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Description

[0001] This application claims priority from provisional application number 60/973,711, filed September 19, 2007.

BACKGROUND

[0002] It is desirable to transfer electrical energy from a source to a destination without the use of wires to guide the
electromagnetic fields. A difficulty of previous attempts has delivered low efficiency together with an inadequate amount
of delivered power.
[0003] JP 2006314181 discloses a non-contact charger capable of simultaneously charging a plurality of portable
electronic equipment. FR 2 756953 discloses a device suitable for wireless communication. EP 0287 175 discloses a
system for contactless exchange of data.
[0004] EP 1 253 695 discloses a system of wireless power transfer wearable by a user. WO 2005/109598 discloses
control of an inductive power transfer. Kurs et al. Science 317, 83 (2007) discloses wireless power transfers methods
via coupled magnetic resonance.
[0005] Our previous applications and provisional applications, including, but not limited to, US Patent application
number 12/018,069, filed January 22, 2008, entitled "Wireless Apparatus and Methods", describe wireless transfer of
power.
[0006] The system can use transmit and receiving antennas that are preferably resonant antennas, which are sub-
stantially resonant, e.g., within 5-10% of resonance, 15% of resonance, or 20% of resonance. The antenna(s) are
preferably of a small size to allow it to fit into a mobile, handheld device where the available space for the antenna may
be limited. An efficient power transfer may be carried out between two antennas by storing energy in the near field of
the transmitting antenna, rather than sending the energy into free space in the form of a travelling electromagnetic wave.
Antennas with high quality factors can be used. Two high-Q antennas are placed such that they react similarly to a
loosely coupled transformer, with one antenna inducing power into the other. The antennas preferably have Qs that are
greater than 1000.

Summary

[0007] The present application describes transfer of energy from a power source to a power destination via electro-
magnetic field coupling.
[0008] Embodiments describe forming systems and antennas that maintain output and power transfer at levels that
are allowed by governmental agencies.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] These and other aspects will now be described in detail with reference to the accompanying drawings, wherein:

Figure 1 shows a block diagram of a magnetic wave based wireless power transmission system.

DETAILED DESCRIPTION

[0010] A basic embodiment is shown in figure 1. A power transmitter assembly 100 receives power from a source, for
example, an AC plug 102. A frequency generator 104 is used to couple the energy to an antenna 110, here a resonant
antenna. The antenna 110 includes an inductive loop 111, which is inductively coupled to a high Q resonant antenna
part 112. The resonant antenna includes a number N of coil loops 113 each loop having a radius RA. A capacitor 114,
here shown as a variable capacitor, is in series with the coil 113, forming a resonant loop. In the embodiment, the
capacitor is a totally separate structure from the coil, but in certain embodiments, the self capacitance of the wire forming
the coil can form the capacitance 114.
[0011] The frequency generator 104 can be preferably tuned to the antenna 110, and also selected for FCC compliance.
[0012] This embodiment uses a multidirectional antenna. 115 shows the energy as output in all directions. The antenna
100 is non-radiative, in the sense that much of the output of the antenna is not electromagnetic radiating energy, but is
rather a magnetic field which is more stationary. Of course, part of the output from the antenna will in fact radiate.
[0013] Another embodiment may use a radiative antenna.
[0014] A receiver 150 includes a receiving antenna 155 placed a distance D away from the transmitting antenna 110.
The receiving antenna is similarly a high Q resonant coil antenna 151 having a coil part and capacitor, coupled to an
inductive coupling loop 152. The output of the coupling loop 152 is rectified in a rectifier 160, and applied to a load. That
load can be any type of load, for example a resistive load such as a light bulb, or an electronic device load such as an
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electrical appliance, a computer, a rechargeable battery, a music player or an automobile.
[0015] The energy can be transferred through either electrical field coupling or magnetic field coupling, although
magnetic field coupling is predominantly described herein as an embodiment.
[0016] Electrical field coupling provides an inductively loaded electrical dipole that is an open capacitor or dielectric
disk. Extraneous objects may provide a relatively strong influence on electric field coupling. Magnetic field coupling may
be preferred, since extraneous objects in a magnetic field have the same magnetic properties as "empty" space.
[0017] The embodiment describes a magnetic field coupling using a capacitively loaded magnetic dipole. Such a dipole
is formed of a wire loop forming at least one loop or turn of a coil, in series with a capacitor that electrically loads the
antenna into a resonant state.
[0018] There are two different kinds of limits placed on emissions of this type: limits based on biological effects, and
limits based on regulatory effect. The latter effect simply are used to avoid interference with other transmissions.
[0019] The biological limits are based on thresholds, above which adverse health effects may occur. A safety margin
is also added. The regulatory effects are set based on avoiding interference with other equipment, as well as with
neighboring frequency bands.
[0020] The limits are usually set based on density limits e.g. watts per square centimeter; magnetic field limits, for
example amps per meter, and electric field limits, such as volts per meter. The limits are related through the impedance
of free space for far field measurements.
[0021] The FCC is the governing body for wireless communications in the USA. The applicable regulatory standard
is FCC CFR Title 47. The FCC also specifies radiative emission limits for E-fields in §15.209. These limits are shown in
Table I and the equivalent H-field limits are shown in Table 2.

[0022] There is an exception at the 13.56MHz ISM band which states that between 13.553-13.567MHz the E-field
strength shall not exceed 15,848 microvolts/meter at 30 meters.

[0023] In order to compare the EN 300330 regulatory limits to the FCC regulatory limits, the FCC limits can be extrap-
olated to measurements made at 10m. The FCC states in §15.31 that for frequencies below 30MHz, an extrapolation
factor of 40dB/decade should be used. The table 3 shows the extrapolated values for the two frequencies of interest.
These levels can be used for comparison purposes.

Table I
Frequency (MHz) Field Strength (microvolts/meter) Measurement Distance (meters)

0.009 - 0.490 2400/F(kHz) 300
0.490 - 1.705 24000/F(kHz) 30
1.705 - 30.0 30 30
30 - 88 100** 3
88 - 216 150** 3

216 - 960 200** 3
Above 960 500 3

** Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this Section
shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz. However, operation
within these frequency bands is permitted under other sections of this Part, e.g., Sections 15.231 and 15.241.

Table Error! No text of specified style in document. FCC Title 47 Part 15 H-filed radiated emission limits

Frequency (MHz) H- Field Strength (mA/m) Measurement Distance (m)

0.009-0.490 6.366/f(kHz) 300

0.490-1.705 63.66/f(kHz) 30

1.705-30.0 0.0796 30

13.553-13.567 42.04 30

Table 3

Frequency (MHz) H-Field Strength (dBmA/m) @10m

0.130 32.8
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[0024] European standards for EMF levels are regulated by ETSI and CENELEC.
[0025] The ETSI regulatory limits are published under ETSI EN 300 330-1 V1.5.1 (2006-4): Electromagentic compat-
ibility and Radio spectrum Matters (ERM); Short Range Devices (SRD); Radio equipment in the frequency range 9 kHz
to 25 MHz and inductive loop systems in the frequency range 9 kHz to 30 MHz; Part 1: Technical characteristics and
test methods. EN 300 330 specifies H-field (radiated) limits which must be measured at 10m. These limits are shown
in table 4.

