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ABSTRACT

Techniques for tuning in a wireless power transmitter in a
system, method, and apparatus are described herein. For
example, an apparatus may include a transmitter coil con-
figured to generate a magnetic field. The apparatus may also
include a set of capacitors in series with the transmitter coil,
wherein a capacitance value for each of capacitors in the set

Filed: Sep. 23, 2015 is associated with a reactance shift.
122 124~  FTU 102
BLE -  Coniroller
126~ 120 | 12
De2ne Sensur Matching
Network
108
18y 16 l /’ Series /
Oscillator 3 Power Amp Capacitors Resonator
114 A/ 110
108 ~ PTUA04
Resonator i—» Rectifier % DCZDC = Batlery
132~ 134~ 136 ~

BLE & Controller

130-”}

138~J

Computing Device

128~



US 2017/0085097 A1

Mar. 23,2017 Sheet 1 of 6

Patent Application Publication

ARSI
L~ 8¢L 001
aowag Bugndwon
W\ 2El N\ )
BIORUOT - 7Y
~ 9ol e el r 2el
ABURE e D000 K JSUHOSH et JOJBUOSSY
707 Nid - 801
H
Ol il
J01BU0SSY w/ sioyoeden \\ dheiny oMo JES0
oo, oS Loy S
b HIOMIBN
Bunsen JOsUBG 34200
\ 4Ll L (7 " G971
JBHOIUCT Rl
S L .
5T Ald ¥ol oAl




Patent Application Publication = Mar. 23,2017 Sheet 2 of 6 US 2017/0085097 A1

210 :\\212 :}\214 }%16 .

£

3
116 CHECIRCINEY
gz:’f\ f"{»\ i’“ﬁ ;&\ ’Z
i‘ i § H § Té § i §
aiter | 0SNG e gy ) 108
2087 2067 2047 202

114

200

FIG. 2



Patent Application Publication = Mar. 23,2017 Sheet 3 of 6 US 2017/0085097 A1

210 \212 “\214 "-\21@ .,.,\
ﬁﬁ\? 208 FS* iSS‘ ;Sz SH 209

Differential { »

Power K\C”E{}@};«?E(}zﬁcg \(;f / \Cs;
Ampilfier i Cé?\ ¢ \ /G2 Cf 3 ;Cq\

gt gt a;;5€§;~i;s

% EE i \g AR
EEQ_L’:&TE "“"\*228
5345 ESH i&:; 22@
23@} "" 23{}

106

L3

222 224
2347 232
300



Patent Application Publication = Mar. 23,2017 Sheet 4 of 6 US 2017/0085097 A1

402 \\

Eammm—— X Detection

406
s

Wait £,

‘\ LY

Reiay 1on
Upper or
Lower Side




Patent Application Publication = Mar. 23,2017 Sheet 5 of 6 US 2017/0085097 A1

A
) Sn 3 i! \\

i L “ I - 3
! ¢ R 3
§ 3 § %
h EE ¢ D EL ““‘j‘E’ D 3

i
| > L
§ f H i :S { §
! Cn i ; (T SRR i
v f i il P i
3 f’ %‘ :
Y £
\ ; \ Cp Cp ;
iY 4 % ¢
N s Y “ i
< &
N e v b s
o ¢
P
AN Gt i
% <~
\\ »‘a“



Patent Application Publication = Mar. 23,2017 Sheet 6 of 6 US 2017/0085097 A1

G2
Generating a Magnetic Field al & Transmitter Coil -

:

Tune the Transmitter Coil by Activating One or More L~ 604
of a Set of Capacitors in Series with the Transmitter Coll

600

FIG. 6



US 2017/0085097 Al

TUNING IN A WIRELESS POWER
TRANSMITTER

TECHNICAL FIELD

[0001] This disclosure relates generally to techniques for
wireless charging. Specifically, this disclosure relates to
tuning a wireless power transmitter.

BACKGROUND ART

[0002] A basic wireless charging system may include a
wireless power transmitter unit (PTU) and a wireless power
receiving unit (PRU). For example, a PTU may include a
transmit (Tx) coil, and a PRU may include receive (Rx) coil.
Magnetic resonance wireless charging may employ a mag-
netic coupling between the Tx coil and the Rx coil. In some
cases, a PRU is implemented in a device having various size
chassis. In some cases, constant current supply design may
include providing a constant current source even when
various size chassis change a resonant frequency of mag-
netic coupling between the PRU and the PTU.

BRIEF DESCRIPTION OF THE DRAWINGS

[0003] FIG. 1is block diagram of a PTU to provide power
to a PRU, wherein the PTU includes series capacitors
configured to tune the PTU;

[0004] FIG. 2 is a diagram illustrating series capacitors
configured to tune a magnetic coupling of a transmitter coil;
[0005] FIG. 3 is a diagram illustrating a differential power
amplifier and series tuned capacitors;

[0006] FIG. 4 is a flow chart illustrating using a differen-
tial power amplifier configured to increase granularity via
series tuned capacitors;

[0007] FIG. 5 is a diagram illustrating a series tuned
capacitor implemented with a solid state relay; and

[0008] FIG. 6 is a flow chart illustrating a process for
tuning in a wireless power transmitter.

