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1
TUNEABLE NFC DEVICE

RELATED APPLICATIONS

This application claims priority to United Kingdom patent
application nos. GB0503848.4, filed Feb. 24, 2005,
GB0517497 4, filed Aug. 26, 2005, and GB0520260.1, filed
Oct. 5, 2005, each disclosure of which is hereby incorporated
by reference in its entirety.

Field of the Invention

This invention relates to An NFC (Near Field Communi-
cations) device, and to apparatus incorporating such devices.

Background to the Invention

Wireless non-contact communication systems have previ-
ously been proposed.

One such system is generally known as a near field RFID
(Radio Frequency Identification) system, and employs a near
field RFID tag and a near field RFID reader for reading
information stored on the tag by means of magnetic field
(H-field) inductive coupling between the reader and the tag.
Near field RFID tags are referred to below as tags. Near field
RFID readers are referred to below as readers. Readers and
tags are together referred to below as RFID devices. Such tags
typically include an antenna, a controller and a memory
(which may be part of the controller) in which information
(for example information about the article to which the tag
has been attached, control data or program data) is stored or
may be stored.

For so-called passive RFID tags, a compatible reader uses
a radio frequency (RF) signal (for example a signal at 13.56
MHz) to generate a magnetic field and when the antenna of
the tag is in close proximity to the reader the magnetic field
(H-field) generated by the reader is inductively coupled from
the reader to the tag resulting in derivation and supply of
power to the controller. Supply of power enables operation of
the tag, for example enabling the tag controller to operate and
access the memory and transmit information from the
memory via the tag antenna to the reader. Transmission of
information from the memory will be through modulation of
the supplied magnetic field (H field). In this context a com-
patible reader is a reader operating at the same radio fre-
quency as the tag and in accordance with the same commu-
nication protocols.

RFID readers typically include an antenna, controller,
memory (which may form part of the controller), signal gen-
erator, modulator (for modulating a generated RF signal with
data from either the controller and/or memory) and demodu-
lator (for demodulating a modulated RF signal received from
for example an RFID tag.

Illustrative RFID devices are described in various interna-
tional standards, for example ISO/IEC 14443 and IASO/IEC
15693.

In addition to RFID devices of the types described above, it
has also previously been proposed to provide so-called Near
Field Communications (NFC) devices.

NFC devices, often referred to as NFC communicators
(which two terms may be used interchangeably), are radio
frequency non-contact communications devices that can
communicate wirelessly with other NFC devices and/or
RFID devices over relatively short ranges (for example a
range in the order of several centimeters up to a maximum
range of in the order of a meter or so). Communication is via
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inductive coupling of a magnetic field (H field) between the
NFC communicator and a second NFC communicator or
RFID device.

Iustrative NFC devices and systems are described in ISO
18092 and ISO 21481, and the operation of such NFC devices
depends on whether they are operating as an “initiator” or a
“target”, and whether they are operating in a “passive com-
munications mode” or an “active communications mode”. As
will be apparent from the following, the terms “passive” and
“active” in the context of NFC devices do not have the same
meaning as “passive” and “active” when used in the context
of traditional RFID devices.

An initiator NFC device will generate an RF field and start
communication. A target device will respond to receipt of an
RF field from an Initiator NFC device. Response will be
through modulation of the supplied RF field or through gen-
eration of a new RF signal and modulation of that RF signal.

In a “passive communications mode” the Initiator NFC
Device will generate an RF field and the Target NFC device
will respond to an Initiator command by modulation of the
received RF signal, usually by load modulation. In an “active
communications mode both the Initiator FC device and the
Target NFC Device use their own RF field to enable commu-
nication.

It will be apparent from the foregoing that a first NFC
device can operate in a passive mode (in a manner akin to a
conventional RFID tag) and use an RF field generated by a
conventional RFID reader or a second NFC device to respond
to that reader or second NFC device. Alternatively, the first
NFC device can operate in an active mode to generate an RF
field for interrogating a conventional RFID tag or for com-
munication with a second NFC device that may be operating
in a passive or an active mode (i.e. either by using the RF field
generated by the first device to communicate with the first
device or by generating its own RF field for communication
with the first device).

This allows such NFC devices to communicate with other
NFC devices, to communicate with RFID tags and to be
‘read’ by RFID readers.

NFC devices may be in stand-alone form (either hand-held
or free-standing) or comprised within other apparatus (either
in stand-alone form or by being integrated within the other
apparatus), for example a mobile transceiver (such as a
mobile telephone), a personal digital assistant (PDA), an item
of computer equipment such as a personal or portable com-
puter, or a vending machine. NFC devices can be imple-
mented by means of a single integrated circuit (a so-called
one-chip solution or system on chip) or alternatively by
means of separate functional component parts or separate
integrated circuits. Such apparatus is referred to variously
herein as NFC communications enabled devices, NFC Com-
municators, host apparatus and host devices.