(continued)

Frequency (MHz) H-Field Strength (dBmA/m) @10m

13.56 51.6

Table 4 ETSI EN 300 330: H-field limits at 10m

Frequency range (MHz) H-field strength limit (Hf) dBmA/m at 10 m

0,009 ≤  f < 0,315 30

0,009 ≤  f < 0,03 72 or according to note 1

0,03 ≤ f < 0,05975 72 at 0,03 MHz descending 3 dB/oct or according to note 
10,06025 ≤  f < 0,07

0,119 ≤  f < 0,135

0,05975 ≤  f < 0,06025

420,07 ≤ f < 0,119
0,135 ≤  f < 0,140

0,140 ≤ f < 0,1485 37,7

0,1485 ≤  f < 30 -5 (see note 4)

0,315 ≤  f < 0,600 -5

3,155≤ f < 3,400 13.5

7,400 ≤  f < 8,800 9

10,2 ≤ f < 11,00 9

6,765 ≤  f ≤  6,795

42 (see note 3)13,563 ≤  f ≤  13,567
26,967 ≤  f ≤  27,283

13,563 ≤  f ≤  3,567 60 (see notes 2 and 3)

NOTE 1: For the frequency ranges 9 to 70 kHz and 119 to 135 kHz, the following additional restrictions apply 
to limits above 42 dBmA/m.
- for loop coil antennas with an area ≥ 0,16 m2 table 4 applies directly;

- for loop coil antennas with an area Between 0,05 m2 and 0,16 m2 table 4 applies with a correction 
factor. The limit is: table value + 10 3 log (area/0.16 m2);
- for loop coil antennas with an area < 0,05 m2 the limit is 10 dB below table 4.

NOTE 2: For RFID and EAS applications only.
NOTE 3: Spectrum mask limit, see annex G.
NOTE 4: For further information see annex H.

Table 5

Frequency range Total H-field strength at 10 m H-field strength density at 10 m in a 10 kHz resolution bandwidth
MHz dBmA/m dBmA/m

0,1485 to 30,0 -5 (note 1) -15 (note 2)

NOTE 1: Without transmitter modulation.
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[0026] CENELEC publishes the following relevant documents to H-field levels, however these levels are in regards
to human exposure (biological) limits:

EN 50366: "Household and similar electrical appliances - Electromagnetic fields - Methods for evaluation and meas-
urement" (CLC TC 61, produced in a joint group with CLC TC 106X)
EN 50392: "Generic standard to demonstrate the compliance of electronic and electrical apparatus with the basic
restrictions related to human exposure to electromagnetic fields (0 Hz - 300 GHz)"

[0027] Both of these documents use the limits given by ICNIRP.
[0028] Health/Biological Limits are also set by the International Non-Ionizing Radiation Committee (INIRC).
[0029] The INIRC was established was established in 1992 as a successor to the International Radiation Protection
Association (IRPA)/International Non-Ionizing Radiation Committee (INIRC). Their functions are to investigate the haz-
ards which are associated with different forms of NIR, to develop international guidelines on NIR exposure limits and to
deal with all aspects of NIR protection. The ICNIRP is a body of independent scientific experts consisting of a main
Commission of 14 members, 4 Scientific Standing Committees and a number of consulting experts. They also work
closely together with the WHO in developing human exposure limits.
[0030] They have produced a document establishing guidelines for limiting EMF exposure in order to provide protection
against known adverse health effects. In this document, two different classes of guidelines are defined:

Basic restrictions: "restrictions on exposure to time-varying electric, magnetic and electromagnetic fields that are
based directly on established health effects" quantities used for measurement: current density, specific energy
absorption rate and power density.

[0031] Various scientific bases were determined for providing the basic restrictions based on a number of scientific
studies, which have been performed. The scientific studies were used to determine a threshold at which the various
adverse health effects could occur. The basic restrictions are then determined from these thresholds including varying
safety factors. The following is a description of the scientific bases that were used in determining the basic restrictions
for different frequency ranges:

1 Hz - 10 MHz: restrictions based on current density to prevent effects on nervous system function
100 kHz - 10 MHz: restrictions based on SAR to prevent whole-body heat stress and excessive localized tissue
heating as well as current density to prevent effects on nervous system function
10 MHz - 10 GHz: restrictions based solely on SAR to prevent whole-body heat stress and excessive localized
tissue heating
10 GHz - 300 GHz: restrictions based on power density to prevent excessive heating in tissue at or near the body
surface

[0032] The basic restrictions are based on acute, instantaneous effects in the central nervous system and therefore
the restrictions apply to both short term or long term exposure.
[0033] Reference levels: "provided for practical exposure assessment purposes to determine whether the basic
restrictions are likely to be exceeded" quantities used for measurement: electric field strength, magnetic field strength,
magnetic flux density, power density and currents flowing through the limbs.
[0034] The reference levels are obtained from the basic restrictions by mathematical modeling and extrapolation from
the results of laboratory investigations at specific frequencies.
[0035] Magnetic field models (for determining reference levels) assume that the body has a homogeneous and isotropic
conductivity and apply simple circular conductive loop models to estimate induced currents in different organs and body
regions by using the following equation for a pure sinusoidal field at frequency f derived from Faraday’s law of induction: 

(continued)

Frequency range Total H-field strength at 10 m H-field strength density at 10 m in a 10 kHz resolution bandwidth
MHz dBmA/m dBmA/m

NOTE 2: With transmitter modulation.
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B : magnetic flux density
R : radius of the loop for induction of the current

[0036] For frequencies above 10 MHz, the derived E and H field strengths were obtained from the whole-body SAR
basic restrictions using computational and experimental data. The SAR values are might not be valid for the near field.
For a conservative approximation, these field exposure levels can be used for the near field since the coupling of energy
from the E or H field contribution cannot exceed the SAR restrictions. For a less conservative estimate, the basic
restrictions should be used.
[0037] In order to comply with the basic restrictions, the reference levels for E and H fields may be considered separately
and not additively.
[0038] These restrictions describe three different coupling mechanisms through which time-varying fields interact with
living matter:

coupling to low-frequency electric fields: results in reorientation of the electric dipoles present in the tissue
coupling to low-frequency magnetic fields: results in induced electric fields and circulating electric currents
absorption of energy from electromagnetic fields: results in energy absorption and temperature increases which
can be divided into four categories:

100 Hz - 20 MHz: energy absorption is most significant in the neck and legs
20 MHz - 300 MHz: high absorption in the whole body
300 MHz - 10 GHz: significant local non-uniform absorption
> 10 GHz: absorption occurs mainly at the body surface.

