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(57) Abstract: Embodiments related to systems, methods, and computer-readable media to enable a power transmit unit (PTU)
device are described. In one embodiment a PTU comprises a transmit coil configured for wireless charging via magnetic coupling, a
power delivery system coupled to the transmit coil, signal processing circuitry to detect harmonic distortion that is induced in the
transmit coil by a device inside the near field of the transmit coil, and control circuitry configured to adjust an output power of the
power amplifier when triggered by a detection of an Near Field Communications (NFC) device, a Radio Frequency Identification
Device (RFID), or any other such device which may be damaged by the energy emitted from the transmit coil.
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METHOD AND APPARATUS FOR PTU DETECTION OF NFC DEVICES

5 {061 This application claims the benefit of priority to U.S. Patent
Application Serial No. 15/089,125, filed April 1, 2016, which is imcorporated
herein by reference in ifs entirety.

TECHNICAL FIELD
10 {662] Embodiments pertain to svstems, methods, and component devices for

Near Field Communications (NFC}, Radio Frequency Identification Devices
(RFID), wireless charging systems, Bluetooth communications and devices, and
particularly to devices, instructions, and operations for managing those devices
and specifically the coexistence of those devices. Some embodirents relate to

15 wireless power transfer and the alliance for wireless power (A4WP),

BACKGROUND
{003} Mear field communication devices are becoming more prolific in
many consumer products such as smart phones and tablets. They are short range
20 communication devices usually operating in the near field of the electromagnetic
feld pattern of an antenna. Wireless charging of mobile devices 1s also becoming
increasingly popular for the ease of charging without cables. Since both Near
Field Communications (NFC) devices and wireless chargers operate within a
linuted range, specifically within the near field of the antenna pattern, and since
25  they operate within similar devices, they are designed to be able to coexist
without interfering with or causing damage to each other. Near field
electromagnetic energy is differentiated {rom far feld electromagnetic radiation
by the rate of dissipation over distance. Far field radiation dissipates
proportionally to the inverse square of the range while near field electromagnetic
30 energy dissipates much more quickly. Consequently, near field communications
are structured to operate within a more litnited range. Another difference is that
with far field radiation, the ratio of electric field to magnetic field is constant and

equal to the wave impedance. However, inside the near field, the ratio of electric
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and magnetic fields is not constant, and often the magnetic field or the electric
field will dominate the flow of energy transfer. Lastly, objecis in the far field that
absorb radiated energy do not load the transmitter. However, if an object absorbs

energy in the near field, 1t will be “seen” by the transmutter as variation in the

[

antenna load impedance.

BRIEF DESCRIPTION OF THE DRAWINGS
[004] FiGG. 1 depicts a wireless charging system with a power transmit unit
(PTU) actively charging and a Near Field Communications (NFC) device i

10 close proximity in accordance with some embodiments.

{005] FiGG. 2 shows a method described herein to detect for the presence of
NFC tags or RFIDs in accordance with some embodiments.

[806] FIG. 3 15 one example of a simphiied circunt diagram of the driving
point impedance of a power transmat unit coil which is magnetically coupled 1o

15  an NFC device in accordance with some embodiments.

0071 FIG. 4 iBustrates one example of an equivalent circut diagram of the
driving point impedance of a power transroit cotl with a load impedance that 1s
reflected back to the power transmit coil from the NFC device in accordance
with some embodiments.

20 [008] FI1G. 5 illustrates a harmonic detector where a sense coil 15 used o
measure the magnetic fields emanating from the power transmit cotl in
accordance with some embodiments.

{009] FiG. 6 illustraies one example implementation of a passive notch filter
constructed by placing a high pass filter in paraliel with a low pass filter for use

25 with some embodiments described herein.
[0010] FIG. 7 illustrates an equivalent circuit diagram of a power transmit
coil that 1s capacitively coupled to harmonic detector circuitry in accordance
with some embodiments.
{0011] FIG 8 ilustrates a plot of the voltage spectrum in dBY versus

30 frequency in MHz of the current in the transmit coil when loaded by an NFC

device within the near field in accordance with some embodunents.
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{0001]  FIG 9 illustrates an example of a mobile wireless device, which may
be a power receiving unit includimg circuitry o receive and store power from a
power transfer unit in accordance with some embodiments herein.

{0092] FIG. 10 1s a block diagram illusirating an example computer system

[

machine which may be used to implement vartous devices and methods

described herein in accordance with some emboduments.

DETAILED DESCRIPTION
[0012]  Ewbodiments pertain {o systems, methods, and component devices for
10 Wear Field Conwnunications (NFC), Radio Frequency Identification Devices
(RF1D}, wireless charging systems, Bluetooth communications and devices, and
particuiarly to devices, instructions, and operations for managing those devices
and specifically the coexistence of those devices. The following deseription and
the drawings itlustrate specific embodiments to enable those skilled m the art to
15 practice them. Other embodiments can incorporate structural, logical, electrical,
process, and other changes. Portions and {eatures of some embodiments can be
mcluded in, or substituted for, those of other embodiments.
{0013] FIG. | depicts a wireless charging system 100 with a power transmit
unit (PTU) 110 actively charging and a Near Field Communications (NFC) 160
20 device in close proxamily in accordance with some embodiments. A device
being charged 1s not shown, but the PTU 110 may be used to provide power (o
charge a battery for a cell phone, a tablet computer, a laptop computer, a smart
watch, or any other such device. In some embodiments, for example, PTU 110
may charge a mobile device such as device Y00 of FIG. 9. Some basic elements
25  inside the PTU 110 are shown. The power transmit cotl 140 is tuned with a
capacitor 130 to the magnetic resonant frequency. The excitation source 150
delivers the charging power, and the resistor 120 models loss i the cirawt.
{0014]  When an NFC device 160 18 brought within the near field of an active
PTU 110, it 1s likely that the power transmuit coil 140 will magnetically couple
30 with the NFC coil of the NFC device 160, While the NFC coil of the NFC device
160 mav not be tuned 1o the same frequency as the power transmut coil 140, 1s
still possible that a significant amount of energy will be delivered to the NFC

device 160 even though the PTU 110 is attempting to provide power to another

(5
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device, and not the NFC device 160, Since NF(C devices are not necessarily
designed to withstand this amount of energy transfer, there exists arisk that the
NFC 160 device may overheat or be damaged. Therefore, while actively
charging, the PTU 110 may use some way to determine if an NFC device 160
device is introduced into the charge operating volume. In some embodiments,
the detection of such an event triggers subsequent sieps, which involves the
termination of wireless power transmission. Other steps may mmvolve the PTU
110 engaging an NFC reader to query for NFC devices such as the NFC device
160 that are within range, thereby confirming or excluding the presence of an
NFC device or tag.