[0009] The same numbers are used throughout the disclo-
sure and the figures to reference like components and
features. Numbers in the 100 series refer to features origi-
nally found in FIG. 1; numbers in the 200 series refer to
features originally found in FIG. 2; and so on.

DESCRIPTION OF THE ASPECTS

[0010] The present disclosure relates generally to tech-
niques for wireless charging. Specifically, the techniques
described herein include an apparatus in a wireless power
transmitting unit (PTU) having a transmit (Tx) coil config-
ured to generate a magnetic field. The apparatus may also
include a set of series capacitors in series with the trans-
mitter coil. A capacitance value for each of the series
capacitors in the set is associated with a reactance shift.

[0011] As discussed above, in some cases, constant current
supply design may include providing a constant current
source even while various size chassis may change a reso-
nant frequency of magnetic coupling between a wireless
power receiving unit (PRU) and the PTU. For example, a
mobile computing device having a PRU may have a rela-
tively smaller metal chassis when compared to a laptop
computing device. When a computing device having a
relatively larger metal chassis is placed on a wireless charg-
ing device having a PTU, a reduction of PTU coil inductance
may occur as an eddy current induced on the metal chassis
cancels part of the magnetic field generated by PTU, causing
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a detuning, or reactance shift from the resonant frequency.
The techniques described herein include in series capacitors
configured to generate a reactance shift to retune the mag-
netic coupling between the PTU and PRU to a resonant
frequency. The series capacitors are configured to have a
substantially uniform reactance shift based on the capacitive
values of each series capacitor in a set of series capacitors.

[0012] Insome cases, the techniques discussed herein may
be implemented using a wireless charging standard protocol,
such as the specification provided by Alliance For Wireless
Power (A4WP) version 1.3, Nov. 5, 2014. A wireless power
receiving (Rx) coil may be a component in a power receiv-
ing unit (PRU), while a wireless power transmission (Tx)
coil may be a component in a power transmitting unit (PTU),
as discussed in more detail below. However, the techniques
described herein may be implemented using any other
wireless charging standard protocol where applicable.

[0013] FIG. 1 is block diagram of a PTU to provide power
to a PRU, wherein the PTU includes series capacitors
configured to tune the PTU. A PTU 102 may couple to a
PRU 104 via magnetic inductive coupling between resona-
tors 106, and 108, as indicated by the arrow 110. The PRU
104 may be a component of a computing device 111 con-
figured to receive charge by the inductive coupling 110. The
resonator 106 may be referred to herein as a Tx coil 106 of
the PTU 102. The resonator 108 may be referred to herein
as a Rx coil 108 of the PRU 104.

[0014] As illustrated in FIG. 1, the PTU 102 may include
a matching network 112 configured to match the amplified
oscillation provided to the resonator 106 of the PTU 102.
The matching network 112 may also include series capaci-
tors 114. The series capacitors 114 may be configured to
switch on and off using relays, such as solid state relays
discussed in more detail below in regard to FIG. 3. The
operation of the series capacitors 114 may generate a reac-
tance shift to compensate for detuning of the magnetic
inductive coupling 110. The nature of the series capacitors
114 may be such that reactance shifts generated by one or
more of the series capacitors 114 may be substantially
uniform. In other words, step sizes for reactance shifts to
retune the magnetic inductive coupling 110 back to reso-
nance may be substantially the same based on the configu-
ration of the series capacitors 114. The series capacitors 114
may be configured as an integrated component of the PTU,
such as a component of a matching network 112, as a
separate component, or as an integrated component any
other component of the PTU 102, or any combination
thereof.

[0015] Other components of the PTU may include a power
amplifier 116, and oscillator 118, a current sensor 120, a
Bluetooth Low Energy (BLE) module 122, a controller 124,
direct current to direct current (DC2DC) converter 126, and
the like. The current sensor 120 may be an ampere meter, a
volt meter, or any other sensor configured to sense load
variations occurring due to inductive coupling between the
PTU 102 and another object, such as the PRU 104. The
current sensor 120 may provide an indication of load change
to the controller 140 of the PTU 102. The controller 140 may
power on the power amplifier 116 configured to receive
direct current (DC) from the DC2DC converter 126, and to
amplify and oscillate the current. The oscillator 118 may be
configured to oscillate the power provided at a given fre-
quency.
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[0016] In some cases, a wireless handshake between the
PTU 102 and the PRU 104 may indicate a size category of
a computing device 128 having the Rx coil 108. The size
category may provide an indication of an expected detuning
based on metal components in the computing device 128
that may cause a detuning. In some cases, the wireless
handshake is performed by the BLE module 122 of the PTU
102 and a BLE module 130 of the PRU 104. In the A4WP
standard, the wireless handshake may indicate a size cat-
egory of the PRU 104 having a predefined reactance shift
detected at the matching network 112. However, in some
cases, a larger chassis of the computing device 111 may
interact with the inductive coupling 110 via interference
with the magnetic field flux generating the inductive cou-
pling 110. In this case, a reactance shift above a predefined
threshold may be detected by the sensor 120. Upon detection
of the reactance shift above the predefined threshold, the
series capacitors 114 may be configured to retune the
magnetic inductive coupling 110 to a resonant frequency
based on a substantially uniform step size, as discussed in
more detail below in regard to FIG. 2.

