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Description

BACKGROUND

Field of Invention

[0001] The invention relates to near field communica-
tions (NFC), and more specifically to tuning an antenna
of a NFC device.

Related Art

[0002] Near field communication (NFC) devices are
being integrated into communication devices, such as
mobile devices to provide an example, to facilitate the
use of these communication devices in conducting daily
transactions and facilitate cordless power transfer. For
example, instead of carrying numerous credit cards, the
credit information provided by these credit cards could
be stored onto a NFC device. The NFC device is simply
tapped to a credit card terminal to relay the credit infor-
mation to it to complete a transaction. As another exam-
ple, a ticketing writing system, such as those used in bus
and train terminals, may simply write ticket fare informa-
tion onto the NFC device instead of providing a ticket to
a passenger. The passenger simply taps the NFC device
to a reader to ride the bus or the train without the use of
a paper ticket.
[0003] Generally, NFC requires that NFC devices to
be present within a relatively small distance from one
another so that their corresponding magnetic fields can
exchange information and transfer power. Typically, a
first NFC device transmits or generates a magnetic field
modulated with the information or requests for informa-
tion, such as the credit information or the ticket fare in-
formation. This magnetic field inductively couples the in-
formation and power onto a second NFC device that is
proximate to the first NFC device. The first NFC device
conventionally uses amplitude modulation (AM) and/or
phase modulation (PM) of the radio frequency (RF) field
that it transmits or generates. The second NFC device
may respond to the first NFC device by inductively cou-
pling its corresponding information onto the first NFC de-
vice where the second NFC device modifies the load that
it presents to the RF magnetic field.
[0004] Document US 5892300 A refers to a system for
contactless power and data transmission.
[0005] Document US 2010/0311370 A1 refers to a ra-
dio wave receiver comprising an antenna and a tuning
unit.
[0006] Conventionally, the information is modulated
onto a carrier frequency of 13.56 MHz. The first NFC
device and the second NFC device each include an an-
tenna system that is ideally tuned to a specific frequency.
The first NFC device acting as the reader is tuned to
13.56 MHz while the second NFC device acting as a pas-
sive tag is tuned to a higher frequency. The antenna sys-
tems may include a series resonant LC antenna circuit

and/or a parallel resonant LC circuit. For example, the
first NFC device may use the series resonant LC antenna
circuit, while the second NFC device may use the parallel
resonant LC circuit. However, components that are used
to implement these antenna systems may be affected by
the manufacturing tolerances which cause their actual
values to differ from their expected values. As a result,
the antenna system may be actually tuned to a different
resonant frequency than expected.
[0007] Conventionally, the antenna systems that are
designed to be tuned and/or also antenna systems that
are not designed to be tuned, may have improved per-
formance by selecting appropriate external components,
to compensate for the manufacturing tolerances. The use
of high precision components and/or resonant network
trimming in production may mitigate against the effects
of variations in manufacturing tolerances but at an in-
creased cost and an increase in the complexity of the
NFC device. Manual and/or machine trimming may also
be used to mitigate against the effects of variations in
manufacturing tolerances but further increasing the cost
and complexity of the NFC device.
[0008] Thus, there is a need for a way to tune a NFC
device so that such tuning is effective but inexpensive in
the manufacturing of NFC devices. Further aspects and
advantages of the invention will become apparent from
the detailed description that follows.

BRIEF SUMMARY OF THE INVENTION

[0009] According to an aspect, an antenna module is
provided, comprising:

a resonant tuned circuit configured to operate in a
first configuration and a second configuration, the
first configuration being characterized as resonating
at a compensation resonant frequency and the sec-
ond configuration being characterized as resonating
at an actual resonant frequency of the resonant
tuned circuit; and
a tuning control module configured to cause the res-
onant tuned circuit to operate in the first configuration
for a first period of time and in the second configu-
ration for a second period of time.

[0010] Advantageously, the resonant tuned circuit
comprises:

a compensation circuit configured to be introduced
into the resonant tuned circuit in the first configura-
tion and to be removed from the resonant tuned cir-
cuit in the second configuration.

[0011] Advantageously, the compensation is config-
ured to be introduced into the resonant tuned circuit for
the first period of time such that the resonant tuned circuit
resonates at the compensation resonant frequency and
to be removed from the resonant circuit for the second
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period of time such that the resonant tuned circuit reso-
nates at the actual resonant frequency.
[0012] Advantageously, manufacturing tolerances of
the resonant tuned circuit cause the actual resonant fre-
quency to differ from an expected resonant frequency of
the resonant tuned circuit.
[0013] Advantageously, the expected resonant fre-
quency represents a resonant frequency of the resonant
tuned circuit without the manufacturing tolerances.
[0014] Advantageously, the tuning control module is
further configured to cause the resonant tuned circuit to
continuously switch between the first configuration and
the second configuration such that, on average, a reso-
nant frequency of the resonant tuned circuit is approxi-
mately equal to an expected resonant frequency of the
resonant tuned circuit.
[0015] Advantageously, for a given second time peri-
od, the first time period is given as: 

where fe represents the expected resonant frequency, fa
represents the actual resonant frequency, fc represents
the compensation resonant frequency ta represents the
second time period and tc represents the first time period.
[0016] Advantageously, the tuning control module
comprises:

a switch tuning control circuit configured to provide
a tuning control signal at a first logical level for the
first time period and at a second logical level for the
second time period; and
a switching module configured to cause the resonant
tuned circuit to operate in the first configuration when
the tuning control signal is at the first logical level
and in the second configuration when the tuning con-
trol signal is at the second logical level.

[0017] Advantageously, the switching module is fur-
ther configured to operate in a non-conducting state
when the tuning control signal is at the first logical level
and in a conducting state when the tuning control signal
is at the second logical level.
[0018] Advantageously, the resonant tuned circuit
comprises:

a compensation circuit configured to be introduced
into the resonant tuned circuit when the switching
module is operating in the non-conducting state and
to be removed from the resonant tuned circuit when
the switching module is operating in the conducting
state.

[0019] Advantageously, the resonant tuned circuit in-
cludes a first node and a second node, and

wherein the switching module is further configured
to couple the first node to the second node in the
conducting state to remove the compensation circuit
from the resonant tuned circuit.

[0020] According to an aspect, a method is provided
for tuning a resonant tuned circuit, comprising:

(a) determining an actual resonant frequency of the
resonant tuned circuit;
(b) determining a compensation resonant frequency
of the antenna module;
(c) determining a first time period to tune the resonant
tuned circuit to a first configuration, the first config-
uration being characterized as resonating at a com-
pensation resonant frequency,
(d) determining a second time period to tune the res-
onant tuned circuit to a second configuration, the
second configuration being characterized as reso-
nating at an actual resonant frequency,
(e) tuning the resonant tuned circuit to the first con-
figuration for the first time period and the second
configuration for the second time period.

[0021] Advantageously, step (a) comprises:

(e)(i) introducing a compensation circuit into the res-
onant tuned circuit for the first period of time such
that the resonant tuned circuit resonates at the com-
pensation resonant frequency; and
(e)(ii) removing the compensation circuit from the
resonant tuned circuit for the second period of time
such that the resonant tuned circuit resonates at the
actual resonant frequency.

[0022] Advantageously, step (e) comprises:

(e)(i) continuously switching between the first con-
figuration for the first time period and the second
configuration for the second time period such that,
on average, a resonant frequency of the resonant
tuned circuit is approximately equal to an expected
resonant frequency of the resonant tuned circuit.

[0023] Advantageously, step (c) comprises:

(c)(i) determining the first time period, wherein for a
given second time period, the first time period is giv-
en as: 

where fe represents the expected resonant frequency, fa
represents the actual resonant frequency, fc represents
the compensation resonant frequency ta represents the
second time period and tc represents the first time period.
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[0024] Advantageously, step (d) comprises:

(d)(i) determining the second time period, wherein
for a given first time period, the second time period
is given as: 

where fe represents the expected resonant frequency, fa
represents the actual resonant frequency, fc represents
the compensation resonant frequency ta represents the
second time period and tc represents the first time period.
[0025] Advantageously, step (e) comprises:

(e)(i) generating a tuning control signal at a first log-
ical level for the first time period and at a second
logical level for the second time period; and
(e)(ii) tuning the resonant tuned circuit to the first
configuration when the tuning control signal is at the
first logical level and to the second configuration
when the tuning control signal is at the second logical
level.

[0026] Advantageously, step (e)(ii) comprises:

(e)(ii)(A) operating a switching module in a non-con-
ducting state when the tuning control signal is at the
first logical level and in a conducting state when the
tuning control signal is at the second logical level.

[0027] Advantageously, step (e)(ii) further comprises:

(e)(ii)(B) introducing a compensation circuit into the
resonant tuned circuit when the switching module is
operating in the non-conducting state; and

(e)(ii)(C) removing the compensation circuit from the
resonant tuned circuit when the switching module is
operating in the conducting state.

[0028] Advantageously, the resonant tuned circuit in-
cludes a first node and a second node, and wherein step
(e)(ii)(C) comprises:

(e)(ii)(C)(1) coupling the first node to the second
node in the conducting state to remove the compen-
sation circuit from the resonant tuned circuit.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0029] Embodiments of the invention are described
with reference to the accompanying drawings. In the
drawings, like reference numbers indicate identical or
functionally similar elements. Additionally, the left most
digit(s) of a reference number identifies the drawing in
which the reference number first appears.