All NFC devices are designed to communicate within a
particular range or field of operation, for example a few
centimeters. It is important to ensure both consistency of
operation and optimal range for any given NFC device. The
range of operation can be affected by a variety of environ-
mental factors, for example the presence of magnetic mate-
rials in close proximity to the NFC device, the host apparatus
within which the NFC device is comprised (for example the
position of the battery within the host apparatus), the appli-
cation for which the NFC device is intended (for example
whether the environment is a controlled environment or vari-
able), and human contact with the device. To reduce any effect
on range NFC devices are designed to be tuned, for example
by selecting appropriate external component values (for
example by addition of capacitors), to compensate for imped-
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ance effects in a non-tuned antenna arrangement. This neces-
sity to tune NFC devices is exacerbated where the NFC device
is intended for use within a series of host apparatus or variants
of host apparatus. For example where the NFC device has
been designed for use in a given manufacturer’s range of
mobile phones (cell phones), and it is desired to avoid having
to use different NFC devices for each mobile phone in the
range of mobile phones offered by that manufacturer, the
NFC device will need to be tuned specifically to each mobile
phone in the range. This tuning is expensive and drives down
the number of devices produced per unit time, drives up the
unit cost of each device, and ultimately adversely affects the
profitability of the manufacturing enterprise. Furthermore,
even once tuned for the host apparatus, the NFC device
capacitance is fixed and therefore the NFC device operation
may still be affected by changes in the external environment.

This tuning issue has previously been addressed either by
modifying the NFC device to include internal capacitors (i.e.
capacitors within the NFC circuitry) in series or parallel with
the antenna of the NFC device, or by modifying the device to
include appropriate contacts for connection to external
capacitors (i.e. capacitors external to the NFC circuitry).

In both cases, RFID devices have tended to incorporate
conventional flat-plate-construction capacitors (such as poly-
poly or metal-insulator-metal or vari-cap diodes capacitors
and other well known equivalents) formed during integrated
circuit manufacture. These capacitors have tended to be
formed from electrodes on different layers or planes and as a
result have a fixed breakdown voltage determined by the
extent of gap between the different layers or planes. Thus
where higher breakdown voltages are required (for example
during power derivation or in NFC devices) further capacitors
are required (either internal or external) which increases sili-
con area, and therefore cost, and reduces design flexibility.

In addition existing RFID devices require ‘tuning’ i.e.
selection of appropriate capacitance values following manu-
facture and/or integration into a host apparatus. Such tuning
adds to the overall manufacturing process and hence affects
the profitability of the process for the manufacturer. The
tuning process is also time consuming and has to be done for
each product and each new product variant.

It would therefore be highly advantageous if a tuneable
NFC device could be devised that addressed some or all of
these problems and thereby provided a manufacturer with the
ability to increase the platform insensitivity of such devices,
for example by facilitating adaptation of devices for different
customer applications. One object of the present invention is
to provide such a device. It would also be desirable if a device
could be devised that enabled compensation of external fac-
tors that might otherwise influence proper operation of the
device.

Furthermore it would also be desirable if the circuitry
employed for such a device were to address the problems that
have hitherto affected internal and external solutions, and
another aim of the present invention is to provide such a
circuit arrangement.

SUMMARY OF THE INVENTION

In pursuit of these and other objects, a preferred embodi-
ment of the present invention provides an NFC device con-
figured at least in part as an integrated circuit, said integrated
circuit comprising a controller, a plurality of capacitors and a
plurality of switches associated with said capacitors, said
controller being operable to control said switches to switch
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one or more of said plurality of capacitors into or out of said
integrated circuit thereby to vary an operating parameter of
said NFC device.

Another embodiment of the present invention provides an
NFC device configured at least in part as an integrated circuit,
said integrated circuit comprising first and second conductive
track portions provided on a common layer of said integrated
circuit, said first and second track portions being spaced from
one another to form, respectively, first and second electrodes
of a capacitor. The first electrode and the second electrode
may be interleaved one with the other.

In another arrangement, the first and said second electrodes
each include a plurality of transversely extending spaced
conducting tabs, said first and second electrodes being
arranged such that the tabs of said first electrode are inter-
leaved with the tabs of said second electrode. The NFC device
may further comprise an inductive coupler configured to
inductively couple a magnetic field to or from other NFC or
RFID devices. The inductive coupler may be integrated
within said integrated circuit or external to said integrated
circuit. The inductive coupler may comprise an electric-field
antenna or a coil.

The NFC device may include a controller or processor
and/or an interface to a controller or processor (for example
within a host apparatus). The NFC device may also comprise
a plurality of capacitors, each said capacitor comprising first
and second conductive track portions provided on a common
layer of said integrated circuit, said first and second track
portions being spaced from another to form, respectively, first
and second electrodes of a capacitor, said first electrode and
said second electrode being interleaved one with the other,
said controller or processor being configured to select a com-
bination of said plurality of capacitors to modify an operating
parameter (e.g. an induced voltage or an induced current) of
said NFC device for tuning the NFC device.

In a modification of this arrangement, one or more of said
plurality of capacitors comprises an array of capacitors and
associated switches, said controller being configured to oper-
ate combinations of said switches to switch combinations of
associated capacitors into or out of said integrated circuit to
thereby improve an operating parameter of said NFC device
for tuning said NFC device. In such a case, the array may
comprise a binary-weighted array. Furthermore, the switches
may comprise a transistor (such as a FET) or micro-mechani-
cal switch mechanism.