{0015]  One approach for dealing with this problem is to periodically stop
charging and poll for any NFC devices using a built-in NFC reader. This
approach induces a penalty in charge time urespective of whether an NFC tag
was placed in close proximoity. In some embodiments, on a 6 to 8 hour charge,
the polling suspends charging activity for as much as 20 to 30 munutes total over
the course of the entire 6 to 8 hour charge. Another approach isto use a
capacitive sensor based on the proximity of a person o trigger an NFC query of
nearby devices. However, this approach does not trigger on NFC iag
characteristics but on the presence of a person. This can lead to an increase in the
number of false triggers and increase the overall charging time. Some
embodiments described herein may thus include benefits associated with a
detection method that 15 specific to NFC tag characteristics.

[0016] Some embodiments, for example, may operate in accordance with
Near Field Conmunication for the [ISO/TEC 18000-3 air interface standard
{(International Organization for Standardization/International Electrotechnical
Commission, 18000-3:2010 published November, 2010) which operales at a
center frequency at or near 13.56MHz using amplitude shift keyed {ASK}
modulation and can transmit at data rates between 100 and 400 kilobits/second.
For this standard, the devices are no more than roughly 10 centimeters {(cm}
apart. OUne obvious benefit for this is securily {e.g., hostile commumnication
attempts can only be made within a very close proximity.) Another benefit of
Wear Field Communication is that by operating in the near field, a significant

amount of energy transter is feasible and practical. This allows one of the
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communicating devices 1o be passive, relying purely on energy from the
transmitter to operate. This allows the passive device to be very small with no
mternal power source.

{0017] NFC communications may involve an inttiator and a target. The
mitiator transmits in the blind and awakens the target if the target is within
proximity. The transmussion from the initiator usually entails a read or write
request. For a read request {the most comumon), the target activates and responds
to the initiator by transmitting a piece of stored data. For a write request, the
target activates and stores the data provided by the mitiator into non-volatile
memory. If the target is passive with no internal power source, then it is charged
by the near field energy from the inttiator during the inttial interrogation and
uses that energy to perform the desired function. In this case, the initiator is
referred 1o as an NFC reader and the target is referred to as an NFC tag. NFC
tags appear in various forms. For exaraple, smart cards are credit cards / debit
cards, as well as other types of cards, in which an NFC tag is embedded mnto the
card. NFC tags are used in some keys for cars and building access. The NFC tag
provides information such as wdentification, security authentication and data
storage. Other NFC tags are being developed for various applications such as
reading the imgredients of a food item in a grocery siore or reading a descripiion
of arock band displayed on a poster. In each case, an NFC tag is embedded into
a product or some sort of object, and is available for interrogation by an NFC
reader.

[0018] In some embodiments, a full NFC device can operate in three different
modes of operation: NFC card emulation or NFC tag emulation, NFC reader /
writer, and NFC peer-to-peer. NFC card emulation allows an NFC device to
emulate an NFC tag or smart card. In some embodiments, for example, an NFC
device may be used to provide credit card information to a payment system. The
NFC device, although 1t is active, may emulate the operation of an NFC tag
embedded in a credit card. In the NFC reader mode, the NFC device acts as the
NF{ reader to instigate communication with NFC {ags. In this case, the NFC
device acting as the NFC reader would charge the NFC tag and interrogate for
some tvpe of information. In NFC peer-to-peer mode, two NFC devices

equipped to behave as readers can siill comimunicate data and exchange data. A

LA
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coil of an NFC device, such as NFC 160, may, as described above, receive
power from a PTU, such as PTU 110, that may overheat and cause damage to the
circuttry that enables an NFC device to perform the functions described above.

{0019] Radio Frequency Identification Devices (RFID) operate similarly to

[

the NFC device operations. RFIDs ofien operate at greater distances, sometimes

ouiside the near field of the RFID reader, and the tags are often aclive, meaning

the tag has and relies on an internal energy source. An example would be an
automated bridge toll system. As the vehicle passes through the toll, the RFID
tag is interrogated by an RFID reader at the toll. The RFID tag responds with

10 some sort of vehicle identification number indicating to the RFID reader in the
toll booth which account should be charged. In some embodiments, NFC 160
may be an RFID tag. The distinction between NFC and RFID is subtle. NFC
may be considered as a sub-category of RFID operating at 13.56MHz.

{0020]  As discussed above, wireless power charging is another technology

15 that usually relies on near field electromagnetic energy. In various embodiments,
wireless power transfer allows devices to be charged by transmission of energy
through far field radiation, near field magunetic coupling, near field electric
coupling, or magnetic resonant coupling. For magnetic coupling and magnetic
resonant coupling, the energy charging unit or power transmut unit (PTU)

20 produces a magnetic field through the elecirical excitation of a primary coil
which induces an Altemnating Current (AC) in a secondary coil focated m the
power receiving unit. In some embodiments, the AC power transterred is
rectified and regulated {possibly including BC-DC conversion) to power or
charge the receiving unit. If the transmit coil is tuned to operate at a particular

25 frequency, then this is called near field resonant magnetic coupling. Near field
resonant magnetic field coupling further enhances the energy transfer and
relaxes some of the spatial onentation restrictions on the relative positioning of
the transmit coil and receive coil. The device that is providing the energy is a
PTU, such as PTU 110, and the device that is absorbing energy or being charged

30 may be referred to as a power receiver unit {PRU}.

{0023]  Some embodiments may operate according to aspecits of wireless

charging standards. For example, some embodiments operate with a magnetic

resonant charging standard operating at 6.78MHz with charging distances of up

6
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to one meter. For status and control signaling, such embodiments adopt an out-
of-band Bluetooth™ Low Energy (BLE) hink operating at 2.4GHz. Initial
charging and setup for the devices as well as status updates are handled over the

BLE connection. This allows the PTU to adjust how much power is being

[

delivered and to enier into a power saving mode when charging is complete.

[8022] FIG. 2 shows the basic operations described herein to detect for the

presence of NFC tags or RFIDs in accordance with some embodiments. In

operation 210, a wireless charger or a power transmit unit is configured fo charge

a power receive unit. For some embodiments, this includes some initial

10 negotiating over a BLE connection; then the transmit coil 15 excited and charging
of the power recetve unit commences.
{0023] In operation 220, signal processing circuiiry is activaied to sense the
presence of harmonic distortion in the transmit coil. I an NFC tag or RFID 18
within the near field of the transrit cotl, then the NFC tag or RFID will affect

15  the load impedance of the transmut coil. For an NFC device or an RFID device,
the loading effect will be non-linear, producing harmonics in the transmit coil.
[0024]  In operation 230, control circuits are tuwned on to handle the
occurrence of NFC or RFID detection. In one embodiment, the charge operation
is halted and an NFC query is instigated. The query is used to confirm the

20 presence of an NFC device, or to determune if the harmonic content 1S being
caused from some other device. Also, some embodiment operate using the query
to determine the type of NFC device and if it 15 an NFC device compatible with
the various standards. Depending on the result, the charging be continued, or the
charging is halted until the user makes adjustments to the charging

25 configuration. Another possibility is to reduce the power level of the transmit
unit device sufficiently enough so as to avoid NFC tag damage. The power level
reduction is, in some embodiments, preset. In some embodiments, the power
level reduction depends on the actual aroplitude of the harmonics detected in the
transmit cotl.

