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WRELESS POWER TRANSFERVA DATA 
SIGNAL 

BACKGROUND 

0001 1. Field of Disclosure 
0002 This disclosure relates to the field of wireless power 

transfer, and specifically to wireless power transfer via a data 
signal. 
0003 2. Description of the Related Art 
0004. There is an increasing trend for electronic devices to 
be cordless and portable. Conventional charging for these 
types of devices is done by either plugging the device into a 
power outlet, or via wireless charging. Conventional wireless 
charging techniques are based on induction, magnetic reso 
nance, microwave, or laser. However, these wireless charging 
techniques fall short in range and/or power. 

SUMMARY 

0005. The above and other needs are met by a receiver, a 
transmitter, and a system for wireless power transfer via a 
data signal. 
0006. One embodiment of a receiver for wireless power 
transfer via a data signal, comprises a receiver memory bank 
including a plurality of memory storage devices coupled to a 
plurality of memory buses. The receiver also includes a 
decoder configured to: decode a wireless data signal received 
by the receiver to extract charging data therefrom, and write 
the charging data to the plurality of memory storage devices. 
The receiver also includes a charge controller configured to 
cause the plurality of memory storage devices to output por 
tions of the charging data on the plurality of memory busses. 
The receiver also includes a Voltage conversion circuit 
coupled to the plurality of memory busses configured to pro 
duce partial charging signals from the portions of charging 
data received on the plurality of memory busses. The receiver 
also includes a Voltage aggregator configured to aggregate the 
partial charging signals to generate a charging signal. 
0007. One embodiment of a transmitter for wireless power 
transfer via a data signal, comprises a transmitter memory 
bank that includes a plurality of memory storage devices that 
store charging data and are scaled relative to a plurality of 
memory storage devices in a corresponding receiver. The 
transmitter also includes an encoder configured to generate an 
information signal using portions of the charging data in the 
transmitter memory bank. The transmitter also includes a 
signal generator configured to generate a carrier signal. The 
transmitter also includes a modulator configured to modulate 
the carrier signal with the information signal to generate the 
data signal. The transmitter also includes an antenna coupled 
to the modulator that wirelessly transmits the data signal to 
the corresponding receiver, the receiver adapted to store 
charging data derived from the data signal in the plurality of 
memory storage devices in the receiver. 
0008. One embodiment of a system for wireless power 
transfer via a data signal, comprises a transmitter configured 
to generate and transmit a wireless data signal that includes 
charging data, and a receiver configured to receive the wire 
less data signal. The receiver includes a receiver memory 
bank including a plurality of memory storage devices coupled 
to a plurality of memory buses. The receiver also includes a 
decoder configured to: decode the wireless data signal 
received from the receiver to extract charging data therefrom, 
and write the charging data to the plurality of memory storage 
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devices. The receiver also includes a charge controller con 
figured to cause the plurality of memory storage devices to 
output portions of the charging data on the plurality of 
memory busses. The receiver also includes a Voltage conver 
sion circuit coupled to the plurality of memory busses con 
figured to produce partial charging signals from the portions 
of charging data received on the plurality of memory busses. 
The receiver also includes a Voltage aggregator configured to 
aggregate the partial charging signals to generate a charging 
signal. 

BRIEF DESCRIPTION OF DRAWINGS 

0009 FIG. 1 is a high-level block diagram illustrating an 
embodiment of a system for wireless power transfer via a data 
signal. 
0010 FIG. 2 is a block diagram illustrating a detailed view 
of the components within a transmitter according to an 
embodiment. 
0011 FIG.3 is a block diagram illustrating a detailed view 
of the components within a receiver according to an embodi 
ment. 

0012 FIG. 4 is a high-level block diagram illustrating a 
portion of an example receiver according to an embodiment. 
0013 FIG. 5 is a flowchart illustrating a process for gen 
erating a charging signal based on a wireless data signal 
according to an embodiment. 

