US 20170288735A1

a9y United States

a2y Patent Application Publication o) Pub. No.: US 2017/0288735 A1l

ZHOU et al.

43) Pub. Date: Oct. 5, 2017

(54)

(71)

(72)

(73)

@
(22)

(63)

(30)

NEAR-FIELD COMMUNICATION (NFC)
TAGS OPTIMIZED FOR HIGH
PERFORMANCE NFC AND WIRELESS
POWER RECEPTION WITH SMALL
ANTENNAS

Applicant: Fusens Technology Limited, Shenzhen
(CN)

Inventors: Ruogu ZHOU, East Lansing, MI (US);
Qingbin WANG, Shenzhen (CN)

Assignee: Fusens Technology Limited, Shenzhen
(CN)

Appl. No.: 15/461,594
Filed: Mar. 17, 2017

Related U.S. Application Data

Continuation of application No. PCT/CN2016/
080852, filed on May 2, 2016.

Foreign Application Priority Data

Apr. 1,2016  (CN) .o 201610203926X

Publication Classification

(51) Int. CL
HO4B 5/00 (2006.01)
HOIQ 1/22 (2006.01)
(52) US.CL
CPC ........ HO4B 5/0037 (2013.01); HO4B 5/0031
(2013.01); HOIQ 1/2225 (2013.01)
(57) ABSTRACT

A device for near-field communication (NFC) and wireless
power reception (WPR) using a magnetic field. The device
has an antenna resonant circuit. The antenna resonant circuit
includes an antenna for magnetic flux of the magnetic field
to flow therethrough, to thereby receive a NFC signal during
the NFC and receive wireless power during the WPR, and a
multi-Q antenna matching circuit configured to adjust an
impedance of the antenna to thereby adjust a quality factor
(Q-factor) of the antenna resonant circuit. The multi-Q
antenna matching circuit is configured to switch between a
high-Q mode for the WPR and a low-Q mode for the NFC,
based on whether strength of the magnetic field is larger than
a predetermined threshold. The device may also include two
separate antenna resonant circuits, of which the Q-factors
are respectively no higher than 25 and no lower than 50.

601 602 603 604 605

l \ \

l

NFCData

3{ . o

Bi-Q
. Antenna
Matching # Driver
Demodu-

MCU é*)_ FIFO

609 607

Power \ 610 608




Patent Application Publication  Oct. 5,2017 Sheet 1 of 15 US 2017/0288735 A1

103

101\ 102\

NFC Reader NFC Tag
interface Interface
e et ém”mm”mm oS

104 \\
105

FI1G. 1



Patent Application Publication  Oct. 5,2017 Sheet 2 of 15 US 2017/0288735 A1

202 203 204
201
I
Antenna Demodu-
Matching | lator
... = NFC Data
Data
interface
Load
................ Modu;a,%.m..m
tor R
Rectifier HE:rsregSZ_ NFC Power
2 & ing
zzzzzzzzzz'zzzzzzzzzzzzz--g?-g-g-i-a-t??--zzzzzzzzz---’f‘teffa-c--e--
g e

\
205 206 \ 207

F1G. 2



Patent Application Publication  Oct. 5,2017 Sheet 3 of 15 US 2017/0288735 A1

302 303 304 305
301
! \ { \
NFC Data
Antenna Antenna Modula= Data
% Maching B Driver o tor interface
306
/
307
308

FIG. 3



Patent Application Publication  Oct. 5,2017 Sheet 4 of 15 US 2017/0288735 A1

XX E L L X LY T

FI1G. 4



Patent Application Publication  Oct. 5,2017 Sheet 5 of 15 US 2017/0288735 A1

505 506 507

509

510

FIG. 5



Patent Application Publication

Oct. 5,2017 Sheet 6 of 15

US 2017/0288735 Al

601 602 603 604 605
{ \ \ (
Bi-Q
; Antenna Modula- Bus
Ma‘tdﬁfng K- Dnrver K tor Interface
Cireuit

NFC Data

606

FI1G. 6




Patent Application Publication  Oct. 5,2017 Sheet 7 of 15 US 2017/0288735 A1

701

\ 705

i
i
;
i

|
i‘i
s
i;i

F1G. 7



Patent Application Publication

Delayts

Delay ty

High Q mode

RF

Oct. 5, 2017

¥
2

Sheet 8 of 15

US 2017/0288735 Al

Low Q mode

Delay tg

Delay t3

Deactivate
RF

Yes

No, timeout

k4

Al
Modu!atio\n\
em pte}a"?/
/

No

Eccccd

FIG. 8



Patent Application Publication

902
901

Oct. 5,2017 Sheet 9 of 15

903

904

\

Bi-Q
Matching
Circuit

Bus
interface

Rectifier
&
Regulator

905

FI1G. 9

US 2017/0288735 Al

NFC Data

NFC Power

907



Patent Application Publication  Oct. 5,2017 Sheet 10 of 15  US 2017/0288735 Al

1008
01 OKOOG 10\07

BN

To \ N 1005
Demodulator o

1002 1003

e

Regu lator

<%

gﬁ

FIG. 10



Patent Application Publication  Oct. 5,2017 Sheet 11 of 15  US 2017/0288735 A1l

High Q mode Low Q mode
Power-on
e :
NECField™No | | “NEC Fieid\:NO
Detected?” Detected?~
//
Yes Yes
N
Fleld : ~ Field
No i Ye
< Strength 3 a Strength
\\\>At? [ \\>At ?
Yes § No
A4 A4
Connect Disconnect
Load Load
No Kodulate odulateth. po

Signal > ; 4 Signal

etecty/ \Qetected
T‘{es é Yes

,,,,,,,,,,,,,,,,,, 3

™ . Delay t;
.
Response

FIG. 11



Patent Application Publication  Oct. 5,2017 Sheet 12 of 15  US 2017/0288735 Al

1202 1203 1204
1201

Antenna Demodu- 3
§ Matching > fator
............................. NFCData
............................ i
interface
load
Antenna
% Matching e M?::t .
Recifier }f;ni;gs\;- NFC Power
& ing
Regulator b L
B s s ss IIIIIIIIIIIIIIIXEEE

1205 1206 1207

1209

FIG. 12



Patent Application Publication

1308

1301

Oct. 5,2017 Sheet 13 of 15

US 2017/0288735 Al

1306

&

To
Regulator

To
Demodulator

&

FI1G. 13



Patent Application Publication  Oct. 5,2017 Sheet 14 of 15  US 2017/0288735 Al

Power-on

NFC Field »No

Detec’cey

Yes
>A?2
L
‘L No
Connect Disconnect
Load Load

l

™ Delay t;
Response

FI1G. 14



Patent Application Publication  Oct. 5,2017 Sheet 15 of 15 US 2017/0288735 Al

High Q mode Low Q mode

Power-on

X
Response

FIG. 15



US 2017/0288735 Al

NEAR-FIELD COMMUNICATION (NFC)
TAGS OPTIMIZED FOR HIGH
PERFORMANCE NFC AND WIRELESS
POWER RECEPTION WITH SMALL
ANTENNAS

BACKGROUND OF THE INVENTION

[0001] 1. Technical Field

[0002] The present invention relates generally to wireless
communication and wireless power transfer (WPT), and
more specifically to Near-field Communication (NFC) tags
optimized for high performance NFC and wireless power
reception with small antennas.