In another embodiment, the NFC device may additionally
comprise third and fourth conductive track portions provided
in a second common layer of said integrated circuit that is
different to the common layer in which said first and second
track portions are provided and which is spaced therefrom by
an insulating layer, said third and fourth track portions being
spaced from one another to form, respectively, first and sec-
ond electrodes of a second capacitor, said first electrode and
said second electrode of said second capacitor being inter-
leaved one with the other. In this embodiment, the first and
second capacitors may be arranged one above the other and be
electrically coupled together in parallel. For example said
first electrode of said first capacitor may be coupled to said
first electrode of said second capacitor, and said second elec-
trode of said first capacitor may be coupled to said second
electrode of said second capacitor, and said first and second
capacitors may be arranged one above the other such that
laterally extending tabs of said first capacitor overlie laterally
extending tabs of said second capacitor. In another arrange-
ment, a plurality of additional capacitor electrode pairs may
be provided on other common layers.
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As will become apparent, the scope of the present invention
extends to encompass apparatus, such as a mobile transceiver,
comprising an NFC device as specified herein. Other illustra-
tive host apparatus (without limitation) include a personal
digital assistant (PDA), an item of computer equipment such
as a personal or portable computer, or a vending machine. In
such apparatus functionality of the NFC device may be shared
or comprised within the host apparatus, for example the NFC
device may interface directly to the host apparatus processor
which controls operation of the NFC device.

In another arrangement there is provided an NFC device
comprising an inductive coupler, a controller and a plurality
of capacitors electrically coupled between the inductive cou-
pler and the controller, each said capacitor comprising first
and second conductive track portions provided on a common
layer of an integrated circuit, said first and second track por-
tions being spaced from another to form, respectively, first
and second electrodes of a capacitor, said controller or pro-
cessor being configured to select a combination of said plu-
rality of capacitors to modify an operating parameter of said
NFC device for tuning the NFC device. In another arrange-
ment said first electrode and said second electrode may be
interleaved one with the other for one or more of'said plurality
of capacitors.

In this embodiment the controller and said plurality of
capacitors may be provided on an integrated circuit that is
electrically coupled to the inductive coupler. In a modifica-
tion, the inductive coupler may be part of said integrated
circuit.

Preferably, one or more of said plurality of capacitors com-
prises an array of capacitors and associated switches, said
controller being configured to operate combinations of said
switches to switch combinations of associated capacitors into
or out of said integrated circuit to thereby improve an oper-
ating parameter of said NFC device for tuning said NFC
device.

In accordance with a further embodiment of the present
invention, there is provided a method of tuning an NFC device
comprising: providing an NFC device that includes an induc-
tive coupler, a controller or processor and a plurality of
capacitors, and controlling said controller or processor to
couple between said coupler and said controller or processor
a combination of said capacitors that optimises an operating
parameter of said NFC device.

In another arrangement the NFC device may comprise a
sensor that is capable of measuring the strength of a magnetic
field generated by the NFC device, said sensor being config-
ured to generate a feedback signal that is passed to the NFC
device controller and indicates the sensed magnetic field
strength, said controller controlling the plurality of capacitors
to optimise an operating parameter of the NFC device.

Other features, objects and advantages of the present
invention will be apparent to those persons of ordinary skill in
the art.

BRIEF DESCRIPTION OF THE DRAWINGS

Various presently preferred embodiments of the invention
will now be described, by way of illustrative example only,
with reference to the accompanying drawings, in which:

FIG. 1 is a schematic representation of two NFC commu-
nications enabled devices engaged in a communications ses-
sion;

FIG. 2 is a schematic representation of an NFC device in
accordance with a preferred embodiment of the invention;

FIG. 3 is a schematic representation of another NFC device
in accordance with a preferred embodiment of the invention;
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FIGS. 4a and 4b are schematic plan and perspective rep-
resentations of a capacitor of an NFC device configured as an
integrated circuit in accordance with a preferred embodiment
of the invention; and

FIG. 5 is a schematic representation in cross-section of a
particularly preferred capacitor of an NFC device wherein a
plurality of capacitors in accordance with the embodiment
depicted in FIGS. 4a and 4b have been formed on discrete
separated layers of an integrated circuit.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

Referring now specifically to FIG. 1, there is shown a
schematic representation of two NFC communications
enabled devices and the communications session between
them. In FIG. 1 the representations of the NFC communica-
tions enabled devices have been show partly cut-away and the
functionality provided by the NFC communications enabled
devices has been illustrated by way of a functional block
diagram within the NFC communications enabled devices.

As shown in FIG. 1, one illustrative NFC communications
enabled device comprises a mobile telephone (cellphone) 101
and the other illustrative NFC communications enabled
device comprises a portable computer 102 such as a notebook
or laptop computer.

