capacitive, for example employing a 
capacitor as mentioned above. Decoupling the coil from any 
DC source Voltage may assist in the operation of the coil in a 
balanced or near-balanced fashion. A DC source Voltage may 
however be applied to a point along the coil, for example 
towards its centre, to assist in balancing the operation around 
a desired DC Voltage level (for example, around a ground or 
0 Volts DC level). 
0013 The driving means may be an alternating current or 
Voltage source. For example, the driving means may be an 
alternating Voltage source having first and second terminals; 
and the Voltage source may be connected at one of those 
terminals to a ground Source Voltage Such that it operates as a 
single-polarity Voltage source. Such a Voltage source may be 
implemented as an inverter. 
0014. The coil may comprise first and second coil por 
tions; and the first and second coil portions may be configured 
Such that they are magnetically coupled to one another. The 
first coil portion may have a first end and a second end, the 
second coil portion may have a third end and a fourth end, and 
the second and third ends may be connected together Such that 
the first and fourth ends form the ends of the coil. A coupling 
coefficient between the first and second coil portions may be 
greater than 0.5 and, optionally within the range 0.9 to 1. For 
example, the coupling coefficient may be in the range 0.94 to 
O.96. 
0015 The first and second coil portions may be configured 
Such that coupling takes place from the first portion, in the 
direction from the first end to the second end, to the second 
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portion, in the direction from the third end to the fourth end. 
This may beachieved by winding both portions around a core 
from the same end (starting with the first and third ends), or 
for example placing the two portions together (with the first 
and third ends together, and the second and fourth ends 
together) and arranging them in a desired pattern (for 
example, in a spiral) together. The coil may be configured 
Such that windings (e.g. all of them) of one of said portions 
overlap or run alongside windings (e.g. all of them) of the 
other one of said portions. A direction of winding of the first 
portion, from the first end to the second end, may thus be the 
same as a direction of winding of the second portion, from the 
third end to the fourth end. 

0016 ADC source voltage such as a ground source volt 
age may be connected to the coil between said first and second 
coil portions. This may assistin balancing the operation of the 
coil around a desired DC voltage level (for example, around a 
ground or 0 Volts DC level). A varying source voltage may be 
used instead of the DC source voltage, however such variance 
would affect the balance achieved. 

0017. The first and second coil portions may be substan 
tially similar to one another. For example they may have the 
same physical and/or electrical properties. For example, they 
may have the same inductance as one another. As another 
example, they may be made of the same material as one 
another, have the same length and cross-section as one 
another, and have the same number of turns as one another. 
The coil portions may be parts of a single coil structure, or 
they may be distinct coil structures, electrically connected 
together. 
0018. The first coil portion may be a driven portion, con 
figured to be driven by said driving means, and the second coil 
portion may be a passive portion, configured to be undriven 
by said driving means. The primary unit may be configured 
such that in use the first coil portion drives the second coil 
portion by way of magnetic coupling between the first and 
second coil portions. The second coil portion may be consid 
ered to be a passive portion for example if the ends of that 
portion are connected to the same or different DC source 
Voltage(s). 
0019. The primary unit may be configured such that fluc 
tuations in an effective instantaneous coil Voltage, the effec 
tive instantaneous coil voltage being the sum of the instanta 
neous Voltages at opposite ends of the coil, have magnitudes 
substantially smaller than that of fluctuations of a voltage 
over the coil. The effective instantaneous coil voltage may be 
substantially constant or stable over time. The effective 
instantaneous coil voltage may fluctuate closely around or be 
stably at a ground Voltage over time. 
0020. The primary unit may be configured such that fluc 
tuations in Voltage level at one end of the coil are substantially 
out of phase (e.g. by 180°) with fluctuations in voltage level at 
the other end of the coil. 