DETAILED DESCRIPTION 

0014. The Figures (FIGS.) and the following description 
describe certain embodiments by way of illustration only. 
One skilled in the art will readily recognize from the follow 
ing description that alternative embodiments of the structures 
and methods illustrated herein may be employed without 
departing from the principles described herein. Reference 
will now be made in detail to several embodiments, examples 
of which are illustrated in the accompanying figures. It is 
noted that wherever practicable similar or like reference num 
bers may be used in the figures and may indicate similar or 
like functionality. 
0015 FIG. 1 is a high-level block diagram illustrating an 
embodiment of a system 100 for wireless power transfer via a 
data signal. The system includes a transmitter 105, a receiver 
110, a power supply 115, and a device 120. Here only one 
transmitter 105, receiver 110, and device 120 are illustrated, 
but there may be multiple instances of each of these entities. 
For example, there may be multiple devices 120 each being 
charged by one or more receivers 110. 
0016. The transmitter 105 is a wireless transmitter that 
generates a data signal used for wireless power transfer (via 
the receiver 110) to the device 120. The data signal is a carrier 
signal that has been modulated with an information signal 
that is specific to the receiver 110. The transmitter 105 
includes a transmitter (Tx) memory bank 135. As described in 
detail below with respect to FIG. 2, the Tx memory bank 135 
includes one or more memory storage devices (e.g., dynamic 
random access memory (DRAM)) that store charging data. 
Charging data is a specific configuration of bit values (i.e., is 
and Os) that are addressable to memory locations in the 
receiver 110. 
0017. The transmitter 105 generates the information sig 
nal using the charging data stored in the TX memory bank 135. 
The transmitter 105 reads the charging data from the TX 
memory bank 135. Additionally, in some embodiments, the 
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transmitter 105 may also read portions of the charging data 
from a virtual memory associated with the Tx memory bank 
135. Additionally, in some embodiments, the transmitter 105 
may upsample portions of the charging data, Such that a single 
bit value may result in multiple bits of charging data. The 
transmitter 105 generates an index that is associated with the 
charging data. The index maps portions of the charging data 
to specific memory storage devices in the receiver 110. The 
transmitter 105 generates the information signal by append 
ing the charging data to the index. 
0018. Additionally, as discussed below with reference to 
FIG. 2, in some embodiments the transmitter 105 may encode 
portions of the information signal (e.g., the index and the 
charging data) using a key. The transmitter 105 may include 
the key within the information signal. Additionally, the trans 
mitter 105 may encode the data using forward errorcorrection 
(FEC), bipolar encoding, some other encoding technique that 
allows error correction without needing a reverse channel, or 
some combination thereof, to facilitate error free decoding of 
the information signal at the receiver 110. Thus, the informa 
tion signal may include encoded data, non-encoded data, or 
Some combination thereof. 

