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(54) Clock synchronization in an RFID equipped device

(57) Embodiments of a method for clock synchroni-
zation in a radio frequency identification (RFID) equipped
device, an RFID equipped device, and a hand-held com-
munications device are described. In one embodiment,
a method for clock synchronization in an RFID equipped
device involves measuring a difference between a field
clock frequency generated from an external clock and an

internal clock frequency generated from an internal clock
and generating outgoing bits in the RFID equipped device
in response to the measured difference. Generating the
outgoing bits involves adjusting the bit length of at least
one of the outgoing bits in response to the measured
difference. Other embodiments are also described.
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Description

[0001] Embodiments of the invention relate generally
to processing systems and methods and, more particu-
larly, to systems and methods for clock synchronization.
[0002] A radio frequency identification (RFID)
equipped device includes embedded integrated circuits
that can be used to store information. For example, RFID
tags are used in financial, transportation, security, health-
care, or other applications to provide identification and
authentication information. An RFID equipped device in-
cludes an antenna, such as an inductor type antenna, to
receive and transmit wireless signals via magnetic or
electromagnetic fields.
[0003] Hand-held communications devices, such as
smartphones, increasingly include built-in RFID modules
for identification and authentication. However, integrat-
ing an RFID module into a mobile device poses challeng-
es. For example, an RFID module typically has an an-
tenna with a large physical dimension, such as around
8x5 centimeters (cm). Fitting a large antenna into a com-
pact hand-held device is challenging. To make an RFID
module suitable for a hand-held device, the antenna di-
mensions of the RFID module need to be in an acceptable
range, such as around 1x1cm. However, reducing the
antenna size of an RFID module reduces the antenna
coupling factor and, consequently, decreases the side-
band levels of the corresponding wireless signals. When
the sideband levels of the corresponding wireless signals
decrease below a certain threshold, load modulation usu-
ally cannot be used to modulate outgoing signals of the
RFID module.
[0004] To cope with the decreased sideband levels in
an RFID module, active modulation can be used to mod-
ulate outgoing wireless signals. Compared to load mod-
ulation that involves changing the energy taken out of an
electromagnetic field, active modulation involves gener-
ating an electromagnetic field and transmitting signals
through the electromagnetic field. Typically, active mod-
ulation uses at least one active component, such as, an
amplifier or an oscillator, to generate or transmit modu-
lated signals. Active modulation may involve an analog
modulation scheme, such as, amplitude modulation
(AM), frequency modulation (FM) or phase modulation
(PM), or a digital modulation scheme, such as, amplitude
shift keying (ASK), frequency shift keying (FSK), or phase
shift keying (PSK). However, implementing active mod-
ulation in an RFID equipped device requires accurate
clock synchronization.
[0005] Embodiments of a method for clock synchroni-
zation in an RFID equipped device, an RFID equipped
device, and a hand-held communications device are de-
scribed. In one embodiment, a method for clock synchro-
nization in an RFID equipped device involves measuring
a difference between a field clock frequency generated
from an external clock and an internal clock frequency
generated from an internal clock and generating outgoing
bits in the RFID equipped device in response to the meas-

ured difference. Generating the outgoing bits involves
adjusting the bit length of at least one of the outgoing bits
in response to the measured difference. Adjusting bit
length of at least one of the outgoing bits in response to
the measured clock difference allows the average bit
length error of the outgoing bits to be kept within an ac-
ceptable level. By keeping the average bit length error
of the outgoing bits within an acceptable level, an external
wireless device can achieve a stable reception of mod-
ulated bits. Other embodiments are also described.
[0006] In an embodiment, a method for clock synchro-
nization in an RFID equipped device includes measuring
a difference between a field clock frequency generated
from an external clock and an internal clock frequency
generated from an internal clock and generating outgoing
bits in the RFID equipped device in response to the meas-
ured difference. Generating the outgoing bits includes
adjusting the bit length of at least one of the outgoing bits
in response to the measured difference.
[0007] In an embodiment, an RFID equipped device
includes a clock difference measurement unit configured
to measure a difference between a field clock frequency
generated from an external clock and an internal clock
frequency generated from an internal clock and a mod-
ulator configured to generate outgoing bits in response
to the measured difference. The modulator includes a bit
length adjustment unit configured to adjust the bit length
of at least one of the outgoing bits in response to the
measured difference.
[0008] In an embodiment, a hand-held communica-
tions device includes a crystal oscillator configured to
provide an internal clock signal and a Near Field Com-
munication (NFC) module. The NFC module includes an
antenna configured to receive NFC wireless signals, a
clock difference measurement unit configured to derive
an external field clock frequency from the received NFC
wireless signals and to measure a difference between
the external field clock frequency and an internal clock
frequency of the internal clock signal, and a modulator
configured to generate outgoing bits in response to the
measured difference. The modulator includes a bit length
adjustment unit configured to add a clock period to one
of the outgoing bits or remove a clock period from one
of the outgoing bits in response to the measured differ-
ence.
[0009] Other aspects and advantages of embodiments
of the present invention will become apparent from the
following detailed description, taken in conjunction with
the accompanying drawings, depicted by way of example
of the principles of the invention.