0021. The primary unit may be configured such that, when 
a voltage level at one end of the coil fluctuates positively away 
from a ground Voltage, a corresponding negative Voltage fluc 
tuation is experienced at the other end of the coil. The primary 
unit may be configured Such that Voltage signals at the two 
ends of the coil would if summed exhibit destructive interfer 
ence. Such a relationship between the coil portions (i.e. one 
portion cancelling out to some extent the effect of the other in 
terms of the electric field generated) may be true along the 
length of the coil. 
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0022. According to an embodiment of a second aspect of 
the present invention, there is provided a primary unit for 
transmitting power and/or data wirelessly by electromagnetic 
induction to a secondary unit separable from the primary unit, 
the primary unit having: a coil; and driving means operable to 
drive a fluctuating current through the coil, wherein the pri 
mary unit is configured such that fluctuations in an effective 
instantaneous coil Voltage, the effective instantaneous coil 
Voltage being the sum of the instantaneous Voltages at oppo 
site ends of the coil, have magnitudes Substantially smaller 
than that of fluctuations of a potential difference (voltage) 
over the coil. 
0023. According to an embodiment of a third aspect of the 
present invention, there is provided a primary unit for trans 
mitting power and/or data wirelessly by electromagnetic 
induction to a secondary unit separable from the primary unit, 
the primary unit having: a coil; and driving means operable to 
drive a fluctuating current through the coil, wherein the pri 
mary unit is configured Such that fluctuations in Voltage level 
at one end of the coil are substantially out of phase with 
fluctuations in voltage level at the other end of the coil. 
0024. According to an embodiment of a fourth aspect of 
the present invention, there is provided a primary unit for 
transmitting power and/or data wirelessly by electromagnetic 
induction to a secondary unit separable from the primary unit, 
the primary unit having: a coil; and driving means operable to 
drive a fluctuating current through the coil, wherein the pri 
mary unit is configured Such that fluctuations in Voltage level 
at one end of the coil are substantially 180° out of phase with 
fluctuations in voltage level at the other end of the coil. 
0025. According to an embodiment of a fifth aspect of the 
present invention, there is provided a primary unit for trans 
mitting power and/or data wirelessly by electromagnetic 
induction to a secondary unit separable from the primary unit, 
the primary unit having: a coil; and driving means operable to 
drive a fluctuating current through the coil, wherein the pri 
mary unit is configured Such that, when a Voltage level at one 
end of the coil fluctuates positively away from a ground 
Voltage, a corresponding negative Voltage fluctuation is expe 
rienced at the other end of the coil. 
0026. According to an embodiment of a sixth aspect of the 
present invention, there is provided a primary unit for trans 
mitting power and/or data wirelessly by electromagnetic 
induction to a secondary unit separable from the primary unit, 
the primary unit having: a coil; and driving means operable to 
drive a fluctuating current through the coil, wherein the pri 
mary unit is configured Such that Voltage signals at the two 
ends of the coil would if summed exhibit destructive interfer 
CCC. 

0027. According to an embodiment of a seventh aspect of 
the present invention, there is provided a primary unit for 
transmitting power and/or data wirelessly by electromagnetic 
induction to a secondary unit separable from the primary unit, 
the primary unit having: a coil; and driving means operable to 
drive a fluctuating current through the coil, wherein both ends 
of the coil are decoupled from any DC source voltage in the 
primary unit. 
0028. According to an embodiment of an eighth aspect of 
the present invention, there is provided a primary unit for 
transmitting power and/or data wirelessly by electromagnetic 
induction to a secondary unit separable from the primary unit, 
the primary unit comprising: a coil; and driving means oper 
able to drive a fluctuating current through the coil, wherein: 
the coil comprises first and second coil portions; the first coil 
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portion is a driven portion, configured to be driven by said 
driving means; the second coil portion is a passive portion, 
configured to be undriven by said driving means; and the 
primary unit is configured such that in use the first coil portion 
drives the second coil portion by way of magnetic coupling 
between the first and second coil portions. 
0029. The primary unit may comprise more than one such 