0019. The transmitter 105 modulates a carrier signal with 
the information signal to generate a data signal for wireless 
power transfer. The transmitter 105 transmits the data signal 
to the receiver 110 via an antenna 125. 
0020. The receiver 110 receives the data signal using an 
antenna 130. The receiver 110 demodulates the data signal to 
extract the index and charging data from the information 
signal. In some embodiments, the receiver 110 decodes the 
encoded information signal using a key in the information 
signal. Additionally, the receiver 110 may perform error cor 
rection, Such as FEC, on the decoded information signal. 
0021. The receiver 110 writes the charging data to a RX 
memory bank 140 included in the receiver 110 in accordance 
with the index. For example, if the RX memory bank 140 
includes two memory storage devices, memory storage 
device A and memory storage device B, the index would 
specify which portion of the charging data is to be written to 
memory storage device A and which portion of the charging 
data is to be written to memory storage device B. Addition 
ally, in some embodiments, portions of the charging data may 
be written to one or more virtual memories associated with 
each memory storage device. As discussed below, partial 
charging signals may be extracted from the charging data 
values written to the memory storage devices, aggregated, 
and used to charge the device 120 and/or power components 
of the receiver 110. 
0022. The RX memory bank 140 includes one or more 
memory storage devices that store charging data. Each 
memory storage device includes physical memory cells that 
have addressable physical memory locations. A physical 
memory cell stores a single bit of information. For example, 
if the memory cell is part of a DRAM memory storage device, 
then the physical memory cell is generally composed of a 
capacitor to hold charge and a transistor to read the capacitor 
or change its state. The bit of information is represented by a 
Voltage value associated with the physical memory cell. 
0023 The structure of the RX memory bank 140 is such 
that its physical memory cells map to the physical memory 
cells in the Tx memory bank 135. In some embodiments, 
there is a 1 to 1 mapping between the memory storage devices 
(and associated physical memory cells) in the RX memory 
bank 140 and the Tx memory bank 135. In other embodi 
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ments, the RX memory bank 140 is a scaled up (e.g., by a 
factor of 4) version of the Tx memory bank 135. Additionally, 
in Some embodiments, where the charging data was generated 
using virtual memory, each RX memory bank 140 may addi 
tionally include a memory buffer that is a scaled version of the 
virtual memory. 
0024. The receiver 110 extracts portions of the stored 
charging data from each of the memory storage devices in the 
RX memory bank 140. In alternate embodiments, a portion 
refers to all of the charging data in a memory storage device. 
The receiver 110 causes the RX memory bank 140 to output 
(e.g., via read commands) portions of the stored charging data 
on a memory bus. The receiver 110 converts the portions of 
charging data to one or more partial charging signals. 
0025. The receiver 110 aggregates the partial charging 
signals from energy storage devices to produce a charging 
signal. For example, if there are four partial charging signals 
of 1.5 Volts each, the charging signal would be approximately 
6 Volts. The receiver 110 charges the device 120 with the 
charging signal. As described in detail below with reference 
to FIG. 3, the charging signal may be provided to the device 
120 in a variety of ways (e.g., directly, via induction, etc.). 
0026. The device 120 is a computing device that can oper 
ate using battery power. A device 120 might be, for example, 
a personal computer, a tablet computer, a Smart phone, a 
laptop computer, or other type device that receives power 
from a battery. The device 120 uses the charging signal to 
charge a battery which powers the device 120. 
0027. The device 120 is thus charged via a charging signal 
that is generated from bit values stored in the RX memory 
bank 140. Moreover, the data signal that determines the bit 
values is wirelessly transmitted to the receiver 110 from the 
transmitter 105. Thus allowing remote wireless charging of 
devices 120. 
0028 Turning now to a detailed explanation of the trans 
mitter, FIG. 2 is a block diagram illustrating a detailed view of 
the components within the transmitter 105 according to an 
embodiment. The transmitter 105 includes a controller 210, a 
Tx memory bank 135, an encoder 230, a signal generator 240, 
and a modulator 250. The transmitter 105 is powered by the 
power supply 115 (e.g., a battery, power from a wall outlet, 
etc.). 
0029. The controller 210 controls the other components 
within the transmitter 105. The controller provides instruc 
tions to the components of the transmitter 105 that cause the 
transmitter 105 to generate and transmit a wireless data Sig 
nal. Additionally, the controller 210 may provide one or more 