Fig. 1 is a schematic block diagram of an RFID
equipped device in accordance with an embodiment
of the invention.
Fig. 2 depicts an embodiment of the RFID equipped
device depicted in Fig. 1.
Figs. 3-5 depict example bit frames that are gener-
ated in the RFID equipped device of Fig. 2 before
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and after clock synchronization.
Fig. 6 is a process flow diagram that illustrates a
method for clock synchronization in an RFID
equipped device in accordance with an embodiment
of the invention.

[0010] Throughout the description, similar reference
numbers may be used to identify similar elements.
[0011] It will be readily understood that the compo-
nents of the embodiments as generally described herein
and illustrated in the appended figures could be arranged
and designed in a wide variety of different configurations.
Thus, the following detailed description of various em-
bodiments, as represented in the figures, is not intended
to limit the scope of the present disclosure, but is merely
representative of various embodiments. While the vari-
ous aspects of the embodiments are presented in draw-
ings, the drawings are not necessarily drawn to scale
unless specifically indicated.
[0012] The described embodiments are to be consid-
ered in all respects only as illustrative and not restrictive.
The scope of the invention is, therefore, indicated by the
appended claims rather than by this detailed description.
All changes which come within the meaning and range
of equivalency of the claims are to be embraced within
their scope.
[0013] Reference throughout this specification to fea-
tures, advantages, or similar language does not imply
that all of the features and advantages that may be real-
ized with the present invention should be or are in any
single embodiment. Rather, language referring to the fea-
tures and advantages is understood to mean that a spe-
cific feature, advantage, or characteristic described in
connection with an embodiment is included in at least
one embodiment. Thus, discussions of the features and
advantages, and similar language, throughout this spec-
ification may, but do not necessarily, refer to the same
embodiment.
[0014] Furthermore, the described features, advantag-
es, and characteristics of the invention may be combined
in any suitable manner in one or more embodiments. One
skilled in the relevant art will recognize, in light of the
description herein, that the invention can be practiced
without one or more of the specific features or advantag-
es of a particular embodiment. In other instances, addi-
tional features and advantages may be recognized in cer-
tain embodiments that may not be present in all embod-
iments of the invention.
[0015] Reference throughout this specification to "one
embodiment," "an embodiment," or similar language
means that a particular feature, structure, or character-
istic described in connection with the indicated embodi-
ment is included in at least one embodiment. Thus, the
phrases "in one embodiment," "in an embodiment," and
similar language throughout this specification may, but
do not necessarily, all refer to the same embodiment.
[0016] Fig. 1 is a schematic block diagram of an RFID
equipped device 100 in accordance with an embodiment