FIG. 1 illustrates a block diagram of a NFC environ-
ment according to an exemplary embodiment of the
invention;
FIG. 2 illustrates a block diagram of a first NFC de-
vice that is implemented as part of the NFC environ-
ment according to an exemplary embodiment of the
invention;
FIG. 3A illustrates a block diagram of a transmission
operation of a conventional antenna element;
FIG. 3B illustrates a block diagram of a reception
operation of the conventional antenna element;
FIG. 4A illustrates a block diagram of an antenna
module according to an exemplary embodiment of
the invention;
FIG. 4B is a flowchart of exemplary operational steps
for tuning the antenna module according to an ex-
emplary embodiment of the invention;
FIG. 5 illustrates a second block diagram of the an-
tenna module according to an exemplary embodi-
ment of the invention;
FIG. 6 illustrates a third block diagram of the antenna
module according to an exemplary embodiment of
the invention;
FIG. 7 illustrates a fourth block diagram of the an-
tenna module according to an exemplary embodi-
ment of the invention;
FIG. 8 illustrates a fifth block diagram of the antenna
module according to an exemplary embodiment of
the invention;
FIG. 9 illustrates a sixth block diagram of the antenna
module according to an exemplary embodiment of
the invention; and
FIG. 10 illustrates a seventh block diagram of the
antenna module according to an exemplary embod-
iment of the invention.

[0030] The invention will now be described with refer-
ence to the accompanying drawings. In the drawings,
like reference numbers generally indicate identical, func-
tionally similar, and/or structurally similar elements. The
drawing in which an element first appears is indicated by
the leftmost digit(s) in the reference number.

DETAILED DESCRIPTION OF THE INVENTION

[0031] The following Detailed Description refers to ac-
companying drawings to illustrate exemplary embodi-
ments consistent with the invention. References in the
Detailed Description to "one exemplary embodiment,"
"an exemplary embodiment," "an example exemplary
embodiment," etc., indicate that the exemplary embodi-
ment described may include a particular feature, struc-
ture, or characteristic, but every exemplary embodiment
may not necessarily include the particular feature, struc-
ture, or characteristic. Moreover, such phrases are not
necessarily referring to the same exemplary embodi-
ment. Further, when a particular feature, structure, or
characteristic is described in connection with an exem-
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plary embodiment, it is within the knowledge of those
skilled in the relevant art(s) to affect such feature, struc-
ture, or characteristic in connection with other exemplary
embodiments whether or not explicitly described.
[0032] The exemplary embodiments described herein
are provided for illustrative purposes, and are not limiting.
Other exemplary embodiments are possible, and modi-
fications may be made to the exemplary embodiments
within the spirit and scope of the invention. Therefore,
the Detailed Description is not meant to limit the inven-
tion. Rather, the scope of the invention is defined only in
accordance with the following claims and their equiva-
lents.
[0033] Embodiments of the invention may be imple-
mented in hardware, firmware, software, or any combi-
nation thereof. Embodiments of the invention may also
be implemented as instructions stored on a machine-
readable medium, which may be read and executed by
one or more processors. A machine-readable medium
may include any mechanism for storing or transmitting
information in a form readable by a machine (e.g., a com-
puting device). For example, a machine-readable medi-
um may include read only memory (ROM); random ac-
cess memory (RAM); magnetic disk storage media; op-
tical storage media; flash memory devices; electrical, op-
tical, acoustical or other forms of propagated signals
(e.g., carrier waves, infrared signals, digital signals, etc.),
and others. Further, firmware, software, routines, instruc-
tions may be described herein as performing certain ac-
tions. However, it should be appreciated that such de-
scriptions are merely for convenience and that such ac-
tions in fact result from computing devices, processors,
controllers, or other devices executing the firmware, soft-
ware, routines, instructions, etc.
[0034] The following Detailed Description of the exem-
plary embodiments will so fully reveal the general nature
of the invention that others can, by applying knowledge
of those skilled in relevant art(s), readily modify and/or
adapt for various applications such exemplary embodi-
ments, without undue experimentation, without departing
from the spirit and scope of the invention. Therefore, such
adaptations and modifications are intended to be within
the meaning and plurality of equivalents of the exemplary
embodiments based upon the teaching and guidance
presented herein. It is to be understood that the phrase-
ology or terminology herein is for the purpose of descrip-
tion and not of limitation, such that the terminology or
phraseology of the present specification is to be inter-
preted by those skilled in relevant art(s) in light of the
teachings herein.
[0035] Although the description of the present inven-
tion is to be described in terms of NFC, those skilled in
the relevant art(s) will recognize that the present inven-
tion may be applicable to other wireless power transfer
devices that use the near field and/or the far field to fa-
cilitate power transfer without departing from the spirit
and scope of the present invention. For example, al-
though the present invention is to be described using

NFC capable communication devices, those skilled in
the relevant art(s) will recognize that functions of these
NFC capable communication devices may be applicable
to other wireless power transfer devices that use the near
field and/or the far field without departing from the spirit
and scope of the present invention.

AN EXEMPLARY NEAR FIELD COMMUNICATIONS 
(NFC) ENVIRONMENT

[0036] FIG. 1 illustrates a block diagram of a NFC en-
vironment according to an exemplary embodiment of the
invention. A NFC environment 100 provides wireless
communication of information, such as one or more com-
mands and/or data, among a first NFC device 102 and
a second NFC device 104 that are sufficiently proximate
to each other. The first NFC device 102 and/or the second
NFC device 104 may be implemented as a standalone
or a discrete device or may be incorporated within or
coupled to another electrical device or host device such
as a mobile telephone, a portable computing device, an-
other computing device such as a personal computer, a
laptop, or a desktop computer, a computer peripheral
such as a printer, a portable audio and/or video player,
a payment system, a ticketing writing system such as a
parking ticketing system, a bus ticketing system, a train
ticketing system or an entrance ticketing system to pro-
vide some examples, or in a ticket reading system, a toy,
a game, a poster, packaging, advertising material, a
product inventory checking system and/or any other suit-
able electronic device that will be apparent to those
skilled in the relevant art(s) without departing from the
spirit and scope of the invention.
[0037] The first NFC device 102 and/or the second
NFC device 104 interact with each other to exchange the
information, in a peer (P2P) communication mode or a
reader/writer (R/W) communication mode. In the P2P
communication mode, the first NFC device 102 and the
second NFC device 104 may be configured to operate
according to an active communication mode and/or a
passive communication mode. The first NFC device 102
modulates its corresponding information onto a first car-
rier wave, referred to as a modulated information com-
munication, and generates a first magnetic field by ap-
plying the modulated information communication to the
first antenna to provide a first information communication
152. The first NFC device 102 ceases to generate the
first magnetic field after transferring its corresponding in-
formation to the second NFC device 104 in the active
communication mode. Alternatively, in the passive com-
munication mode, the first NFC device 102 continues to
apply the first carrier wave without its corresponding in-
formation, referred to as an unmodulated information
communication, to continue to provide the first informa-
tion communication 152 once the information has been
transferred to the second NFC device 104.
[0038] The first NFC device 102 is sufficiently proxi-
mate to the second NFC device 104 such that the first

7 8 



EP 2 551 954 B1

6

5

10

15

20

25

30

35

40

45

50

55

information communication 152 is inductively coupled
onto a second antenna of the second NFC device 104.
The second NFC device 104 demodulates the first infor-
mation communication 152 to recover the information.
The second NFC device 104 may respond to the infor-
mation by modulating its corresponding information onto
a second carrier wave and generating a second magnetic
field by applying this modulated information communica-
tion to the second antenna to provide a second modulat-
ed information communication 154 in the active commu-
nication mode. Alternatively, the second NFC device 104
may respond to the information by modulating the second
antenna with its corresponding information to modulate
the first carrier wave to provide the second modulated
information communication 154 in the passive commu-
nication mode.
[0039] In the R/W communication mode, the first NFC
device 102 is configured to operate in an initiator, or read-
er, mode of operation and the second NFC device 104
is configured to operate in a target, or tag, mode of op-
eration. However, this example is not limiting, those
skilled in the relevant art(s) will recognize that the first
NFC device 102 may be configured to operate in the tag
mode and the second NFC device 104 may be configured
to operate as in the reader mode in accordance with the
teachings herein without departing from the spirit and
scope of the present invention. The first NFC device 102
modulates its corresponding information onto the first
carrier wave and generates the first magnetic field by
applying the modulated information communication to
the first antenna to provide the first information commu-
nication 152. The first NFC device 102 continues to apply
the first carrier wave without its corresponding informa-
tion to continue to provide the first information commu-
nication 152 once the information has been transferred
to the second NFC device 104. The first NFC device 102
is sufficiently proximate to the second NFC device 104
such that the first information communication 152 is in-
ductively coupled onto a second antenna of the second
NFC device 104.
[0040] The second NFC device 104 derives or harvests
power from the first information communication 152 to
recover, to process, and/or to provide a response to the
information. The second NFC device 104 demodulates
the first information communication 152 to recover and/or
to process the information. The second NFC device 104
may respond to the information by modulating the second
antenna with its corresponding information to modulate
the first carrier wave to provide the second modulated
information communication.
[0041] Further operations of the first NFC device 102
and/or the second NFC device 104 may be described in
International Standard ISO/IE 18092:2004(E), "Informa-
tion Technology - Telecommunications and Information
Exchange Between Systems - Near Field Communica-
tion - Interface and Protocol (NFCIP-1)," published on
April 1, 2004 and International Standard ISO/IE
21481:2005(E), "Information Technology - Telecommu-

nications and Information Exchange Between Systems
- Near Field Communication - Interface and Protocol -2
(NFCIP-2)," published on January 15, 2005, each of
which is incorporated by reference herein in its entirety.