[0003] 2. Background Information

[0004] NFC technology became a popular short-distant
secure communication approach in recent years. NFC lever-
ages the fast decaying magnetic field as its communication
medium, and realizes a short communication distance of
merely a few centimeters, which grants high security and
usability.

[0005] As shown in FIG. 1, there exist two types of typical
NFC interfaces, which are NFC Reader 101 and NFC Tag
102. Near-field communication is usually conducted
between these two interfaces. NFC is a half-duplex com-
munication system, which contains two communication
links, i.e., Reader->Tag link 103 and Tag->Reader link 105.
Reader->Tag link 103: NFC Reader 101 generates an oscil-
lating Magnetic Field 104 with a center frequency of 13.56
MHz as information carrier. NFC Reader 101 maintains the
presence of the Magnetic Field 104 throughout the entire
communication process, regardless of the active communi-
cation link. The carrier is modulated by NFC Reader 101 to
transmit information for the Reader->Tag link 103. When
the NFC Tag 102 is in the vicinity of the magnetic field 104,
it collects the energy carried by the field, and demodulates
the information superimposed on the field to retrieve infor-
mation. To ensure sufficient bandwidth, the antenna quality
factor of the NFC Tag 102 is sufficiently low (<30).
[0006] Tag->Reader link 105: Conventional NFC tag
interfaces are passive interfaces that do not emit any radio
frequency (RF) energy. They rely on the passive load
modulation on Magnetic Field 104 for data transmission.
Specifically, passive NFC tag interfaces modify the imped-
ance of the load that connects to the antenna for transmis-
sion. The variation of the load impedance varies the strength
of the Magnetic Field 104. This results in controlled varia-
tion of the current flowing through the reader’s antenna,
which can be measured to demodulate the information.
[0007] Because the NFC reader interface emits high power
in communication, it is usually adopted by devices with
abundant energy, such as smartphones, tablets, and POS
terminals. On the other hand, NFC tag interfaces are usually
employed by low power devices, like smart cards and
wearable devices.

[0008] NFC Tag 102 can be configured to collect the
energy carried by the oscillating magnetic field 104, to
power the interface itself and other connected devices. This
is called as “NFC energy harvesting,” which is widely
utilized on applications like smart cards and smart tags.
[0009] FIG. 2 shows the typical architecture of conven-
tional passive NFC tag interfaces. Antenna 201 is comprised
of one or many loops of conductive wires, which receive the
energy and the modulated information carried by the oscil-
lating magnetic field. Antenna match circuit 202 transforms
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the impedance of Antenna 201 to a suitable value. Demodu-
lator 203 demodulates the received signal and recovers the
original information. Load Modulator 205 modulates the
impedance of the load connecting to the Antenna 201 to
transmit information. Data Interface 204 is connected with
external components like microcontrollers (MCU) via a data
bus, which is used for exchanging data and configuration.
Rectifier and Regulator 206 converts the received RF energy
to regulated DC (direct current) energy that could be used
for powering system components.

[0010] FIG. 3 shows the typical architecture of NFC
reader interfaces. Antenna 301 is comprised of one or many
loops of conductive wires, which generate oscillating mag-
netic field, transmit, and receive NFC signals. Antenna
match circuit 302 transforms the impedance of Antenna 301
to a suitable value for improving efficiency. Modulator 304
modulates the signal used for generating oscillating mag-
netic field according to the data to be transmitted. Antenna
Driver 303 amplifies the signal Modulator 304 generated,
and drives Antenna 301 via Antenna match circuit 302. To
improve power efficiency, Antenna Driver 303 usually has
low output impedance. Demodulator 309 measures and
tracks the strength of the current flowing through Antenna
301, and demodulates the superimposed signal. MCU 307
manages the entire interface, and its tasks include: assem-
bling and dissembling NFC frames, data integrity verifica-
tion, data exchange via Data Interface 305, controlling and
management of on-chip components. Data Interface 305 is
the communication interface between the NFC reader and
external components, and is usually in the form of SPI
(Serial Peripheral Interface), I°C (Inter-Integrated Circuit),
or UART (universal asynchronous receiver/transmitter).
FIFO (First In First Out buffer) 306 serves as a bidirectional
buffer between Data Interface 305 and MCU 307. Clock
System 308 generates the necessary clocks for the NFC
reader interface, including the 13.56 MHz carrier frequency.
On-chip Power Supply 310 provides regulated power and
reference for the NFC reader interface.

[0011] Conventional NFC system has two major disad-
vantages. First, passive NFC tag interface requires an
antenna of a large size to realize a reasonable communica-
tion distance. Due to the weak signal generated by passive
load modulation with a low-Q antenna, passive NFC tag
interfaces must use sufficiently large antennas to increase the
coupling between the antennas of NFC reader and passive
tag interfaces. When the antenna is too small, the low
coupling results even weaker passive load modulation signal
that cannot be correctly received by the NFC reader. Second,
the low-Q antenna systems of NFC system lead to low
wireless transfer efficiency, which only allows very little
power to be collected by the passive tag NFC interface (10
mW to 20 mW). Such limited power can only support very
simple operations, like read/program internal memory.
[0012] Many current and most next-generation smart
devices like wearable devices, smart cards, and Internet-of-
Things (IoT) have small form-factors that cannot afford
large NFC antennas. However, small antennas significantly
limit the performance and reliability of NFC, resulting in
very short communication distance and unreliable connec-
tion.

[0013] Many current and next-generation NFC applica-
tions such as wearable devices, smart cards, and smart
sensors require significantly higher NFC energy harvesting
capacity than current NFC products could provide, due to
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their sophisticated functions and high processing power. The
extremely limited NFC energy harvesting capability signifi-
cantly limits the performance of these devices.

[0014] To solve the weak signal problem caused by small
NFC antennas, current mainstream solutions employ active
modulation techniques to replace passive load modulation
on the NFC tag interfaces. Active modulation techniques
actively emit RF signals that do not rely on the carrier signal,
ak.a., the oscillating magnetic field. As active modulation
can emit arbitrarily high power, small antennas can yield the
similar communication performance as larger antennas.
However, active modulation is not a perfect solution to this
problem. First of all, since active modulation generates RF
signals when the carrier signal is still present, it requires
precise phase and frequency synchronization of the gener-
ated RF signal to the carrier frequency. This calls for
complex PLL (phase-locked loop), antenna drivers, and
phase tracking circuits, which greatly increase system cost
and power consumption. Moreover, active modulation tech-
nology cannot support NFC energy harvesting due to its
principle of operation. It requires external power to operate.
Therefore, applications relying on NFC energy harvesting,
like smart cards and smart sensors, are incompatible with the
active modulation technology.