[0017] In FIG. 1, inductive coupling may occur between
the Tx coil 106 and the Rx coil 108, and as a magnetic flux
associated with the inductive coupling passes through the Rx
coil 108 the computing device 111 may receive power. A
rectifier 132 may receive voltage having an alternating
current (AC) from the Rx coil 108 and may be configured to
generate a rectified voltage (Vrect) having a direct current
(DC). As illustrated in FIG. 1, a DC2DC converter 134 may
provide a DC output to a battery 136.

[0018] The PRU 104 may also include a controller 138
configured to initiate a wireless broadcast having wireless
handshake data. As discussed above, the wireless handshake
broadcast may be carried out by a wireless data transmission
component such as BLE module 130.

[0019] The block diagram of FIG. 1 is not intended to
indicate that the PTU 102 and/or the PRU 104 are to include
all of the components shown in FIG. 1. Further, the PTU 102
and/or the PRU 104 may include any number of additional
components not shown in FIG. 1, depending on the details
of the specific implementation.

[0020] FIG. 2 is a diagram illustrating series capacitors
configured to tune a magnetic coupling of a transmitter coil.
The diagram 200 may be referred to as tuning circuit 200. As
discussed above in regard to FIG. 1, series capacitors 114
may be in series with the Tx coil 106. In some cases, the
series capacitors 114 may be understood as being in series
with a series capacitor 201 associated with normal operation
of the transmitter coil 106. As illustrated in FIG. 2, the series
capacitors 114 may include a first series capacitor 202, a
second series capacitors 204, a third series capacitor 206,
and a fourth series capacitor 208. Each series capacitor may
be switched on and off by a corresponding switch 210, 212,
214, and 216. As illustrated in FIG. 2, each switch 210, 212,
214, and 1216 is parallel to a corresponding series capacitor
202, 204, 206, 208.

[0021] In an initial state, all the switches 210, 212, 214,
and 216 may be off (i.e. open circuit). If a computing device,
such as the computing device 128 of FIG. 1, having metal
components is placed on a PTU, such as the PTU 102 of
FIG. 1, the metal components may reduce an inductance of
the magnetic coupling 110 that may otherwise occur if the
computing device 128 included a smaller amount of metal
components or metal material. As the inductance is
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decreased, the magnetic coupling 110 may be detuned away
from a resonant frequency. In order to re-tune the magnetic
coupling 110, the capacitance may be increased by switch-
ing one or more of the series capacitors 202, 204, 206, and
208 on (i.e. short circuit). Turning on one of the switches
210, 212, 214, or 216 causes the corresponding capacitor to
be inactivated and thus serves to electrically remove the
corresponding capacitor from the circuit. Reducing the num-
ber of active capacitors from the series of capacitors
increases the overall capacitance of the series.

[0022] As discussed above, re-tuning may include com-
pensating for detuning by generating a reactance shift based
on the activation of one or more of the series capacitors 202,
204, 206, and 208 or any combination thereof. Depending on
the predetermined selection of series capacitors that are
used, a reactance shift having a uniform step size between
combinations of series capacitors may be implemented.
Specifically, in Equation 1:

G G G G Eq 1
Cl=—===_=-_" _¢C
R R T

[0023] InEq.1,C, is the capacitive value of the first series
capacitor 202, and C, is the capacitive value of the second
series capacitor 204. Further, C; is the capacitive value of
the third series capacitor 206; C, is the capacitive value of
the fourth series capacitor 208, while C, is a capacitive value
associated with a uniform step size. The capacitors shown in
FIG. 1 are to be activated or deactivated in accordance with
a predetermined order, such that each activation or deacti-
vation of an additional capacitor changes the overall capaci-
tance of the circuit by a uniform capacitance step. Thus, the
reactance shift step size associated with combinations of
series capacitors is substantially uniform for each progres-
sion of a binary combination of series capacitors in the set.
In this case, total reactance created by the tuning circuit
illustrated in FIG. 2 may be illustrated in Equation 2:

Xe(S1, 2, S5, Sy = =3 LS, % 5 5
61’2’3’4_wCS atotata

215+ 2728, +
jl 1 27ss0isy LS,
w

— +
C, o1,

[0024] In Eq. 2, Sn is a binary number indicating the
switch state of each switch. Sn=1 represents a closed state of
a give switch. Further, X_ is a reactance shift based on
capacitive switching of one or more series capacitors 202,
204, 206, and 208. Between adjacent switch states, for
example S,S,S;S, and S;S,S;S,+1, the reactance shift dif-
ference introduced by the adaptive tuning network may be a
uniform value indicated by Equation 3:

X =1/Go2"'C) Eq. 3
[0025] Further, this adaptive tuning circuit 200 configu-

ration enables the maximum total reactance shift compen-
sation range for a given number of switches. Alternatively,
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for the same total reactance shift compensation range (Xc,,-
zal) required, a minimum step size can be achieved with this
circuit topology, where the minimum step size is indicated
by Equation 4:

Xoprin=XCrorar(2"-1) Eq. 4.