A FIRST EXEMPLARY NFC DEVICE

[0042] FIG. 2 illustrates a block diagram of a first NFC
device that is implemented as part of the NFC environ-
ment according to an exemplary embodiment of the in-
vention. A NFC device 200 is configured to operate in a
reader mode of operation to initiate an exchange of in-
formation, such as data and/or one or more commands
to provide some examples, with other NFC devices. The
NFC device 200 includes a controller module 202, a mod-
ulator module 204, an antenna module 206, and a de-
modulator module 208. The NFC device 200 may repre-
sent an exemplary embodiment of the first NFC device
102 and/or the second NFC device 104.
[0043] The controller module 202 controls overall op-
eration and/or configuration of the NFC device 200. The
controller module 202 receives information 250 from one
or more data storage devices such as one or more con-
tactless transponders, one or more contactless tags, one
or more contactless smartcards, any other machine-
readable mediums that will be apparent to those skilled
in the relevant art(s) without departing from the spirit and
scope of the invention, or any combination thereof. The
other machine-readable medium may include, but is not
limited to, read only memory (ROM), random access
memory (RAM), magnetic disk storage media, optical
storage media, flash memory devices, electrical, optical,
acoustical or other forms of propagated signals such as
carrier waves, infrared signals, digital signals to provide
some examples. The controller module 202 may also re-
ceive the information 250 from a user interface such as
a touch-screen display, an alphanumeric keypad, a mi-
crophone, a mouse, a speaker, any other suitable user
interface that will be apparent to those skilled in the rel-
evant art(s) without departing from the spirit and scope
of the invention to provide some examples. The controller
module 202 may further receive the information 250 from
other electrical devices or host devices coupled to the
NFC device 200.
[0044] Typically, the controller module 202 provides
the information 250 as transmission information 252 for
transmission to another NFC capable device. However,
the controller module 202 may also use the information
250 to control the overall operation and/or configuration
of the NFC device 200. For example, the controller mod-
ule 202 may issue and/or execute the one or more com-
mands in accordance with the data, if appropriate, to con-
trol operations of the NFC device 200, such as a trans-
mission power, a transmission data rate, a transmission
frequency, a modulation scheme, a bit and/or a byte en-
coding scheme and/or any other suitable operation pa-
rameter that will be apparent to those skilled in the rele-
vant art(s) without departing from the spirit and scope of
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the invention, of other NFC capable devices.
[0045] Additionally, the controller module 202 may for-
mat the information 250 into information frames and may
perform error encoding, such as cyclic redundancy check
(CRC) to provide an example, on the information frames
to provide the transmission information 252. The infor-
mation frames may include frame delimiters to indicate
a start and/or an end of each of the information frames.
The controller module 202 may additionally arrange mul-
tiple information frames to form sequences of information
frames to synchronize and/or to calibrate the NFC device
200 and/or another NFC capable device. The sequences
may include sequence delimiters to indicate a start and/or
an end of each of the sequences.
[0046] Further, the controller module 202 may perform
other functionality as described in International Standard
ISO/IE 18092:2004(E), "Information Technology - Tele-
communications and Information Exchange Between
Systems - Near Field Communication - Interface and Pro-
tocol (NFCIP-1)," published on April 1, 2004 and Inter-
national Standard ISO/IE 21481:2005(E), "Information
Technology - Telecommunications and Information Ex-
change Between Systems - Near Field Communication
- Interface and Protocol -2 (NFCIP-2)," published on Jan-
uary 15, 2005, each of which is incorporated by reference
herein in its entirety.
[0047] The modulator module 204 modulates the
transmission information 252 onto a carrier wave, such
as a radio frequency carrier wave, having a frequency of
approximately 13.56 MHz to provide an example, using
any suitable analog or digital modulation technique to
provide a modulated information communication 254.
The modulated information communication may repre-
sent a differential communications signal having a first
component 254.1 and a second component 254.2. The
suitable analog or digital modulation technique may in-
clude amplitude modulation (AM), frequency modulation
(FM), phase modulation (PM), phase shift keying (PSK),
frequency shift keying (FSK), amplitude shift keying
(ASK), quadrature amplitude modulation (QAM) and/or
any other suitable modulation technique that will be ap-
parent to those skilled in the relevant art(s). The modu-
lator module 204 may continue to provide the carrier
wave to provide an unmodulated information communi-
cation as the first component of 254.1 and the second
component 254.2 of the transmission information 254
once the transmission information 252 has been trans-
ferred to another NFC capable device. Alternatively, the
modulator module 204 may cease to provide the first
component of 254.1 and the second component 254.2
of the transmission information 254 once the transmis-
sion information 252 has been transferred to another
NFC capable device.
[0048] The antenna module 206 applies the first com-
ponent of 254.1 and the second component 254.2 of the
transmission information 254 to an inductive coupling el-
ement, such as a resonant tuned circuit to provide an
example, to generate a magnetic field to provide a trans-

mitted information communication 256. Additionally, an-
other NFC capable device may inductively couple a re-
ceived communication signal 258 onto the inductive cou-
pling element to provide a recovered communication sig-
nal 260. The recovered communication signal 260 may
represent a differential communications signal having a
first component 260.1 and a second component 260.2.
For example, this other NFC capable device may re-
spond to the information by modulating the carrier wave
inductively coupled onto its corresponding antenna with
its corresponding information to provide the received
communication signal 258. As another example, this oth-
er NFC capable device may modulate its corresponding
information onto its corresponding carrier wave and gen-
erate its corresponding magnetic field by applying this
modulated information communication to its correspond-
ing antenna to provide the received communication sig-
nal 258.
[0049] The demodulator module 208 demodulates the
first component 260.1 and the second component 260.2
of the recovered communication signal 260 using any
suitable analog or digital modulation technique to provide
reception information 262. The suitable analog or digital
modulation technique may include amplitude modulation
(AM), frequency modulation (FM), phase modulation
(PM), phase shift keying (PSK), frequency shift keying
(FSK), amplitude shift keying (ASK), quadrature ampli-
tude modulation (QAM) and/or any other suitable mod-
ulation technique that will be apparent to those skilled in
the relevant art(s).
[0050] Typically, the controller mode provides the re-
ception information 262 as recovered information 266 to
the data store, the user interface, and/or other electrical
devices or host devices. However, the controller module
202 may also use the reception information 262 to control
the overall operation and/or configuration of the NFC de-
vice 200. The reception information 262 may include one
or more commands and/or data. The controller module
202 may issue and/or execute the one or more com-
mands to control the overall operation and/or configura-
tion of the NFC device 200. For example, the controller
module 202 may issue and/or execute the one or more
commands in accordance with the data, if appropriate,
to control operations of the NFC device 200, such as a
transmission power, a transmission data rate, a trans-
mission frequency, a modulation scheme, a bit and/or a
byte encoding scheme and/or any other suitable opera-
tion parameter that will be apparent to those skilled in
the relevant art(s) without departing from the spirit and
scope of the invention, of other NFC capable devices.
[0051] Additionally, the controller module 202 formats
the reception information 262 into a suitable format for
transmission to the data store, the user interface, and/or
other electrical devices or host devices, and may perform
error decoding, such as cyclic redundancy check (CRC)
decoding to provide an example, on the reception infor-
mation 262 to provide recovered information 266.
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CONVENTIONAL ANTENNA MODULE

[0052] FIG. 3A illustrates a block diagram of a trans-
mission operation of a conventional antenna element. An
antenna element 300 applies the first component of 254.1
and the second component 254.2 of the transmission
information 254 to an inductive coupling element, such
as a resonant tuned circuit 302 to provide an example,
to generate a magnetic field to provide the transmitted
information communication 256.
[0053] FIG. 3B illustrates a block diagram of a recep-
tion operation of the conventional antenna element. An
NFC capable device may inductively couple a received
communication signal 258 onto the resonant tuned circuit
302 to provide an example, of the antenna element 300
to the first component 260.1 and the second component
260.2 of the recovered communication signal 260.
[0054] As shown in FIG. 3A and FIG. 3B, the resonant
tuned circuit 302 may be characterized by an impedance
Z1. The impedance Z1 may be optimized or tuned to res-
onate at a specific frequency, or range of frequencies,
referred to as its resonant frequency. The resonant fre-
quency represents a frequency for a circuit, such as the
resonant tuned circuit 302 to provide an example, that
enables the circuit to oscillate with larger amplitude at
the resonant frequency than at other frequencies. For
example, the resonant tuned circuit 302 may be config-
ured to resonate at a resonant frequency of 13.56 MHz
which is the operating frequency for NFC. When the res-
onant tuned circuit 302 is tuned to the resonant frequency
of 13.56 MHz, the resonant tuned circuit 302 may oscil-
late with larger amplitude at 13.56 MHz when compared
to other frequencies.
[0055] When the resonant tuned circuit 302 is tuned to
the resonant frequency, the inductance and the capaci-
tance of the resonant tuned circuit 302 are optimally
matched. In this situation, the magnitude of the imped-
ance presented by the inductance matches the imped-
ance presented by the capacitance such that each phase
of the resulting impedances is perfectly opposed. For ex-
ample, the resonant tuned circuit 302 may include a se-
ries resonant LC circuit. In this example, an impedance
Z1 of the resonant tuned circuit 302 is at a minimum when
the series resonant LC circuit is tuned to the resonant
frequency. The magnitude of a current through the im-
pedance Z1 of the series LC resonant circuit is at a max-
imum at the resonant frequency resulting in oscillation
with larger amplitude by the resonant tuned circuit 302 .
As another example, the resonant tuned circuit 302 may
include a parallel resonant LC circuit. In this example, an
impedance Z1 of the resonant tuned circuit 302 is at a
maximum when the parallel resonant LC circuit tuned is
tuned to the resonant frequency. The magnitude of a volt-
age across the impedance Z1 of the parallel LC resonant
circuit is at a maximum at the resonant frequency result-
ing in oscillation with larger amplitude by the resonant
tuned circuit 302.
[0056] However, manufacturing tolerances of compo-

nents of the resonant tuned circuit 302 may cause actual
values of the components to differ from their expected
values. As a result, the resonant tuned circuit 302 may
be actually tuned to a different resonant frequency than
expected. Therefore, when a signal having a frequency
that corresponds to the expected resonant frequency is
applied to the resonant tuned circuit 302, the inductance
and the capacitance of the resonant tuned circuit 302
may not be optimally matched which hinders the oscilla-
tion of the resonant tuned circuit 302 and in turn weakens
the performance of the resonant tuned circuit 302.