[0015] To mitigate the problem of limited NFC energy
harvesting capability on NFC tag interfaces, current solu-
tions actively decrease the power consumption of devices,
so that the limited harvested power can still support normal
operation. These solutions include employing advanced IC
(integrated circuit) manufacturing techniques (e.g., from 130
nm to 90 nm process), increasing device sleep time, lower-
ing device operating frequency, etc. However, these methods
solve the problem at the expense of cost or performance.

BRIEF SUMMARY OF THE INVENTION

[0016] One embodiment of the invention relates to a
near-field communication (NFC) reader for NFC and wire-
less power transfer. The NFC reader has an antenna resonant
circuit that includes an antenna for transmitting and receiv-
ing signals, a multi-Q antenna matching circuit for adjusting
a quality factor (Q-factor) of the antenna resonant circuit,
and an antenna driver for driving the antenna through the
multi-Q antenna matching circuit. The NFC reader also
includes a microcontroller (MCU) for controlling the
multi-Q antenna matching circuit, the MCU being config-
ured to control the multi-Q antenna matching circuit to
switch between a high-Q mode for the wireless power
transfer and a low-Q mode for the NFC.

[0017] Another embodiment of the invention relates to a
NFC tag for NFC and wireless power reception. The NFC
tag includes an antenna resonant circuit that has an antenna
for transmitting and receiving signals, and a multi-Q antenna
matching circuit for adjusting a Q-factor of the antenna
resonant circuit. The multi-Q antenna matching circuit
switches between a high-Q mode for the wireless power
reception and a low-Q mode for the NFC, based on whether
field strength for the NFC is larger than a predetermined
threshold.

[0018] Yet another embodiment of the invention relates to
a NFC tag for NFC and wireless power reception. The NFC
tag includes first and second resonant circuits that are
separate from each other. The first antenna resonant circuit
is configured to perform the NFC, and includes a first
antenna for transmitting and receiving signals, and a first
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antenna matching circuit connected to the first antenna, a
Q-factor of the first antenna resonant circuit being no higher
than 25. The second antenna resonant circuit is configured to
perform the wireless power reception, and includes a second
antenna for transmitting and receiving the signals, and a
second antenna matching circuit connected to the second
antenna. The Q-factor of the second antenna resonant circuit
is no lower than 50.

BRIEF DESCRIPTION OF THE DRAWINGS

[0019] FIG. 1 is an illustration of a typical NFC system.
[0020] FIG. 2 illustrates the architecture of a typical NFC
tag.

[0021] FIG. 3 illustrates the architecture of a typical NFC
reader.

[0022] FIG. 4 is an illustration of antenna coupling.
[0023] FIG. 5 is an equivalent antenna resonant circuit

diagram of NFC systems.

[0024] FIG. 6 illustrates the architecture of an NFC reader
optimized for working with small antennas and wireless
power transfer in one embodiment of the invention.

[0025] FIG. 7 illustrates the architecture of the antenna
resonant circuit of the NFC reader optimized for working
with small antennas and wireless power transfer.

[0026] FIG. 8 is the state machine transitional chart of the
NFC reader optimized for working with small antennas and
wireless power transfer.

[0027] FIG. 9 illustrates the architecture of a first NFC tag
optimized for working with small antennas and wireless
power reception in one embodiment of the invention.
[0028] FIG. 10 illustrates the architecture of the antenna
resonant circuit of the first NFC tag.

[0029] FIG. 11 is the state machine transitional chart of the
first NFC tag.
[0030] FIG. 15 is the state machine transitional chart of the

first NFC tag when wireless power reception is not needed.
[0031] FIG. 12 illustrates the architecture of a second NFC
tag optimized for working with small antennas and wireless
power reception in another embodiment of the invention.
[0032] FIG. 13 illustrates the architecture of the antenna
resonant circuit of the second NFC tag.

[0033] FIG. 14 is the state machine transitional chart of the
second NFC tag.

DETAILED DESCRIPTIONS OF THE
INVENTION

[0034] The present invention relates to an NFC reader
interface and a passive NFC tag interface, which are spe-
cially optimized for working with small antennas and NFC
energy harvesting. The disclosed NFC reader and passive
tag interfaces are fully compatible with current NFC stan-
dards, therefore they can work with any other NFC device.
[0035] Analysis of NFC Energy Harvesting Efficiency
[0036] NFC energy harvesting is a special case of induc-
tive coupling wireless power transfer. For any inductive
coupling wireless power transfer system, the maximum
energy transfer efficiency 1,,,. can be expressed as:

Ut (9]

(1+VUT+1Y

Mmax =
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-continued

U=iV0i0 @

where k is the coupling coefficient between the antennas of
NFC reader and tag, Q, and Q, are the Q-factors of the
reader’s and the tag’s antenna resonant circuits when oscil-
lating at 13.56 MHz, respectively. Note that n,,,. is the
maximum efficiency a wireless power transfer system could
reach. The actual efficiency also depends on system source-
load impedance match.

[0037] The coupling coefficient reflects the degree of
coupling between two antennas. It can be viewed as the
percentage of magnetic flux generated by one antenna that
passes through another antenna. Generally, the further apart
are the antennas, the lower is the coupling coeflicient, as
shown in FIG. 4. Antenna 402 generates a magnetic field
near Antenna 404 and 405. Because Antenna 405 is closer to
Antenna 402 than Antenna 404, more magnetic flux 403
flows through Antenna 405 than through Antenna 404. As a
result, the coupling coeflicient between Antenna 405 and
402 is higher than that between Antenna 404 and 402.
Moreover, the coupling coefficient is also related to the
difference between sizes of the two antennas. For example,
even if Antenna 401 and 404 are placed at the same distance
from Antenna 402, a smaller amount of magnetic flux 403
passes through Antenna 401 than through Antenna 404, due
to its smaller size.

[0038] Q-factor describes the frequency-selectivity and
efficiency of a circuit at a given frequency, which could be
calculated as:

_X 3)
e=%

where X and R are the reactance and the resistance of the
circuit, respectively. The higher the Q is, the more selective
and higher efficient the circuit becomes, and vice versa. In
the case of the antenna resonant circuit, the higher is the Q,
the lower is the loss when oscillating.