30 {8028] In some embodiments, the WFC harmonic detection may be reliable

enough to forgo the confirmation NFC query as described above and act

mmediately so as to avoid NFC tag damage.

{0026] An NFC tag can be modeled as a paratlel resonant tank circuit made

~d
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up of a cotl mductor for ransnutting and receiving, an Integrated Circuit (IC)
shunt capacitance and a tuning shumt capacitance that tunes the coil to the
destred frequency. The tank circuit 1s also connected to a rectification circuit,

which allows the NFC tag to be charged so that it can perform a desired

[

operation. The NF{ tank circuit may also have Electrostatic Protection Dhodes

{ESD) in parallel with the coil inductor. The presence of the ESD diodes and / or

a rectification circuit 1s what creates a non-linear load which induces harmonic

distortion in the transnut coil.

{00271  FIG. 315 one example of a simphified circutt diagram of the driving

10 point impedance of a power transomt untt coil 330 which is magnetically coupled
to an NFC device in accordance with some embodiments. The PTU coif 330 is
tuned with the capacitor 310 to the magnetic resonant frequency of the charging
system. The load impedance 360 in the NFC tag represents the capactiance from
a turung capacitor and parasitic capacttance presented by other integrated circuits

15 along with anv non-linear loading effects that are caused by rectification, ESD
diodes or any other non-linear loading. The load impedance 360, along with the
NFC coil inductor 340, roake up the parallel tank circuit in the NFC. The
resistors 320 and 350 represent the chmic losses that are present inn each tank
circuit. Lastly, the PTU transmit coil 330 and the NFC coil inductor 340 are

20 magnetically coupled by near field coupling.
{0028] FIG. 4 illustrates one exarple of an equivalent circuit diagram 400 of
the driving point impedance of a power transmit coil with a load impedance 440
that 15 reflected back to the power transmit cotl 430 from the NFC in accordance
with some embodiments. The tuning capacitor 410, the ohiuc loss 420, and the

25 transmut coil 430 are all intrinsic to the power transmit unit. The reflected load
impedance 440 1s shown indicating the loading effect of the NFC device. The
voltage across the reflected load impedance 440 15 a function of the mutual
coupling coefficient M and the current in the NFC cotl inductor 340, Since the
cuirent in the NFC coil is driven through a non-linear load 360, the reflected

30 load impedance 440 via near field coupling is also non-linear. This results in

harmornic content in the power transmit coil 430

{0029] The A4WP standard operates at a charging frequency of 6. 78MHz.

The presence of a non-linear load would produce harmonics at 13.56MHz,
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20.34MHz, 27 12ZMHz, 33.9 MHz etc. These harmonics would exist as currents
in the PTU tank circuit and in the magnetic fields emanating from the PTU.
{0030]  FIG 5 illustrates a harmonic detector 500 where a sense coil 540 i3
used to measure the magnetic fields emanating from the power transmit coil in
accordance with some embodiments. The sense coil 540, in some embodiments,
is placed inside the power transmit unit or near enough to sufficiently couple o
the power transmit coil. The sense coil 540 1s modeled with losses modeled by
530 and a parasitic capacitance modeled by 550. The excitation induced in the
sense cotl by magnetic coupling to the power transmat coil is indicated by 520
Also included s a tuning capacitor 564, along with a notch filter 570 and a
software defined radio 580. The tuning capacitor 560 is used to tune the
magnetic resonance frequency to 13.56MHz.

[8031]  In this embodiment, a simple radio detector or a software defined
radio (e.g., software defined radio 580) 15 used to constantly measure and
compare levels of harmonic content that are induced in the sense coil by the non-
linear toad. The radio detector 15, in some embodiments, implemenied as a down
conversion nuxer followed by a low pass filier. A power detector or a peak
detector is, in some embodiments, used to detect the harmonic power, and the
down conversion mixer may simply swiich frequencies depending on which
harmonic was being measured. In a software radio, the power detector or peak
detector 1s, in sorme embodiments, replaced with an Analog to Digital Converter
(ADC). The digital signal mayv then be processed further with additional filtering
and or peak detection. These results may then be correlated with known
harmoric signatures for identification purposes. In yvet another embodiment, a
correlation is performed without peak detection to retain phase information, and
specifically detect the relative phase difference between the harmonics.

[8032]  In another embodiment, the ADC s used tmmediately after the notch
Blter and after bandpass filtermg to implement a bandpass sampled system.
Further detection and processing may then be performed with Digital Signal
Processing (DSP) as discussed above.

{0033]  In the above described embodiments, when an NFC device 1s brought
within proximity, the near field non-linear loading effect would produce

harmonics in the transmit coil. If one or more of the harmonic levels increased
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beyvond a certain threshold, the wireless charging would stop and trigger a
procedure as described above to confirm the presence of an NFC tag. A more
sophisticated form of detection is, in some embodiments, implemented with

DSP in some embodiments, the harmonic signature is correlated with a known

[

set of signatures and trigger depending on the amount of correlation {e.g., the
correlation coefficient). This would provide a method to change the detection
criteria depending with changing designs, standards, or regulations. In some
embodiments, the threshold or trigger is set and updated in firmware and depend
on the different harmonics or different combinations of harmonics with different
10 threshold levels. Also, in some embodiments a list of known harmonic signatures
for various devices is set and updated in firnvware. Lastly, since the fundamental
charging frequency will likely dominate the spectral content that is coupled to
the sense cotl, it 1s beneficial to iniroduce a notch filter 570 at the fundamental
charge frequency (6. 78MHz). This tmproves the sensitivity of the harmonic
15 detector and avoids blocking or saturation.
[0034]  FIG 6 illustrates one implementation of a passive notch {ilter 600
constructed by placing a high pass filter in paraliel with a low pass filter for use
with some embodiments described herein. In other embodiments, other
implementations are used. The low pass filter consists of rasistors 610, 612, 630
20 and 632 and capacitors 611, 613, 631 and 633, At low frequency the capacitors
are high 1impedance and the signal is transroitted. At high frequency the
capacitors short circuit and the signal is shunted to ground. The high pass filter is
made with capacitors 620, 622, 640, and 642 and resistors 612, 623, 641, and
643. At high frequency the capacttors short and transmut the signal through. At
25 low frequency the capacitors are high impedance and the signal is blocked. The
sections of the circuit share a common ground. f the comer frequencies of the
high pass and the low pass filter are designed correctly, then the filter will pass
everything except for a small band of frequencies right between the low pass
corner and the high pass comer. This creates the notch in the frequency response.
30 {0038] The RC-CR filter can be implemented with high power handling
capability and with inexpensive passive components. The notch filter is, in some
embodiments, implemented as a passive LC filter, which may provide a better

noise figure. In some embodiments, the notch filter is a tunable notch filter to

10
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compensate against tolerance and process vanation. Finally, in some
embodiments the notch filter is an active notch filter, which may also be
implemented in an analog integrated circuit as an analog transconductance

capacitance {GM-C) filter or a switched capacitor filter.