[0026] FIG. 3 is a diagram illustrating a differential power
amplifier and series tuned capacitors. In some cases, the
power amplifier 116 may be a differential power amplifier as
illustrated in FIG. 3. In this scenario, the differential power
amplifier 116 may include two outputs wherein the series
tuned capacitors 202, 204, 206, 208 are a first set of series
tuned capacitors disposed at a first output of the differential
power amplifier 116. A second set of series capacitors
including 220, 222, 224, and 226 may be disposed at a
second output of the differential power amplifier 116. The
second set of series capacitors may be in series with the Tx
coil 106 as well as a series capacitor 228 otherwise used for
normal operation of the inductive magnetic coupling at a
given resonance frequency. The second set of series capaci-
tors including 220, 222, 224, and 226 may be turned on and
off by a set of switches including 230, 232, 234, 236.
[0027] The second set of capacitors including 220, 222,
224, and 226 may be used to further reduce the granularity
of a reactance shift step size. The reactance shift for a given
number of capacitor bits “n” using the differential power
amplifier 116 is illustrated in Equation 5:

Xo(S1, S2, 53, S4, 575538%) = Ea. 5

(L S +5])+ 2725+ 57) ... 45, + 5],

w| Cs pgen

[0028] In Eq. 5, S; correlates with the switch 216, S,
correlates with the switch 214, S; correlates with the switch
212, and S, correlates with the switch 210. On the other side
of the differential power amplifier 116, S,' correlates with
the switch 230, S,' correlates with the switch 232, S;'
correlates with the switch 234, and S,' correlates with the
switch 236. If the two sides are switched asynchronously
and the difference to one step is limited, for example
IS,S,8,8,-S,'S,'S;'S,'I=1, the minimum change in reac-
tance shift compensation offered by the adaptive tuning
network 300 can be reduced to: 1/(jw2”C,), or half the step
size of the single ended adaptive tuning network 200. A finer
step size may offer tighter control of power amplifier 116
performance and better power amplifier 116 efficiency.
[0029] FIG. 4 is a flow chart illustrating using a differen-
tial power amplifier configured to increase granularity via
series tuned capacitors. At 402, a reactance shift step is
detected. At block 404, it is determined if the reactance shift
step is greater than %% of an expected uniform step. If no,
then the PTU 102 may wait for a time period, t,, as indicated
at 406, and return to the reactance detection at 402. If the
reactance shift step is greater than 2 of an expected uniform
step, then a progression (+1 or —1) of relay state is initiated,
which changes the state of one or more of the relays 230,
232, 234, and 236 of FIG. 3 depending on the status of the
relay.

[0030] FIG. 5 is a diagram illustrating a series tuned
capacitor implemented with a solid state relay. In some
cases, a switch 502, such as one or more of the switches 210,
212, 214, and 216 of the first switch set, or one or more of

Mar. 23, 2017

the switches 230, 232, 234, and 236 of FIG. 2 or FIG. 3, or
any combination thereof may be implemented as a solid
state relay, generally indicated at 504.

[0031] In comparison to a mechanical relay, a solid state
relay may have a longer lifetime. For example, a mechanical
relay may have a reliable operational range of 100,000
times. In infrastructure employment, 100,000 time opera-
tional range may correlate to less than 1 year of usage. In
other words, the switch may become a bottleneck of a PTU,
such as the PTU 102, lifespan. Therefore, the techniques
described herein include implementing one or more solid
state relays 504 in one or more of the switches 210, 212, 214,
and 216, or 230, 232, 234, and 236 of FIG. 2 or FIG. 3, or
any combination thereof.

[0032] In some cases, the use of the solid state relay 504
may generate a parasitic capacitance even during an off
state. More specifically, some field effect transistors (FETs)
implemented in the solid state relay 504 may not be turned
off completely due to an output capacitance associated with
the solid state relay 504. Therefore, the techniques described
herein include absorbing output capacitance of the solid
state relay 504 into the tuning capacitance when the relay is
off. As the variation in the output capacitance of a given FET
in the solid state relay 504 is relatively small compared to
the larger tuning capacitance, the absorbed output capaci-
tance may not be significant.