[0039] The above analysis indicates four factors that col-
laboratively determine the wireless power transfer effi-
ciency, which are the coupling coefficient, the Q-factor of
the antenna resonant circuit of the reader Q,, the Q-factor of
the antenna resonant circuit of the tag Q,, and the degree of
impedance matching at the tag’s end. Specifically,

[0040] Coupling coefficient k: From Equation (1) and (2),
tighter coupling between antennas leads to higher wireless
power transfer efficiency. The coupling coeflicient is deter-
mined by the relative position, and the size difference of the
two antennas. It usually cannot be directly controlled by
system designers, since it is much related to the nature of
applications and the industrial design of the final product.
[0041] Q-factor of the antenna resonant circuit of the
reader Q,: According to the above analysis, higher Q, leads
to higher wireless power transfer efficiency. Note that Q, is
the Q-factor of the entire resonant circuit, which is collec-
tively determined by the antenna Q-factor, the antenna
driver ESR (Equivalent Series Resistance), and the loss of
antenna matching circuit.

[0042] Q-factor of the antenna resonant circuit of the tag
Q,: According to the above analysis, higher Q, leads to
higher wireless power transfer efficiency. Note that Q, is the
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Q-factor of the entire resonant circuit, which is collectively
determined by the antenna Q-factor, and the loss of antenna
matching circuit.

[0043] Impedance matching of NFC tag: k and Q deter-
mines the maximum wireless power transfer efficiency a
system can reach, but the actual efficiency is also determined
by the degree of matching of the load impedance at tag to the
source when seeing into the antenna matching circuit. Pre-
cise impedance matching is usually difficult on most systems
due to load impedance variations.

[0044] Analysis of Load Modulation when Using Small
Antennas
[0045] For the majority of NFC systems, the bottleneck of

NFC performance is the performance of the Tag->Reader
communication link. FIG. 5 shows a typical NFC system,
which is comprised of an NFC reader interface (left) and an
NFC tag interface (right). To simplify the analysis, both
antenna matching circuits of the two interfaces are com-
prised of a single tuning capacitor connected in series with
the antenna. However, the analysis applies to all forms of
matching circuit topologies. Antenna Driver 511 is an RF
power amplifier, whose output impedance is represented as
Resistor 501. Antenna 504 on the reader is matched to the
Tuning Capacitor 502, which resonates at 13.56 MHz.
Resistor 503 is the combined resistance of the Antenna 504
and the Tuning Capacitor 502. Antenna 505 on the tag is
matched to the Tuning Capacitor 507, which resonates at
13.56 MHz. Resistor 506 is the combined internal resistor of
the Antenna 505 and the Tuning Capacitor 507. RF Switch
508 constitutes the load modulator used for data transmis-
sion on the tag, whose impedance is represented as Resistor
509. When the NFC tag interface is placed in vicinity of the
oscillating magnetic field generated by the NFC reader
interface, the tag interface can be viewed as a load to the
reader interface. To be specific, NFC tag could be repre-
sented as a resistor connected in series with the antenna of
the reader, as illustrated as Resistor 510. This resistor is
commonly called “Reflective Resistance.” The value of this
resistor is determined by many factors, including coupling
coeflicient between antennas, Q-factors of both resonant
circuits, load to the tag interface, and etc. However, for any
given reader interface and tag interface, when their relative
position is fixed (coupling coeflicient and Q-factors are thus
fixed), the value of the reflective resistance only varies with
the load to the tag interface. The variation of the load will
vary the value of the reflective resistance. Therefore, a NFC
reader can measure the change of the current flowing
through its antenna to receive the data transmitted by the tag
interface. This is the principle of load modulation.

[0046] Apparently, greater variations of reflective resistor
510 during load modulation will lead to stronger current
change on the antenna of the NFC reader interface, which
creates higher signal strength. The resistance of reflective
resistor 510, when the antennas are resonant, can be
expressed as:

wrM?
B Ry + RL’

v

where o is the signal frequency, M is the mutual inductance
of the two antennas, R, and R, are the resistance of and the
load to the tag’s antenna resonant circuit, respectively.
Because w, M, and R, are constant during communication,
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the variation of Z, can be only generated by the change of
R;. Apparently, when the resistance of R;is switching
between 0 and infinity, Z, has the highest variation. The
maximum and minimum values of Z, can be expressed as:

M2
Max(Z,) =

,when R; =0
2

2172

w M
Min(Z,) = RZT =0, when R; - +co0

[0047] The signal strength generated by load modulation,
H, can be written as the ratio between the impedance
variation caused by load modulation and the maximum
impedance on the reader’s antenna resonant circuit:

WEM? 3
_ Max(Z)-Min(Z) Rk, K00
T TR +Max(Z,) R W?M? T 4x2 +K2Q, 0,

RyRy

[0048] Where R, is the equivalent series resistance (ESR)
of the reader’s antenna resonant circuit, i.e., the sum of
Resistor 501 and Resistor 503, Q, and Q, are the Q-factors
of antenna resonant circuits of the reader interface and the
tag interface, respectively. The maximum and minimum
signal strengths are achieved when H is equal to 1 and O,
respectively.

[0049] The dimension of antennas mainly affects the cou-
pling coeflicient k between the antennas of the reader and the
tag. For a given distance between antennas, smaller antennas
lead to a lower coupling coefficient. According to Equation
(3), a low coupling coefficient will lower the tag->reader
signal strength H, which may cause the NFC reader interface
to drop the frame due to low SNR (signal-to-noise ratio).
[0050] Based on the above analysis, there are a few
methods to deal with the low coupling coefficient caused by
small antennas:

[0051] (1) Improving the Q-factor of the reader’s antenna
resonant circuit, Q,. According to Equation (3), increasing
Q; would improve the tag->reader signal strength H. Q, is
the combined Q-factor of the entire antenna resonant circuit,
which is determined collaboratively by the Q-factor of the
antenna, the ESR of matching circuit and the antenna driver,
and etc.

[0052] (2) Improving the Q-factor of the tag’s antenna
resonant circuit, Q,. According to Equation (3), increasing
Q, would improve the tag->reader signal strength H. Q, is
the combined Q-factor of the entire antenna resonant circuit,
which is determined collaboratively by the Q-factor of the
antenna, the ESR of matching circuit, and etc.

[0053] (3) Adjusting the resistance switching range of load
R;. According to Equation (3), increasing the range that R,
could switch would improve the tag->reader signal strength
H. In most cases, the maximum and minimum values of R,
are determined by the characteristics of the load switch in
the load modulator. To improve H, the load switch has a
small input capacitance, high isolation, and a low insertion
loss.

[0054] From the above analysis, the common solution for
improving wireless power transfer efficiency and commu-
nication performance when using small antennas, is to
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improve the Q-factors of both reader and tag interfaces.
However, for communication, having high Q-factor will also
decrease available communication bandwidth, lowering
communication data rate.