[0039] The INIRC has divided up their guidelines into two different frequency ranges and a summary of the biological
effects for each frequency range is shown below:

Up to 100 kHz:

Exposure to low frequency fields are associated with membrane stimulation and related effects on the central
nervous system leading to nerve and muscle stimulation
Laboratory studies have shown that there is no established adverse health effects when induced current density
is at or below 10 mA m^-2.

100 kHz - 300 GHz:

Between 100 kHz and 10 MHz, a transition region occurs from membrane effects to heating effects from elec-
tromagnetic energy absorption.

[0040] Above 10 MHz the heating effects are dominant
[0041] Temperature rises of more than 1-2°C can have adverse health effects such as heat exhaustion and heat stroke.
[0042] A 1°C body temperature increase can result from approximately 30 minutes exposure to an EMF producing a
whole-body SAR of 4 W/kg.
[0043] An occupational exposure restriction of 0.4 W/kg (10% of the maximum exposure limit of 4 W/kg).
[0044] Pulsed (modulated) radiation tends to produce a higher adverse biological response compared to CW radiation.
An example of this is the "microwave hearing" phenomenon where people with normal hearing can perceive pulse-
modulated fields with frequencies between 200 MHz - 6.5 GHz.
[0045] Basic restrictions and reference levels have been provided for two different categories of exposure:

General public exposure: exposure for the general population whose age and health status may differ from those
of workers. Also, the public is, in general, not aware of their exposure to fields and cannot take any precautionary
actions (more restrictive levels).
Occupational exposure: exposure to known fields allowing precautionary measures to be taken if required (less
restrictive levels)
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Table 2-4 ICNIRP Basic Restrictions (up to 10 GHz)

[0046]

Table 4, Basic restrictions for time varying electric and magnetic fields for frequencies up to 10 GHz.a

Exposure 
characteristics

frequency 
range

Current density for 
head and trunk 
(mA m-1) (rms)

Whole-body 
average SAR (W 

kg-1)
Localized SAR (head 
and trunk) (W kg-1)

Localized SAR 
(limbs) (W kg-1)

Occupational 
exposure

up to 1 Hz 40 ----- ----- -----
1-4 Hz 40/f ----- ----- -----
4 Hz-1 kHz 10 ----- ----- -----

1-100 kHz f/100 ----- ----- -----
100 kHz-
10 MHz

f/100 0.4 10 20

10 MHz-
10 GHz

----- 0.4 10 20

General public 
exposure

up to 1 Hz 8 ----- ----- -----

1-4 Hz 8/f ----- ----- -----
4 Hz-1 kHz 2 ----- ----- -----
1-100 kHz f/500 ----- ----- -----
100 kHz-
10 MHz

f/500 0.08 2 4

10 MHz-
10 GHz

----- 0.08 2 4

aNote:
1. f is the frequency in hertz.
2. Because of electrical inhomogeneity of the body current densities should be averaged over a cross-section of 1
cm2 perpendicular to the current threction.
3. For frequencies up to 100 kHz, peak current density values can be obtained by multiplying the rms value by √2
(∼1.414). For pulses of duration tp the equivalent frequency to apply m the basic restrictions should be calculated as
f = 1/(2tp).
4. For frequencies up to 100 kHz and for pulsed magnetic fields, the maximum current density associated with the
pulses can be calculated from the rise/fall times and the maximum rate of change of magnetic flux density. The
induced current density can then be compared with the appropriate basic restriction.
5. All SAR values are to be averaged over any 6-min period.
6. Loclized SAR averaging mass is any 10 g of contiguous tissue; the maximum SAR so obtained should be the value
used for the estimation of exposure.
7. For pulses of duration tp the equivalent frequency to apply in the basic restrictions should be calculated as f =
1/(2tp). Additionally, for pulsed exposures in the frequency range 0.3 to 10 GHz and for localized exposure of the
head, in order to limit or avoid auditory effects caused by thermoelastic expansion, an additional basic restriction is
recommended. This is that the SA should not exceed 10 mJ kg-1 for workers and 2mJ kg-1 for the general public,
averaged over 10 g tissue.

Table 5. Basic restrictions for power density for frequencies benveen 10 and 300 GHz.a

Exposure characteristics Power density (W m-2)

Occupational exposure 50
General public 10

aNote.
1. Power densities are to be averaged over any 20 cm2 of exposed area and any 68/f1.05-min period (where f is ia
GHz) to compensate for progressively shorter penetration depth as the frequency increases.
2. Spatial maximum power densities, averaged over 1 cm2, should not exceed 20 times the values above.
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Table 2-5 ICNIRP Basic Restrictions (10-300 GHz)

[0047]

Table 2-6 ICNIRP Reference Levels - Occupational Exposure

[0048]

Table 6. Reference levels for occupational exposure to time-varying electric and magnetic fields (unperturbed rms 
values).a

Frequency 
range

E-field strength (V 
m-1)

H-field strength (A 
m-1) B-field (mT)

Equivalent plane wave power 
density Seq (W m-2)

up to 1 Hz - 1.63 3 105 2 3 105 -
1-8 Hz 20,000 1.63 3 105/f2 2 3 105/f2 -
8-25 Hz 20,000 2 3 104/f 2.5 3 104/f -
0.025-0.82 kHz 500/f 20/f 25/f -
0.82-65 kHz 610 24.4 30.7 -
0.065-1 MHz 610 1.6/f 2.0/f -

1-10 MHz 610/f 1.6/f 2.0/f -
10-400 MHz 61 0.16 0.2 10
400-2,000 MHz 3f1/2 0.008f1/2 0.01/f1/2 f/40
2-300 GHz 137 0.36 0.45 50

aNote:
1. f as indicated in the frequency range column.
2. Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values can be
exceeded.
3. For frequencies between 100 kHz and 10 GHz, Seq, E2, H2, and B2 are to be averaged over any 6-min period.
4. For peak values at frequencies up to 100 kHz see Table 4, note 3.
5. For peak values at frequencies exceeding 100 kHz see Figs. 1 and 2. Between 100 kHz and 10 MHz, peak values
for the field strengths are obtained by interpolation from the 1.5-fold peak at 100 kHz to the 32-fold peak at 10 MHz.
For frequencies exceeding 10 MHz it is suggested that the peak equivalent plane wave power density, as averaged
over the pulse width, does not exceed 1,000 times the Seq restrictions, or that the field strength does not exceed 32
times the field strength exposure levels given in the table.
6. For frequencies exceeding 10 GHz, Seq, E2, H2, and B2 are to be averaged over any 68/f1.05-min period (f in GHz).
7. No E-field value is provided for frequencies < 1 Hz, which are effectively static electric fields. Electric shock from
low impedance sources is prevented by established electrical safety procedures for such equipment.