The mobile telephone 101 has the usual features of a
mobile telephone including mobile telephone functionality
1010 (in the form of, usually, a programmed controller, gen-
erally a processor or microprocessor with associated memory
or data storage, for controlling operation of the mobile tele-
phone in combination with a SIM card), an antenna 108 for
enabling connection to a mobile telecommunications net-
work, and a user interface 103 with a display 104, a keypad
105, a microphone 106 for receiving user voice input and a
loudspeaker 107 for outputting received audio to the user. The
mobile telephone also has a chargeable battery 1011 coupled
to a charging socket 1012 via which a mains adapter (not
shown) may be connected to enable charging of the battery
1011. The mobile telephone 101 may have an alternative or
additional power supply (not shown), for example a reserve
battery or emergency battery.

Similarly the portable computer 102 has the usual features
of'a portable computer including portable computer function-
ality 1020 in the form of, usually, a processor with associated
memory in the form of ROM, RAM and/or a hard disk drive,
one or more removable media drives such as a floppy disk
drive and/or a CDROM or DVD drive, and possibly a com-
munications device for enabling the portable computer to
connect to a network such as an Internet. The portable com-
puter 102 also includes a user interface 1021 including a
display 1022, a keyboard 1023 and a pointing device, as
shown a touchpad 1024. The portable computer 102 also has
a chargeable battery 1025 coupled to a charging socket 1026
via which a mains adapter (not shown) may be connected to
enable charging of the battery 1025.

In addition, as shown in FI1G. 1, both NFC communications
enabled devices 101 and 102 have an NFC device 1015 and
1030. As shown, the NFC devices 1015 and 1030 are incor-
porated within the larger devices and, as with the other func-
tional blocks, may be discrete entities within the host devices
or may be provided by features dispersed throughout or inte-
grated within the host device or a part of the host device.

Each NFC device 1015 and 1030 comprises NFC opera-
tional components 1016 and 1031 for, as will be described
below, enabling control of the NFC functionality and genera-
tion, modulation and demodulation of an RF signal. Each
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NFC communicator 1015 and 1030 also comprises a coupler
1017 and 1032 comprising an inductor or coil in the form of
an antenna 1018 and 1033. The couplers 1017 and 1032
enable an alternating magnetic field (H field) generated by the
antenna 1018 (or 1033) of one NFC Device 1015 (or 1030) by
transmission of an RF signal (for example a 13.56 megahertz
signal) to be inductively coupled to the antenna 1033 (or
1018) of the other near field communicator 1030 (or 1015)
when that antenna is within the field of the RF signal gener-
ated by the one NFC device 1015 (or 1030).

The NFC devices 1015 and 1030 are coupled to the mobile
telephone and portable computer functionality 1010 and
1020, respectively, to enable data and/or control commands to
be sent between the NFC device and the host device and to
enable user input to the NFC device. Communication
between the user interface 103 or 1021 and the NFC device
1015 or 1030 is via the host device functionality 1010 or
1020, respectively.

Each of the NFC devices 1015 and 1030 has a power
deriver 1019 and 1034. The power derivers 1019 and 1034
may be, for example, batteries such as button cell or other
small batteries. Alternatively or additionally, as shown by the
dashed lines in FIG. 1, the power providers 1019 and 1034
may comprise couplings to the host batteries 1011 and 1025
and/or may be coupled to derive power from an RF signal
inductively coupled to the NFC device.

It will be appreciated that FIG. 1 shows only examples of
types of host devices. A host device may be another type of
electrical device such as a personal digital assistant (PDA),
other portable electrical device such as a portable audio and/
orvideo player such as an MP3 player, an IPOD®, CD player,
DVD player or other electrical device.

Also, rather than being incorporated within the host device,
the NFC device 1015 or 1030 may be associated with the host
apparatus, for example by a wired or wireless coupling that is
capable of power transfer. In such a case, a housing of the
NFC device may be physically separate from or may be
attached to the housing of the host device; in the later case, the
attachment may be permanent once made or the NFC device
may be removable. For example, the NFC device may be
housed within: a housing attachable to another device; a
housing portion, such as a casing of the host apparatus; an
access card; or may have a housing shaped or configured to
look like a smart card. For example an NFC device may be
coupled to a larger device by way of a communications link
such as, for example, a USB link, or may be provided as a card
(for example a PCMCIA card or a card that looks like a smart
card) which can be received in an appropriate slot ofthe larger
or host device.

As another possibility, the NFC device may be a standalone
NFC device, that is it may have no functionality beyond NFC
communication.

Referring now to FIG. 2 of the accompanying drawings,
FIG. 2 is a functional block diagram of an apparatus 100
comprising an NFC device, and illustrates in greater detail
one way in which the NFC operational components of an
NFC device embodying the invention may be implemented.

In this example, the apparatus 100 comprises an NFC
device 100a having NFC operational components 101, an
inductive coupler 102, and a power deriver 103 coupled
between the coupler 102 and a chargeable power supply 104
chargeable by the power deriver 103. The NFC communica-
tions enabled device 100 may or may not also have or be
capable of being connected or coupled with at least one of
other functionality 105 (for example functionality of the host
apparatus such as described above for FIG. 1) and a user
interface 106.
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The NFC operational components 101 comprise a control-
ler 107 for controlling overall operation of the NFC commu-
nicator. The controller 107 is coupled to a data store 108 for
storing data (information and/or control data) to be transmit-
ted from and/or data received by the NFC communications
enabled device. The controller 107 may be a microprocessor,
for example a RISC processor or other microprocessor or a
state machine. Program instructions for programming the
controller and/or control data for communication to another
near field RF communicator may be stored in an internal
memory of the controller and/or the data store 108.