of the invention. The RFID equipped device may be used
in financial, transportation, security, healthcare, or other
applications in an RFID system 130 to provide identifica-
tion and authentication. In the embodiment depicted in
Fig. 1, the RFID equipped device communicates wire-
lessly using magnetic or electromagnetic fields with a
reader 112 to form the RFID system 130. The data com-
munications of the RFID equipped device can be
achieved using the magnetic or electromagnetic fields
without the use of physical contacts. In an embodiment,
the RFID equipped device is used in Near Field Commu-
nication (NFC) applications. For example, the RFID
equipped device and the reader communicate via the
NFC communications standard as defined by the Inter-
national Organization for Standardization (ISO) and the
International Electrotechnical Commission (IEC) 14443
standard. In one embodiment, the RFID equipped device
includes an internal power source (not shown), which
can be a battery, such as a lithium-ion battery. However,
in some other embodiments, such as smart cards, the
RFID equipped device may not include an internal power
source, in which case power is generated by induction.
[0017] The RFID equipped device 100 may be a port-
able or hand-held communications device, such as a
smartphone, a tablet computer, a laptop, etc. In the em-
bodiment depicted in Fig. 1, the RFID equipped device
100 includes an RFID module 102 that supports RFID
communications. In addition to the RFID module 102, the
RFID equipped device 100 may also include another
wireless communications unit 126, which is configured
to facilitate wireless communications between the RFID
equipped device 100 and another wireless communica-
tions device, e.g., 3G, 4G, and/or WiFi devices. For ex-
ample, the wireless communications unit can support
various different RF communications protocols, including
without limitation, GSM, UMTS, CDMA, WiMax and com-
munications protocols as defined by 3GPP, 3GPP2, or
IEEE 802.16. The wireless communications unit 126 is
optional. In some embodiments, the RFID equipped de-
vice 100 does not include the wireless communications
unit 126. For example, the RFID equipped device 100
may be an RFID card or other NFC device that does not
have 3G, 4G, or WiFi communications capabilities.
[0018] The RFID module 102 can be embodied in var-
ious physical forms. For example, the RFID module 102
may include an Integrated Circuit (IC) chip, such as an
NFC IC chip, and an antenna unit. In some embodiments,
the RFID module 102 may be a smart card that has the
ability to securely manage, store and provide access to
data on the card, perform on-card functions, such as en-
cryption, authentication, and authorization, and interact
intelligently with a smart card reader. In the embodiment
depicted in Fig. 1, the RFID module 102 includes an an-
tenna 104, an RFID transceiver 106, and a clock syn-
chronization module 108.
[0019] The antenna 104 of the RFID module 102 is
configured to receive/send wireless signals from/to the
reader 112, which can be a smart card reader or other
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information interrogators. The antenna, which may be an
NFC antenna, can communicate via magnetic or electro-
magnetic fields. In an embodiment, the antenna is a coil
type antenna that captures an interrogation signal from
the reader to power the RFID module 102.
[0020] For the reader 112, the length of each bit that
is received from the RFID module 102 needs to be main-
tained within an acceptable threshold. For the the RFID
equipped device 100, keeping data bits at a uniform
length is also referred to as holding the bitgrid. Holding
the bitgrid at the RFID equipped device 100 is essential
for proper reception and demodulation at the reader. If
consecutive bits have a length error, the length errors
can sum up. For example, if on average a bit has an
incorrect length of around 1%, after transmitting 10 bits,
the length error is 10% of the length of a single bit. In an
embodiment in accordance with the invention, the RFID
RFID module can hold the bitgrid using the RFID trans-
ceiver 106 and the clock synchronization module 108,
as described in further details below.
[0021] The RFID transceiver 106 of the RFID module
102 is configured to process received signals from the
antenna 104 and/or to generate output signals for the
antenna. The RFID transceiver includes a modulator 110
configured to modulate or modify a carrier signal, such
as a carrier waveform, with a modulating signal to gen-
erate a modulated signal. The modulating signal is also
referred to as the modulation signal. In the embodiment
depicted in Fig. 1, the modulating signal represents digital
bits that carry information to be conveyed. In an embod-
iment, the modulator is configured to modulate the out-
going bits with a carrier signal using active modulation
to generate modulated signals in the RFID equipped de-
vice 100. In active modulation, an electromagnetic field
is generated and an actively modulated signal is trans-
mitted through the electromagnetic field.
[0022] In addition to the modulator 110, the RFID trans-
ceiver 106 may include an additional component, such
as an analog front-end, a digital signal processing (DSP)
unit, and/or a processor. For example, the RFID trans-
ceiver may include an analog front-end configured to
process and convert the received analog signals from
the antenna into digital signals, a DSP unit configured to
perform digital signal processing on digital signals from
the analog front-end, and/or a processor configured to
process digital signals from the DSP unit according to
one or more protocols. The processor can be a micro-
processor such as a central processing unit (CPU) that
provides microinstruction and data processing capability
for the RFID module 102. Examples of the protocols that
can be used by the processor include, but are not limited
to, one or more communication protocol stacks, crypto-
graphic protocols, and data compression protocols.
[0023] The clock synchronization module 108 is used
for clock synchronization of the RFID equipped device
100. The RFID equipped device 100 has an internal clock
source, such as a stable clock source provided by a crys-
tal oscillator. In addition to the internal clock source, the