first or second coil portion. 
0030. According to an embodiment of a ninth aspect of the 
present invention, there is provided wireless power transfer 
system, having a primary unit according to any of the afore 
mentioned first to seventh aspects of the present invention and 
at least one said secondary unit configured to receive power 
wirelessly from the primary unit. 
0031. The present invention extends to method aspects 
corresponding to the primary unit and systems aspects. 
Optional features relating to one aspect apply equally to the 
other aspects. For example, optional features mentioned 
above in respect of the first aspect apply equally to the second 
to eighth aspects. 
0032. According to an embodiment of a tenth aspect of the 
present invention there is provided a wireless transmitter for 
transmitting power and/or data, the transmitter having: a coil, 
the coil having a first portion and a second portion; the first 
portion of the coil having a first end and a second end; the 
second portion of the coil having a third end and a fourth end; 
an alternating current or Voltage source coupled to the coil; 
wherein the first portion of the coil is magnetically coupled to 
the second portion of the coil. 
0033 According to an embodiment of an eleventh aspect 
of the present invention there is provided a wireless transmit 
terfor transmitting power and/or data, the transmitter having: 
a coil, the coil having a first portion and a second portion; the 
first portion of the coil having a first end and a second end; the 
second portion of the coil having a third end and a fourth end; 
an alternating currentor Voltage source electrically coupled to 
the coil; wherein the second end is electrically coupled to the 
third end; wherein the first portion of the coil is magnetically 
coupled to the second portion of the coil; wherein the orien 
tation of the coupling is such that coupling takes place from 
the first portion in the direction from the first end to the second 
end to the second portion in the direction from the third end to 
the fourth end. 
0034 1. According to an embodiment of a twelfth aspect 
of the present invention there is provided a method for reduc 
ing the electromagnetic interference generated by a wireless 
transmitter for transmitting power and/or data, the method 
having the following steps: providing a coil, the coil having a 
first portion and a second portion; Supplying an alternating 
current or Voltage signal to the coil; arranging for the first 
portion of the coil to be magnetically coupled to the second 
portion; arranging for the average DC voltage across the coil 
to be substantially Zero. 
0035. The coupling coefficient between the first portion of 
the coil and the second portion of the coil may be close to or 
substantially 1. The first portion of the coil and the second 
portion of the coil may physically overlap one another. The 
point where the two portions of the coil are connected may be 
connected to ground. The alternating current or Voltage 
Source may be single-ended. The alternating current or Volt 
age source may have one end connected to ground. The alter 
nating current or Voltage source may be capacitively coupled 
to the coil. The alternating current or Voltage source may be 
capacitively coupled to both ends of the coil. The capacitors 
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and inductances may form a resonance at the operating fre 
quency of the alternating current or Voltage source. The alter 
nating current or Voltage source may supply electrical current 
directly to the first portion of the coil, and the second portion 
of the coil may receive current only through the mutual cou 
pling with the first portion of the coil. 
0036. According to an embodiment of a thirteenth aspect 
of the present invention there is provided primary unit or a 
wireless power transfer system Substantially as herein 
described with reference to the drawings. 
0037 Reference will now be made, by way of example, to 
the accompanying drawings, of which: 
0038 FIG. 1, mentioned above, is a schematic diagram of 
a previously-considered inductive power/data transfer sys 
tem; 
0039 FIG. 2, mentioned above, is a schematic diagram 
useful for appreciating how an electric field may couple to a 
conductive object; 
0040 FIG. 3 is a schematic diagram of a charger arrange 
ment (primary unit) embodying the present invention; 
0041 FIG. 4A is a schematic diagram presenting one of 
four different possible coil arrangements; 
0042 FIG. 4B is a schematic diagram presenting one of 
four different possible coil arrangements; 