The NFC operational components 101 also comprise a
demodulator 114 coupled between the coupler 102 and the
controller 107 for demodulating a modulated RF signal
inductively coupled to the coupler 102 and for supplying the
thus extracted data to the controller 107 for processing.

In addition the NFC operational components 101 include
components for enabling modulation of an RF signal to
enable data to be communicated to another RFID device in
near field range of the NFC device 100q.

As shown in FIG. 2, the NFC operational components 101
comprise a modulator 110 coupled via a driver 111 to the
coupler 102. The modulator 110 may, for example, switch a
transistor (for example a FET) coupled across the inductor
112 on and off in accordance with the data supplied by the
controller 107, thereby modulating the load on the inductor
112 and thus an RF signal supplied by the NFC communicator
in accordance with that data. Alternatively or additionally
modulation of an RF signal may be provided by sine synthesis
(which for example may generate a PDM (Pulse Density
Modulation) signal to the driver 111). As a further alternative
the NFC communicator may comprise an emulator intended
to enable interference or simulated load modulation of a
received RF signal as described in greater detail in WO 2005/
045744, the whole contents of which are hereby incorporated
by reference. In this latter case, the signal generator is
replaced by the circuitry described in WO 2005/045744 that
enables interference or simulated load modulation of a
received RF signal.

When an NFC communicator as shown in FIG. 2 is in
initiator mode (and therefore is transmitting an RF signal), the
controller 107 is configured to control the modulator and
signal generator to transmit a modulated or un-modulated RF
signal through driver 111. Modulation will be in accordance
with at least one of data held in data store 108 and control data
held within controller 107. The data communicated will
depend upon the communications protocol under which the
NFC communicator is operating and the data stored in the
data store 108. For example, the initial data communicated
may be a wake-up instruction (for example REQA) to any
receptive device (for example an NFC communicator in target
mode or an RFID transponder) in near field range.

When an NFC communicator as shown in FIG. 2 is oper-
ating in target mode, it will wait to receive an RF signal from
an initiator mode NFC communicator or RFID reader through
the coupler 102. On receipt of such an RF signal, the demodu-
lator 114 will demodulate the RF signal to extract any data
carried by the RF signal and will supply a digital data signal
to the controller 107. The demodulated signal may be, for
example, a wake-up instruction (for example REQA). The
controller 107 will respond to such received data in accor-
dance with its programming and/or data stored in the data
store 108. Response in target mode may be through load
modulation of the received RF signal (through modulation of
load on inductor 112). Alternatively certain NFC communi-
cators may respond through interference with the received RF
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signal or alternatively through transmission of a modulated
RF signal (as described above).

As set out above, the NFC communications enabled device
shown in FIG. 2 has its own chargeable power supply 104
(which may be part of the NFC communicator or may be the
power supply of a host device) and when that chargeable
power supply 104 is drained or is not fully charged, the power
deriver 103 of the NFC communications enabled device may
derive power from any suitable RF signal within near field
range of the coupler 102 so as to charge the chargeable power
supply 104. A suitable RF signal may be for example an RF
signal supplied by another NFC communications enabled
device or near field RF communicator (for example an RFID
reader or an RFID tag if the tag is capable of supplying
sufficient power).

The functionality of the controller 107 is shown in FIG. 2 as
being entirely within the NFC communicator. As other pos-
sibilities, the functionality of the controller 107 may be
entirely within any host device controller or distributed
between the NFC communicator and the host device. As a
further possibility, certain control functionality may reside
within a separate unit which is attachable or removable or
alternatively only used for certain transactions, for example a
security device or ESD device which may only be used for
payment transactions. Where the functionality of the control-
ler 107 is within a separate unit or within any host device, then
instead of the controller 107 the NFC communicator will have
a coupling, possibly including an appropriate interface, to
that controller.

In the example shown in FIG. 2, the coupler 102 comprises
a series connection to earth (ground) of a capacitor 113 and an
inductor 112. As another possibility a parallel circuit configu-
ration may be used. The exact design of the inductor and
inductive coupler will depend on the functionality, range and
emission standard compliance requirements, plus the envi-
ronment within which the NFC communications enabled
device 100 is designed to operate.

The NFC device 100a of FIG. 2 additionally comprises a
plurality of capacitors 115 to 118 under control of the con-
troller 107. The plurality of capacitors 115-118 may be in the
form as described in more detail below i.e. each capacitor
being formed on a single common layer of the integrated
circuit and comprising first and second interleaved electrode
tabs or optionally may be comprised of standard capacitors,
for example flat plate construction capacitors (e.g. poly-poly
capacitors) or vari-cap diodes. The controller 107 in FIG. 2
directly controls which capacitors or combination of capaci-
tors are active during operation of the NFC device 1004 either
via a switch or series of switches (as will be described below
in connection with FIG. 5), or by varying a DC bias in the case
of for example vari-cap diodes.