RFID equipped device 100 obtains a field clock frequency
generated from an external clock, such as the reader
112. For example, the RFID module 102 can derive the
field clock frequency from wireless signals received from
the antenna 104 that are sent, for example, from the read-
er 112. To make the RFID equipped device a synchro-
nous device, the clock synchronization module keeps the
field clock frequency close to the internal clock frequency.
For example, the clock synchronization module keeps
the field clock timing within a tolerance relative to an el-
ementary time unit (ETU), which is typically the length of
a single modulating bit, of the internal clock timing. In an
embodiment, if the position of a modulating bit within a
data frame differs from an ideal position by less than ¨
of an elementary time unit, the reader 112 can reliably
receive and decode the modulating bit.
[0024] Generally, the external RF field clock is
switched on before a signal is transmitted from the RFID
equipped device 100. Within the time period between the
switching on of the field clock and the signal transmission
from the RFID equipped device, an exact measurement
of the difference between the field clock frequency and
the internal clock frequency can be made. In an embod-
iment, the clock synchronization module 106 synchroniz-
es the RFID equipped device 100 by measuring the dif-
ference between the field clock frequency and the inter-
nal clock frequency of the RFID equipped device and
causing the bit length of at least one of modulating bits
(i.e., outgoing bits to be modulated by the carrier signal)
to be set in response to the difference between the field
clock frequency and the internal clock frequency. The
RFID equipped device can adjust the bit length of at least
one of the outgoing bits, for example, by adding one or
more clock periods to at least one outgoing bit or remov-
ing one or more clock periods from at least one modulated
bit. In some embodiments, the RFID equipped device
adjusts the bit length of at least one of the outgoing bits
to keep the average bit length error within an acceptable
level. By keeping the average bit length error of data
frames within an acceptable level, the reader 112 can
reliably decode the modulated bits.
[0025] Fig. 2 depicts an embodiment of the RFID
equipped device 100 depicted in Fig. 1 that is configured
to measure the difference between a field clock frequen-
cy and an internal clock frequency and to adjust the bit
length of outgoing bits accordingly. In the embodiment
depicted in Fig. 2, an RFID equipped device 200 and a
reader 212 form an RFID system 230. The RFID
equipped device 200 includes an RFID module 202 that
can communicate with and be powered by the reader
212 and an optional wireless communications unit 226
that is configured to facilitate wireless communications
using, for example, 3G, 4G, and/or WiFi. In some em-
bodiments, the RFID equipped device 200 does not in-
clude the wireless communications unit 226. For exam-
ple, the RFID equipped device 200 may be an RFID card
or other NFC device that does not have 3G, 4G, or WiFi
communications capabilities. The RFID module 202 may
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include an IC chip, such as an NFC IC chip, and an an-
tenna unit. In an embodiment, the RFID module 202 and
the reader 212 communicate via the NFC communica-
tions standard as defined by the International Organiza-
tion for Standardization (ISO) and the International Elec-
trotechnical Commission (IEC) 14443 standard. In some
cases, the RFID module 202 is a contactless smart card
that does not include an internal power source but uses
an inductor-type antenna to capture an electromagnetic
interrogation signal to power the smart card’s electronic
circuits.
[0026] The RFID module 202 includes a coil antenna
204, an RFID transceiver 206, and a clock synchroniza-
tion module 208. The coil antenna 204 is configured to
receive wireless signals from the reader 212 and to trans-
mit wireless signals to the reader. The clock synchroni-
zation module 208 includes a clock difference measure-
ment unit 216 and a bit length adjustment calculator 218.
The clock difference measurement unit 216 is configured
to derive an external field clock frequency from wireless
signals that are received from the reader and to measure
a difference between the field clock frequency and an
internal clock frequency of an internal clock source that
is provided by an oscillator 214. The bit length adjustment
calculator 218 is configured to calculate bit length adjust-
ment of the outgoing bits in response to the measured
difference. The clock synchronization module 208 can
be implemented as a processor, such as a microproces-
sor or microcontroller.
[0027] The RFID transceiver 206 of the RFID module
202 includes a modulator 210 configured to generate
modulated signals using active modulation in response
to the measured difference from the clock difference
measurement unit 216. In the embodiment depicted in
Fig. 2, the modulator 210 includes a bit length setting unit
220 configured to set/adjust the bit length of at least one
of the outgoing bits in response to the measured differ-
ence. The modulator 210 can modulate the outgoing bits
with a carrier signal to generate modulated signals.
[0028] In an embodiment, the bit length setting unit 220
adds one or more clock periods to at least one of the
outgoing bits or removes one or more clock periods from
at least one of the outgoing bits in response to the meas-
ured clock difference. The bit length setting unit can
add/remove bit clock periods such that an average bit
length error of the outgoing bits is below a predefined
threshold. For example, the bit length setting unit can
add/remove bit clock periods such that the average bit
length error over a predetermined number of data frames
is below a threshold. In an exemplary operation, the bit
length setting unit adds a clock period to an outgoing bit
if the external field clock frequency is lower than the in-
ternal clock frequency provided by the oscillator 214 and
removes a clock period from an outgoing bit if the field
clock frequency is higher than the internal clock frequen-
cy. A single clock period can be added or removed in
between a data bit frame without negatively impacting
bit decoding. Although the length error can change with