0043 FIG. 4C is a schematic diagram presenting one of 
four different possible coil arrangements; 
0044 FIG. 4D is a schematic diagram presenting one of 
four different possible coil arrangements; 
004.5 FIG. 5 is a schematic diagram useful for appreciat 
ing how embodiments of the present invention help to reduce 
electromagnetic interference; 
0046 FIG. 6 is a schematic diagram of a charger arrange 
ment (primary unit) embodying the present invention; 
0047 FIG. 7 is a schematic diagram of a simulation model 
corresponding to the FIG. 3 embodiment; and 
0048 FIGS. 8 to 11 present simulation results. 
0049 FIG. 3 is a schematic diagram of a charger arrange 
ment (primary unit) embodying the present invention. Such 
an arrangement may have reduced Susceptibility to electro 
magnetic interference compared to that in FIG. 2. 
0050. In FIG. 3, in comparison with FIG. 2, the primary 
coil 4 has been split into two portions, L and L, connected 
together. These two coil portions are strongly coupled 
together, Such that the coupling coefficient between the two is 
close to (but not quite) 1. Li has ends A and B, and Lhas ends 
C and D. End B is electrically connected to end C. The 
orientation of the coupling is such that L couples along its 
length in direction AB to Lalong its length in direction CD. 
Preferably, but not essentially, the midpoint between the coil 
portions is connected to ground (a DC source Voltage). In this 
arrangement, the resonant capacitor C, 6 is replaced by two 
series capacitors C, and C. Such that C-C-2xC. Series 
resonance is maintained between (L+L+2M) and (C+ 
C), where M is the mutual inductance between L and L. 
The first capacitor C is connected to the first coil portion L. 
at point A and the second capacitor C is connected to the 
second coil portion L at point D. The opposite ends of the two 
capacitors C and C from the coil are connected to the AC 
voltage source 30. 
0051. The coil 4 can be in constructed in a variety of ways. 
One way is to wind the first coil portion onto a ferrite core 44, 
and then to wind the second coil portion on top of the first coil 
portion around the same core. Preferably, the orientation 
should be such that the electrical path is in the same physical 
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direction along the core for the two coil portions. FIGS. 4A-D 
show some different coil-arrangement examples. 
0052. In FIG. 4A, there are two wires 40 & 42, which are 
wound together round a ferrite rod core. The two wires may 
actually be two wire cores in a dual-core cable. The two wires 
form inductors L and L. respectively. The first wire 40 has 
ends A and B and the second wire 42 has ends C and D. They 
are wound together around the core, such that ends A and C 
are at one end of the core and ends Band Dare at the otherend 
of the core. End B is electrically connected to end C and 
preferably also to ground (a DC source voltage). The two 
wires may each be subdivided into multiple strands. Prefer 
ably such strands are twisted around each other. This can 
result in a lower AC resistance by mitigating the skin effect 
and the proximity effect. Such multi-stranded wire is com 
monly known as Litz wire. 
0053. It should be noted that, in the example shown in FIG. 
3, both the AC voltage source 30 and the midpoint between 
the two coils are connected to ground. As a result, the AC 
Voltage source directly supplies current to the first coil por 
tion, but does not directly Supply current to the second coil 
portion. The second coil portion instead receives current via 
its mutual inductance with the first coil portion. The presence 
of the ground connections tends to prevent DC offsets from 
occurring. 
0054) The example in FIG. 4B is similar to that of FIG.4A, 
except that the core 46 has a rectangular cross section. FIG. 
4C shows a coil 48 which has centre tap. There are effectively 
two coil portions side by side wound around a single core 44 
and connected together. The first coil portion has ends A and 
B, the second coil portion has ends C and D. The two coil 
portions are wound around the core. Such that the ends are in 
order A, B, C and D along the length of the core, with end B 
connected to end C and also, preferably, to ground (a DC 
Source Voltage). This configuration tends to be less preferable 
than that in FIGS. 4A and 4B, because the coupling coeffi 
cient tends to be lower. Moreover, in the FIG. 4Carrangement 
the load (the secondary unit or some other object) may not 
couple equally to the two coils, making the arrangement 
unbalanced. 