The controller 107 may be programmed on manufacture of
the NFC device or host apparatus as a result of testing of the
NFC device and the manufacturer establishing the required
performance and a set capacitance value or range of capaci-
tance values to provide that level of performance. For
example on programming of the NFC device, the controller
107 may also be programmed to require a particular series of
capacitors to operate or be switched on at particular times.
Only one capacitance may be selected and controlled by the
controller 107. Alternatively different capacitances may be
selected for different operation conditions, for example when
the NFC device is acting as an initiator or target or when for
example the controller 107 receives a particular control or
program signal from its host apparatus. Such a program or
control signal may be sent by the host apparatus following
attachment of a new battery or casing or other removable or
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replaceable attachment to the host apparatus. Such a system
will achieve platform insensitivity but will still be sensitive to
environmental changes which are not under the control of the
host apparatus.

Optionally, the controller 107 may be arranged to control
the capacitance in response to receipt of an internal or exter-
nal signal to switch on or off the capacitors and therefore
adjust the capacitance as required. Examples of an external
signal may for example be receipt of an RF signal coupled to
coupler 102, demodulation of the received RF signal and
processing of control data so received. Examples of an inter-
nal signal may include the use of a magnetic field sensor
within the NFC device which is located within the magnetic
field being generated by the NFC device and which is able to
sense the strength of that magnetic field. Where the magnetic
field falls below a certain threshold value the magnetic field
sensor sends a signal to the controller 107 which results in the
controller 107 changing the capacitance of the circuit. Such a
system will be sensitive to environmental changes. Such a
magnetic field sensor is described in co-pending application
PCT/GB2005/004407, the contents of which are hereby
incorporated by reference in the present application.

The controller 107 may control capacitance in all of the
ways described above or in a combination of the ways
described above depending on the tuning or extent of plat-
form insensitivity required.

Referring now to FIG. 3, the NFC device 59 is representa-
tive of the NFC apparatus 100 described in relation to FIG. 2
above. The NFC device functionality (referenced as 100q in
FIG. 2)is represented by the box 35 plus inductive coupler 51
(referenced as 112 in FIG. 2). The specific functionality of the
NFC device is not shown for ease of reference. The function-
ality of other system components is generally designated by
box 105.

A principal difference between the arrangement of FIGS. 2
and 3 is that the plurality of capacitors 115-118 has been
replaced by a plurality of capacitors 45, to 45, and associated
switches 61, to 61,. Each one of the plurality of capacitors
45, to 45, is selectively switchable into or out of the inte-
grated circuit by the associated switches 61, to 61, and each
of the switches may be formed by a FET transistor, a micro-
mechanical mechanism, or any one of many other suitable
alternatives well known to persons of ordinary skill in the art.
The operation of the switches is controlled by the NFC device
controller, and that control may be in any of the ways
described above in relation to FIG. 2.

Such control is effected in one illustrative embodiment by
choosing the values of the plurality of capacitors 45, to 45, so
that a binary-weighted array is formed. In this way a proces-
sor or controller within the functional core 41 can execute an
algorithm to adjust the capacitance value during manufacture
or use and thereby the tuning for improved system perfor-
mance, when for example the NFC device is to be used in one
mobile phone variant rather than a second variant. As a result
of instructions received from the host apparatus or during
integration into the host apparatus the processor or controller
executes the algorithm and adjusts the capacitance value
accordingly. Likewise where an internal sensor (for example
as described in co-pending application PCT/GB2005/
004407) is included, the algorithm may be used to adjust the
capacitance value in accordance with the magnetic field
sensed by such internal sensor.

The aforementioned algorithm may be implemented by a
microprocessor or microcontroller within the NFC device, or
optionally the algorithm may be implemented by a host sys-
tem (apparatus) processor. The advantage of this latter
arrangement is that different host systems can automatically
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adjust the capacitance value and so allow for capacitance
values specific to the host system in question. It is also the
case that the NFC device of the present invention may be
implemented as a stand alone device, or integrated within
circuitry of a host system (generally designed by reference
numeral 63 in FIG. 3).

Persons of ordinary skill in the art will be aware that many
different algorithms may be employed to enable the afore-
mentioned tuning of the device. For example the algorithm
may implement a peak detection process whereby the capaci-
tance is changed (e.g. increased or decreased) in increments
until a point is reached where the last increment adversely
affects the parameter, whereupon the increment immediately
before the last increment represents an optimum setting for
the circuitry. In another example, the algorithm may imple-
ment PID (proportional, integral, differential) processing. An
example algorithm may be represented thus:

Output()=PE®)+1/JE()dt+Dd/dtE(?)

where t=time, E is the received RF signal strength or output
from the aforementioned sensor, P is the proportional error, |
is the integral of the error and D is the derivative of the error.
Constants may be used to determine the effect that each of the
three inputs (P, D and I) has on the combined comparison and
therefore the effect on the control of the RF signal being
generated.

Referring now to FIGS. 4a and 45 of the accompanying
drawings, there are depicted a plan view and a partial sche-
matic perspective view of a capacitor 1 for a preferred
embodiment of an NFC device according to the present inven-
tion.