FIRST EXEMPLARY ANTENNA MODULE THAT IS IM-
PLEMENTED AS PART OF THE FIRST EXEMPLARY 
NFC DEVICE

[0057] In a first embodiment, the present invention se-
lectively tunes the antenna module between the actual
resonant frequency and a compensation resonant fre-
quency such that, on average, the resonant frequency
of the antenna module is approximately equal to its ex-
pected resonant frequency. From the discussion above,
the antenna module is designed to operate at the expect-
ed resonant frequency; however, manufacturing toler-
ances in the antenna module cause the actual resonant
frequency of the antenna module to differ from the ex-
pected resonant frequency. In the first embodiment, the
resonant frequency of the antenna module is to be con-
tinuously switched between the compensation resonant
frequency and the actual resonant frequency such that,
on average, the resonant frequency of the antenna mod-
ule is approximately equal to its expected resonant fre-
quency.
[0058] Additionally, selectively tuning the antenna
module in this manner may be used to adjust a quality
factor (Q-factor) of the antenna module. The Q-factor rep-
resents a dimensionless parameter that characterizes a
bandwidth of the antenna module bandwidth relative to
its resonant frequency. An antenna module with a higher
Q-factor typically exhibits lower loss at its resonant fre-
quency and is characterized as having a smaller band-
width when compared to an antenna module with a lower
Q-factor.
[0059] FIG. 4A illustrates a block diagram of an anten-
na module according to an exemplary embodiment of the
invention. An antenna module 400 may selectively intro-
duce a compensation circuit into its resonant tuned circuit
to tune the antenna module 400 to a compensation res-
onant frequency. The antenna element may selectively
remove the compensation circuit from its resonant tuned
circuit to tune the antenna module 400 to its actual res-
onant frequency. The antenna module 400 is selectively
tuned between the compensation resonant frequency
and the actual resonant frequency such that, on average,
a resonant frequency of the antenna module 400 is ap-
proximately equal to its expected resonant frequency.
The antenna module 400 includes a tuning control mod-
ule 402 and a resonant tuned circuit 404. The antenna

13 14 



EP 2 551 954 B1

9

5

10

15

20

25

30

35

40

45

50

55

module 400 may represent an exemplary embodiment
of the antenna module 206.
[0060] The tuning control module 402 causes the res-
onant tuned circuit 404 to selectively switch its resonant
frequency between the compensation resonant frequen-
cy and its actual resonant frequency such that, on aver-
age, the resonant frequency of the resonant tuned circuit
404 is approximately equal to its expected resonant fre-
quency. The tuning control module 402 includes a switch
tuning control circuit 406 and a switching module 408.
[0061] The switch tuning control circuit 406 provides a
tuning control signal 450 that causes the resonant tuned
circuit 404 to operate in a first configuration that is char-
acterized by the compensation resonant frequency for a
first time period and a second configuration that is char-
acterized by the actual resonant frequency for a second
time period. Generally, the tuning control signal 450 is
configured to be at a first logical level for the first time
period and a second logical level for the second time
period. The first time period and the second time period
are chosen such that on average, a resonant frequency
of the antenna module 400 is approximately equal to its
expected resonant frequency. For example, for a given
second time period, the first time period is given as: 

where fe represents the expected resonant frequency of
the antenna module 400, fa represents the actual reso-
nant frequency of the antenna module 400, fc represents
the compensation resonant frequency of the antenna
module 400, ta represents the second time period and tc
represents the first time period.
[0062] In the first configuration, the switching module
408 may selectively cause the introduction of a compen-
sation circuit 410 into the resonant tuned circuit 404 to
tune the resonant tuned circuit 404 to generate the com-
pensation resonant frequency. The switching module
408 may include but not limited to an electromechanical
switch, a microelectromechanical system (MEMS), a
metal-oxide-semiconductor (MOS) transistor, a bipolar
transistor, a varactor, a switched capacitor network, a
switched inductor network and/or any other switching
mechanism without departing from the spirit and scope
of the present invention.
[0063] For example, as shown in FIG. 4A, the tuning
control signal 450 causes the switching module 408 to
be in an open or a non-conducting state to introduce the
compensation circuit 410 into the resonant tuned circuit
404. The compensation circuit 410 may be implemented
using one or more capacitors, one or more inductors, one
or more resistors and/or any combination thereof that are
arranged in a series configuration, a parallel configura-
tion, or any combination thereof that may be character-
ized by an impedance Ztuning. In an exemplary embodi-
ment, the compensation circuit 410 is located between

a first tuned circuit section 412.1 and a second tuned
circuit section 412.2, namely between a node 452 and a
node 454.
[0064] The switching module 408 may selectively
cause the removal of the compensation circuit 410 from
the resonant tuned circuit 404 to tune the resonant tuned
circuit 404 to its actual resonant frequency in the second
configuration. For example, as shown in FIG. 4A, the
tuning control signal 450 causes the switching module
408 to be in a closed or a conducting state to effectively
remove the compensation circuit 410 from the resonant
tuned circuit 404. In the conducting state, the switching
module 408 effectively shorts a node 452 to a node 454
to effectively remove the compensation circuit 410 from
the resonant tuned circuit 404. The combined impedance
of the first tuned circuit section 412.1 and a second tuned
circuit section 412.2 causes the resonant tuned circuit
404 to resonate at the actual resonant frequency. The
first tuned section 412.1 and the second tuned circuit
section 412.2 are coupled to a first terminal 456.1 and a
second terminal 456.2, respectively. The first terminal
456.1 and the second terminal 456.2 may be configured
to apply a communication signal for transmission, such
as the first component of 254.1 and the second compo-
nent 254.2 of the transmission information 254 to provide
an example, to the resonant tuned circuit 404. Alterna-
tively, the terminal 456.1 and the second terminal 456.2
may be configured to provide a recovered communica-
tions signal, such as the first component 260.1 and the
second component 260.2 of the recovered communica-
tion signal 260 to provide an example, that is inductively
coupled onto the resonant tuned circuit 404.
[0065] Additionally, the switch tuning control circuit 406
may be used to adjust a current flowing through the res-
onant tuned circuit 404 by introducing the compensation
circuit 410 and removing the compensation circuit 410
as described above. For example, the current flowing
through the resonant tuned circuit 404 may be at a first
level when the compensation circuit 410 is introduced
into the resonant tuned circuit 404 and may be adjusted
to a second level by removing the compensation circuit
410. As another example, the resonant tuned circuit 404
in a series configuration operates at a current below a
maximum current at the actual resonant frequency fe.
The current of the resonant tuned circuit 404 increases
to the maximum current when the compensation circuit
410 is periodically introduced into the resonant tuned cir-
cuit 404 for the first time period tc and removed for the
second time period ta.
[0066] Further, the switch tuning control circuit 406
may be used to adjust a voltage amplitude between ter-
minal 456.1 of the first tuned circuit section 412.1 and
terminal 456.2 of the second tuned circuit section 412.2
by introducing the compensation circuit 410 and remov-
ing the compensation circuit 410 as described above.
For example, the voltage amplitude between terminal
456.1, of the first tuned circuit section 412.1, and terminal
456.1, of the second tuned circuit section 412.2, may be
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at a first level when the compensation circuit 410 is in-
troduced into the resonant tuned circuit 404 and may be
adjusted to a second level by removing the compensation
circuit 410. As another example, the resonant tuned cir-
cuit 404 in a parallel configuration operates at a voltage
below a maximum voltage when the compensation circuit
410 is removed from the resonant tuned circuit 404. The
voltage may be increased to the maximum voltage by
periodically introducing the compensation circuit 410 for
the first time period tc and removing it for the second time
period te.
[0067] Yet further, the switch tuning control circuit 406
may be used to adjust the Q-factor of the antenna module
400. The switch tuning control circuit 406 may monitor a
voltage across the node 452 and the node 454 and/or a
current that flows through the node 452 and the node
454. Typically, when the voltage across the node 452
and the node 454 and/or the current that flows through
the node 452 and the node 454 are at their respective
minimum magnitudes, the introduction and/or removal of
the compensation circuit 410 as described above has a
negligible effect on the Q-factor. However, the introduc-
tion and/or removal of the compensation circuit 410 as
described above has a non-negligible effect on the Q-
factor when the voltage across the node 452 and the
node 454 and/or the current that flows through the node
452 and the node 454 are not at their respective minimum
magnitudes. In this situation, the introduction and/or re-
moval of the compensation circuit 410 at different voltage
levels and/or current levels may be used to adjust the Q-
factor of the antenna module 400 to different magnitudes.
[0068] As shown in FIG. 4A, the switch tuning control
circuit 406 monitors the node 452 and the node 454 for
a voltage across these nodes and/or for a current that
flows through these nodes. It should be noted that the
switch tuning control circuit 406 may also monitor the first
terminal 456.1 and a second terminal 456.2 in a substan-
tially similar manner. The switch tuning control circuit 406
synchronizes the tuning control signal 450 to the respec-
tive minimum magnitudes of the voltage across and/or
the current that flows through the node 452 and the node
454 when no Q-factor adjustment of the antenna module
400 is necessary. For example, the voltage across and/or
the current that flows through the node 452 and the node
454 may be represented as periodically varying signals
that have at least one value that is approximately equal
to zero. The switch tuning control circuit 406 synchroniz-
es the tuning control signal 450 such that transitions be-
tween logical levels coincide with the voltage across
and/or the current that flows through the node 452 and
the node 454 being approximately equal to zero. Alter-
natively, the switch tuning control circuit 406 synchroniz-
es the tuning control signal 450 to the respective non-
minimum magnitudes of the voltage across and/or for the
current that flows through the node 452 and the node
454 to adjust the Q-factor adjustment of the antenna mod-
ule 400. The amount of Q-factor adjustment is related to
the difference of the voltage across and/or for the current