0055. In FIG. 4D, a flat pancake coil structure is used. In 
this example, two pieces of wire AB and CD are used. The two 
wires 50 and 52 arearranged together such that the ends A and 
Care together and ends Band Dare together. Wires 50 and 52 
are wound together in a flat spiral shape, such that the two 
ends A and C are at the outside of the spiral and the two ends 
B and D are at the inside of the spiral. End C is electrically 
connected to end B and, preferably (optionally), also to 
ground (a DC source Voltage). 
0056 FIG. 5 is a schematic diagram useful for appreciat 
ing how embodiments of the present invention help to reduce 
electromagnetic interference, whilst delivering the same 
amount of power to the portable device (secondary unit). The 
coil has two parts L and L. Here, point A experiences a 
sinusoidal Voltage, symmetrical about ground, with peak 
voltage V/2 (denoted +V/2 in FIG. 5 as it is in-phase with 
the AC Voltage source). Point D has a similar signal, except 
that the voltage is substantially 180° out of phase with that at 
point A. Therefore, the peak voltage at point D is denoted 
-V/2 as it is out-of-phase with the AC voltage source. During 
the peak of the positive half cycle of the AC voltage source, 
the voltage at point A is +V/2V and the voltage at point B is 
-V/2 V. L therefore (in comparison with FIG. 2) induces 
charge +q/2 and L induces charge-q/2 on the object 32. The 
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net charge induced in the object is accordingly substantially 
Zero. Similarly, at the peak of the negative half cycle of the AC 
Voltage source, Linduces-q/2 and Linduces +q/2. Such that 
there is also substantially Zero net induced charge. 
0057 EMC performance is improved because in this 
arrangement there is both positive and negative charge 
induced in the object simultaneously, with the result that the 
net induced charge is substantially zero. A further effect is 
that the peak voltage relative to ground is halved as compared 
to that in FIG. 2, reducing the magnitude of charge induced. 
It is advantageous to connect the midpoint between L and L. 
to ground, so that the potential does not shift causing a DC 
offset if the arrangement is not completely balanced. 
0.058 FIG. 6 is a schematic diagram of an embodiment 
having an LC ballast circuit 60. The ballast circuit 60 has a 
series inductance L, and a parallel capacitance C. This type 
of ballast circuit can help to mitigate against electromagnetic 
interference as it has a filtering action which reduces the 
magnitude of higher order harmonics. There is provided an 
inverter 8 (see FIG. 1) which is coupled to the LC ballast 
circuit 60. The LC ballast circuit 60 has series inductor L. 
between its input and output and a capacitor C, between the 
ballast output and ground. The ballast output is connected to 
the resonant circuit 62 (see FIG. 3). 
0059 FIG. 7 is a schematic diagram of a simulation model 
corresponding to the FIG. 3 embodiment, used to simulate 
operation of the circuitry. The numbering employed in FIG.3 
has thus been carried over to FIG. 7 for simplicity. Resis 
tances R1 to R4 were added into the simulation model to 
assist the simulation in reaching convergence. 
0060. The AC source 30 was modelled as a 1V peak-to 
peak alternating Voltage source having a fundamental fre 
quency of 825 kHz. Capacitors C and C were each assigned 
a value of 1 nF. The coil 4 was modelled as a transformer, so 
as to achieve the desired coupling (in this case, a coefficient of 
0.95) between portions L and L. For some simulations, a 
ground source Voltage was attached between the portions at 
point V3 as shown, and in others it was removed. 
0061 Simulation results are presented in FIGS. 8 to 11. 
0062. The results in FIGS. 8 and 9 were produced in a 
simulation in which the ground source Voltage shown at point 
V3 in FIG. 7 was absent. FIG. 8 presents graphs of voltage 
signals at points V1,V2 and V3, and FIG.9 presents graphs of 
a Voltage signal at point V1 and a current signal I in the coil. 
As can be seen from FIG. 8, the voltage signals (V1 and V2) 
at the two ends of the coil are substantially out of phase with 
one another. Without the central ground source Voltage, there 
is some drift in voltage V3. Reasonable cancellation of charge 
imparted on a conductive object could therefore be expected. 
As can be seen from FIG.9, there is a 90° phase shift between 
the Voltage and current signals. 
0063. The results in FIG. 10 were produced in a simulation 
in which the ground source voltage shown at point V3 in FIG. 
7 was present. Graphs of voltage signals at points V1 and V2 
are presented, the Voltage at point V3 being tied to ground. As 
can be seen, the Voltage signals at the two ends of the coil are 
Substantially out of phase with one another, and balanced 
around a ground Voltage. Substantial cancellation of charge 
imparted on a conductive object could therefore be expected. 
0064. The results in FIG.11 were produced in a simulation 
in which the AC source 30 shown in FIG. 7 was configured to 
alternate between a positive and a negative Voltage (for 
example implemented as an inverter Switching between posi 
tive and negative rails). The ground source Voltage shown at 
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point V3 in FIG. 7 was present. Similarly to the case of FIG. 
10, Substantial cancellation of charge imparted on a conduc 
tive object could therefore be expected. 
0065. As will be appreciated, the present invention relates 
to inductive power/data transfer methods, apparatuses and 
systems for use, for example, to power and/or supply data to 
portable electrical or electronic devices. 
0066 Inductive power transfer systems suitable for pow 
ering portable devices (and/or transferring data thereto) may 
consist of two parts: 