Table 7. Reference levels for general public exposure to time-varying electric and magnetic fields (unperturbed rms 
values).a

Frequency range
E-field strength 

(V m-1)
H-field strength (A 

m-3) B-field (mT)
Equivalent plane wave power 

density Seq (W m-2)

up to 1 Hz ----- 3.2 3 104 4 3 104 -----
1-8 Hz 10,000 3.2 3 104/f2 4 3 104/f2 -----
8-25 Hz 10,000 4,000/f 5,000/f -----
0.025-0.8 kHz 250/f 4/f 5/f -----
0.8-3 kHz 250/f 5 6.25 -----

3-150 kHz 87 5 6.25 -----
0.15-1 MHz 87 0.73/f 0.92/f -----
1-10 MHz 87/f1/2 0.73/f 0.92/f -----
10-400 MHz 28 0.073 0.092 2
400-2,000 MHz 1.375f1/2 0.0037f1/2 0.0046f1/2 f/200
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Table 2-7 ICNIRP Reference Levels - General Public Exposure

[0049] In addition to regulatory limits, the FCC also specifies maximum exposure levels based on adverse health
effects in CFR Title 47. These health limits are specified based on different categories of devices which are specified in
Part 2 of Title 47 (§2.1091 and §2.1093) :

mobile devices: A mobile device is defined as a transmitting device designed to be used in such that the separation
distance of at least 20cm is normally maintained between the transmitter’s radiating structure(s) and the body of
the user or nearby persons.
portable devices: A portable device is defined as a transmitting device designed to be used so that the radiating
structure(s) of the device is/are within 20 centimeters of the body of the user.
general/fixed transmitters: non-portable or mobile devices

[0050] In §2.1093, it is specified that for modular or desktop transmitters, the potential conditions of use of a device
may not allow easy classification of that device as either mobile or portable. In such cases, applicants are responsible
for determining minimum distances for compliance for the intended use and installation of the device based on evaluation
of either SAR, field strength or power density, whichever is most appropriate.
[0051] The exposure limits are the same for mobile devices and general/fixed transmitters are given in §1.1310 and
are shown in Table 2-8. The only difference is that the time-averaging procedures may not be used in determining field
strength for mobile devices. This means that the averaging time in the table below does not apply to mobile devices.

(continued)

Frequency range
E-field strength 

(V m-1)
H-field strength (A 

m-3) B-field (mT)
Equivalent plane wave power 

density Seq (W m-2)

2-300 GHz 61 0.16 0.20 10

aNote:
1. f as indicated in the frequency range column.
2. Provided that basic restrictions are met and adverse indirect effects can be excluded, field strength values can be
exceeded.
3. For frequencies between 100 kHz and 10 GHz, Seq, E2, H2, and B2 are to averaged over any 6-min period.
4. For peak values at frequencies up to 100 kHz see Table 4, note 3.
5. For peak values at frequencies exceeding 100 kHz see Figs. 1 and 2. Between 100 kHz and 10 MHz, peak values
for the field strengths are obtained by interpolation from the 1.5-fold peak at 100 kHz to the 32-fold peak at 10 MHz.
For frequencies exceeding 10 MHz it is suggested that the peak equivalent plane wave pawer density, as averaged
over the pulse width does not exceed 1,000 times the Seq restrictions, or that the field does not exceed 32 times the
field strength exposure levels given in the table.
6. For frequencies exceeding 10 GHz, Seq, E2, H2, and B2 are to be averaged over any 68/f1.05-min period (f in GHz).
7. No E-field value is provided for frequencies < 1 Hz, which are effectively static electric fields perception of surface
electric charges will not occur at field strengths less than 25 kVm-1. Spark discharges causing stress or annoyance
should be avoided.

LIMITS FOR MAXIMUM PERMISSIBLE EXPOSURE (MPE)

Frequency range 
(MHz)

Electric field 
strength (V/m)

Magnetic field strength 
(A/m)

Power density 
(mW/cm2)

Averaging time 
(minutes)

(A) Limits for Occupational/Controlled Exposures

0.3-3.0 614 1.63 *(100) 6
3.0-30 1842/f 4.89/f *(900/f2) 6

30-300 61.4 0.163 1.0 6
300-1500 f/300 6
1500-100,000 5 6

(B) Limits for General Population/Uncontrolled Exposure

0.3-1.34 614 1.63 *(100) 30
1.34-30 824/f 2.19/f *(180/f2) 30
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World Health Organization (WHO)

[0052] The WHO has produced a model legislationprotecting their citizens from high levels of exposure to EMFs which
could produce adverse health effects. This act is known as The Electromagnetic Fields Human Exposure Act.

IEEE Std C95.1 - 2005

[0053] The IEEE Std C95.1-2005 is the standard for safety levels with respect to human exposure to radio frequency
electromagnetic fields, 3 kHz-300 GHz. It is an ANSI approved and recognized standard. The standard divides the
adverse effects into three different frequency ranges:

3 kHz - 100 kHz : Effects associated with electrostimulation
100 kHz - 5 MHz : Transition region with effects associated with electrostimulation and heating effects
5 MHz - 300 GHz : Heating effects

[0054] The recommendations are divided into two different categories:

Basic Restrictions (BRs): limits on internal fields, SAR and current density

[0055] For frequencies between 3 kHz and 5 MHz the BRs refer to limits on the electric fields within the biological
tissue that minimize the adverse effects due to electrostimulation
[0056] For frequencies between 100 kHz and 3 GHz, the BRs are based on established health effects associated with
heating of the body during whole-body exposure. A traditional safety factor of 10 has been applied to upper tier exposure
and 50 for lower tier exposure.

Maximum Permissible Exposure (MPE) values: limits on external fields and induced and contact current

[0057] For frequencies between 3 kHz and 5 MHz, the MPE corresponds to minimizing the adverse effects due to

(continued)

(B) Limits for General Population/Uncontrolled Exposure

30-300 27.5 0.073 0.2 30

300-1500 f/1500 30
1500-100.000 1.0 30

f = frequency in MHz
* = Plane-wave equivalent power density
NOTE 1 TO Table 1: Occupational/controlled limits apply in situations in which persons are exposed as a consequence
of their employment provided those persons are fully aware of the potential for exposure and can exercise control
over their exposure. Limits for occupational/controlled exposure also apply in situations when an individual is transient
through a location where occupational/controlled limits apply provided he or she is made aware of the potential for
exposure
NOTE 2 TO TABLE 1: General population/uncontrolled exposures apply in situations in which the general public may
be exposed, or in which persons that are exceed as a consequence of their employment may not be fully aware of
the potential for exposure or can not exercise control over their exposure.

Table 2-8 FCC Exposure Limits

The exposure levels for portable devices operating between 100 kHz and 6 GHz are shown below :

Occupational/Controlled exposure: apply when persons are 
exposed as a consequence of their employment provided they are 
aware of the exposure

SAR: 0.4 W/kg as averaged over the whole 
body and spatial peak SAR not exceeding 8 
W/kg as averaged over any 1g of tissue

General population/Uncontrolled exposure: apply when the 
general public is exposed

SAR: 0.08 W/kg as averaged over the whole 
body and spatial peak SAR not exceeding 1.6 
W/kg as averaged over any 1g of tissue
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electrostimulation of biological tissue
[0058] For frequencies between 100 kHz and 3 GHz, the MPE corresponds to the spatially average plane wave
equivalent power density or the spatially averaged values of the squares of electric and magnetic field strengths
[0059] For frequencies below 30 MHz, in order to be compliant, both the E and H field levels must be within the provided
limits
[0060] Two different tiers of exposure limits have been established:
upper tier: (exposure of persons in controlled environments) This tier represents the upper level exposure limit below
which there is no scientific evidence supporting a measurable risk
lower tier: (general public) This tier includes an additional safety factor which recognizes public concern about exposure
as well as support harmonization with NCRP recommendations and ICNIRP guidelines. This tier addresses the concern
of continuous, long-term exposure of all individuals.