that flows through the node 452 and the node 454 and
their respective minimum magnitudes.
[0069] The first tuned circuit section 412.1 and the sec-
ond tuned circuit section 412.2 may be characterized by
an impedance Z1.1 and an impedance Z1.2, respectively.
The impedance Z1.1 and the impedance Z1.2 may be sim-
ilar or dissimilar to each other. Typically, the impedance
Z1.1 is approximately equal to the impedance Z1.2 such
that a virtual ground is formed between the first tuned
circuit section 412.1 and the second tuned circuit section
412.2. The first tuned circuit section 412.1 and the second
tuned circuit section 412.2 may each be implemented
using one or more capacitors, one or more inductors, one
or more resistors, and/or any combination thereof. The
first tuned circuit section 412.1 and the second tuned
circuit section 412.2 may include configurations that in-
clude one or more capacitors. The first tuned circuit sec-
tion 412.1 and the second tuned circuit section 412.2
may include configurations that include one or more ca-
pacitors but exclude inductors and/or resistors. The first
tuned circuit section 412.1 and the second tuned circuit
section 412.2 may include configurations that include one
or more inductors. The first tuned circuit section 412.1
and the second tuned circuit section 412.2 may include
configurations that include one or more inductors but ex-
clude capacitors and/or resistors. The first tuned circuit
section 412.1 and the second tuned circuit section 412.2
may be arranged in a series configuration, a parallel con-
figuration, or any combination thereof.
[0070] FIG. 4B is a flowchart of exemplary operational
steps for tuning the antenna module according to an ex-
emplary embodiment of the invention. The invention is
not limited to this operational description. Rather, it will
be apparent to persons skilled in the relevant art(s) from
the teachings herein that other operational control flows
are within the scope and spirit of the present invention.
The following discussion describes the steps in FIG. 4B.
[0071] At step 480, the operational control flow calcu-
lates an expected resonant frequency of an antenna
module, such as the antenna module 400 to provide an
example. The expected resonant frequency of the anten-
na module represents a resonant frequency of the an-
tenna module under ideal conditions, namely without any
manufacturing tolerances in components of the antenna
module.
[0072] At step 482, the operational control flow deter-
mines an actual resonant frequency of the antenna mod-
ule. The actual resonant frequency of the antenna mod-
ule represents a resonant frequency of the antenna mod-
ule under non-ideal conditions, namely with the manu-
facturing tolerances in the components of the antenna
module.
[0073] At step 484, the operational control flow deter-
mines a compensation resonant frequency of the anten-
na module. The compensation resonant frequency rep-
resents a resonant frequency of the antenna module hav-
ing a compensation circuit, such as the compensation
circuit 410 to provide an example.
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[0074] At step 486, the operational control flow deter-
mines a first time period to tune the antenna module to
the actual resonant frequency and a second time period
to tune the antenna module to the compensation reso-
nant frequency, such that, on average, a resonant fre-
quency of the antenna module is approximately equal to
its expected resonant frequency. For a given second time
period, the first time period is given as: 

where fe represents the expected resonant frequency of
the antenna module, fa represents the actual resonant
frequency of the antenna module, fc represents the com-
pensation resonant frequency of the antenna module, ta
represents the second time period and tc represents the
first time period. Alternatively, for a given first time period,
the second time period is given as: 

[0075] At step 488, the operational control flow tunes
the antenna module to the compensation resonant fre-
quency for the first time period.
[0076] At step 490, the operational control flow tunes
the antenna module to the actual resonant frequency for
the second time period. The operational control flow re-
verts to step 488 such that the resonant frequency of the
antenna module switches between the compensation
resonant frequency and the actual resonant frequency
such that, on average, the resonant frequency of the an-
tenna module is approximately equal to the expected res-
onant frequency.
[0077] Antenna resonant frequency and Q control may
be implemented in a similar fashion to the steps de-
scribed above, by adjusting either the second time period
ta, the first time period tc and/or a combination thereof.
For example, in the case of the resonant tuned circuit
404 in a series configuration, the first time period tc and/or
the second time period ta may be adjusted so that the
current flowing through the resonant tuned circuit 404
reaches a maximum. In another example, in the case of
the resonant tuned circuit 404 in a parallel configuration,
the first time period tc and/or the second time period ta
may be adjusted so that the voltage amplitude between
terminals 456.1 and 456.2 reaches a maximum.

SECOND EXEMPLARY ANTENNA MODULE THAT IS 
IMPLEMENTED AS PART OF THE FIRST EXEMPLA-
RY NFC DEVICE

[0078] In a second embodiment, the present invention
tunes the antenna module to the expected resonant fre-
quency using an electrically controllable compensation

circuit. From the discussion above, the antenna module
is designed to operate at the expected resonant frequen-
cy; however, manufacturing tolerances in the antenna
module cause the actual resonant frequency of the an-
tenna module to differ from the expected resonant fre-
quency. In the second embodiment, the controllable com-
pensation circuit continuously tunes the resonant fre-
quency of the antenna module to be approximately equal
to its expected resonant frequency.
[0079] FIG. 5 illustrates a second block diagram of the
antenna module according to an exemplary embodiment
of the invention. An antenna module 500 may tune its
actual resonant frequency to its expected resonant fre-
quency using the electrically controllable compensation
circuit. The antenna element 500 includes a continuous
tuning control circuit 502 and a resonant tuned circuit 504.
[0080] The continuous tuning control circuit 502 pro-
vides a tuning control signal 550 to continuously tune the
resonant frequency of the antenna module 500 to be ap-
proximately equal to its expected resonant frequency.
Typically, the tuning control signal 550 represents a sig-
nal that is related to a difference between the actual res-
onant frequency and the expected resonant frequency.
The tuning control signal 550 may include a direct current
(DC) voltage signal, a DC current signal, a AC signal, a
digitally encoded signal, a digitally encoded bit stream,
and/or any other signal without departing from the spirit
and scope of the present invention. A larger difference
usually results in a larger tuning control signal 550 when
compared to a smaller difference that results in a smaller
tuning control signal 550.
[0081] The resonant tuned circuit 504 is continuously
tuneable to adjust its resonant frequency from the actual
resonant frequency to the expected resonant frequency.
The resonant tuned circuit 504 includes the first tuned
circuit section 412.1, the second tuned circuit section
412.2, and the compensation circuit 506. The compen-
sation circuit 506 may be characterized by an impedance
Ztuning that may be adjusted using the tuning control sig-
nal 550. For example, the impedance Ztuning may be
tuned to a first impedance to adjust the resonant frequen-
cy of the resonant tuned circuit 504 to a first resonant
frequency when the tuning control signal 550 is at a first
level Likewise, the impedance Ztuning may be tuned to a
second impedance to adjust the resonant frequency of
the resonant tuned circuit 504 to a second resonant fre-
quency when the tuning control signal 550 is at a second
level. The first impedance and the first resonant frequen-
cy may be less than, equal to, or greater than the second
impedance and the second resonant frequency, respec-
tively. Additionally, the first impedance and the first res-
onant frequency may be linearly or non-linearly related
to the second impedance and the second resonant fre-
quency, respectively.
[0082] The compensation circuit 506 may be imple-
mented using passive components, such as tuneable in-
ductors or tuneable capacitors to provide some exam-
ples, active components, such as one or more transistors
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to provide an example, or any combination thereof. The
compensation circuit 506 may also be implemented using
continuously variable components including but not lim-
ited to electro-mechanical switches, MOS varactors, di-
ode junctions, continuously variable inductors, continu-
ously variable capacitors, and/or any other continuously
variable component without departing from the spirit and
scope of the present invention.

THIRD EXEMPLARY ANTENNA MODULE THAT IS IM-
PLEMENTED AS PART OF THE FIRST EXEMPLARY 
NFC DEVICE

[0083] In the first embodiment as described above, the
compensation circuit 410 typically represents a static im-
pedance which may not be dynamically adjusted. Adjust-
ment of the impedance of the compensation circuit 410
typically requires physical replacement of the compen-
sation circuit 410 with another compensation circuit
and/or the addition of appropriate external components
to the compensation circuit 410. However, in a third em-
bodiment, the present invention may dynamically adjust
an impedance of a compensation circuit without replace-
ment and/or addition of external components.
[0084] FIG. 6 illustrates a third block diagram of the
antenna module according to an exemplary embodiment
of the invention. An antenna module 600 includes a tun-
ing control module 602 and a resonant tuned circuit 604.
The antenna module 600 shares many similar features
with the antenna module 400; therefore the only differ-
ences between the antenna module 400 and the antenna
module 600 are to be discussed in further detail.
[0085] The tuning control module 602 provides the tun-
ing signal 450 to causes the resonant tuned circuit 604
to operate in the first configuration or the second config-
uration as described above. The tuning control module
602 also provides tuning control signals 650.1 through
650.N to allow for a dynamic adjustment of an impedance
of the antenna module 600. The dynamic adjustment of-
fers increased flexibility to the antenna module 600 by
allowing a selection of the compensation resonant fre-
quency from among a plurality of compensation resonant
frequencies.
[0086] The resonant tuned circuit 604 includes the first
tuned circuit section 412.1, the second tuned circuit sec-
tion 412.2, and a compensation circuit 610. The compen-
sation circuit 610 includes impedances Z2.1 through Z2.N.
Each of the impedances Z2.1 through Z2.N are coupled
to a corresponding switching transistor from among
switching transistors Q1 through QN.
[0087] The switch tuning control circuit 606 generates
the tuning control signals 650.1 through 650.N so that
the tuning control signals 650.1 through 650.N are at a
first level or a second level. The switch tuning control
circuit 606 activates at least one of the switching transis-
tors Q1 through QN when its corresponding tuning control
signal 650.1 through 650.N is at the first level. For exam-
ple, the switch tuning control module 606 activates the