0067. A primary unit having at least one primary coil, 
through which it drives an alternating current, creating a 
time-varying magnetic flux. 

0068 A secondary unit, separable from the primary 
unit, having a secondary coil. 

0069. When the secondary coil is placed in proximity to 
the time-varying flux created by the primary coil, the varying 
flux induces an alternating current in the secondary coil, and 
thus power/data may be transferred/transmitted inductively 
from the primary unit to the secondary unit. 
0070 Generally, the secondary unit supplies the trans 
ferred power to an external load (or the data to an external 
processor, memory or other data-handling means), and the 
secondary unit may be carried in or by a host object (a sec 
ondary device) which includes the load or data-handling 
means. For example, the host object may be a portable elec 
trical or electronic device having a rechargeable battery or 
cell. In this case, the load may be a battery charger circuit for 
charging the battery or cell. Alternatively, the secondary unit 
may be incorporated in Such a rechargeable cell or battery 
(secondary device), together with a suitable battery charger 
circuit. 
0071. A class of inductive power transfer system is 
described in GB-A-2388716. A notable characteristic of this 
class of system is the physically "open’ nature of the mag 
netic system of the primary unit; a significant part of the 
magnetic path is through air. This permits the primary unit to 
Supply power to different shapes and sizes of secondary unit, 
and to multiple secondary units simultaneously. Another 
example of such an “open' system is described in GB-A- 
2389720. Although focus may be placed on such “open’ and 
“multiple device' systems, this is merely by way of example 
and it will be appreciated that the present invention may 
extend to all inductive systems, for example to Substantially 
“closed’ systems in which there is a near 1:1 relationship 
between primary and secondary units with very little place 
ment freedom. 

0072. In the context of the present invention, secondary 
units (and/or secondary devices including Such units) may be 
considered to be any electrical or electronic devices which 
require power and/or data, and may be portable Such devices, 
for example (i.e. not exclusively) mobile phones, PDAs (Per 
Sonal Digital Assistants), laptop computers, personal stereo 
equipment, MP3 players and the like, wireless headsets, 
vehicle charging units, home appliances such as kitchen 
appliances, personal cards such as credit cards, and wireless 
tags useful for tracking merchandise. Primary units may be 
any form of charger and/or data-transmitter configured for 
use with Such secondary units. 

1. A primary unit for transmitting wireless power by elec 
tromagnetic induction to a secondary unit in proximity to said 
primary unit, the secondary unit being separable from said 
primary unit, said primary unit comprising: 
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drive circuitry operable to output a fluctuating current at an 
operating frequency; 

a driven transmitter operably connected to said drive cir 
cuitry, said driven transmitter configured to directly 
transmit wireless power to the secondary unit, said 
driven transmitter configured to generate a first field in 
response to being driven by said fluctuating current out 
put from said drive circuitry; and 

a passive transmitter disposed within said first field and 
operable to transmit wireless power to the secondary 
unit, said passive transmitter configured to generate a 
second field in response to coupling with the first field 
generated by said driven transmitter, wherein said pas 
sive transmitter is undriven by said drive circuitry; 

wherein driven transmitter and said passive transmitter are 
arranged Such that the secondary unit couples with said 
primary unit to receive wireless power. 

2. The primary unit as claimed in claim 1, further compris 
ing a housing containing said driven transmitter and said 
passive transmitter. 

3. The primary unit as claimed in claim 1, wherein each of 
said driven transmitter and said passive transmitter is capable 
of transmitting wireless power to the secondary unit by elec 
tromagnetic induction. 

4. The primary unit as claimed in claim 3, wherein said 
driven transmitter and said passive transmitter cooperatively 
and simultaneously transmit wireless power to the secondary 
unit. 

5. The primary unit as claimed in claim 1, further compris 
ing a coil, wherein said driven transmitter and said passive 
transmitter respectively comprise first and second coil por 
tions of said coil. 

6. The primary unit as claimed in claim 5, wherein each end 
of the coil is connected to the drive circuitry via a respective 
capacitor. 

7. The primary unit as claimed in claim 5, wherein both 
ends of the coil are decoupled from any DC source voltage 
present in the primary unit other than along the length of the 
coil. 

8. The primary unit as claimed in claim 5, wherein the 
driven transmitter and the passive transmitter are configured 
such that fluctuations in voltage level at one end of the coil are 
substantially 180 degrees out of phase with fluctuations in 
voltage level at the other end of the coil. 

9. The primary unit as claimed in claim 5, wherein the 
driven transmitter and the passive transmitter are configured 
such that, when a voltage level at one end of the coil fluctuates 
positively away from a ground Voltage, a corresponding nega 
tive voltage fluctuation is experienced at the other end of the 
coil. 

10. The primary unit as claimed in claim 5, wherein: 
the first coil portion has a first end and a second end and the 

second coil portion has a third end and a fourth end, the 
second and third ends being connected together at a 
reference such that the first and fourth ends form the 
ends of the coil; and 

the first and second coil portions are configured such that 
they are magnetically coupled to one another. 

11. The primary unit as claimed in claim 10, wherein the 
first and second coil portions are configured such that cou 
pling takes place from the first portion, in the direction from 
the first end to the second end, to the second portion, in the 
direction from the third end to the fourth end. 
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12. The primary unit as claimed in claim 10, wherein the 
coil is configured such that windings of one of said portions 
overlap or run alongside windings of the other one of said 
portions. 