Table 2-9 BRs for frequencies between 3 kHz and 5 MHz

Action levela Persons in controlled environments

Exposed tissue fe (Hz) E0 (rms) (V/m) E0 (rms)(V/m)

Brain 20 5.89 x 10-3 1.77 x 10-2

Heart 167 0.943 0.943

Extremities 3350 2.10 2.10

Other tissues 3350 0.701 2.10

aWithin this frequency range the term "action level" is equivalent to the term "general public" in IEEE Std C95.6-2002

Table 2-10 BRs for frequencies between 100 kHz and 3 GHz

Action levela 
SARb (W/kg)

Persons in controlled 
environements SARc (W/kg)

Whole-body 
exposure

Whole-Body Average 
(WBA)

0.08 0.4

Localized exposure Localized (peak spatial-
average)

2c 10c

Localized exposure Extremitiesd and pinnae 4c 20c

aBR for the general public when an RF safety program is available.

bSAR is averaged over the appropriate averaging times as shown in Table 8 and Table 9.

cAveraged over any 10 g of tissue (defined as a tissue volume in the shape of a cube).*

dThe extremities are the arms and legs distal from the elbows and knees, respectively.

*The volume of the cube is approximately 10 cm3.

Table 2-11 MPE for exposure to head and torso for frequencies between 3 kHz and 5 MHz

Frequency range (kHz)
Action levela Persons in controlled environments

Brms (mT) Hrms (A/m) Brms (mT) Hrms (A/m)

3.0-3.35 0.687/f 547/f 2.06/f 1640/f

3.33-5000 0.205 163 0.615 490

NOTE-f is expressed in kHz.

aWithin this frequency range the term "action level" is equivalent to the term "general public" in IEEE Std C95.6-2002



EP 2 198 477 B1

12

5

10

15

20

25

30

35

40

45

50

55

Table 2-12 MPE for exposure to limbs for frequencies between 3 kHz and 5 MHz

Frequency range (kHz)
Action levela Persons in controlled environments

Brms(mT) Hrms(A/m) Brms(mT) Hrms(A/m)

3.0-3.35 3.79/f 3016/f 3.79/f 3016/f

3.35-5000 1.13 900 1.13 900

NOTE-f is expressed in kHz.

aWithin this frequency range the term "action level" is equivalent to the term "general public" in IEEE Std C95.6-2002.

Table 2-13 MPE for the upper tier for frequencies between 100 kHz and 300 GHz

Frequency range (MHz)
RMS electric 
field strength 

(E)* (V/m)

RMS magnetic 
field strength 

(H)a (A/m)

RMS power density 
(S) E-field, H-field 

(W/m2)

Averaging time 
|E|2,|H|2 or S (min)

0.1-1.0 1842 16.3/fM (9000, 100 000(fM2)b 6

1.0-30 1142/fM 16.3/fM
(9000/fM2, 100 

000/fM2)
6

30-100 61.4 16.3/fM (10. 100 000/fM2) 6

100-300 61.4 0.163 10 6

300-3000 - - fM/30 6

3000-30 000 - - 100 19.63/fG1.079

30 000-300 000 - - 100 2.524/fG0.476

NOTE-fM is the frequency in MHz, fG is the frequency in GHz.

aFor exposures that are unifrom over the dimensions of the body, such as certain far-field plane-wave exposures, 
the exposure field strengths and power densities are compared with the MPEs in the Table. For non-uniform exposures, 
the mean values of the exposure fields, as obtained by spatially averaging the squares of the field strengths or 
averaging the power densities over an area equivalent to the verticalcross section of the human body (projected 
area), or a smaller area depending on the frequency (see NOTES to Table 8 and Table 9 below), are compared with 
the MPEs in the Table.

bThese plane-wave equivalent power density values are commonly used as a convenient comparison with MPEs at 
higher frequencies and are displayed on some instruments in use.

Table 2-14 MPE for the lower tier for frequencies between 100 kHz and 300 GHz

Frequency range 
(MHz)

RMS electric 
field strength 

(E)a (V/m)

RMS magnetic 
field strength (H)a 

(A/m)

RMS Power density 
(S) E-field, H-field 

(W/m2)

Averaging timeb |E|2, 
|H|2 or S (min)

0.1-1.34 614 16.3/fM (1000, 100 000(fM2)c 6 6

1.34-3 823.8/fM 16.3/fM
(1800/fM2, 100 

000/fM2)
fM2/0.3 6

3-30 823.8/fM 16.3/fM
(1800/fM2, 100 

000/fM2)
30 6

30-100 27.5 158.3/fM1.668 (2, 9 400 000/fM3.336) 30
0.0836 
fM1.337

100-400 27.5 0.0729 2 30 30

400-2000 - - fM/200 30
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[0061] In certain frequencies of interest (f<30MHz), there is no difference in the MPE limits for magnetic field strength
between the upper and lower tiers.
[0062] For determining the MPE in the transition region (between 100 kHz and 5 MHz) both the MPE for frequencies
between 3 kHz and 5 MHz and the MPE for frequencies between 100 kHz and 300 GHz should be considered. The
more restrictive value between those MPEs should be chosen. This is because the two different values of MPEs relate
to the MPE for electrostatic effects and the MPE for heating effects.
[0063] MPE values can be exceeded as long as BR values are not exceeded.
[0064] The view of this standard is that fields can exist which are actually above the limits specified (for example close
to the transmitting loop) as long as an individual cannot be exposed to these fields. Hence, at least one embodiment
may create fields that are higher than an allowable amount, but only in areas where a user cannot be located.
[0065] NATO has published a permissible exposure level document published under STANAG 2345. These levels
are applicable for all NATO personnel who could be exposed to high RF levels. The basic exposure levels are the typical
0.4 W/kg. The NATO permissible exposure levels appear to be based on the IEEE C95.1 standard and are shown in
Table 2-15.

[0066] Ministry of Internal Affairs and Communications (MIC), Japan has also set certain limits.
[0067] The RF protection guidelines in Japan are set by the MIC. The limits set by the MIC are shown in Table. The
Japanese exposure limits are slightly higher than the ICNIRP levels, but less than the IEEE levels.