switching transistor Q1 when the tuning control signal
650.1 is at the first level. The switch tuning control circuit
606 deactivates at least one of the switching transistors
Q1 through QN when its corresponding tuning control sig-
nal 650.1 through 650.N is at the second level. For ex-
ample, the switch tuning control module 606 deactivates
the switching transistor Q2 when the tuning control signal
650.2 is at the second level.
[0088] A plurality of possible compensation resonant
frequencies may be generated by the antenna module
by activating and/or deactivating combinations of the
switching transistors Q1 through QN. As the switching
transistors Q1 through QN are activated, each of the
switching transistors Q1 through QN introduce a corre-
sponding impedance Z2.1, through Z2.N into the compen-
sation circuit 610. For example, as the switching transis-
tor Q1 is activated, the impedance Z2.1 is introduced to
the compensation circuit 610. Similarly, as the switching
transistors Q1 through QN are deactivated, each of the
switching transistors Q1 through QN removes their cor-
responding impedance Z2.1, through Z2.N from the com-
pensation circuit 610. For example, as the switching tran-
sistor Q1 is deactivated, the impedance Z2.1 is removed
from the compensation circuit 610. The overall, or effec-
tive, impedance of the compensation circuit 610 is thus
determined by activating and/or deactivating combina-
tions of the switching transistors Q1 through QN.
[0089] Each of the impedances Z2.1, through Z2.N may
be implemented using one or more capacitors, one or
more inductors, one or more resistors and/or any com-
bination thereof that are arranged in a series configura-
tion, a parallel configuration, or any combination thereof.
Each of the impedances Z2.1, through Z2.N may have
substantially similar implementations or different among
implementations.

FOURTH EXEMPLARY ANTENNA MODULE THAT IS 
IMPLEMENTED AS PART OF THE FIRST EXEMPLA-
RY NFC DEVICE

[0090] In a fourth embodiment, the present invention
may adjust a quality factor (Q-factor) of the antenna mod-
ule. The Q-factor may affect transient behavior of the
antenna module. The greater the Q-factor of the antenna
module results in the antenna module being more resist-
ant to change. The resistance to change may manifest
itself as resistance to carrier modulation. A greater Q-
factor may result in distortion and/or attenuation of mod-
ulation imprinted on the carrier wave, thus hindering the
transmission and/or reception of the carrier wave and
modulation. Hence, controlling the Q-factor of the anten-
na module may be a useful tool for controlling other com-
munications parameters such as attenuation and distor-
tion.
[0091] FIG. 7 illustrates a fourth block diagram of the
antenna module according to an exemplary embodiment
of the invention. An antenna module 700 may adjust its
quality factor (Q-factor) to prevent the first overvoltage
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condition and/or the second overvoltage condition. The
antenna module 700 includes a Q-control circuit 702 and
a resonant tuned circuit 704.
[0092] The Q-control circuit 702 provides a Q-control
signal 750 to adjust the Q-factor of the antenna module
700. The resonant tuned circuit 704 is tuneable to adjust
the Q-factor of the antenna module 700. The resonant
tuned circuit 704 includes the first tuned circuit section
412.1, the second tuned circuit section 412.2, and a com-
pensation circuit 706.
[0093] The compensation circuit 706 may be charac-
terized by an impedance Ztuning that may be adjusted
using the tuning control signal 750. For example, the im-
pedance Ztuning may be tuned to a first impedance to
adjust the Q-factor of the resonant tuned circuit 704 to a
first Q-factor when the tuning control signal 750 is at a
first level. Likewise, the impedance Ztuning may be tuned
to a second impedance to adjust the Q-factor of the res-
onant tuned circuit 704 to a second Q-factor when the
tuning control signal 750 is at a second level. The first
impedance may be less than, equal to, or greater than
the second impedance. In an exemplary embodiment,
the compensation circuit 706 is located between the first
tuned circuit section 412.1 and the second tuned circuit
section 412.2, namely between the node 452 and the
node 454.
[0094] In an exemplary embodiment, the impedance
Ztuning represents a real impedance such that the imped-
ance Ztuning has a minimal effect upon a resonant fre-
quency of the resonant tuned circuit 704. For example,
the compensation circuit 706 may include a plurality of
resistors, each of the plurality of resistors being coupled
to a switch from among a plurality of switches. In this
exemplary embodiment, one or more of the plurality of
resistors are selected when the Q-control signal 750 ac-
tivates its corresponding switch to adjust the Q-factor of
the antenna module 700. The plurality of resistors may
be substantially similar to each other, may be implement-
ed using a binary differentiation between the plurality of
resistors, or may be implemented using any other suita-
ble implementation that will be apparent to those skilled
in the relevant art(s) without departing from the spirit and
scope of the present invention.
[0095] In another exemplary embodiment, the imped-
ance Ztuning represents a complex impedance that may
include a real component and an imaginary component.
For example, the compensation circuit 706 may include
a variable impedance, such as a transistor to provide an
example, to adjust the Q-factor of the antenna module
700. In this exemplary embodiment, an impedance of the
variable may be tuned to a first impedance to adjust the
Q-factor of the resonant tuned circuit 704 to a first Q-
factor when the tuning control signal 750 is at a first level.
Likewise, the impedance Ztuning may be tuned to a sec-
ond impedance to adjust the Q-factor of the resonant
tuned circuit 704 to a second Q-factor when the tuning
control signal 750 is at a second level. The first imped-
ance may be less than, equal to, or greater than the sec-

ond impedance.

FIFTH EXEMPLARY ANTENNA MODULE THAT IS IM-
PLEMENTED AS PART OF THE FIRST EXEMPLARY 
NFC DEVICE

[0096] FIG. 8 illustrates a fifth block diagram of the an-
tenna module according to an exemplary embodiment of
the invention. An antenna module 800 may compensate
for manufacturing tolerances by switching between its
actual resonant frequency and a compensation resonant
frequency as described in FIG. 4A and FIG. 4B or by
continuously adjusting its resonant frequency as de-
scribed in FIG. 5. The antenna module 800 may adjust
its quality factor (Q-factor) as described in FIG. 7. The
antenna module 800 includes a frequency tuning control
circuit 802, a Q-control circuit 804, and a resonant tuned
circuit 806.
[0097] The frequency tuning control circuit 802 may be
implemented using the tuning control module 402 or the
continuous tuning control circuit 502.
[0098] The Q-control circuit 804 may be implemented
using the Q-control circuit 702.
[0099] The resonant tuned circuit 806 includes the first
tuned circuit section 412.1, a second tuned circuit section
412.2, a first compensation circuit 810, and a second
compensation circuit 812. The first compensation circuit
810 may be implemented using the compensation circuit
410 or the compensation circuit 506. The second com-
pensation circuit 812 may be implemented using the
compensation circuit 706.

SIXTH EXEMPLARY ANTENNA MODULE THAT IS IM-
PLEMENTED AS PART OF THE FIRST EXEMPLARY 
NFC DEVICE

[0100] FIG. 9 illustrates a sixth block diagram of the
antenna module according to an exemplary embodiment
of the invention. An antenna module 900 includes a Q-
control circuit 902, a continuous tuning control circuit 904,
and a resonant tuned circuit 906. The Q-control circuit
902 may be implemented using the Q-control circuit 702.
The continuous tuning control circuit 904 may be imple-
mented using the continuous tuning control circuit 502.
[0101] The resonant tuned circuit 906 includes the first
tuned circuit section 412.1, the second tuned circuit sec-
tion 412.2, a compensation circuit 910. The compensa-
tion circuit 910 may be implemented using a single circuit
to provide functionality of the compensation circuit 506
and the compensation circuit 706. For example, the com-
pensation circuit 910 may be implemented using a real
and/or complex impedance that is configurable to be
tuned to adjust the resonant frequency and the Q-factor
of the antenna module 900.
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SEVENTH EXEMPLARY ANTENNA MODULE THAT IS 
IMPLEMENTED AS PART OF THE FIRST EXEMPLA-
RY NFC DEVICE

[0102] FIG. 10 illustrates a seventh block diagram of
the antenna module according to an exemplary embod-
iment of the invention. An antenna module 1000 includes
a frequency tuning control module 1004, a Q-control cir-
cuit 1002, and a resonant tuned circuit 1006. The Q-con-
trol circuit 1002 may be implemented using the Q-control
circuit 702. The frequency tuning control module 1004
may be implemented using the tuning control module
402.
[0103] The resonant tuned circuit 1006 includes the
first tuned circuit section 412.1, the second tuned circuit
section 412.2, a compensation circuit 1010. The com-
pensation circuit 1010 may be implemented using a a
single circuit to provide functionality of the compensation
circuit 410 and the compensation circuit 706. For exam-
ple, the compensation circuit 1010 may be implemented
using a real and/or complex impedance that is configura-
ble to be tuned to adjust the resonant frequency and the
Q-factor of the antenna module 1000.