13. The primary unit as claimed in claim 10, wherein a 
manner of winding of the first portion, from the first end to the 
second end, is the same as a manner of winding of the second 
portion, from the third end to the fourth end. 

14. The primary unit as claimed in claim 10, wherein a DC 
Source Voltage is applied to the coil between said first and 
second coil portions. 

15. The primary unit as claimed in claim 14, wherein the 
DC source Voltage is a ground source Voltage applied to the 
coil between the first and second coil portions. 

16. The primary unit as claimed in claim 1, wherein the 
driven transmitter and the passive transmitter are configured 
Such that the driven transmitter has a Voltage that is Substan 
tially equal to and the opposite of the Voltage of the passive 
transmitter, whereby a net charge induced by capacitive cou 
pling of the driven transmitter and the passive transmitter with 
a proximate object would be substantially zero. 

17. The primary unit as claimed in claim 1, wherein: 
the drive circuitry is an alternating Voltage source having 

first and second terminals; and 
the Voltage source is connected at one said terminal to a 

ground source Voltage such that it operates as a single 
polarity Voltage source. 

18. The primary unit as claimed in claim 1, wherein a 
coupling coefficient between the driven transmitter and the 
passive transmitter is greater than 0.5 and preferably within 
the range 0.9 to 1. 

19. The primary unit as claimed in claim 1, wherein prop 
erties of the driven transmitter and properties of the passive 
transmitter are Substantially the same. 

20. The primary unit as claimed in claim 1, wherein the 
coupling between said driven transmitter and said passive 
transmitter is magnetic coupling, and wherein the first field 
and the second field are magnetic fields. 

21. A wireless power transfer system, comprising a pri 
mary unit as claimed in claim 1 and at least one said second 
ary unit configured to receive power wirelessly from the 
primary unit. 

22. A primary unit for transmitting wireless power to a 
secondary unit in proximity to said primary unit, the second 
ary unit being separable from said primary unit, said primary 
unit comprising: 

a first coil and a second coil, each of said first coil and said 
second coil being configured to couple with a secondary 
unit to transmit power wirelessly; and 

a drive circuit configured to Supply fluctuating current to 
said first coil, said first coil configured to generated a 
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first field in response to said fluctuating current, wherein 
said second coil is undriven by said drive circuit; 

wherein said second coil is disposed within and driven by 
said first field to generate a second field. 

23. The primary unit as claimed in claim 22, wherein said 
first coil and said second coil are configured to cooperatively 
and simultaneously supply wireless power to the secondary 
unit. 

24. The primary unit as claimed in claim 22, wherein: 
the first coil has a first end and a second end and the second 

coil has a third end and a fourth end, the second and third 
ends being connected together at a reference; and 

the first and second coil portions are configured such that 
they are magnetically coupled to one another. 

25. The primary unit as claimed in claim 24, wherein the 
first end is connected to a first capacitor and the fourth end is 
connected to a second capacitor, wherein the drive circuitry is 
connected to said first capacitor and said second capacitor. 

26. The primary unit as claimed in claim 25, wherein a 
circuit node defined by the connection between the second 
capacitor and the drive circuitry is connected to said refer 
CCC. 

27. The primary unit as claimed in claim 24, wherein said 
reference is a ground source Voltage. 

28. The primary unit as claimed in claim 24, wherein said 
first coil and said second coil are physically arranged so that 
said first field and said second field are substantially coexten 
sive and cooperatively induce power in the secondary unit. 

29. A method of transmitting wireless power from a pri 
mary unit to a secondary unit by electromagnetic, the second 
ary unit being separable from the primary unit, the primary 
unit having a first coil and a second coil, the method compris 
ing: 

Supplying a fluctuating currentatan operating frequency to 
the first coil; 

generating a first field from the first coil in response to said 
Supplying the fluctuating current, wherein the first field 
is generated to supply wireless power by electromag 
netic induction; 

generating a second field from the second coil in response 
to said generating the first field, wherein the second coil 
is disposed within and driven by said first field, wherein 
the second field is generated to Supply wireless powerby 
electromagnetic induction; and 

transmitting wireless power to the secondary unit by elec 
tromagnetic induction. 

30. The method of claim 29 further wherein said transmit 
ting wireless power includes cooperatively and simulta 
neously transmitting wireless power from the first coil and the 
second coil. 