[0055] The present invention discloses a method for using
multiple antenna resonant circuits with different Qs to
satisfy the contradicting requirements. The invention uses
low Q antenna resonant circuits for the reader->tag link
communication, and uses high Q antenna resonant circuits
for the tag->reader link communication and wireless power
transfer. Because a reader usually has much higher process-
ing power than a tag due to its abundant energy, the NFC
reader can perform sophisticated signal processing on a
received signal to mitigate the distortion caused by the low
bandwidth.

[0056] NFC Reader in One Embodiment of the Invention
[0057] FIG. 6 shows the architecture of a NFC reader in
one embodiment of the invention. Antenna 601 is a high Q
(Q>100) antenna, which creates an oscillating magnetic field
and receives a NFC signal from a NFC tag. The Bi-Q
Matching Circuit 602 transforms the impedance of the
Antenna 601 to a proper level, and has two working modes:
a low-Q mode and a high-Q mode. These two modes adjust
the Q-factor of the antenna resonant circuits to a low Q
(Q=25) and a high Q (Q=50) to optimize performance,
respectively. Modulator 604 creates modulated NFC signal
superimposed on a 13.56 MHz carrier according to the NFC
data to be transmitted, and feeds the signal to Antenna
Driver 603. The driver 603 has low output impedance for
improving power efficiency, and drives the Antenna 601
through the Bi-Q Matching Circuit 602. Demodulator 609
measures and tracks the current flowed through the antenna,
and demodulates the signal. MCU 607 controls and oversees
the operation of the entire NFC reader. Its tasks include
packing and de-packing NFC frames, verifying data, com-
municating with external devices via a bus, controlling
various on-chip components, and etc. Bus Interface 605 is
the communication port for exchanging data with external
devices, and is usually in the form of UART, SPI, or 12C.
FIFO 606 serves as the bridge between Bus Interface 605
and MCU 607. Clock System 608 generates all clocks used
on the NFC reader, including the 13.56 MHz carrier fre-
quency. The On-chip Power Supply provides power for all
on-chip components.

[0058] Different from a conventional NFC reader design,
the disclosed NFC reader design has an antenna resonant
circuit with two working modes, i.e., the high-Q mode and
the low-Q mode. When working in the high-Q mode, the
antenna resonant circuit has a high Q-factor but a low
bandwidth. The 13.56 MHz carrier signal could be emitted
at a very low loss, which is well suited for wireless power
transfer. When working in the low-Q mode, the antenna
resonant circuit has a low Q-factor but a high bandwidth,
which is especially suitable for NFC signal transmission.
These two modes could be switched in real time by the
MCU. The NFC reader design is completely compatible
with current NFC standards.

[0059] FIG. 7 shows one implementation of the reader’s
antenna resonant circuit. Antenna Driver 701, which is
Antenna Driver 603 shown in FIG. 6, is a low output
impedance (<5 Ohm) RF power amplifier. Antenna Match-
ing Circuit 702, Q Adjustment Resistor 703, and RF Switch
704 constitute the Bi-Q Matching Circuit 602 shown in FIG.
6. Antenna Matching Circuit 702 transforms the impedance
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of the Antenna 705 to a suitable level for power and
efficiency control. As Antenna Matching Circuit 702 intro-
duces loss, it is as simple as possible to improve efficiency.
FIG. 7 shows the Antenna Matching Circuit 702 as a PI
matching circuit, however, any other simple forms could be
employed as well, like L-pad and single capacitor. The
Antenna Matching Circuit 702 has an insertion loss smaller
than or equal to 1 db to improve the Q-factor of the antenna
resonant circuit in high-Q mode. Q Adjustment Resistor 703,
together with RF Switch 704, controls the working mode of
the antenna resonant circuit. To be specific, when RF Switch
704 is open, the antenna resonant circuit is in the high-Q
mode, and vice versa. The actual resistance of Q Adjustment
Resistor 703 is computed according to the characteristics of
other components in the circuit.

[0060] Antenna 705, which is Antenna 601 shown in FIG.
6, is designed to achieve optimum wireless power transfer
efficiency and communication performance. First, Antenna
705 resonates at around 13.56 MHz. Due to the limitation of
practical tuning capacitors, the existence of parasitic capaci-
tance, and the mutual inductance caused by the tag antenna,
the inductance of Antenna 705 cannot be too large. On the
other hand, too small inductance leads to a low Q and low
efficiency. Therefore, the optimal inductance value is within
1 uH to 10 uH. Second, Antenna 705 has a sufficiently high
Q. This could be achieved by using wider and thicker
antenna tracks, low impedance antenna wires, and low RF
loss base materials. Third, Antenna 705 has a size that is
proper for providing sufficient coupling. For typical appli-
cations, an area in the range of 100 mm? to 5000 mm? would
be sufficient.

[0061] The disclosed NFC reader design adjusts its work-
ing mode in real time in accordance to its current state. It
spends most of the time in the high-Q mode for supporting
high-efficient wireless power transfer. FIG. 8 shows the state
machine transition of the disclosed NFC reader design. The
initial working mode after device powering up is the high-Q
mode. A time t] after the power-up event, MCU activates the
RF interface by enabling the modulator, the antenna driver,
along with a few other peripheral components. It then
generates the unmodulated 13.56 MHz carrier, which is
radiated via the RF interface. This carrier generates an
oscillating magnetic field around the antenna, which can be
utilized to power nearby NFC tags. The NFC reader has to
wait at least t2 time after RF interface activation before it
can transmit any data, which ensures nearby NFC tags
harvest sufficient energy for proper operation. Then the NFC
reader switches to the low-Q mode to start data transmission,
and switches back to the high-Q mode immediately after
transmission. It then waits for t3 time after transmission for
tag response. If there is a response, the NFC reader has to
wait for t6 time in the high-Q mode before entering the
low-Q mode for transmitting the next data frame. Otherwise
the NFC reader switches to another modulation scheme and
attempts transmission again after t5 time, in order to detect
tags that support different modulation schemes. If the NFC
reader has attempted all modulations but has still received
no response, it determines that there is no tag nearby and
deactivates its RF interface to save energy. The NFC reader
waits t4 time and repeats all above process to detect new
tags. The value of tl guarantees that all the components on
the reader are properly prepared for the subsequent RF
communications. The time t4 is determined according to a
maximum allowed tag detection delay and an energy budget,
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and has a value between 0.1s to 1 s. The time 12 is to ensure
that the tag receives sufficient energy from the reader to
perform the subsequent communications, and is at least 5
ms. The values of t3, t5, and t6 may respectively be the same
as the Frame delay time PCD to PICC, Request Guard Time,
and Frame delay time PICC to PCD as defined in the
1SO14443-3 standard.