[

{0836] Sensitivity can further be improved by reducing the intrinsic harmonic

content in the PTU. Intrinsic harmonic content may exist due to non-linearnities

that are part of the actual power transmit unit and are created 1o the transnut coil,

arespective of the NFC loading. Additional further harmonic content may be

caused by devices or objects other than those within the power transmit unit or

10 the NFC that is being detected. Other sources of harmonic content could include
Power Receive Units (PRU). which will contain rectification and other portable
electronics, CDs eic. The consequence of additional sources of harmonic content
will make reliable detection more difficult. However, there are methods to
suppress the mirinsic harmonic content of the device which may restore the

15  sensitivity of the detector to the actual NFC device. Some embodiments include
methods that are employed to calibrate to the harmonic distortion within the
device so as to detect the change in distortion when an NFC device is introduced
mio the charge volume,
{0037] FIG. 7 illustrates an equivalent circuit diagram 700 of a power

20 transmoit cold 710 that 1s capacitively coupled (o a harmonic detection circuitry in
accordance with some embodiments. The harmonics generated by the loading
effect of an NFC that are present within the transmit coil 710 are coupled
through a capacitive tap. The transmit coil 710 is indicated by 711 and 712 with
funing capacitors 720 and 721, The excitation induced in the coil 1s modeled by

25 sources 722 and 723.The capacitive tap is created with capacitors 730 and 731,
The capacitors 730 and 731 are slightly different values to provide an attenuated
voltage from that which appears across the {ransmit cotl 710 (the transmit coil
voltage will usually be large). This method 1s preferred because it provides an
attenuated proportional voltage signal while simultaneously tuning the magnetic

30 resonant frequency and also because no additional sense coil is needed.

{00381  The capacitive tap 1s followed by a notch filter 740, an arplifier 750

an active narrowband filter 760 and finally a radio detector 770. The notch filte

740 1s used 1o reject the fundamental charge frequency which may otherwise

i1
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desensitize and impose stringent dynamic range limitations on the receiver. The
low noise amplifier 750 and narrowband filter 760 are preconditioning circuits
that aid in the detection of harmonic content. The active narrowband filter 760

may also be tunable to select different harmonic frequencies. In this

[

embodiment, the harmonic detector is implemented as part of an NFC reader that

is already built in with the PTU for other purposes. The NFC reader can be

slightly altered by changing the local oscillator frequency within the NFC device

to detect different harmonic frequencies. This can be accomplished by switching

the local oscillator within the NFC to a different crysial or using a frequency

10 multipher/ synthesizer.
{0039] The embodiments described herein depend on charactenistics that are
specific to an NFC device. The embodiments described here can also inigger
from a particular set of harmonics or a harmonic signature. The harmonic
signature can lend further information o reduce false detections and even fo

15  indicate what type of NFC device was in proximity. In some embodiments, a set
of pre-recorded harmonic signatures 1s slored in a harmonic signature data base.
The harmonic signature may be defined by the amplitude of the harmonics, the
phase characteristics of the harmonics or some combination thereof Further, in
some embodiments, known signatures and detection thresholds requirements are

28 written into a new harmonic signature database and dynamically reprogrammed

through a firmware update of the PTU.

{0040]  Table 1 shows the harmonic content in a PTU transmit coil without an

NF{ tag present and with an NFC tag present.

25 Table 1 - Harmonic Content Increase with MNFC Device
Harmonic Fund. 2nd 3rd 4th 5th
Freg (MHz) 6.78 13.56 20.34 27.12 33.9
w/O NFC {dBV) 70 9.6 -28.6 -14.2 -6.7
with NFC {dBV) 63.3 8.5 -7.6 -15.7 -1.8
Delta -0.7 -1.1 21 -1.5 4.9
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{0041]  As described above, there is a substantial increase in 3rd and 5th

[

harmonic content in the presence of the NFC device. This is expected as a diode

rectification bridge or an ESD protection diode structure produces an odd order

non-linear loading eftect. Also the power in the fundamental 1s particularly

strong relative to the harmonics, showing the need for a notch filter

[0042]  FIG 8 illustrates a plot of the voltage spectrum in dBVY 860 versus

10 frequency in MHz 870 of the current in the transmit coil when loaded by an NFC
device within the near field in accordance with some embodiments. The
fundamental charge frequency 810 at 6.78 MHz is dominant. The 2™ harmonic
820, third barmonic 830, 4™ harmonic 840 and 5% harmonic 850 are also shown.
The plot illustrates an example of a harmomc signature. Note that the phase

15 information is not shown although may also serve to distinguish between

different types of non-linear loads.

{0043]  The above described embodiments may be implemented in a vanety of

different ways. The examples below illustrate various embodiments. It will be

apparent that additional embodiments are possible which are not specifically

20 listed below,

{0044]  Example 1 15 a power transont unit (PTL) device comprising: a
transmit cotl configured for wireless charging via magnetic resonant coupling;
power delivery circuttry coupled to the transnut coil; signal processing circutry
configured to detect harmonic distortion that is induced n the transmit cotl by a
25 Near Field Conmununication (NFC) device inside a near field of the transmit coil;
and control circuitry configured to adjust an output power of the power delivery
system when triggered by a detection of the NFC device.
{00458]  In Example 2, the subject matter of Example 1 optionally includes
wherein the control circuitry is further configured to adiust the output power of
30 the power delivery system to prevent damage to the NFC device.
[0046]  In Example 3, the subject matter of any one or more of Examples 1-2
optionally include further comprising: a separate sense cotl coupled to the signal
processing circuitry, wherein the signal processing circuitry is further configured

13
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to detect the harmonic distortion induced in the transmit cotl by the separate
sense cotl.
{00471 In Example 4, the subject matter of any one or more of Exaroples 1-3

optionally include wherein the harmonic distortion induced in the transmit cotl

[

by the NFC device inside the near field of the transmit coil induces a voltage or a
current in the transmit coll through a divect electromagnetic connection to the
transmit cotl; and wherein the signal processing circuitry 1s further configured to
detect the harmonic distortion induced in the transmmit cotl from a signal that is
derived from the voltage or a cusrent in the transmut coil through a direct

10 connection to the fransnut coil.

{0048] In Example 3, the subject matter of Example 4 optionally includes
further comprising a capacitive tap connected to the transmit coil, wherein the
signal processing circuiiry is {urther configured to detect the harmonic distortion
through the capacitive tap that is connected to the transit coil.