As depicted, the capacitor 1 is formed by first and second
conductive track portions 3, 5 that form respective first and
second electrodes of the capacitor 1. The track portions 3, 5
have been deposited on a common substrate layer 7 in such a
way that a substantially constant gap 9 is left between the
electrodes. In the finished device, the gap 9 may be filled by an
insulator (dielectric), but for clarity the insulator has been
omitted from FIGS. 44 and 45.

As depicted, the first and second track portions 3, 5 are
provided at spaced intervals along their length with a plurality
of'tab portions 11 that are arranged to extend laterally towards
the other of the two track portions (i.e. the first track portion
tabs extend towards the second track and the second track
portions extend towards the first track). The first and second
electrode tab portions are, as shown, interleaved or interdigi-
tated with one another to form a comb-like arrangement.
Whilst the capacitor of FIG. 4 is depicted as being comprised
of'only two electrodes, it will be appreciated by those persons
of ordinary skill in the art that a large number of electrodes
may alternatively be provided.

Track dimension X, tab dimension Y, and track spacing 9
are tailored, as will be appreciated by those persons skilled in
the art, such that the capacitor provides a capacitance that is
suitable for the particular NFC device that the capacitor is
incorporated into. The capacitance, and as a result the break-
down voltage, is determined by the separation of the track
spacing, the number of tracks incorporated, the dimensions of
X andY and the dielectric used. The person skilled in the art
will ascertain the likely capacitance range or breakdown volt-
age required and in accordance with the teachings of the
present invention, design the NFC device circuit accordingly.

As shown, it is highly preferred for the tracks to have a
width that is the same as a width of the tabs and for first
electrode tab dimension Y to be generally the same as second
electrode tab dimension Y, as such an arrangement provides a
generally constant capacitance per unit length over the full
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extent of the capacitor. It will be appreciated, however, that
alternative configurations may be adopted if desired. Simi-
larly, whilst both electrodes are depicted as being straight,
they need not be so. They could, for example, be curved.

FIG. 5 is a schematic representation in cross-section of a
particularly preferred integrated circuit wherein a plurality of
capacitors in accordance with the embodiment depicted in
FIGS. 4a and 45 have been formed on discrete separated
layers of an integrated circuit.

Referring to FIG. 5, the capacitor 13 of this embodiment
comprises, on a first common layer 15 of the integrated cir-
cuit, first and second interleaved electrode tabs 17, 19 spaced
from one another by an insulator 21. An insulator layer 23 is
provided on top of the first and second electrode tabs, and
third and fourth electrodes (the tabs 25, 27 of which are
shown) spaced by insulator 29 are provided on a second
common layer 31 above the insulator layer 23. As shown, the
first and third, and second and fourth electrodes are electri-
cally connected in parallel, and the overall arrangement
(which may be extended to include capacitors of a similar
design on further layers) provides an improved capacitance
per unit surface area of the integrated circuit. Such an arrange-
ment also provides both for increased circuit design flexibility
(as compared with those arrangements where the insulating
layer thickness (and hence the capacitance) is fixed) and
tuning ability within the NFC device.

Having now described several presently preferred embodi-
ments of the present invention, it will be immediately appar-
ent to those persons of ordinary skill in the art that modifica-
tions, additions and substitutions may be made without
departing from the spirit of the invention or from the scope of
the invention as set out in the claims.

It should also be noted that whilst certain presently pre-
ferred combinations of features have been explicitly enumer-
ated in the accompanying claims, the scope of the invention is
not limited to these combinations but instead extends to
encompass any combination of features herein described irre-
spective of whether that particular combination has been
claimed.

I claim:

1. A near field communications (NFC) device, comprising:

controller;

an inductive coupler having a first node coupled to said
controller and a second node;

plurality of capacitors coupled between said second node
and said controller; and

amagnetic field sensor configured to sense a magnetic field
strength in a vicinity of said NFC device and to generate
a sensed field strength signal,

wherein said controller is configured to control at least one
capacitor from among said plurality of capacitors to be
activated or deactivated to vary an operating parameter
of said NFC device in response to said sensed field
strength signal using a peak detection process, said con-
troller being further configured to:

change said operating parameter in a plurality of incre-
ments until a final increment adversely affects said oper-
ating parameter; and

set said operating parameter to an increment immediately
before said final increment, wherein said increment
immediately before said final increment represents an
optimum setting for said plurality of capacitors.

2. The NFC device of claim 1, further comprising:

a plurality of switches, each switch from among said plu-
rality of switches being associated with at least one
capacitor from among said plurality of capacitors,
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wherein said controller is configured to control at least one
of'said plurality of switches to activate or deactivate said
associated at least one capacitor to vary said operating
parameter.

3. The NFC device of claim 1, wherein said controller is
further configured to receive at least one instruction specify-
ing which of said plurality of capacitors are to be activated or
deactivated to provide a desired variance of said operating
parameter.

4. The NFC device of claim 3, wherein said controller is
programmable with said at least one instruction at a time of its
manufacture.