First Embodiment of NFC Tag

[0062] FIG. 9 shows the architecture of a NFC tag inter-
face in one embodiment of the invention. Antenna 901 is a
loop antenna with a high Q, which receives the wireless
power and NFC signals transmitted by a nearby NFC reader,
as well as transmits NFC signals. Bi-Q Matching Circuit 902
adjusts the impedance of Antenna 901 to a proper value. It
has two working modes, i.e., a high-Q mode and a low-Q
mode, which can tune the Q-factor of the antenna resonant
circuit to a high (Q=50) and low (Q=25) value, respectively.
Demodulator 903 demodulates the NFC signals received by
Antenna 901. Load Modulator 905 modulates the load to
Antenna 901 in order to transmit the signal. Bus Interface
904 connects to external devices via a system data bus, and
is used for exchanging NFC data and configuring the NFC
tag interface. Rectifier and Regulator Circuit 906 converts
the RF energy that Antenna 901 harvested to a regulated DC
power, which could be used for powering the tag interface,
and external devices via Energy Harvest Interface 907. A
power switch is present in the Rectifier and Regulator
Circuit 906 to control the energy path to the Energy Harvest
Interface 907.

[0063] Unlike a conventional NFC tag design, the dis-
closed NFC tag design has a bi-Q antenna resonant circuit,
which can work in the high-Q mode and the low-Q mode.
When working in the high-Q mode, the antenna resonant
circuit has a high Q-factor but a low bandwidth. The 13.56
MHz carrier signal could be received at a very low loss,
which is well suited for wireless power reception (ak.a.,
energy harvesting). When working in the low-Q mode, the
antenna resonant circuit has low a Q-factor but a high
bandwidth, which is especially suitable for NFC signal
reception. These two modes could be switched in real time.
The disclosed NFC tag design is completely compatible with
current NFC standard.

[0064] FIG. 10 shows one implementation of the tag’s
antenna resonant circuit. Antenna 1005 (i.e., Antenna 901 in
FIG. 9) and Antenna Matching Circuit 1004 comprise the
antenna resonant circuit. As Antenna Matching Circuit 1004
introduces loss, it is as simple as possible to improve
efficiency. FIG. 10 shows the Antenna Matching Circuit
1004 as a single parallel capacitor. However, any other
simple forms could be employed as well, like the [.-pad and
PI/T matching network. Resistor 1006 and RF Switch 1007
work as a Q-factor adjustment circuit. The on and off states
of RF Switch 1007 correspond to the low-Q and high-Q
modes, respectively. The value of Resistor 1006 is deter-
mined by the characteristics of Antenna 1005, Antenna
Matching Circuit 1004, and RF Switch 1007, so that the Q
value can be control to be no larger than 25 when RF Switch
1007 is closed. Antenna Matching Circuit 1004, Resistor
1006 and RF Switch 1007 constitute the Bi-Q Matching
Circuit 902 shown in FIG. 9. Resistor 1003 and RF Switch
1002 comprise the load modulator (i.e., Load Modulator 905
in FIG. 9). Rectifier 1001 converts the RF energy that
Antenna 1005 receives to DC power, and feeds the power to
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a regulator circuit via Power Switch 1008, which controls
the connection of the external load to the rectifier. Rectifier
1001, Power Switch 1008, and the connected voltage regu-
lator constitute the Rectifier and Regulator Circuit 906.
Rectifier 1001 also connects with the demodulator.

[0065] Antenna 1005 is designed to reach optimum wire-
less power reception efficiency and communication perfor-
mance. First, Antenna 1005 resonates at around 13.56 MHz.
Due to the limitation of practical tuning capacitors, the
existence of parasitic capacitance, and the mutual induc-
tance caused by tag antenna, the inductance of Antenna 1005
cannot be too large. On the other hand, too small inductance
leads to a low Q and low efficiency. Therefore, the optimal
inductance value is within 1 uH to 10 uH. Second, Antenna
1005 has a sufficiently high Q. This could be achieved by
using wider and thicker antenna tracks, low impedance
antenna wires, and low RF loss base materials. Third,
Antenna 1005 has a size that is proper for providing suffi-
cient coupling. For typical applications, an area in the range
of 100 mm? to 5000 mm? would be sufficient. A smaller
Antenna is still able to communicate, but with lower per-
formance (shorter distance, lower data rate, etc.).

[0066] ILoad modulator maximizes the switching range of
load impedance to improve the communication performance
of the tag->reader link, which could be achieved with a high
isolation and a low on-resistance of RF Switch 1002. Typi-
cally an isolation value higher than 10 KOhm, and an
on-resistance lower than 50 Ohm should be sufficient. RF
Switch 1002 also has a sufficiently high power rating to
handle the high power dissipation when switched. If the
power rating is too low, Resistor 1003 is used for limiting the
power dissipated on RF Switch 1002, however, at the
expense of lowering the switching range. Due to the high
frequency of the NFC subcarrier signal (848 KHz) that is to
be transmitted, RF Switch 1002 has a switching speed higher
than 1 MHz.

[0067] The disclosed NFC tag design adjusts its working
mode in real time in accordance to its current state. It spends
most of the time in the high-Q mode for supporting high-
efficient wireless power reception. FIG. 11 shows the state
machine transition of the disclosed NFC tag design. The
initial working mode after device powering up is the low-Q
mode. After powering up, the tag stays in low power mode
and continuously detects for NFC 13.56 MHz magnetic
field. If it successfully detects a nearby field, it then mea-
sures if the field has strength stronger than A,. If it does, the
tag switches to the high-Q mode for wireless power recep-
tion and connects the load to a rectifier. Otherwise, it stays
in low Q mode and disconnects the load. This mechanism
prevents the wireless power reception from disrupting the
communication when the field is too weak. Then the tag
detects if there is a modulated signal transmitted by a nearby
reader. If there is none, it stays in the current working mode,
goes back to field detection, and repeats the above processes.
If there is a modulated signal detected, it immediately
switches to the low-Q mode, and receives the signal. After
signal reception, it switches back to high Q mode, and
transmits response signal using load modulation within tl
time. After transmission, the tag detects if the field is still
present, and repeats all above processes if it does. Otherwise
it switches back to the low-Q mode and repeat field detec-
tion. The values of tl may be the same as the Frame delay
time PICC to PCD defined in the ISO14443-3 standard.

Oct. 5,2017

[0068] A, is set according to the actual field strength when
the NFC tag is close to the NFC reader. It has hysteresis, i.e.,
its value when a load is connected is lower than that when
the load is unconnected. This prevents oscillating. The
hysteresis value is determined according to the intended
system load.

[0069] Because the modulation detection may be per-
formed in the high-Q mode and the actual signal reception
is performed in the low-Q mode, if the data rate is high,
several modulation symbols may be missed during mode
transition. Therefore, this disclosed NFC tag design can only
support NFC protocols with a lower data rate.