15 [0049] In Example 6, the subject matter of any one or more of Examples 4-5
optionally mclude wherein the signal processing cireuitry comprises a notch
filter configured to suppress a fundamental frequency of the PTU device.

{00656] In Example 7, the subject matter of any one or more of Examples 4-6
optionally include wherein the signal processing circuitry comprises a tunable

20 down-conversion mixer, a low pass filter and a power detector.

[0051]  In Example 8, the subject matter of any one or more of Examples 4-7
optionally include wherein the signal processing circuitry comprises an analog to
digital converter {ADC) and a digital signal processor configured to perform the
harmonic detection.

25 {09521  In Example 9, the subject matter of Example 8 optionally includes
further comprising: a memory coupled to the digital signal processor; wherein
the digital signal processor is configured o correlate a harmonic signature
against a plurality of known harmonic signatures comprised within the harmonic
signature data base.

30 {8053] In Example 10, the subject matter of Example 9 optionally includes

where m the digital signal processor is configured to detect and distinguish

between a plurality of harmonic signatures that are induced by a plurality of

devices within the near field of the transmit coil.

14
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[

10

20

[0054] In Example 11, the subject matter of any one or more of Examples 9-
10 optionally include wherein the digital signal processor is further configured 1o

be reprograrmnmed with a new harmonic signature data base.

{00551 In Example 12, the subject matter of any one or more of Examples 4-
11 optionally include wherein the signal processing circuitry is comprising a

software defined radio.

[8056] In Example 13, the subject matter of Example 12 optionally mcludes

wherein the software defined radio 1s iroplemented with a modified NFC reader.

[0057] In Example 14, the subject matter of any one or more of Examples 2-
13 optionally include wherein upon the detection of the harmonic distortion of
the NFC device, the PTU device is configured to stop charging and query for the
NFC device with an NFC reader.

{00658] In Example 15, the subject matter of any one or more of Examples 2~
14 opuionally include wherein upon the detection of harmonic distortion of the
NFC device, the PTU device is configured to stop charging and generate an alert

message.

[0059] In Example 16, the subject matter of any one or more of Examples 2-
15 optionally include wherein upon the detection of the harmonic distortion of
the NFC device, the PTU device is configured to lower the output power output
of the power delivery system to reduce the harmonic distortion to less than a

specified level.

{06668] In Example 17, the subject matter of any one or more of Examples 3
16 optionally include wherein the signal processing circuitry 15 comprising a

tunable down-conversion mixer, a low pass filter and a power detector.

[0061] In Example 18, the subject matter of any one or more of Examples 3-
17 optionaily include wherein the signal processing circuitry is comprising an
analog to digital converter (ADC) and a digital signal processor configured to

perform the harmonic detection.

{0062] Example 19 is a method performed by a power transmit unit (PTU) for
detecting a near field commumnication (NFC) device inside a charge volume, the
method comprising: initiating wireless charging by exciting a transoit coil via

15
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[

10

20

magnetic resonant coupling; detecting harmonic distortion induced in the
transit coil by the Near Field Communication (NFC) device mside a near field
of the transnut coil; and adjusting an ocutput power of the power transmit unit

with control circuitry when triggered by a detection of the NFC device.

[0063] In Example 20, the subject matter of Example 19 optionally includes
wherein adjusting the output power of the power transmit unit ensures that the

NFC device is not damaged.

{0064] In Example 21, the subject matter of any one or more of Examples 19—
20 optionally include wherein detecting the harmonic distortion mduced in the
transmut coil 18 performed by signal processing circuitry connected 1o a separate

sense cotl.

{00665] In Example 22, the subject matter of any one or more of Examples 19—
21 opuionally include wherein detecting the harmonic distortion induced in the
transmit cotl is performed by signal processing circuitry using a signal that is
derived from a voltage or a current in the transmat coil through a direct

connection 1o the transmit cotl.

[0066] In Example 23, the subject matier of Example 22 optionally includes
wherein the signal processing circuttry suppresses a fundamental frequency of

the PTU device with a notch {ilter.

{0667] In Example 24, the subject matter of any one or more of Examples 22—
23 opuionally include wherein the harmonic detection is performed byv: down-
converting a harmonic component {0 baseband using a tunable down-conversion
nuxer; low pass filtering to remove other harmonic components and noise; and

detecting the power of the harmonic component with a power detector.

{0068] In Example 25, the subject matter of any one or more of Examples 22—
24 optionally include wherein the harmonic detection is performed by:
converting the analog signal mto a digital signal using an analog to digital
converter {ADC); and detecting a harmonic signature using a digital signal

Processor.

16
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{0069] In Fxample 26, the subject matter of Example 25 optionally includes
wherein the harmonic signature 1s correlated against a plurality of known

harmonic signatures comprised within a harmonic signature data base,

{00761 In Exarople 27, the subject matter of Example 26 optionally includes

[

wherein the digital signal processor is updated, the update comprising
reprogramming the digital signal processor with a new harmonic signature data

base.

{0071] Example 28 15 a non-transitory computer-readable medium comprising
instructions that, when executed by one or more processors of a device

10 comprising a power transmit unif, cause the power transmit urui to; imtiaie
wireless charging with a transnut coil via magnetic resonant couphing; activate a
power delivery system that can excite the transnut coil; detect, using signal
processing circuitry of the device, harmonic distortion that is induced i the
{fransmit cotl by a Near Field Communication (NFC) device inside a near field of

15 the transmit coil; and adjust an output power the power delivery system, using

control circuitry of the device, when triggered by a detection of the NFC device.

[0072] In Example 29, the subject matier of Example 28 optionally includes
wherein the mstructions further cause the power transmit unit {o adjust the
output power of the power delivery system to prevent the NFC device from

20 being damaged by the power transimit unit.

{0073] In Exampie 30, the subject matter of any one or more of Examples 28~
29 optionally include wherein the instructions further cause the power transmat
unit to detect the harmonic distortion induced in the transmat coil using a

separate sense coil connected o the signal processing circuitry.

25  [0074] In Example 31, the subject matier of any one or more of Examples 28—
30 optionally include wherein the instructions further cause the power transmit
unit to detect the harmonic distortion induced in the transmit cotl using a signal
that is derived from a voltage or a current in the transmit coil through a direct

cormection to the transmit coil.

17
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{0075]  In Fxample 32, the subject matter of Example 31 optionally includes
wherein the nstructions further cause the power transmat unit to suppress a

fundamental frequency of the PTU device with anotch filter,

{00761 In Exarople 33, the subject matter of any one or more of Exaroples 31—

[

32 optionally include wherein the instructions further cause the power transmit
unit to; down-convert a harmonic component 1o baseband using a tunable down-
conversion mixer; low pass filter to rernove other harmonic components and

noise; and detect the power of the harmonic component with a power detector.

{0077] In Example 34, the subject matter of any one or more of Examples 31—
10 33 optionally include wherein the instructions further cause the power transmit

unit to: convert the analog signal into a digital signal using an analog to digital

converter {ADC); and detect a harmonic signature using a digital signal

Processor.