(continued)

Frequency range 
(MHz)

RMS electric 
field strength 

(E)a (V/m)

RMS magnetic 
field strength (H)a 

(A/m)

RMS Power density 
(S) E-field, H-field 

(W/m2)

Averaging timeb |E|2, 
|H|2 or S (min)

2000-5000 - - 10 30

5000-30 000 - - 10 150/fG

30 000-100 000 - - 10 25.24/fG0.476

100 000-300 000 - - (90fG-7000)/200 5048/[(9fG-700)fG0.476]

NOTE-fM is the frequency in MHz, fG is the frequency in GHz.

aFor exposures that are uniform over the dimensions of the body, such as certain far-field plane-wave exposures, 
the exposure field strengths and power densities are compared with the MPEs in the Table. For non-uniform exposures, 
the mean values of the exposure fields, as obtained by spatially averaging the squares of the field strengths or 
averaging the power densities over an area equivalent to the vertical cross section of the human body (projected 
area) or a smaller area depending on the frequency (see NOTES to Table 8 and Table 9 below) are compared with 
the MPEs in the Table.

bThe left column is the averaging time for |E|2, the right column is the averaging time for |H|2. For frequencies greaser 
than 400 MHz, the averaging time is for power density 5

cThese plane-wave equivalent power density values are commonly used as a convenient comparison with MPEs at 
higher frequencies and are displayed on some instruments in use.

Table 2-15 NATO permissible exposure levels
Frequency Range 
(*)

Electric Field 
(E)

Magnetic Field 
(H)

Power Density (S)† E field, 
H field

Averaging Time (Tavg in 
min.)

(MHz) (V/m) (A/m) (W/m2) (E, H, S)

0.003 - 0.1 614 163 (103 107)** 6
0.1 - 3.0 614 16.3/f (103, 105/f2** 6
3 - 30 1842/f 16.3/f (9000/f2, 105/f2)** 6

30 - 100 61.4 16.3/f (10, 105/f2)** 6
100 - 300 61.4 0.163 10** 6
300 - 3000 f/30 6

3000 - 15000 100 6
15000 - 300000 100 616000/f1.2
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[0068] Health Canada’s Radiation Protection Bureau has established safety guidelines for exposure to radiofrequency
fields. The limits can be found in Safety Code 6: Limits of Exposure to Radiofrequency Fields at Frequencies from 10
kHz - 300 GHz. The exposure limits are based on two different types of exposure:

Occupational : for individuals working on sources of radiofrequency fields (8 hours per day, 5 days per week)
Safety factor of one-tenth of the lowest level of exposure that could cause harm.
General public: for individuals who could be exposed 24 hours per day, 7 days per week.

[0069] Safety factor of one-fiftieth of the lowest level of exposure that could cause harm.
[0070] The limits are divided into two different categories:
Basic Restrictions: Apply to distances of less than 0.2m from the source or at frequencies between 100 kHz - 10 GHz.

o Exposure Limits:

[0071]

Table 2-16 Japanese MIC RF exposure limits (f is in MHz)

Exposure Category Frequency E-Field Strength (kV/m) H-Field Strength (A/m)

Occupational 10kHz-30kHz 0.614 163

30kHz-3MHz 0.614 4.9/f

3MHz-30MHz 1.842/f 4.9/f

General public 10kHz-30kHz 0.275 72.8

30kHz-3MHz 0.275 2.18/f

3MHz-30MHz 0.824/f 2.18/f

Table 2-17 Safety Code 6 Basic Restrictions - Occupational

Condition SAR Limit (W/kg)

The SAR averaged over the whole body mass 0.4

The local SAR for head, neck and trunk, averaged over any one gram (g) of tissue 8

The SAR in the limbs, as averaged over 10 g of tissue 20

Table 2-18 Safety Code 6 Basic Restrictions - General public

Condition SAR Limit (W/kg)

The SAR averaged over the whole body mass 0.08

The local SAR for head, neck and trunk, averaged over any one gram (g) of tissue 1.6

The SAR in the limbs, as averaged over 10 g of tissue 4

Table 2-19 Safety Code 6 Exposure Limits - Occupational

1 2 3 4 5
Frequency 

(MHz)
Electric Field Strength; rms 

(V/m)
Magnetic Field Strength; rms 

(A/m)
Power 

Density (V/m)
Averaging 
Time (min)

0.003-1 600 4.9 6

1-10 600/f 4.9/f 6

10-30 60 4.9/f 6

30-300 60 0.163 10* 6
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[0072] As evident from the above, different regulatory bodies define different limits. One reason is that there is a lack
of knowledge about health effects and disagreement among experts.
[0073] The inventors recognize that a practical device should comply with all the different agency requirements, to
avoid selling a unit that could be illegal, for example, when taken on vacation by a user. The USA has FCC regulations.
Europe uses ETSI and CENELAC. Others have been described above.
[0074] The inventors recognize that in order to effectively make a unit, it must be usable in a number of different
countries. For example, if a unit were made that were not usable in a certain country, for example, that unit could not
be ever taken on vacation, or the like. This would be wholly impractical. Accordingly, according to an embodiment,
antennas and practical devices are made which correspond with all these requirements.
[0075] One embodiment may user a system that allows operation in main countries, e.g., US and Europe by keeping
below the levels for both countries. Another embodiment may vary the amount of delivered power based on a location,
e.g., by an entered country code or by coding an electrical tip that is placed on the unit, for example, automatically
adopting US safety standards when a US electrical tip is used.
[0076] Exposure limits for non-ionizing radiation may be set as defined by several organizations including the FCC,
IEEE and ICNIRP. A limit may be set for limits from specified countries and not from others.
[0077] For vicinity power transmission to small portable devices present frequency regulations for ’short range devices’

(continued)

1 2 3 4 5
Frequency 

(MHz)
Electric Field Strength; rms 

(V/m)
Magnetic Field Strength; rms 

(A/m)
Power 

Density (V/m)
Averaging 
Time (min)

300-1 500 3.64f0.5 0.0094 f0.5 f/30 6

1 500-15 000 137 0.364 60 6

15 000-150 000 137 0.364 60 610 000 /f1.2

150 000-300 000 0.354f0.5 0.4310-2f0.5 3.33 x 10-4f 616 000 /f0.2

* Power density limit as applicable at frequencies greater than 100 MHz.
Notes: 1. Frequency, f, is in MHz
2. A power density of 10 W/m2 is equivalent to 1 mW/cm2

3. A magnetic field strength of 1 A/m corresponds to 1.257 microtesla (mT) or 12.57 milliga (mG)

Table 2-20 Safety Code 6 Exposure Limits - General Public

1 2 3 4 5
Frequency 

(MHz)
Electric Field Strength; rms 

(V/m)
Magnetic Field Strengths; rms 

(A/m)
Power Density 

(Wm2)
Averaging 
Time (min)