[0070] Sometimes NFC tag interfaces are battery powered
(active tags), and do not need wireless power reception
function. The state machine transition of these tag interfaces
is shown in FIG. 15. The initial working mode after device
powering up is the low-Q mode. After powering up, the tag
stays in low power mode and continuously detects for NFC
13.56 MHz magnetic field. If it successfully detected a
nearby field, it then detects if there is a modulated signal
transmitted by the nearby reader. If there was none, it goes
back to field detection, and repeats the above processes. If
there is a modulated signal detected, it receives the signal.
After signal reception, it switches to the high-Q mode, and
transmits a response signal using load modulation within t1
time. After transmission, the tag goes back to the low-Q
mode and detects if the field is still present, and repeats all
above processes. The values of t1 may be the same as the
Frame delay time PICC to PCD defined in the ISO14443-3
standard.

Second Embodiment of NFC Tag

[0071] FIG. 12 shows the architecture of the NFC tag
interface in another embodiment of the invention. The
disclosed NFC tag design contains two antennas, Antenna
1201 and Antenna 1205, and two antenna resonant circuits.
Antenna 1201 and Antenna Matching Circuit 1202 comprise
the first antenna resonant circuit with a low Q (Q=25), which
is utilized to receive the NFC signal transmitted by nearby
NFC readers. Antenna 1205 and Antenna Matching Circuit
1206 comprise the second antenna resonant circuit with a
high Q (Q=50), which is used to harvest nearby RF energy
and perform load modulation. Demodulator 1203 demodu-
lates the signal received by Antenna 1201, and sends the data
to Bus Interface 1204, which connects with external devices
via a data bus. Load Modulator 1208 modulates the load
connected to Antenna 1205 according to the data received
from the data bus. Bus Interface 1204 serves as the data
exchanging hub for Demodulator 1203, Load Modulator
1208, and external devices. Rectifier and Regulator Circuit
1207 converts the RF energy that Antenna 1205 harvested to
regulated DC power, which could be used for powering the
tag interface, and external devices via Energy Harvest
Interface 1209. A power switch is present in the Rectifier and
Regulator Circuit 1207 to control the energy path to the
Energy Harvest Interface 1209.

[0072] Unlike the conventional NFC tag design, the dis-
closed NFC tag design has two antenna resonant circuits that
have a high Q and a low Q, respectively. With the low Q, the
first antenna resonant circuit provides a high NFC reception
bandwidth. With the high Q, the second antenna resonant
circuit provides exceptional wireless power reception effi-
ciency. The two antenna resonant circuits work together,
which offers both high communication and wireless power
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reception performance. This disclosed NFC tag design can
support all standard data rates, and is completely compatible
with current NFC standards.

[0073] FIG. 13 shows one implementation of the antenna
resonant circuits. Antenna 1310 (i.e., Antenna 1201 in FIG.
12), Capacitor 1311, and Resistor 1309 comprise the first
antenna resonant circuit. Capacitor 1311 serves as the tuning
capacitor to control the impedance of Antenna 1310 at 13.56
MHz. The purpose of Resistor 1309 is to lower the Q of the
first antenna resonant circuit to be smaller than or equal to
25 if the Q of Antenna 1310 is too high. Capacitor 1311 and
Resistor 1309 constitute the Antenna Matching Circuit 1202
shown in FIG. 12. The NFC demodulator connects with the
first antenna resonant circuit. Antenna 1306 (i.e., Antenna
1205 in FIG. 12) and Antenna Matching Circuit 1304 (i.e.,
Antenna Matching Circuit 1206 in FIG. 12) comprise the
second antenna resonant circuit. FIG. 13 shows the Antenna
Matching Circuit 1304 as a single parallel capacitor—
however, any other simple form could be employed as well,
like L-pad and PI/T matching network. The Q of the second
antenna resonant circuit is above 50. Resistor 1303 and RF
Switch 1302 comprise the load modulator (i.e., Load Modu-
lator 1208 in FIG. 12). Rectifier 1301 converts the RF
energy that Antenna 1005 received to DC power, and feeds
the power to a regulator circuit via Power Switch 1308,
which controls the connection of the external load to the
rectifier. Rectifier 1301, Power Switch 1308, and the con-
nected voltage regulator constitute the Rectifier and Regu-
lator Circuit 1207.

[0074] As only the second antenna resonant circuit can
harvest the energy (the energy received by the first antenna
resonant circuit is converted to heat), to improve wireless
power reception efficiency, the energy that is received by the
first antenna resonant circuit is sufficiently low. To be
specific, the received signal strength is as low as possible,
but higher than the reception sensitivity of the demodulator.
There are a few methods to lower the reception voltage.
First, lowering the Q of the first antenna resonant circuit at
13.56 MHz. This makes the circuit less sensitive to a 13.56
MHz signal. It could be done by increasing the value of
Resistor 1309, or tuning the resonant frequency away from
13.56 MHz by carefully choosing the value of Capacitor
1311. Second, decreasing the inductance of the antenna. This
reduces the mutual inductance between antennas of the
reader and the first antenna resonant circuit, which decreases
induced voltage. It could be achieved by using antennas with
less loops or a smaller encompassed area. Third, decreasing
the coupling between the antennas of the reader and the first
antenna resonant circuit. This could be done by decreasing
the area of the antenna, or moving the antenna away.

[0075] Load modulator maximizes the switching range of
load impedance to improve the communication performance
of the tag->reader link, which could be achieved with a high
isolation and a low on-resistance of RF Switch 1302. Typi-
cally an isolation value higher than 10 KOhm, and an
on-resistance lower than 50 Ohm should be sufficient. RF
Switch 1302 also has sufficiently high power rating to handle
the high power dissipation when switched. If the power
rating is too low, Resistor 1303 is used for limiting the power
dissipated on RF Switch 1302, however, at the expense of
lowering the switching range. Due to the high frequency of
the NFC subcarrier signal (848 KHz) that is to be transmit-
ted, RF Switch 1302 has a switching speed higher than 1
MHz.
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[0076] The second antenna resonant circuit is designed to
reach optimum wireless power transfer efficiency and com-
munication performance. First, the second antenna resonant
circuit resonates at around 13.56 MHz. Due to the limitation
of practical tuning capacitors, the existence of parasitic
capacitance, and the mutual inductance caused by tag
antenna, the inductance of Antenna 1306 cannot be too large.
On the other hand, too small inductance leads to a low Q and
low efficiency. Therefore, the optimal inductance value is
within 1 uH to 10 uH. Second, the second antenna resonant
circuit has a sufficiently high Q. This means high Q for
Antenna 1306 and low loss for Antenna Matching Circuit
1304. High antenna Q could be achieved by using wider and
thicker antenna tracks, low impedance antenna wires, and
low RF loss base materials. Low matching circuit loss could
be achieved by using simple matching topology, as more
components mean more loss. Third, Antenna 1306 has a size
that is proper for providing sufficient coupling. For typical
applications, an area that is in the range of 100 mm?® and
5000 mm? would be sufficient. Fourth, the output impedance
of the second antenna matching circuit matches that of the
load. This could be done by adjusting the impedance trans-
formation of Antenna Matching Circuit 1304.