CONCLUSION

[0104] It is to be appreciated that the Detailed Descrip-
tion section, and not the Abstract section, is intended to
be used to interpret the claims. The Abstract section may
set forth one or more, but not all exemplary embodiments,
of the invention, and thus, are not intended to limit the
invention and the appended claims in any way.
[0105] The invention has been described above with
the aid of functional building blocks illustrating the imple-
mentation of specified functions and relationships there-
of. The boundaries of these functional building blocks
have been arbitrarily defined herein for the convenience
of the description. Alternate boundaries may be defined
so long as the specified functions and relationships there-
of are appropriately performed.
[0106] It will be apparent to those skilled in the relevant
art(s) that various changes in form and detail can be
made therein without departing from the spirit and scope
of the invention. Thus the invention should not be limited
by any of the above-described exemplary embodiments,
but should be defined only in accordance with the follow-
ing claims and their equivalents.

Claims

1. An antenna module (400), comprising:

a resonant tuned circuit (404) configured to op-
erate in a first configuration and a second con-
figuration, the first configuration being charac-
terized as resonating at a compensation reso-
nant frequency and the second configuration be-

ing characterized as resonating at an actual res-
onant frequency of the resonant tuned circuit;
and
a tuning control module (402) configured to
cause the resonant tuned circuit to operate in
the first configuration for a first period of time
and in the second configuration for a second pe-
riod of time, wherein
the tuning control module is further configured
to cause the resonant tuned circuit to continu-
ously switch between the first configuration and
the second configuration such that, on average,
a resonant frequency of the resonant tuned cir-
cuit is approximately equal to an expected res-
onant frequency of the resonant tuned circuit.

2. The antenna module of claim 1, wherein the resonant
tuned circuit comprises:

a compensation circuit (410) configured to be
introduced into the resonant tuned circuit in the
first configuration and to be removed from the
resonant tuned circuit in the second configura-
tion.

3. The antenna module of claim 2, wherein the com-
pensation circuit is configured to be introduced into
the resonant tuned circuit for the first period of time
such that the resonant tuned circuit resonates at the
compensation resonant frequency and to be re-
moved from the resonant circuit for the second pe-
riod of time such that the resonant tuned circuit res-
onates at the actual resonant frequency.

4. The antenna module of claim 1, wherein manufac-
turing tolerances of the resonant tuned circuit cause
the actual resonant frequency to differ from the ex-
pected resonant frequency of the resonant tuned cir-
cuit.

5. The antenna module of claim 4, wherein the expect-
ed resonant frequency represents a resonant fre-
quency of the resonant tuned circuit without the man-
ufacturing tolerances.

6. The antenna module of claim 1, wherein for a given
second time period, the first time period is given as: 

where fe represents the expected resonant frequen-
cy, fa represents the actual resonant frequency, fc
represents the compensation resonant frequency ta
represents the second time period and tc represents
the first time period.
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7. The antenna module of claim 1, wherein the tuning
control module comprises:

a switch tuning control circuit (406) configured
to provide a tuning control signal at a first logical
level for the first time period and at a second
logical level for the second time period; and
a switching module (408) configured to cause
the resonant tuned circuit to operate in the first
configuration when the tuning control signal is
at the first logical level and in the second con-
figuration when the tuning control signal is at the
second logical level.

8. The antenna module of claim 7, wherein the switch-
ing module is further configured to operate in a non-
conducting state when the tuning control signal is at
the first logical level and in a conducting state when
the tuning control signal is at the second logical level.

9. The antenna module of claim 8, wherein the resonant
tuned circuit comprises:

a compensation circuit (410) configured to be
introduced into the resonant tuned circuit when
the switching module is operating in the non-
conducting state and to be removed from the
resonant tuned circuit when the switching mod-
ule is operating in the conducting state.

10. The antenna module of claim 9, wherein the resonant
tuned circuit includes a first node and a second node,
and
wherein the switching module is further configured
to couple the first node to the second node in the
conducting state to remove the compensation circuit
from the resonant tuned circuit.

11. A method for tuning a resonant tuned circuit, com-
prising:

(a) determining an actual resonant frequency of
the resonant tuned circuit;
(b) determining a compensation resonant fre-
quency of the antenna module;
(c) determining a first time period to tune the
resonant tuned circuit to a first configuration, the
first configuration being characterized as reso-
nating at a compensation resonant frequency,
(d) determining a second time period to tune the
resonant tuned circuit to a second configuration,
the second configuration being characterized as
resonating at an actual resonant frequency,
(e) tuning the resonant tuned circuit to the first
configuration for the first time period and the sec-
ond configuration for the second time period,
comprising continuously switching between the
first configuration for the first time period and the

second configuration for the second time period
such that, on average, a resonant frequency of
the resonant tuned circuit is approximately equal
to an expected resonant frequency of the reso-
nant tuned circuit.

12. The method of claim 11, wherein step (a) comprises:

(e)(i) introducing a compensation circuit into the
resonant tuned circuit for the first period of time
such that the resonant tuned circuit resonates
at the compensation resonant frequency; and
(e)(ii) removing the compensation circuit from
the resonant tuned circuit for the second period
of time such that the resonant tuned circuit res-
onates at the actual resonant frequency.

13. The method of claim 11, wherein step (c) comprises:

(c)(i) determining the first time period, wherein
for a given second time period, the first time pe-
riod is given as: 

where fe represents the expected resonant frequen-
cy, fa represents the actual resonant frequency, fc
represents the compensation resonant frequency ta
represents the second time period and tc represents
the first time period.

Patentansprüche

1. Ein Antennenmodul (400) aufweisend:

einen resonant eingestellten Schaltkreis (404),
welcher konfiguriert ist, um in einer ersten Kon-
figuration und einer zweiten Konfiguration zu ar-
beiten, wobei die erste Konfiguration gekenn-
zeichnet ist durch ein Schwingen bei einer
Kompensation Resonanzfrequenz und die
zweite Konfiguration gekennzeichnet ist
durch ein Schwingen bei einer aktuellen Reso-
nanzfrequenz von dem resonant eingestellten
Schaltkreis; und
ein Einstell Steuermodul (402), welches konfi-
guriert ist, um den resonant eingestellten Schalt-
kreis zu veranlassen zu arbeiten in der ersten
Konfiguration für eine erste Zeitdauer und in der
zweiten Konfiguration für eine zweite Zeitdauer,
wobei
das Einstell Steuermodul ferner konfiguriert ist,
um den resonant eingestellten Schaltkreis zu
veranlassen kontinuierlich zu schalten zwi-
schen der ersten Konfiguration und der zweiten
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Konfiguration, so dass im Durchschnitt eine Re-
sonanzfrequenz von dem resonant eingestell-
ten Schaltkreis näherungsweise gleich einer er-
warteten Resonanzfrequenz von dem resonant
eingestellten Schaltkreis ist.

2. Das Antennenmodul gemäß Anspruch 1, wobei der
resonant eingestellte Schaltkreis aufweist:

einen Kompensationsschaltkreis (410), welcher
konfiguriert ist, um in den resonant eingestellten
Schaltkreis in der ersten Konfiguration einge-
führt zu werden und von dem resonant einge-
stellten Schaltkreis in der zweiten Konfiguration
entfernt zu werden.

3. Das Antennenmodul gemäß Anspruch 2, wobei der
Kompensationsschaltkreis konfiguriert ist, um in den
resonant eingestellten Schaltkreis für die erste Zeit-
dauer eingeführt zu werden, so dass der resonant
eingestellte Schaltkreis in der Kompensation Reso-
nanzfrequenz schwingt und um von dem resonant
Schaltkreis für die zweite Zeitdauer entfernt zu wer-
den, so dass der resonant eingestellte Schaltkreis
in der aktuellen Resonanzfrequenz schwingt.

4. Das Antennenmodul gemäß Anspruch 1, wobei Her-
stellungstoleranzen von dem resonant eingestellten
Schaltkreis die aktuelle Resonanzfrequenz veran-
lassen sich von der erwarteten Resonanzfrequenz
von dem resonant eingestellten Schaltkreis zu un-
terscheiden.

5. Das Antennenmodul gemäß Anspruch 4, wobei die
erwartete Resonanzfrequenz eine Resonanzfre-
quenz von dem resonant eingestellten Schaltkreis
ohne die Herstellungstoleranzen repräsentiert.

6. Das Antennenmodul gemäß Anspruch 1, wobei für
eine gegebene zweite Zeitdauer, die erste Zeitdauer
gegeben ist als: 

wobei fe die erwartete Resonanzfrequenz repräsen-
tiert, fa die aktuelle Resonanzfrequenz repräsentiert,
fc die Kompensation Resonanzfrequenz repräsen-
tiert, ta die zweite Zeitdauer repräsentiert und tc die
erste Zeitdauer repräsentiert.

7. Das Antennenmodul gemäß Anspruch 1, wobei das
Einstell Steuermodul aufweist:

einen Schalter Einstell Steuerschaltkreis (406),
welcher konfiguriert ist, um ein Einstell Steuer-
signal an einem ersten logischen Level für die

erste Zeitdauer und an einem zweiten logischen
Level für die zweite Zeitdauer bereitzustellen;
und
ein Schaltmodul (408), welches konfiguriert ist,
um den resonant eingestellten Schaltkreis zu
veranlassen zu arbeiten in der ersten Konfigu-
ration, wenn das Einstell Steuersignal bei dem
ersten logischen Level ist und in der zweiten
Konfiguration, wenn das Einstell Steuersignal
bei dem zweiten logischen Level ist.

8. Das Antennenmodul gemäß Anspruch 7, wobei das
Schaltmodul ferner konfiguriert ist, um zu arbeiten
in einem nicht leitenden Zustand, wenn das Einstell
Steuersignal bei dem ersten logischen Level ist und
in einem leitenden Zustand, wenn das Einstell Steu-
ersignal bei dem zweiten logischen Level ist.