[0033] Insome cases, the solid state relay 504 may receive
a driving signal. The solid state relay 504 may be disposed
on a path of high voltage and high current signal, a gate drive
of' the solid state relay 504 may not be referenced to ground,
providing reduction in isolation between the gate drive
which is referenced to source and a logic drive which is
referenced to ground. Therefore, the techniques described
herein include an opto-isolator configured to achieve this
function. The output and input signals may be transferred
optically, thereby providing electronic isolation between
input and output. Thus, the output may be connected to the
gate and source of the solid state relay 504, while the input
may be driven by a logic signal that is referenced by ground.
[0034] FIG. 6 is a flow chart illustrating a process for
tuning in a wireless power transmitter. At block 602, the
method 600 includes generating a magnetic field at a trans-
mitter coil. At block 604, the method 600 includes tuning the
transmitter coil by activating one or more of a set of
capacitors in series with the transmitter coil. A capacitance
value for each of series capacitors in the set is associated
with a reactance shift.

[0035] In some cases, the reactance shift associated with
each combination of series capacitor is substantially uni-
form. The method 600 may also include activating one or
more series capacitors from among the set of series capaci-
tors via one or more corresponding solid state relays from
among a set of solid state relays. Activating the one or more
series capacitor may include activating the one or more
corresponding solid state relays in parallel to a correspond-
ing capacitor in the set of series capacitors.

[0036] Further, in some cases, the method 600 includes
exhibiting a parasitic capacitance during an off state of one
or more of the solid state relays. In this scenario, the method
600 may include absorbing the parasitic capacitance exhib-
ited by each corresponding solid state relay by each corre-
sponding series capacitor in the set.

[0037] The set of series capacitors may include a first set
of series capacitors. In this scenario, the method 600 may
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include providing a first power output to the first set of series
capacitors from a differential power amplifier, and selec-
tively providing a second power output to a second set of
series capacitors from the differential power amplifier. The
method 600 may also include fine tuning the reactance shift
associated with each of the series capacitors of the first set
via the second set of series capacitors. Fine tuning may
include reducing the reactance shift by a half step size.
[0038] In some cases, the reactance shift step size associ-
ated with combinations of series capacitors is substantially
uniform based on characteristics of the set of series capaci-
tors. For example, the method may include activating a first
series capacitor associated with a first capacitance value,
activating a second series capacitor associated with a second
capacitance value substantially equal to twice the first
capacitance value, activating a third series capacitor asso-
ciated with a third capacitance value substantially equal to
four times the first capacitance value, activating a fourth
series capacitor associated with a fourth capacitance value
substantially equal to eight times the first capacitance value,
or any combination thereof to achieve uniform step sizes of
reactance shift.

EXAMPLES

[0039] Example 1 is an apparatus for tuning in a wireless
power transmitter. The apparatus includes a transmitter coil
configured to generate a magnetic field for wirelessly charg-
ing a battery; and a set of capacitors in series with the
transmitter coil, the set of capacitors to be activated to retune
the transmitter coil in response to detuning caused by the
placement of a device over the transmitter coil; wherein a
capacitance value for each of the capacitors in the set is
associated with a reactance shift.

[0040] Example 2 includes the apparatus of example 1,
including or excluding optional features. In this example, a
reactance shift step size associated with combinations of
capacitors is substantially uniform for each progression of a
binary combination of capacitors in the set.

[0041] Example 3 includes the apparatus of any one of
examples 1 to 2, including or excluding optional features. In
this example, the apparatus includes a set of solid state
relays each configured to activate a corresponding capacitor
from among the set of capacitors. Optionally, each solid state
relay in the set of solid state relay is parallel to a corre-
sponding capacitor in the set of capacitors. Optionally, each
solid state relay is configured to exhibit a parasitic capaci-
tance during an off state. Optionally, each capacitor in the set
is configured to absorb the parasitic capacitance exhibited by
each corresponding solid state relay.

[0042] Example 4 includes the apparatus of any one of
examples 1 to 3, including or excluding optional features. In
this example, the set of capacitors includes a first set of
capacitors. The apparatus further includes: a differential
power amplifier including a first output and a second output,
wherein the first set of capacitors is disposed at the first
output; and a second set of capacitors disposed at the second
output. Optionally, the second set of capacitors are config-
ured to reduce the reactance shift difference associated with
two of the adjacent combination steps of capacitors of the
first set. Optionally, the reduction is a half step size.
[0043] Example 5 includes the apparatus of any one of
examples 1 to 4, including or excluding optional features. In
this example, the set of capacitors includes: a first capacitor
associated with a first capacitance value; a second capacitor
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associated with a second capacitance value substantially
equal to twice the first capacitance value; a third capacitor
associated with a third capacitance value substantially equal
to four times the first capacitance value; and a fourth
capacitor associated with a fourth capacitance value sub-
stantially equal to eight times the first capacitance value.

[0044] Example 6 is a method for tuning in a wireless
power transmitter. The method includes generating a mag-
netic field at a transmitter coil; and tuning the transmitter
coil by activating one or more of a set of capacitors in series
with the transmitter coil, wherein a capacitance value for
each of capacitors in the set is associated with a reactance
shift.

[0045] Example 7 includes the method of example 6,
including or excluding optional features. In this example, a
reactance shift difference associated with two adjacent com-
bination steps of capacitors in the set is substantially uni-
form.