[0077] FIG. 14 shows the state machine transition of the
disclosed NFC tag design. After powering up, the tag works
in a low power mode and continuously detects for a RF field.
If a RF field is successfully detected, it tests if the field
strength is higher than A . If it does, the tag connects the load
to the rectifier and powers the load, otherwise it disconnects
the load. This mechanism prevents the wireless power
reception from disrupting the communication when the field
is too weak. Then the tag detects if there is modulated signal
transmitted by a nearby reader. If there is none, it goes back
to field detection and repeats the above processes. If there is
a modulated signal detected, it receives the signal. After
signal reception, it transmits a response signal using load
modulation within tl time. After transmission, the tag detects
if the field is still present, and repeats all above process if it
does. A, is set according to the actual field strength when the
NFC tag is close to the NFC reader. It has hysteresis, i.e., its
value when load is connected is lower than that when the
load is unconnected. This prevents oscillating. The hyster-
esis value is determined according to the intended system
load. The values of tl may be the same as the Frame delay
time PICC to PCD defined in the ISO14443-3 standard.

1. A device for near-field communication (NFC) and
wireless power reception (WPR) using a magnetic field,
comprising:

an antenna resonant circuit that includes

an antenna for magnetic flux of the magnetic field to
flow therethrough, to thereby receive a NFC signal
during the NFC and receive wireless power during
the WPR, and

a multi-Q antenna matching circuit configured to adjust
an impedance of the antenna to thereby adjust a
quality factor (Q-factor) of the antenna resonant
circuit, the multi-Q antenna matching circuit being
configured to switch between a high-Q mode for the
WPR and a low-Q mode for the NFC, based on
whether strength of the magnetic field is larger than
a predetermined threshold.

2. The device of claim 1, wherein

the high-Q mode is a mode in which the Q-factor of the

antenna resonant circuit is no lower than 50, and
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the low-Q mode is a mode in which the Q-factor of the

antenna resonant circuit is no higher than 25.

3. The device of claim 1, further comprising:

a demodulator configured to demodulate the NFC signal

received by the antenna during the NFC;

a data interface configured to transmit the demodulated

NFC signal to a first external device;

a rectifier-and-regulator configured to convert the wire-
less power received by the antenna during the WPR
to regulated DC (direct current) energy; and

an energy harvest interface configured to supply the
regulated DC energy to a second external device.

4. The device of claim 3, wherein

the antenna is further configured to transmit another NFC

signal, and has a load connected thereto;

the device further comprises a load modulator configured

to modulate an impedance of the load for transmitting

the another NFC signal; and

the data interface is further configured to receive data

corresponding to the another NFC signal from the first

external device, and to send the received data to the
load modulator.

5. The device of claim 3, wherein the load modulator
includes a radio frequency (RF) switch that has an isolation
value larger than 10 KOhm, an on-resistance value smaller
than 50 Ohm, and a switching speed larger than 1 MHz.

6. The device of claim 3, wherein the rectifier-and-
regulator includes a switch for controlling a connection from
the rectifier-and-regulator to the energy harvest interface.

7. The device of claim 1, wherein the multi-Q antenna
matching circuit includes an antenna matching circuit and a
Q-factor adjustment circuit.

8. The device of claim 7, wherein the Q-factor adjustment
circuit is connected in parallel to the antenna, and includes
a Q-factor tuning resistor and a Q-factor tuning switch
connected in series.

9. The device of claim 7, wherein the antenna matching
circuit utilizes an impedance transformation topology, and
has an insertion loss smaller than 1db.

10. The device of claim 1, wherein the antenna has

an inductance in a range of 1 uH to 10 uH,

an area in a range of 100 mm® to 5000 mm?, and

a Q value higher than 50.

11. The device of claim 1, wherein the high-Q mode and
the low-Q mode are switched in real-time.

12. A device for concurrent near-field communication
(NFC) and wireless power reception (WPR) using a mag-
netic field, comprising:

a low-Q antenna resonant circuit configured to perform

the NFC, and including

a first antenna for magnetic flux of the magnetic field to
flow therethrough, to thereby receive a NFC signal
for the NFC, and

a first antenna matching circuit that is connected to the
first antenna and is so configured that a quality factor
(Q-factor) of the low-Q antenna resonant circuit is no
higher than 25; and

a high-Q antenna resonant circuit configured to perform

the WPR, and including
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a second antenna for the magnetic flux of the magnetic
field to flow therethrough, to thereby receive wire-
less power for the WPR, and a second antenna
matching circuit that is connected to the second
antenna and

is so configured that the Q-factor of the high-Q antenna
resonant circuit is no lower than 50, wherein

the low-Q and high-Q antenna resonant circuits are sepa-
rate from each other.

13. The device of claim 12, wherein the low-Q and high-Q
antenna resonant circuits are configured to operate simulta-
neously.

14. The device of claim 12, further comprising:

a demodulator connected to the first antenna matching
circuit and configured to demodulate the NFC signal
received by the first antenna;

a data interface configured to transmit the demodulated
NFC signal to a first external device;

a rectifier-and-regulator connected to the second
antenna matching circuit and configured to convert
the wireless power received by the second antenna to
regulated DC (direct current) energy; and

an energy harvest interface configured to supply the
regulated DC energy to a second external device.

15. The device of claim 14, wherein

the second antenna is further configured to transmit
another NFC signal, and has a load connected thereto;

the device further comprises a load modulator configured
to modulate an impedance of the load for transmitting
the another NFC signal; and

the data interface is further configured to receive data
corresponding to the another NFC signal from the
first external device, and to send the received data to
the load modulator.

16. The device of claim 15, wherein the load modulator
includes a radio frequency (RF) switch that has an isolation
value larger than 10 KOhm, an on-resistance value smaller
than 50 Ohm, and a switching speed larger than 1 MHz.

17. The device of claim 14, wherein the rectifier-and-
regulator includes a switch for controlling a connection from
the rectifier-and-regulator to the energy harvest interface.

18. The device of claim 12, wherein each of the first and
second antenna matching circuits utilizes an impedance
transformation topology, and has an insertion loss smaller
than 1db.

19. The device of claim 12, wherein the first antenna has
at least one of

an inductance value smaller than 4 uH,

a Q value smaller than 50, and

a coupling coeflicient, with respect to an external antenna
coupled thereto, is smaller than 0.1.

20. The device of claim 12, wherein the second antenna

has

an inductance in a range of 1 uH to 10 uH,

an area in a range of 100 mm? to 5000 mm?, and

a Q value higher than 50.
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