0.003-1 280 2.19 6

1-10 280/f 2.19/f 6

10-30 28 219/f 6

30-300 26 0.073 2* 6

300-1 500 1.685f0.5 0.0042f0.5 f/150 6

1 500-15 000 61.4 0.183 10 6a

15 
000-150000

61.4 0.183 10 616 000 /f1.2

150 000-300 
000

0.158f0.5 4.21 3 10-4f0.5 6.87 3 10-5f 616 000/f

* Power density limit in applicable at frequencies greater than 100 MHz.
Notes: 1. Frequency, f, is in MHz.
2. A power density of 10 W/m2 is equivalent to 1 mW/cm2

3. A magnetic field strength of 1 A/m corresponds to 1.257 microtesla (mT) or 12.57 milligrams (mG).
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may allow power transfer up to a few hundreds of mW over distances < 0.5 m.
[0078] Long range power transfer of a few hundreds of mW over distances < 3 m may require higher field strength
levels than specified by present frequency regulations. However it may be possible to meet exposure limits.
[0079] The band at 13.56 MHz +/- 7 kHz (ISM-band) and frequencies below 135 kHz (LF and VLF) are potentially
suitable for transmission of wireless power, since these bands have good values.
[0080] The permissible field strength levels at 135 kHz however are comparatively low, taking into account the fact
that 20 dB higher H-field strength would be required at LF to transmit the same amount of power than at 13.56 MHz
[0081] Although only a few embodiments have been disclosed in detail above, other embodiments are possible and
the inventors intend these to be encompassed within this specification. The specification describes specific examples
to accomplish ∼ more general goal that may be accomplished in another way. This disclosure is intended to be exemplary,
and the claims are intended to cover any modification or alternative which might be predictable to a person having
ordinary skill in the art. For example, other sizes, materials and connections can be used. Other embodiments may use
similar principles of the embodiments and are equally applicable to primarily electrostatic and/or electrodynamic field
coupling as well. In general, an electric field can be used in place of the magnetic field, as the primary coupling mechanism.
Also, other values and other standards can be considered in forming the right values for transmission and reception.
[0082] Also, the inventors intend that only those claims which use the-words "means for" are intended to be interpreted
under 35 USC 112, sixth paragraph. Moreover, no limitations from the specification are intended to be read into any
claims, unless those limitations are expressly included in the claims.
[0083] Where a specific numerical value is mentioned herein, it should be considered that the value may be increased
or decreased by 20%, while still staying within the teachings of the present application, unless some different range is
specifically mentioned. Where a specified logical sense is used, the opposite logical sense is also intended to be en-
compassed.

Claims

1. A method of wireless power transfer, comprising:

receiving power from a power source (102);
coupling the received power to a transmitter antenna (110);
generating with the transmitter antenna (110), a non-radiative electromagnetic field (115);
delivering power via the electromagnetic field (115) to a load of a wireless power receiver; characterised in
that the method further comprises varying the amount of delivered power based on a location of the transmitter
antenna (110) such that wireless power is delivered at a first power level that is set to comply with a first power
standard when the transmitter antenna (110) is located in a first geographical location and at a second power
level that is set to comply with a second power standard when the transmitter antenna is located in a second
geographic location.

2. A method as in claim 1, wherein the first power standard is set by FCC.

3. A method as in claim 1, wherein the second power standard is set by ETSI or CENELEC.

4. A method as in claim 1, wherein said wireless power transfer is carried out at 13.56 MHz +/ -7 kHz.

5. A method as in claim 1, wherein said wireless transfer is carried out at below 135 kHz.

6. A method as in claim 1, wherein said wireless power transfer system (100) generates electromagnetic field (115)
having a field strength higher than electromagnetic field strength allowed by the first or second power standard in
an area of the first or second geographic location where an individual cannot be exposed to the generated electro-
magnetic field.

7. A method as in claim 1, wherein the first or second power standard is based on both biological effects of the
electromagnetic field and interference effects of the electromagnetic field with other electronic devices.

8. A wireless power transfer system (100), comprising:

a transmitter (104) including an antenna (110) configured to receive power from a power source and generate
a non-radiative electromagnetic field (115) that delivers power to a load of a wireless power receiver, charac-
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terised in that the transmitter (104) is configured to vary the amount of delivered power based on a location
of the transmitter such that wireless power is delivered at a first power level that is set to comply with a first
power standard when the transmitter is located in a first geographical location and at a second power level that
is set to comply with a second power standard when the transmitter is located in a second geographic location.

9. A system (100) as in claim 8, wherein said transmitter (104) is configured to deliver wireless power at a third power
level that is set to comply with a third power standard when the transmitter is located in a third geographical location.

10. A system (100) as in claim 8, wherein said first power standard is set by FCC and the second power standard is
set by ETSI or CENELEC.

11. A system (100) as in claim 8, wherein said wireless power transfer is carried out at 13.56 MHz +/-7 kHz.

12. A system (100) as in claim 8, wherein said wireless power transfer is carried out below 135 kHz.

13. A system (100) as in claim 8, wherein said transmitter (104) generates electromagnetic field having a field strength
higher than electromagnetic field strength allowed by the first or second power standard in an area of the first or
second geographic location where an individual cannot be exposed to the generated electromagnetic field.

14. A system (100) as in claim 8, wherein the first or second power standard is based on both biological effects of the
electromagnetic filed, and interference effects of the electromagnetic field.

Patentansprüche

1. Ein Verfahren für eine drahtlose Energieübertragung, aufweisend:

Empfangen von Energie von einer Energiequelle (102),
Koppeln der empfangenen Energie zu einer Senderantenne (110),
Erzeugen, mit der Senderantenne (110), eines nicht-strahlenden elektromagnetischen Felds (115),
Zuführen von Energie, über das elektromagnetische Feld (115), zu einer Last eines drahtlosen Energieemp-
fängers,
dadurch gekennzeichnet, dass das Verfahren weiterhin aufweist:

Variieren der Menge der zugeführten Energie basierend auf der Position der Senderantenne (110) derart,
dass drahtlose Energie mit einem ersten Energiepegel zugeführt wird, der gesetzt ist, um einen ersten
Energiestandard zu erfüllen, wenn sich die Senderantenne (110) an einer ersten geografischen Position
befindet, und mit einem zweiten Energiepegel, der gesetzt ist, um einen zweiten Energiestandard zu erfüllen,
wenn sich die Senderantenne an einer zweiten geografischen Position befindet.

2. Verfahren nach Anspruch 1, wobei der erste Energiestandard durch die FCC gesetzt ist.

3. Verfahren nach Anspruch 1, wobei der zweite Energiestandard durch das ETSI oder das CENELEC gesetzt ist.

4. Verfahren nach Anspruch 1, wobei die drahtlose Energieübertragung bei 13,56 MHz +/- 7 kHz durchgeführt wird.

5. Verfahren nach Anspruch 1, wobei die drahtlose Übertragung bei unter 135 kHz durchgeführt wird.

6. Verfahren nach Anspruch 1, wobei das drahtlose Energieübertragungssystem (100) ein elektromagnetisches Feld
(115) mit einer Feldstärke, die größer ist als die elektromagnetische Feldstärke, die durch den ersten oder zweiten
Energiestandard erlaubt wird, in einem Bereich der ersten oder zweiten geografischen Position, in dem eine Person
nicht dem erzeugten elektromagnetischen Feld ausgesetzt werden kann, erzeugt.