9. Das Antennenmodul gemäß Anspruch 8, wobei der
resonant eingestellte Schaltkreis aufweist:

einen Kompensationsschaltkreis (410), welcher
konfiguriert ist, um in den resonant eingestellten
Schaltkreis eingeführt zu werden, wenn das
Schaltmodul in dem nicht leitenden Zustand ar-
beitet und um von dem resonant eingestellten
Schaltkreis entfernt zu werden, wenn das
Schaltmodul in dem leitenden Zustand arbeitet.

10. Das Antennenmodul gemäß Anspruch 9, wobei der
resonant eingestellte Schaltkreis einen ersten Kno-
ten und einen zweiten Knoten umfasst, und
wobei das Schaltmodul ferner konfiguriert ist, um
den ersten Knoten mit dem zweiten Knoten in dem
leitenden Zustand zu koppeln, um den Kombinati-
onsschaltkreis von dem resonant eingestellten
Schaltkreis zu entfernen.

11. Ein Verfahren zum Einstellen eines resonant einge-
stellten Schaltkreises, aufweisend:

(a) Bestimmen einer aktuellen Resonanzfre-
quenz von dem resonant eingestellten Schalt-
kreis;
(b) Bestimmen einer Kompensation Resonanz-
frequenz von dem Antennenmodul;
(c) Bestimmen einer ersten Zeitdauer, um den
resonant eingestellten Schaltkreis auf eine erste
Konfiguration einzustellen, wobei die erste Kon-
figuration gekennzeichnet ist durch ein
Schwingen bei einer Kompensation Resonanz-
frequenz,
(d) Bestimmen einer zweiten Zeitdauer, um den
resonant eingestellten Schaltkreis auf eine
zweite Konfiguration einzustellen, wobei die
zweite Konfiguration gekennzeichnet ist
durch ein Schwingen bei einer aktuellen Reso-
nanzfrequenz,
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(e) Einstellen des resonant eingestellten Schalt-
kreises auf die erste Konfiguration für die erste
Zeitdauer und die zweite Konfiguration für die
zweite Zeitdauer, aufweisend ein kontinuierli-
ches Schalten zwischen der ersten Konfigurati-
on für die erste Zeitdauer und der zweiten Kon-
figuration für die zweiten Zeitdauer, so dass im
Durchschnitt eine Resonanzfrequenz von dem
resonant eingestellten Schaltkreis näherungs-
weise gleich einer erwarteten Resonanzfre-
quenz von dem resonant eingestellten Schalt-
kreis ist.

12. Das Verfahren gemäß Anspruch 11, wobei Schritt
(a) aufweist:

(e)(i) Einführen eines Kompensationsschaltkrei-
ses in den resonant eingestellten Schaltkreis für
die erste Zeitdauer, so dass der resonant ein-
gestellte Schaltkreis bei der Kompensation Re-
sonanzfrequenz schwingt; und
(e)(ii) Entfernen des Kompensationsschaltkrei-
ses von dem resonant eingestellten Schaltkreis
für die zweite Zeitdauer, so dass der resonant
eingestellte Schaltkreis bei der aktuellen Reso-
nanzfrequenz schwingt.

13. Das Verfahren gemäß Anspruch 11, wobei Schritt
(c) aufweist:

(c)(i) Bestimmen der ersten Zeitdauer, wobei für
eine gegebene zweite Zeitdauer, die erste Zeit-
dauer gegeben ist als: 

wobei fe die erwartete Resonanzfrequenz repräsen-
tiert, fa die aktuelle Resonanzfrequenz repräsentiert,
fc die Kompensation Resonanzfrequenz repräsen-
tiert, ta die zweite Zeitdauer repräsentiert und tc die
erste Zeitdauer repräsentiert.

Revendications

1. Module d’antenne (400), comprenant :

un circuit résonant accordé (404) configuré pour
fonctionner dans une première configuration et
une deuxième configuration, la première confi-
guration étant caractérisée comme résonant à
une fréquence de résonance de compensation
et la deuxième configuration étant caractérisée
comme résonant à une fréquence de résonance
effective du circuit résonant accordé ; et

un module de commande d’accord (402) confi-
guré pour amener le circuit résonant accordé à
fonctionner dans la première configuration pen-
dant un premier intervalle de temps et dans la
deuxième configuration pendant un deuxième
intervalle de temps, dans lequel
le module de commande d’accord est configuré
en outre pour amener le circuit résonant accordé
à commuter de façon continue entre la première
configuration et la deuxième configuration de
sorte que, en moyenne, une fréquence de réso-
nance du circuit résonant accordé soit à peu
près égale à une fréquence de résonance atten-
due du circuit résonant accordé.

2. Module d’antenne selon la revendication 1, dans le-
quel le circuit résonant accordé comprend :

un circuit de compensation (410) configuré pour
être introduit dans le circuit résonant accordé
dans la première configuration et pour être retiré
du circuit résonant accordé dans la deuxième
configuration.

3. Module d’antenne selon la revendication 2, dans le-
quel le circuit de compensation est configuré pour
être introduit dans le circuit résonant accordé pen-
dant le premier intervalle de temps et pour être retiré
du circuit résonant pendant le deuxième intervalle
de temps de sorte que le circuit résonant accordé
résonne à la fréquence de résonance effective.

4. Module d’antenne selon la revendication 1, dans le-
quel des tolérances de fabrication du circuit résonant
accordé font que la fréquence de résonance effec-
tive diffère de la fréquence de résonance attendue
du circuit résonant accordé.

5. Module d’antenne selon la revendication 4, dans le-
quel la fréquence de résonance attendue représente
une fréquence de résonance du circuit résonant ac-
cordé hors tolérances de fabrication.

6. Module d’antenne selon la revendication 1, dans le-
quel, pour un deuxième intervalle de temps donné,
le premier intervalle de temps est donné par : 

où fe représente la fréquence de résonance atten-
due, fa représente la fréquence de résonance effec-
tive, fc représente la fréquence de résonance de
compensation, ta représente le deuxième intervalle
de temps et tc représente le premier intervalle de
temps.
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7. Module d’antenne selon la revendication 1, dans le-
quel le module de commande d’accord comprend :

un circuit de commande d’accord à commuta-
tion (406) configuré pour délivrer un signal de
commande d’accord à un premier niveau logi-
que pendant le premier intervalle de temps et à
un deuxième niveau logique pendant le deuxiè-
me intervalle de temps ; et
un module de commutation (408) configuré pour
amener le circuit résonant accordé à fonctionner
dans la première configuration lorsque le signal
de commande d’accord est au premier niveau
logique et dans la deuxième configuration lors-
que le signal de commande d’accord est au
deuxième niveau logique.

8. Module d’antenne selon la revendication 7, dans le-
quel le module de commutation est configuré en
outre pour fonctionner dans un état non conducteur
lorsque le signal de commande d’accord est au pre-
mier niveau logique et dans un état conducteur lors-
que le signal de commande d’accord est au deuxiè-
me niveau logique.

9. Module d’antenne selon la revendication 8, dans le-
quel le circuit résonant accordé comprend :

un circuit de compensation (410) configuré pour
être introduit dans le circuit résonant accordé
lorsque le module de commutation fonctionne
dans l’état non conducteur et pour être retiré du
circuit résonant accordé lorsque le module de
commutation fonctionne dans l’état conducteur.

10. Module d’antenne selon la revendication 9, dans le-
quel le circuit résonant accordé comporte un premier
noeud et un deuxième noeud, et
dans lequel le module de commutation est configuré
en outre pour coupler le premier au deuxième noeud
dans l’état conducteur afin de retirer le circuit de com-
pensation du circuit résonant accordé.

11. Procédé d’accord d’un circuit résonant accordé,
comprenant les étapes suivantes :

(a) détermination d’une fréquence de résonance
effective du circuit résonant accordé ;
(b) détermination d’une fréquence de résonance
de compensation du module d’antenne ;
(c) détermination d’un premier intervalle de
temps pour l’accord du circuit résonant accordé
selon une première configuration, la première
configuration étant caractérisée comme réso-
nant à une fréquence de résonance de compen-
sation,
(d) détermination d’un deuxième intervalle de
temps pour l’accord du circuit résonant accordé

selon une deuxième configuration, la deuxième
configuration étant caractérisée comme réso-
nant à une fréquence de résonance effective,
(e) accord du circuit résonant accordé selon la
première configuration pendant le premier inter-
valle de temps et la deuxième configuration pen-
dant le deuxième intervalle de temps, notam-
ment commutation continue entre la première
configuration pendant le premier intervalle de
temps et la deuxième configuration pendant le
deuxième intervalle de temps de sorte que, en
moyenne, une fréquence de résonance du cir-
cuit résonant accordé soit à peu près égale à
une fréquence de résonance attendue du circuit
résonant accordé.

12. Procédé selon la revendication 11, dans lequel l’éta-
pe (a) comprend les étapes suivantes :

(e)(i) introduction d’un circuit de compensation
dans le circuit résonant accordé pendant le pre-
mier intervalle de temps de sorte que le circuit
résonant accordé résonne à la fréquence de ré-
sonance de compensation ; et
(e) (ii) retrait du circuit de compensation du cir-
cuit résonant accordé pendant le deuxième in-
tervalle de temps de sorte que le circuit résonant
accordé résonne à la fréquence de résonance
effective.

13. Procédé selon la revendication 11, dans lequel l’éta-
pe (c) comprend l’étape suivants :

(c) (i) détermination du premier intervalle de
temps, dans lequel, pour un deuxième intervalle
de temps donné, le premier intervalle de temps
est donné par : 

où fe représente la fréquence de résonance atten-
due, fa représente la fréquence de résonance effec-
tive, fc représente la fréquence de résonance de
compensation, ta représente le deuxième intervalle
de temps et tc représente le premier intervalle de
temps.
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