5. The NFC device of claim 3, wherein said NFC device is
configured as a component part of another apparatus.

6. The NFC device of claim 5, wherein said NFC device is
programmable with said at least one instruction at a time of a
manufacture of said another apparatus.

7. The NFC device of claim 5, wherein said controller is
configured to be responsive to receipt of data from said
another apparatus.

8. The NFC device of claim 1, wherein said NFC device is
configured as a stand-alone device.

9. The NFC device of claim 1, wherein said at least one
capacitor comprises:

first and second conductive track portions provided in a

common layer of said NFC device, said first and second
track portions being spaced from one another to form,
respectively, first and second electrodes of a first capaci-
tor.

10. The NFC device of claim 9, wherein said first electrode
and said second electrode are interleaved one with the other.

11. The NFC device of claim 10, wherein said first and said
second electrodes each include a plurality of transversely
extending spaced conducting tabs, said first and second elec-
trodes being arranged such that said tabs of said first electrode
are interleaved with said tabs of said second electrode.

12. The NFC device of claim 9, further comprising:

third and fourth conductive track portions provided in a

second common layer of said NFC device that is differ-
ent to said common layer in which said first and second
track portions are provided and which is spaced there-
from by an insulating layer, said third and fourth track
portions being spaced from one another to form, respec-
tively, first and second electrodes of a second capacitor
from among said plurality of capacitors.

13. The NFC device of claim 12, wherein said first elec-
trode and said second electrode of said second capacitor are
interleaved one with the other.

14. The NFC device of claim 12, wherein said first and said
second capacitors are arranged one above the other and elec-
trically coupled in parallel.

15. The NFC device of claim 12, wherein said first elec-
trode of said first capacitor is coupled to said first electrode of
said second capacitor, and said second electrode of said first
capacitor is coupled to said second electrode of said second
capacitor, said first and said second capacitors being arranged
one above the other such that laterally extending tabs of said
first capacitor overlie laterally extending tabs of said second
capacitor second electrode.

16. The NFC device of claim 9, wherein said first and
second conductive track portions are configured to have a
depth that is greater than their width.

17. The NFC device of claim 1, wherein said plurality of
capacitors are coupled to associated switches, and
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wherein said controller is further configured to operate
combinations of said switches to activate or deactivate
combinations of associated capacitors to improve said
operating parameter.

18. The NFC device of claim 1, wherein said operating
parameter comprises:

an induced voltage.

19. The NFC device of claim 1, wherein said operating
parameter comprises:

an induced current.

20. The NFC device of claim 1, wherein said controller is
further configured to provide data to be transmitted to another
device, and further comprising:

a modulator, coupled in between said controller and said

inductive coupler, configured to modulate said data.

21. The NFC device of claim 20, wherein said inductive
coupler is configured to apply said modulated data to an
inductive coupling element to generate a magnetic field.

22. The NFC device of claim 1, wherein said plurality of
capacitors are configured and arranged to be in series with
said inductive coupler.

23. The NFC device of claim 1, wherein said plurality of
capacitors includes a plurality of switchable capacitors in
parallel with at least one fixed capacitor, wherein said at least
one fixed capacitor is fixed among said plurality of switchable
capacitors.

24. The NFC device of claim 1, wherein said controller is
configured to implement said peak detection process using a
proportional, integral, differential (PID) processing algo-
rithm, said PID processing algorithm being represented by:

1 d
PE(D) + 7fE(t)d(t) + DEE([),

wherein t is a time, E is said sensed field strength siganl, P
is a proportional error, I is an integral of an error, and D
is a derivative of the error.

25. The NFC device of claim 1, wherein said magnetic field
sensor is further configured to generate said sensed field
strength signal to cause said controller to control said at least
one capacitor when said magnetic field is less than a thresh-
old.

26. A method of operating a near field communications
(NFC) device, comprising:

sensing, by said NFC device, a magnetic field strength in a

vicinity of said NFC device;

generating, by said NFC device, a field strength signal in

response to sensing said magnetic field strength; and

activating or deactivating, by said NFC device, using a

peak detection process, at least one capacitor from
among a plurality of capacitors to vary an operating
parameter of said NFC device in response to said sensed
field strength signal, said peak detection process com-
prising:

changing said operating parameter in a plurality of incre-

ments until a final increment adversely affects said oper-
ating parameter; and

setting said operating parameter to an increment immedi-

ately before said final increment, wherein said incre-
ment immediately before said final increment represents
an optimum setting for said plurality of capacitors.

27. The method of claim 26, wherein the step of activating
or deactivating comprises:

activating at least one switch from among a plurality

switches to activate said at least one capacitor.



US 8,249,500 B2
15 16

28. The method of claim 26, wherein the step of activating 30. The method of claim 26, wherein the step of activating
or deactivating comprises: or deactivating comprises:
activating or deactivating said at least one capacitor to vary
an induced current.
5 31. The method of claim 26, wherein the step of generating
29. The method of claim 26, wherein the step of activating comprises:
or deactivating comprises: generating said sensed field strength signal when said mag-
netic field is less than a threshold.

deactivating at least one switch from among a plurality
switches to deactivate said at least one capacitor.

activating or deactivating said at least one capacitor to vary
an induced voltage. I T S
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