every bit, the average bit length error per data frame stays
below the acceptable level.
[0029] Figs. 3-5 depict example bit frames that are gen-
erated in the RFID module 202 before and after clock
synchronization. In the embodiment depicted in Figs. 3-5,
the carrier signal of the modulator 210 has a frequency
of around 73.56 MHz while the modulating signal (i.e.,
the outgoing bits that carry information to be conveyed)
of the modulator has a frequency of around 848 KHz.
Bits 1, 2, and 3 are located within a data frame 330. Each
bit has a bit length of around 128 clock periods and in-
cludes a shifting signal section B11, B21, or B31 and a
non-shifting signal section B 12, B22, or B32.
[0030] Fig. 3 depicts the three bits in the data frame
330 before clock synchronization. In the embodiment de-
picted in Fig. 3, bit 1 includes a shifting signal section
B11 and a non-shifting signal section B12, bit 2 includes
a shifting signal section B21 and a non-shifting signal
section B22, and bit 3 includes a shifting signal section
B31 and a non-shifting signal section B32. Each of the
signal sections B11, B21, B31, B 12, B22, B32 has 64
clock periods.
[0031] A wireless device, such as the reader 212,
needs to detect the envelope of the signals from the RFID
equipped device 200. To allow the wireless device to
correctly detect the envelope of the signals from the RFID
equipped device 200, a tolerance threshold of bit length
fluctuation is set for the modulator. Generally, a wireless
device can tolerate a length error, for example, between
10% and 25% of a single bit length. For a bit with 128
clock periods, 10% of a single bit length is around 13
clocks. For each bit, one or more clock periods can be
added or removed from a bit while the length error of the
bit is still below the typical length error tolerance. Con-
sequently, the bit length of outgoing bits can be adjusted
without affecting the proper decoding of the bits.
[0032] Fig. 4 depicts the data frame 330 after clock
synchronization when the internal clock frequency is de-
termined to be higher than the field clock frequency. In
the embodiment depicted in Fig. 4, a clock period is add-
ed to one of the bits in the data frame 330. Specifically,
one clock period is added to the non-shifting signal sec-
tion B32 of bit 3. After bit length adjustment, bit 1, bit 2,
and bit 3 have 128, 128, and 129 clock periods, respec-
tively. The bit length adjustment can reduce the average
bit length error over a number of data frames.
[0033] Fig. 5 depicts the data frame 330 after clock
synchronization when the internal clock frequency is de-
termined to be lower than the field clock frequency. In
the embodiment depicted in Fig. 5, a clock period is re-
moved from one of the bits in the data frame 330. Spe-
cifically, one clock period is removed from the non-shift-
ing signal section B32 of bit 3. After bit length adjustment,
bit 1, bit 2, and bit 3 have 128, 128, and 127 clock periods,
respectively. The bit length adjustment can reduce the
average bit length error over a number of data frames.
Although the bit length of bit 3 in the data frame 330 is
adjusted in the embodiments depicted in Figs. 4 and 5,
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in some embodiments, the length of bit 1 or bit 2 is ad-
justed. In addition, although the bit length of one bit in
the data frame 330 is adjusted in the embodiments de-
picted in Figs. 4 and 5, in some embodiments, it may be
necessary to adjust more than one bit.
[0034] Fig. 6 is a process flow diagram that illustrates
a method for clock synchronization in an RFID equipped
device in accordance with an embodiment of the inven-
tion. The RFID equipped device may be the RFID
equipped device 100 depicted in Fig. 1 or the RFID
equipped device 200 depicted in Fig. 2. At block 602, a
difference between a field clock frequency generated
from an external clock and an internal clock frequency
generated from an internal clock is measured. At block
604, outgoing bits are generated in the RFID equipped
device in response to the measured difference. In par-
ticular, the bit length of at least one of the outgoing bits
is adjusted in response to the measured difference.
[0035] Although the operations of the method herein
are shown and described in a particular order, the order
of the operations of the method may be altered so that
certain operations may be performed in an inverse order
or so that certain operations may be performed, at least
in part, concurrently with other operations. In another em-
bodiment, instructions or sub-operations of distinct op-
erations may be implemented in an intermittent and/or
alternating manner.
[0036] In addition, although specific embodiments of
the invention that have been described or depicted in-
clude several components described or depicted herein,
other embodiments of the invention may include fewer
or more components to implement less or more features.
[0037] Furthermore, although specific embodiments of
the invention have been described and depicted, the in-
vention is not to be limited to the specific forms or ar-
rangements of parts so described and depicted. The
scope of the invention is to be defined by the claims ap-
pended hereto and their equivalents.