[0046] Example 8 includes the method of any one of
examples 6 to 7, including or excluding optional features. In
this example, the method includes activating one or more
capacitors from among the set of capacitors via one or more
corresponding solid state relays from among a set of solid
state relays. Optionally, activating the one or more capacitor
includes activating the one or more corresponding solid state
relays in parallel to a corresponding capacitor in the set of
capacitors. Optionally, the method includes exhibiting a
parasitic capacitance during an off state of one or more of the
solid state relays. Optionally, the method includes absorbing
the parasitic capacitance exhibited by each corresponding
solid state relay by each corresponding capacitor in the set.

[0047] Example 9 includes the method of any one of
examples 6 to 8, including or excluding optional features. In
this example, the set of capacitors includes a first set of
capacitors. The method further includes: providing a first
power output to the first set of capacitors from a differential
power amplifier; and selectively providing a second power
output to a second set of capacitors from the differential
power amplifier. Optionally, the method includes fine tuning
the reactance shift associated with each of the capacitors of
the first set via the second set of capacitors. Optionally, fine
tuning includes reducing the reactance shift by a half step
size.

[0048] Example 10 includes the method of any one of
examples 6 to 9, including or excluding optional features. In
this example, the method includes activating a first capacitor
associated with a first capacitance value; activating a second
capacitor associated with a second capacitance value sub-
stantially equal to twice the first capacitance value; activat-
ing a third capacitor associated with a third capacitance
value substantially equal to four times the first capacitance
value; and activating a fourth capacitor associated with a
fourth capacitance value substantially equal to eight times
the first capacitance value.

[0049] Example 11 is a system for tuning in a wireless
power transmitter. The system includes a transmitter coil
configured to generate a magnetic field for wirelessly charg-
ing a battery; and a set of capacitors in series with the
transmitter coil, wherein a capacitance value for each of the
capacitors in the set is associated with a reactance shift; and
a set of solid state relays each configured to activate a
corresponding capacitor from among the set of capacitors to
retune the transmitter coil.
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[0050] Example 12 includes the system of example 11,
including or excluding optional features. In this example, a
reactance shift difference associated with two adjacent com-
bination steps of capacitors in the set is substantially uni-
form.

[0051] Example 13 includes the system of any one of
examples 11 to 12, including or excluding optional features.
In this example, each solid state relay in the set of solid state
relay is parallel to a corresponding capacitor in the set of
capacitors.

[0052] Example 14 includes the system of any one of
examples 11 to 13, including or excluding optional features.
In this example, the set of capacitors includes a first set of
capacitors. The system further includes: a differential power
amplifier including a first output and a second output,
wherein the first set of capacitors is disposed at the first
output; a second set of capacitors disposed at the second
output.

[0053] Example 15 includes the system of any one of
examples 11 to 14, including or excluding optional features.
In this example, the set of capacitors includes: a first
capacitor associated with a first capacitance value; a second
capacitor associated with a second capacitance value sub-
stantially equal to twice the first capacitance value; a third
capacitor associated with a third capacitance value substan-
tially equal to four times the first capacitance value; and a
fourth capacitor associated with a fourth capacitance value
substantially equal to eight times the first capacitance value.
[0054] Example 16 is a wireless power transmitter. The
wireless power transmitter includes a transmitter coil to
generate a magnetic field for powering an electronic device
including a wireless power receiver; a power amplifier to
deliver current to the transmitter coil; and a matching
network between the power amplifier and the transmitter
coil. The matching network includes: a set of capacitors in
series with the transmitter coil, the set of capacitors to be
activated to retune the transmitter coil in response to detun-
ing caused by the placement of a device over the transmitter
coil; wherein a capacitance value for each of the capacitors
in the set is associated with a reactance shift.

[0055] Example 17 includes the wireless power transmit-
ter of example 16, including or excluding optional features.
In this example, a reactance shift step size associated with
combinations of capacitors is substantially uniform for each
progression of a binary combination of capacitors in the set.
[0056] Example 18 includes the wireless power transmit-
ter of any one of examples 16 to 17, including or excluding
optional features. In this example, the matching network
including a set of solid state relays each configured to
activate a corresponding capacitor from among the set of
capacitors. Optionally, each solid state relay in the set of
solid state relay is parallel to a corresponding capacitor in
the set of capacitors. Optionally, each solid state relay is
configured to exhibit a parasitic capacitance during an off
state. Optionally, each capacitor in the set is configured to
absorb the parasitic capacitance exhibited by each corre-
sponding solid state relay.

[0057] Example 19 includes the wireless power transmit-
ter of any one of examples 16 to 18, including or excluding
optional features. In this example, the set of capacitors
includes a first set of capacitors. The wireless power trans-
mitter further includes: a differential power amplifier includ-
ing a first output and a second output, wherein the first set
of capacitors is disposed at the first output; and a second set
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of capacitors disposed at the second output. Optionally, the
second set of capacitors are configured to reduce the reac-
tance shift difference associated with two of the adjacent
combination steps of capacitors of the first set. Optionally,
the reduction is a half step size.