[8078] In Example 35, the subject matter of Example 34 optionally mcludes
15 wheren the instructions further cause the power transmit unit to correlate, using
the digital signal processor, against a plurality of known harmonic signatures

comprised within a harmonic signature data base.

{06791 In Example 36, the subject matier of Example 35 optionally includes
wherein the jnstructions further cause the power transnut unit to reprograrn the

20 digital signal processor with a new harmonic signature data base.

{0080] Example 37 is a power transmit unit {(PTU) device, comprising: means
for wireless charging via magnetic resonant coupling through a transmit coil;
means for delivering power, using a power delivery system, to the transmit coil;
means for detecting harmonic distortion, using signal processing circuitry, that is
25  induced in the transmit coil by a Near Field Communication (NFC) device inside
anear field of the transmit coil; and means for adjusting an ouliput power of the
power delivery system, using control circuitry, when triggerad by a detection of

the NFC device.

{0081] In Example 38, the subject matter of Example 37 optionally includes
30 further comprising means for adjusting the output power of the power delivery

system to ensure that the NFC device is not damaged.

18
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{0082] In Example 39, the subject matter of any one or more of Examples 37~
33 optionally include {urther comprnising means for detecting the harmonic
distortion, using the signal processing circutry, induced i the transmit coil by a

separate sense coil.

[

{00683] In Example 40, the subject matter of any one or more of Examples 37—
39 optionally include further comprising means for detecting the harmomc
distortion induced in the transmit coil, using the signal processing circuitry, from
a signal that 1s derived from a voliage or a current in the transmut coil through a

direct conneciion to the transmit coil.

10 [0684] In Example 41, the subject matier of Example 40 optionally includes
further coraprising means for detecting the harmonic distortion induced in the
transnut coil, using the signal processing circuitry, through a capacitive tap that

is connecied to the transmit coil.

[0085] Tn Example 42, the subject matter of any one or more of Examples 40—
15 41 optionally include further coruprising means for suppressing a fundamental

frequency of the PTU device using a notch filter.

{0086] In Example 43, the subject matter of any one or more of Examples 40—
42 optionally include further compnsing: means for down-converting a
harmonic tone using a down~conversion mixer; means for low pass filtering,

20 using a low pass filter, the harmonic tone after the down-conversion mixer; and

means for detecting the power at an output of the low pass filier.

[0087] Tn Example 44, the subject matter of any one or more of Examples 40—

43 optionally include further coraprising: means for converting an analog signal

into a digital signal using an analog to digital converter {ADC); and means for
25  digitally processing the digital signal using a digital signal processor to perform

the harmonic detection.

{0088] In Example 45, the subject matter of Example 44 optionally includes

further comprising means for correlating a harmonic signature against a plurality

of known harmonic signatures comprised within a harmonic signhature data base.
30 [0089%] In Example 46, the subject matter of Example 43 optionally includes

further comprising the means to detect and distinguish between a plurality of
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harmontic signatures that are induced by a plurality of devices within the near
field of the transmit coil,
{00901  In Example 47, the subject matter of any one or more of Exarnples 45—

46 optionally include further comprising means for reprogranumng the digital

[

stgnal processor with a new harmonic signature database with a firmware

update.

[0091] Tn Example 48, the subject matter of any one or more of Examples 19—

47 structured as instructions on a computer readable medium.

{0092]  Additionally, any such examples or other embodiments described
10 herein may be implemented using the described elements with other elements or
in any other acceptable order that enables low complexity tterative decoding for

MU-MIMO systems as described herein.

{0093]  FIG. 9 illustrates an example of a mobile wireless device 900, which
may be a power receiving unit including circuitry {0 receive and store power

15 from a power transfer umt in accordance with some erobodirments herein. The
device 900 can be any mobile device, a mobile station (MS), a mobile wireless
device, a mobile communication device, a tablet, a handset, or other type of
mobile wireless computing device. The device 900 can include one or more
antennas 908 within housing 902 that are configured to commumicate with a

20 hotspot, base station (B8}, an evolved Node-B (eNB} for cellular network
access, or other type of WLAN or WWAN access point. The device 900 may
thus communicate with a WAN such as the Internet via a network, access poini,
or base station. The device Y00 can be configured to communicate using roultiple
wireless communication standards, including standards selected from 3GPP

25  LTE, WiMAX, High Speed Packet Access (HSPA), Bluetooth, and Wi-Fi
standard definitions. The device 900 can communicate using separate antennas
908 for each wireless communication standard or shared antennas 908 for
multiple wireless communtcation standards. The device 900 can communicate
ina WLAN, a WPAN, and/or 8 WWAN.

36 [0094] FIG 9 also shows a microphone 920 and one or more speakers 912
that can be used for audio input and output from the device 900. A display

screen 904 can be a liguid crystal display (LCD) screen, or other type of display

20
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screen such as an organic light enmutting diode (OLED) display. The display
screen 904 can be configured as a touch screen. The touch screen can use
capacitive, resistive, or another type of touch screen technologyv. An application

processor 914 and a graphics processor 218 can be coupled to internal memory

[

916 to provide processing and display capabilities. A non-volatile memory port
910 can also be used to provide data input/ouiput options (o a user. The non-
volatile memory port 910 can also be used to expand the memory capabilities of
the device 900. A keyboard 906 can be integrated with the device 900 or
wirglessly conmected to the device 900 1o provide additional user impul. A virtual
10 keyboard 906 can also be provided using the touch screen. A camera 922
located on the front (display screen) side or the rear side of the device 900 can
also be integrated mto the housing 902 of the device 900,
[0095]  FIG. 10 is a block diagram illusirating an example computer system
machine 1000 which may be used to implement various devices and methods
15 described herein in accordance with some embodiments. Computer system
machine 1000 or elements of computer systerm machine 1000 may be used to
implement any device, power transfer unit, power receiving unit, radio
frequency identifier (RFID) device, NFC device, or any other such device
described herein. In various other embodiments, different device components or
20 multiples of any element may be used in different devices. Some embodiments
may include other elements, such as batteries, coils for wireless charging of
batteries, or other such elements integrated with any of the elements described
herein for machine 1000, In vanous alternative embodiments, the machine 1000
operates as a standalone device or can be connected {e.g., networked) to other
25  machines. In a networked deplovment, the machine 1000 can operate in the
capacity of either a server or a client machine in server-client network
environmenis, or il can act as a peer machine in peer-to-peer {or distribuied)
network environments. The machine 1000 can be a personal computer (PC) that
may or may not be portable {e.g., a notebook or a nethook), a tablet, a set-top
30 box (§TB), a gaming console, a Personal Digital Assistant {PD A}, a mobile
telephone or smartphone, a web appliance, a network router, switch or bridge, or
anv machine capable of executing instructions {sequential or otherwise) that

specify actions to be taken by that machine. Further, while only a single
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machine 1000 is illustrated, the term "machine” shall also be taken to include
any collection of machines that imdividually or jointly execute a set {or multiple
sets) of instructions o perform any one or more of the methodologies discussed

herein.