Claims

1. A radio frequency identification (RFID) equipped de-
vice comprising:

a clock difference measurement unit configured
to measure a difference between a field clock
frequency generated from an external clock and
an internal clock frequency generated from an
internal clock; and
a modulator configured to generate outgoing
bits in response to the measured difference,
wherein the modulator comprises a bit length
adjustment unit configured to adjust the bit
length of at least one of the outgoing bits in re-
sponse to the measured difference.

2. The RFID equipped device of claim 1, wherein the

bit length adjustment unit is further configured to add
a clock period to at least one of the outgoing bits or
remove a clock period from at least one of the out-
going bits.

3. The RFID equipped device of claim 1, wherein the
bit length adjustment unit is further configured to:

add a clock period to at least one of the outgoing
bits if the external field clock frequency is lower
than the internal clock frequency; and
remove a clock period from at least one of the
outgoing bits if the external field clock frequency
is higher than the internal clock frequency.

4. The RFID equipped device of claim 1, wherein the
bit length adjustment unit is further configured to add
a clock period to at least one of the outgoing bits or
remove a clock period from at least one of the out-
going bits such that an average bit length error of
the outgoing bits is below a predefined threshold.

5. The RFID equipped device of claim 1, wherein the
RFID equipped device comprises a contactless
smart card.

6. The RFID equipped device of claim 1, further com-
prising an antenna configured to receive wireless
signals, wherein the clock difference measurement
unit is further configured to derive the external field
clock frequency from the received wireless signals.

7. The RFID equipped device of claim 1, wherein the
RFID equipped device comprises a Near Field Com-
munication (NFC) module, wherein the NFC module
comprises an antenna configured to receive NFC
wireless signals, and wherein the clock difference
measurement unit is further configured to derive the
external field clock frequency from the received NFC
wireless signals.

8. The RFID equipped device of claim 1, further com-
prising a crystal oscillator configured to provide an
internal clock signal that has the internal clock fre-
quency.

9. A hand-held communications device comprises the
RFID equipped device of claim 1.

10. A hand-held communications device comprising:

a crystal oscillator configured to provide an in-
ternal clock signal; and
a Near Field Communication (NFC) module
comprising:

an antenna configured to receive NFC wire-
less signals;
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a clock difference measurement unit con-
figured to derive an external field clock fre-
quency from the received NFC wireless sig-
nals and to measure a difference between
the external field clock frequency and an in-
ternal clock frequency of the internal clock
signal; and

a modulator configured to generate outgoing
bits in response to the
measured difference, wherein the modulator
comprises a bit length adjustment unit config-
ured to add a clock period to one of the outgoing
bits or remove a clock period from one of the
outgoing bits in response to the measured dif-
ference.
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