[0058] Example 20 includes the wireless power transmit-
ter of any one of examples 16 to 19, including or excluding
optional features. In this example, the set of capacitors
includes: a first capacitor associated with a first capacitance
value; a second capacitor associated with a second capaci-
tance value substantially equal to twice the first capacitance
value; a third capacitor associated with a third capacitance
value substantially equal to four times the first capacitance
value; and a fourth capacitor associated with a fourth
capacitance value substantially equal to eight times the first
capacitance value.

[0059] Example 21 is an apparatus for wirelessly charging
an electronic device. The apparatus includes a means for
delivering current to a transmitter coil; and a means for
tuning the transmitter coil by activating one or more of a set
of capacitors in series with the transmitter coil in response
to detuning caused by the placement of the electronic device
over the transmitter coil; wherein a capacitance value for
each of the capacitors in the set is associated with a
reactance shift.

[0060] Example 22 includes the apparatus of example 21,
including or excluding optional features. In this example, a
reactance shift step size associated with combinations of
capacitors is substantially uniform for each progression of a
binary combination of capacitors in the set.

[0061] Example 23 includes the apparatus of any one of
examples 21 to 22, including or excluding optional features.
In this example, the means for tuning the transmitter coil
includes a set of solid state relays each configured to activate
a corresponding capacitor from among the set of capacitors.
Optionally, each solid state relay in the set of solid state
relays is parallel to a corresponding capacitor in the set of
capacitors. Optionally, each solid state relay is configured to
exhibit a parasitic capacitance during an off state. Option-
ally, each capacitor in the set is configured to absorb the
parasitic capacitance exhibited by each corresponding solid
state relay.

[0062] Example 24 includes the apparatus of any one of
examples 21 to 23, including or excluding optional features.
In this example, the set of capacitors includes a first set of
capacitors; the means for delivering current to a transmitter
coil includes a differential power amplifier including a first
output and a second output, wherein the first set of capaci-
tors is disposed at the first output; and the set of capacitors
includes a second set of capacitors disposed at the second
output. Optionally, the second set of capacitors are config-
ured to reduce the reactance shift difference associated with
two of the adjacent combination steps of capacitors of the
first set. Optionally, the reduction is a half step size.
[0063] Example 25 includes the apparatus of any one of
examples 21 to 24, including or excluding optional features.
In this example, the set of capacitors includes: a first
capacitor associated with a first capacitance value; a second
capacitor associated with a second capacitance value sub-
stantially equal to twice the first capacitance value; a third
capacitor associated with a third capacitance value substan-
tially equal to four times the first capacitance value; and a
fourth capacitor associated with a fourth capacitance value
substantially equal to eight times the first capacitance value.
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[0064] Not all components, features, structures, character-
istics, etc. described and illustrated herein need be included
in a particular aspect or aspects. If the specification states a
component, feature, structure, or characteristic “may”,
“might”, “can” or “could” be included, for example, that
particular component, feature, structure, or characteristic is
not required to be included. If the specification or claim
refers to “a” or “an” element, that does not mean there is
only one of the element. If the specification or claims refer
to “an additional” element, that does not preclude there
being more than one of the additional element.

[0065] It is to be noted that, although some aspects have
been described in reference to particular implementations,
other implementations are possible according to some
aspects. Additionally, the arrangement and/or order of circuit
elements or other features illustrated in the drawings and/or
described herein need not be arranged in the particular way
illustrated and described. Many other arrangements are
possible according to some aspects.

[0066] In each system shown in a figure, the elements in
some cases may each have a same reference number or a
different reference number to suggest that the elements
represented could be different and/or similar. However, an
element may be flexible enough to have different implemen-
tations and work with some or all of the systems shown or
described herein. The various elements shown in the figures
may be the same or different. Which one is referred to as a
first element and which is called a second element is
arbitrary.

[0067] It is to be understood that specifics in the afore-
mentioned examples may be used anywhere in one or more
aspects. For instance, all optional features of the computing
device described above may also be implemented with
respect to either of the methods or the computer-readable
medium described herein. Furthermore, although flow dia-
grams and/or state diagrams may have been used herein to
describe aspects, the techniques are not limited to those
diagrams or to corresponding descriptions herein. For
example, flow need not move through each illustrated box or
state or in exactly the same order as illustrated and described
herein.

[0068] The present techniques are not restricted to the
particular details listed herein. Indeed, those skilled in the art
having the benefit of this disclosure will appreciate that
many other variations from the foregoing description and
drawings may be made within the scope of the present
techniques. Accordingly, it is the following claims including
any amendments thereto that define the scope of the present
techniques.

What is claimed is:

1. An apparatus for tuning in a wireless power transmitter,
comprising:

a transmitter coil configured to generate a magnetic field

for wirelessly charging a battery; and

a set of capacitors arranged in series with the transmitter

coil configured to retune the transmitter coil in response
to detuning upon placement of a device over the
transmitter coil;

wherein a capacitance value for each of the capacitors in

the set is associated with a reactance shift.