[

{0696] Example computer system machme 1000 includes a processor 1002
{e.g., a central processing unit (CPU), a graphics processing unit (GPU} or both),
a main memory 1004 and a static memory 1006, which commumnicate with each
other via an interconnect 1008 (e g, alink, a bus, etc.). The computer system
machine 1000 can further include a display device 1010, an alphanumeric input
10 device 1012 (e.g., a keyboard), and a user interface (Ul navigation device 1014
{e.g.. amouse). In one embodiment, the display device 1010, input device 1012
and Ul navigation device 1014 are a touch screen display. The computer system
machine 1000 can additionally include a mass storage device 1016 (e g., adrive
unit), a signal generation device 1018 {e.g., a speaker), an output controller

15 1032, a power management controller 1034, and a network interface device 1020
(which can include or operably communicate with one or more antennas 1030,
transceivers, or other wirsless communications hardware), and one or more
sensors 1028, such as a Global Positioning Sensor (GPS) sensor, compass,
location sensor, accelerometer, or other sensor.

20 {0897]  The storage device 1016 includes a machine-readable medium 1022
on which is stored one or more sets of data structures and instructions 1024 {e.g.,
software) embodying or utilized by any one or more of the methodologies or
fimctions described herein. The instructions 1024 can also reside, completely or
at least partially, within the main memory 1004, static memory 1006, and/or

25 within the processor 1002 during execution thereof by the computer system
machine 1000, with the main memory 1004, static memory 1006, and the
processor 1002 also constituting machine-readable media
{0098]  While the machine-readable medium 1022 15 illustrated in an example
embodiment to be a single medium, the term "machine-readable medium” can

30  include a single medium or multipie media (e.g., a centralized or disinbuied

database, and/or associated caches and servers) that store the one or more

mstructions 1024 The term "machine-readable medium” shall also be taken 1o

include anv tangible medium that is capable of storing, encoding or carrying

bly)
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nstructions {e.g., instructions 1024} for execution by the machine 1000 and that
cause the machine 1000 to perform any one or more of the methodologies of the
present disclosure or that is capable of storing, encoding or carrying data

structures uttiized by or associated with such mstructions.

[

{0099]  The instructions 1024 can further be transmitied or received over a
communications network 1026 using a transmussion medium via the network
mterface device 1020 utilizing any one of a number of well-known transfer
protocols {e.g., HTTP). The term "transmission medium"” shall be taken to
include any intangible medium that is capable of storing, encoding, or carrying
10 mstructions {(e.g., instructions 1024) for execution by the machine {e.g., machine
1000), and includes digital or analog communications signals or other intangible
medium to facilitate communication of such software.
[80106] Various techmiques, or certain aspects or portions thereof, may take the
form of program code (i.e., instructions) embodied in tangible media, such as
15  floppy diskettes, CD-ROMs, hard drives, non-transitory computer readable
storage medium, or any other machine-readable storage medium wherein, when
the program code is loaded into and executed by a machine, such as a computer,
the machine becomes an apparatus for practicing the various techniques. In the
case of program code execution on programmable computers, the computing
28 device may nclude a processor, a storage medium readable by the processor
(including volatile and non-volatile roemory and/or storage elerents), at least
one mput device, and at least one output device. The volatile and non-volatile
memory and/or storage elements may be a RAM, EPROM, flash drive, optical
drive, magnetic hard drive, or other medium for storing electronic data. The base
25 station and mobile station may also include a transceiver module, a counter
module, a processing module, and/or a clock module or timer module. One or
more programs that may implerment or wiilize the various techniques described
herein may use an application progranumng interface (API), reusable controls,
and the like. Such programs may be implemented in a high level procedural or
30 object oriented programuming anguage to communicate with a computer system.
However, the program{s) may be iroplemented in assembly or machine language,
if desired. In any case, the language mav be a compiled or interpreted language,

and combined with hardware implementations.
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{00101]  Vanious embodiments may use 3GPP LTE/LTE-A, IEEE 1002.11, and
Bluetooth communication standards. Various alternative embodiments may use
a variety of other WWAN, WLAN, and WPAN protocols and standards can be

used in connection with the techniques described herein. These standards

[

include, but are not himited to, other standards from 3GPP (e.g., HSPA+,

UMTS), TEEE 100216 (e.g., 100216}, or Bluetooth {(e.g., Bluetooth 9.0, or like

standards defined by the Bluetooth Special Interest Group) standards families.

Other applicable network configurations can be included within the scope of the

presently described commumication networks. It will be undersiood that

10 communications on such convmunicaiion networks can be facilitated using any
rnumber of personal area networks, LANs, and WANs, using any combination of
wired or wireless transmussion mediums.

{80102} The embodiments described above can be implemented in one or a
combination of hardware, firmware, and software. Various methods or

15 techniques, or certain aspects or portions thereof, can take the form of program
code {(i.e.. instructions) embodied in tangible media, such as Hash memory, hard
drives, portable storage devices, read-only memory (ROM), random-access
memory {(RAM), semiconductor memory devices (e.g., Elecirically
Programmable Read-Only Memory (EPROM), Electrically Erasable

20 Programmable Read-Ounly Memory (EEPROM)), magnetic disk storage media,
optical storage media, and any other machine-readable storage medium or
storage device wherein, when the program code is loaded into and executed by a
machine, such as a computer or networking device, the machine becomes an
apparatus for practicing the various techniques.

25 {08103] A machine-readable storage medium or other storage device can
imclude any non-transitory mechanism for storing information in a form readable
by amachine {e.g., a computer}. In the case of program code executing on
programmable computers, the computing device can mclude a processor, a
storage medium readable by the processor (including volatile and non-volatile

30 memory and/or storage elements), at least one input device, and at least one

output device. One or more programs that can implement or utilize the various

techniques described herein can use an application programming interface (AP1),

reusable controls, and the like. Such programs can be implemented in a high
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10

20

30

level procedural or object-oriented programming language to communicate with
a computer system. However, the program{s) can be implemented in assembly
or machine language, if desired. In any case, the language can be a compiled or
interpreted language, and combined with hardware implementations.

{0042] It should be understood that the functional units or capabilities
described m this specification have been referred to or labeled as components or
modules in order to moore particularly emphasize their implementation
independence. For example, a component or module can be implemented as a
hardware circuit comprising custom very-large-scale integration (VLS circuits
or gate arrays, oft-the-shelf semiconductors such as logic chips, transistors, or
other discrete components. A component or module can also be implemented in
programmable hardware devices such as field programmable gate arrays,
programmable array logic, prograramable logic devices, or the like,
Components or modules can also be implemented in software for execution by
various types of processors. An identified component or module of executable
code can, for instance, comprise one or more physical or logical blocks of
computer instructions, which can, for instance, be organized as an object,
procedure, or function. Nevertheless, the executables of an identified
component or module need not be physically focated together, but can comprise
disparale instructions stored in different locations which, when joined logically
together, comprise the component or module and achieve the stated purpose for
the component or module.