7. Verfahren nach Anspruch 1, wobei der erste oder zweite Energiestandard auf biologischen Effekten des elektro-
magnetischen Felds und Interferenzeffekten des elektromagnetischen Felds mit anderen elektronischen Geräten
beruht.

8. Ein drahtloses Energieübertragungssystem (100), das aufweist:
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einen Sender (104) mit einer Antenne (110), die konfiguriert ist zum Empfangen von Energie von einer Ener-
giequelle und zum Erzeugen eines nicht-strahlenden elektromagnetischen Felds (115), das Energie zu einer
Last eines drahtlosen Energieempfängers zuführt,
dadurch gekennzeichnet, dass der Sender (104) konfiguriert ist zum Variieren der Menge der zugeführten
Energie basierend auf der Position des Senders derart, dass drahtlose Energie mit einem ersten Energiepegel
zugeführt wird, der gesetzt ist, um einen ersten Energiestandard zu erfüllen, wenn sich der Sender an einer
ersten geografischen Position befindet, und mit einem zweiten Energiepegel, der gesetzt ist, um einen zweiten
Energiestandard zu erfüllen, wenn sich der Sender an einer zweiten geografischen Position befindet.

9. System (100) nach Anspruch 8, wobei der Sender (104) konfiguriert ist zum Zuführen von drahtloser Energie mit
einem dritten Leistungspegel, der gesetzt ist, um einen dritten Energiestandard zu erfüllen, wenn sich der Sender
an einer dritten geografischen Position befindet.

10. System (100) nach Anspruch 8, wobei der erste Energiestandard durch die FCC gesetzt ist und der zweite Ener-
giestandard durch das ETSI oder das CENELEC gesetzt ist.

11. System (100) nach Anspruch 8, wobei die drahtlose Energieübertragung bei 13,56 MHz +/- 7 kHz durchgeführt wird.

12. System (100) nach Anspruch 8, wobei die drahtlose Energieübertragung bei unter 135 kHz durchgeführt wird.

13. System (100) nach Anspruch 8, wobei der Sender (104) ein elektromagnetisches Feld mit einer Feldstärke, die
größer ist als die elektromagnetische Feldstärke, die durch den ersten oder zweiten Energiestandard erlaubt wird,
in einem Bereich der ersten oder zweiten geografischen Position, in dem eine Person nicht dem erzeugten elektro-
magnetischen Feld ausgesetzt werden kann, erzeugt.

14. System (100) nach Anspruch 8, wobei der erste oder zweite Leistungsstandard auf biologischen Effekten des
elektromagnetischen Felds und Interferenzeffekten des elektromagnetischen Felds beruht.

Revendications

1. Procédé de transfert de puissance sans fil, comprenant les étapes consistant à :

recevoir de la puissance à partir d’une source d’alimentation (102) ;
coupler la puissance reçue à une antenne d’émission (110) ;
générer avec l’antenne d’émission (110) un champ électromagnétique non radiatif (115) ;
fournir de la puissance via le champ électromagnétique (115) à une charge d’un récepteur de puissance sans
fil ; caractérisé en ce que le procédé comprend en outre l’étape consistant à :

varier le niveau de la puissance délivrée sur la base d’un emplacement de l’antenne d’émission (110) de
sorte que la puissance sans fil soit délivrée à un premier niveau de puissance qui est réglé pour se conformer
à une première norme de puissance lorsque l’antenne d’émission (110) est située à un premier emplacement
géographique,
et à un deuxième niveau de puissance qui est réglé pour se conformer à une deuxième norme de puissance
lorsque l’antenne d’émission est située à un deuxième emplacement géographique.

2. Procédé selon la revendication 1, dans lequel la première norme de puissance est établie par la FCC.

3. Procédé selon la revendication 1, dans lequel la deuxième norme de puissance est établie par l’ETSI ou la CENELEC.

4. Procédé selon la revendication 1, dans lequel ledit transfert de puissance sans fil est réalisé à 13,56 MHz +/- 7 kHz.

5. Procédé selon la revendication 1, dans lequel ledit transfert sans fil est réalisé en dessous de 135 kHz.

6. Procédé selon la revendication 1, dans lequel ledit système de transfert de puissance sans fil (100) génère un
champ électromagnétique (115) ayant une intensité de champ supérieure à l’intensité de champ électromagnétique
autorisée par la première ou la deuxième norme de puissance dans une zone du premier ou du deuxième empla-
cement géographique où un individu ne peut pas être exposé au champ électromagnétique généré.
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7. Procédé selon la revendication 1, dans lequel la première ou la deuxième norme de puissance est basée sur à la
fois les effets biologiques du champ électromagnétique et les effets d’interférence du champ électromagnétique
avec d’autres dispositifs électroniques.

8. Système de transfert de puissance sans fil (100), comprenant :

un émetteur (104) comprenant une antenne (110) réglée pour recevoir de la puissance provenant d’une source
d’alimentation et générer un champ électromagnétique (115) non radiatif qui délivre de la puissance à une
charge d’un récepteur de puissance sans fil,
caractérisé en ce que l’émetteur (104) est réglé pour faire varier la quantité de puissance délivrée sur la base
d’un emplacement de l’émetteur de telle sorte que la puissance sans fil soit fournie à un premier niveau de
puissance qui est réglé pour se conformer à une première norme de puissance lorsque l’émetteur est situé à
un premier emplacement géographique et à un deuxième niveau de puissance qui est réglé pour se conformer
à une deuxième norme de puissance lorsque l’émetteur est situé à un deuxième emplacement géographique.

9. Système (100) selon la revendication 8, dans lequel ledit émetteur (104) est réglé pour délivrer une puissance sans
fil à un troisième niveau de puissance qui est réglé pour se conformer à une troisième norme de puissance lorsque
l’émetteur est situé à un troisième emplacement géographique.

10. Système (100) selon la revendication 8, dans lequel ladite première norme de puissance est établie par la FCC et
la deuxième norme de puissance est établie par l’ETSI ou la CENELEC.

11. Système (100) selon la revendication 8, dans lequel ledit transfert de puissance sans fil est réalisé à 13,56 MHz +/-
7 kHz.

12. Système (100) selon la revendication 8, dans lequel ledit transfert de puissance sans fil est réalisé en dessous de
135 kHz.

13. Système (100) selon la revendication 8, dans lequel ledit émetteur (104) génère un champ électromagnétique ayant
une intensité de champ supérieure à l’intensité de champ électromagnétique autorisée par la première ou la deuxième
norme de puissance dans une zone du premier ou du deuxième emplacement géographique où un individu ne peut
pas être exposé au champ électromagnétique généré.

14. Système (100) selon la revendication 8, dans lequel la première ou la deuxième norme de puissance est basée sur
à la fois les effets biologiques du champ électromagnétique et les effets d’interférence du champ électromagnétique.
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