2. The apparatus of claim 1, wherein a reactance shift step
size associated with combinations of capacitors is substan-
tially uniform for each progression of a binary combination
of capacitors in the set.
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3. The apparatus of claim 1, further comprising a set of
solid state relays each configured to activate a corresponding
capacitor from among the set of capacitors.

4. The apparatus of claim 3, wherein each solid state relay
in the set of solid state relay is parallel to a corresponding
capacitor in the set of capacitors.

5. The apparatus of claim 4, wherein each solid state relay
is configured to exhibit a parasitic capacitance during an off
state.

6. The apparatus of 5, wherein each capacitor in the set is
configured to absorb the parasitic capacitance exhibited by
each corresponding solid state relay.

7. The apparatus of claim 1, wherein the set of capacitors
comprises a first set of capacitors arranged in series, further
comprising:

a differential power amplifier comprising a first output
and a second output, wherein the first set of capacitors
is disposed at the first output;

a second set of capacitors disposed at the second output.

8. The apparatus of claim 7, wherein the second set of
capacitors are configured to reduce the reactance shift dif-
ference associated with two of the adjacent combination
steps of capacitors of the first set.

9. The apparatus of claim 8, wherein the reduction is a half
step size.

10. The apparatus of claim 1, wherein the set of capacitors
comprises:

a first capacitor associated with a first capacitance value;

a second capacitor associated with a second capacitance
value substantially equal to twice the first capacitance
value;

a third capacitor associated with a third capacitance value
substantially equal to four times the first capacitance
value; and

a fourth capacitor associated with a fourth capacitance
value substantially equal to eight times the first capaci-
tance value.

11. A method for tuning in a wireless power transmitter,

comprising:

generating a magnetic field at a transmitter coil; and

tuning the transmitter coil by activating one or more of a
set of capacitors arranged in series with the transmitter
coil, wherein a capacitance value for each of capacitors
in the set is associated with a reactance shift.

12. The method of claim 11, wherein a reactance shift
difference associated with two adjacent combination steps of
capacitors in the set is substantially uniform.

13. The method of claim 11, further comprising activating
one or more capacitors from among the set of capacitors via
one or more corresponding solid state relays from among a
set of solid state relays.

14. The method of claim 13, wherein activating the one or
more capacitor comprises activating the one or more corre-
sponding solid state relays in parallel to a corresponding
capacitor in the set of capacitors.

15. The method of claim 14, further comprising exhibiting
a parasitic capacitance during an off state of one or more of
the solid state relays.

16. The method of 15, further comprising absorbing the
parasitic capacitance exhibited by each corresponding solid
state relay by each corresponding capacitor in the set.

17. The method of claim 11, wherein the set of capacitors
comprises a first set of capacitors, further comprising:
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providing a first power output to the first set of capacitors
from a differential power amplifier; and
selectively providing a second power output to a second
set of capacitors from the differential power amplifier.
18. The method of claim 17, further comprising fine
tuning the reactance shift associated with each of the capaci-
tors of the first set via the second set of capacitors.
19. The method of claim 18, wherein fine tuning com-
prises reducing the reactance shift by a half step size.
20. The method of claim 11, comprising:
activating a first capacitor associated with a first capaci-
tance value;
activating a second capacitor associated with a second
capacitance value substantially equal to twice the first
capacitance value;
activating a third capacitor associated with a third capaci-
tance value substantially equal to four times the first
capacitance value; and
activating a fourth capacitor associated with a fourth
capacitance value substantially equal to eight times the
first capacitance value.
21. A system for tuning in a wireless power transmitter,
comprising:
a transmitter coil configured to generate a magnetic field
for wirelessly charging a battery; and
a set of capacitors arranged in series with the transmitter
coil, wherein a capacitance value for each of the
capacitors in the set is associated with a reactance shift;
and
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a set of solid state relays each configured to activate a
corresponding capacitor from among the set of capaci-
tors to retune the transmitter coil.

22. The system of claim 1, wherein a reactance shift
difference associated with two adjacent combination steps of
capacitors in the set is substantially uniform.

23. The system of claim 21, wherein each solid state relay
in the set of solid state relay is parallel to a corresponding
capacitor in the set of capacitors.

24. The system of claim 1, wherein the set of capacitors
comprises a first set of capacitors arranged in series, further
comprising:

a differential power amplifier comprising a first output
and a second output, wherein the first set of capacitors
is disposed at the first output;

a second set of capacitors disposed at the second output.

25. The system of claim 21, wherein the set of capacitors
comprises:

a first capacitor associated with a first capacitance value;

a second capacitor associated with a second capacitance
value substantially equal to twice the first capacitance
value;

a third capacitor associated with a third capacitance value
substantially equal to four times the first capacitance
value; and

a fourth capacitor associated with a fourth capacitance
value substantially equal to eight times the first capaci-
tance value.