[0043] Indeed, a component or module of execuiable code can be a single
mstruction, or many nstructions, and can even be distributed over several
different code segments, among different programs, and across several memaory
devices. Similarly, operational data can be identified and illustrated herein
within components or modules, and can be embodied in any suitable form and
organized within any suitable type of data structure. The operational data can be
cotlected as a single data set, or can be distributed over different locations
inchuding over different storage devices, and can exist, at least partially, merely
as electronic signals on a svstem or network. The components or modules can
be passive or active, including agents operable fo perform desired functions.

Additional examples of the presently describaed method, system, and device
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[

embodiments include the following, non-limiting configurations. Each of the
following non-lumiting examples can stand on s own, or can be combined in
any permutation or combination with any one or more of the other examples

provided below or throughout the present disclosure.
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CLAIMS

What 1s claimed is:

1. A power transmit unit (PTU) device comprising:

[

a transmit coil configured for wireless charging via magnetic resonant

coupling;
power delivery circuitry coupled to the transmmt coil;

signal processing circuitry configured to detect harmonic distortion
that is induced in the transmit coil by a Near Field Communication {(NFC} device

10 inside a near field of the transmit coil; and

control circuitry configured to adjpust an output power of the power
delivery system when triggered by a detection of the harmonic distortion

associated with the NFC device.

5 2 The device of claim | wherein the control circuiiry is {urther
configured to adjust the output power of the power delivery svster to prevent

damage to the NFC device.

3. The device of claim 1 further comprising:

20 a separate sense cotl coupled to the signal processing circuitry,
wherein the signal processing circuitry is further configured to detect the

harmonic distortion induced in the transmit coil by a separate sense coil.

4. The device of claim 1 wherein the harmonic distortion induced in the
25 transmit cold by the NFC device mside the near field of the transmit coil induces
a voltage or a current in the transmit coll through a direct electromagnetic

connection 1o the transmit coil; and

wherein the signal processing circuitry 1s further configured to detect
the harmonic distortion induced in the tfransmit coil from a signal that 1s denived

30 from the voltage or a current in the transmit cotl through a direct connection to

27
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the transmut coil.

S. The device of claim 4 further comprising a capactiive tap connected to

the transmmt coil, wherein the signal processing circuitry s further configured to

[ ]

detect the harmonic distortion through the capacitive tap that 13 connacted 1o the

fransmit coil.

6. The device of claim 4 wheremn the signal processing circuitry
comprises a notch filter configured to suppress a fundamental frequency of the

10 PTU device.

7. The device of claim 4 wherein the signal processing cireutiry

comprises a tunable down-conversion nuxer, a low pass filter and a power

detector.
15
g The device of claim 4 wherein the signal processing circuitry
comprises an analog to digital converter {ADC) and a digital signal processor
configured to perform the harmonic detection.
26 9 The device of claim 8 further comprising:
a memory coupled to the digital signal processor;
wherein the digital signal processor is configured to correlate a
harmonic signature against a plurality of known harmonic signatures comprised
within the harmonic signature data base.
25

10. The device of claim 9 where in the digital signal processor is
configured to detect and distinguish between a plurality of harmonic signatures
that are induced by a plurality of devices within the near field of the transnut

coil,
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1) The device of claim 9 wherein the digital signal processor is further

configured to be reprogrammed with a new harmonic signature data base.

[ ]

12. The device of claim 4 wherein the signal processing circuitry is

comprising a software defined radio.

13. The device of claim 12 wherein the software defined radio 1s

umnplemented with a modified NFC reader.
10

14. The device of claim 2 wherein upon the detection of the harmonic
distortion of the NFC device, the PTU device 1s configured to stop charging and

query for the NFC device with an NFC reader.

15 15 The device of claim 2 wherein upon the detection of harmonic
distortion of the NFC device, the PTU device is configured 1o stop charging and

generate an alert message.

16. The device of claim 2 wherein upon the detection of the harmonic
20 distortion of the NFC device, the PTU device is configured to lower the output
power output of the power delivery system to reduce the harmonic distortion to

less than a specified level.

17. The device of claim 3 wherein the signal processing circuitry is

N2
(¥4}

comprising a tunable down-conversion mixer, a low pass filter and a power

detector.

18. The device of claim 3 wherein the signal processing circuiiry is
comprising an analog to digital converter {ADC) and a digital signal processor
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configured to perform the harmonic detection.

19. A wmethod performed by a power transmut umit (PTU) for detecting a

near field communication (NFC) device inside a charge volume, the method

[ ]

COMPIISing:

initiating wireless charging by exciting a transmit coil via magnetic
resonant couphng:

detecting harmonic distortion induced in the fransoit coil by the Near

Field Commumnication (NFC) device inside a near field of the transmit coil; and

10 adjusting an outpwt power of the power transmit unit with control

circuitry when triggered by a detection of the NFC device.

20. The method of claim 19 wherein adjusting the output power of the

power fransnut unit to prevent damage of the NFC device.

-
(¥4}

21 The method of claim 19 wherein detecting the harmonic distortion
mduced in the transmit coil is performed by signal processing circuitry using a
signal that is derived from a voltage or a current in the transnt coil through a

direct connection to the transmit coil.

22, The method of claim 21 wherein the harmonic detection 1s performed

down-converting a harmonic component to baseband using a tunable

down-conversion mixer;

N2
(¥4}

fow pass filtering to remove other harmonic components and noise;

and
detecting the power of the harmonic component with a power detector,

detecting a harmonic signature using a digital signal processor.
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23 A computer-readable medium comprising instructions that, when
execiuted by one or more processors of a device comprising a power transmit

unit, cause the power transmit unit to:

imitiate wireless charging with a transmit coil via magnetic resonant

[

coupling;
activate a power delivery svstem that can excite the fransmit coil;

detect, using signal processing circuiiry of the device, harmonic
distortion that is induced in the fransmut coil by a Near Field Communication

(NF() device inside a near field of the transmit coil; and

10 adjust an output power the power delivery sysiem, using control

circuitry of the device, when triggered by a detection of the NFC device.

24, The computer readable medium of claim 23 wherein the mstructions

further cause the power transmit unit to:

-
[

down-convert a harmonic component to baseband using a tunable

down-conversion mixer;
low pass filter to remove other harmonic components and noise; and

detect the power of the harmonic component with a power detector.

20 25 The computer readable medium of claim 23 wherein the instructions

further cause the power transmit unit {0

convert the analog signal into a digital signal using an analog to digital

converter (ADC); and

detect a harmonic signature using a digital signal processor.

N2
(¥4}
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