control parameters to components of the transmitter 105 that 
control how the data signal is generated and/or transmitted. A 
control parameter may be, for example, charging data, an 
encoding key, a carrier frequency, a modulation Scheme, 
Some other condition that affects how the data signal is gen 
erated, or some combination thereof. The controller 210 may 
retrieve control parameters from a look up table or other 
stored data that maps various receivers 110 to one or more 
control parameters. Thus, a controller 210 may retrieve con 
trol parameters from the lookup table based on the intended 
receiver 110, and provide the control parameters to compo 
nents of the transmitter 105 such that a data signal specific to 
the receiver 110 is transmitted. The controller 210 may be 
coupled to the Tx memory bank 135, the encoder 230, the 
signal generator 240, and the modulator 250. 
0030 The controller 210 determines the charging data 
using the lookup table or other stored data. In some embodi 
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ments, the charging data is such that the physical memory 
cells in the receiver 110 all have the highest voltage level (e.g., 
a bit value of 1), however, along series of 1s in the data stream 
may cause problems with error checking, accordingly, the 
controller 210 may introduce a percentage of OS to the charg 
ing data. For example, the controller 210 may be configured 
to set a percentage (e.g.97%) of the charging data to a bit 
value of 1, and the remaining percentage (e.g.3%) to a bit 
value of 0. The controller 210 writes the charging data to the 
Tx memory bank 135 (and in some embodiments a Tx buffer 
220 described below). 
0031. As discussed above with respect to FIG. 1, the Tx 
memory bank 135 includes one or more memory storage 
devices. The Tx memory bank 135 stores portions of charging 
data to be written to a corresponding memory bank (e.g., RX 
memory bank 140) in the receiver 110. The Tx memory bank 
stores 135the portions of charging data as bit information that 
is written to physical memory cells. The bit of information is 
represented by a Voltage value associated with the physical 
memory cell. The voltage value is either representative of a 
high state (i.e., a bit value of 1) or a low state (i.e., a bit value 
of 0). Depending on the type of memory, the exact Voltage 
value representative of a high or low state may vary, however, 
the high State is generally set to be a larger Voltage value than 
the low state. For example, in a 30 PIN-144SO-DIMM 
memory storage device, a physical memory cell a high state is 
indicated using a voltage value of 70 nV and the low state is 
indicated using a voltage value of 50 nV. Additionally, the TX 
memory bank 135 may include a Tx buffer 220. The Tx 
memory bank 135 may be coupled to the controller 210, the 
Tx buffer 220, and the encoder 230. 
0032. The Tx buffer 220 is a buffer (e.g., data store) that 
acts as a virtual memory for the Tx memory bank 135. The TX 
buffer 220 stores portions of charging data to be written to a 
corresponding buffer in the receiver 110. As discussed in 
detail below with respect to FIG. 3, the corresponding buffer 
may write charging data stored in the buffer to physical 
memory cells in a memory storage device. In some embodi 
ments, the TX buffer 220 is composed of a plurality buffers, 
where each buffer is associated with a particular memory 
storage device in the Tx memory bank 135, and each buffer is 
composed of a plurality of virtual memory cells. A virtual 
memory cell has a virtual memory location, and is associated 
with a corresponding physical memory cell. A memory cell 
pair refers to a physical memory cell and its corresponding 
virtual memory cell. In general, values for a particular 
memory cell pair are the same. So, e.g., if a physical memory 
cell has a bit value of 1, its corresponding virtual memory cell 
would also have a bit value of 1. In alternate embodiments, the 
Tx buffer 220 is not present, and the controller 210 may 
instead create charging data to be assigned to buffers in the 
receiver 110. 

0033. The encoder 230 generates an information signal 
using charging data read from the TX memory bank 135 and 
the Tx memory buffer 220. The encoder 230 receives instruc 
tions from the controller 210 to encode charging data. For 
each memory storage device storing some charging data, the 
encoder 230 assembles a portion of the charging data by 
reading a group of bit values (e.g., 16 bits) from the physical 
memory cells and the virtual memory cells associated with 
the memory storage device. The encoder 230 maps the por 
tion of the charging data to an index value. The index value 
maps the bit values in the portion of charging data to a specific 
memory storage device (and/or associated buffer) in the RX 
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memory bank 140. The encoder 230 generates the charging 
data using the assembled portions of charging data. The 
encoder 230 generates the index using the index values asso 
ciated with each of the joined portions of charging data. The 
encoder 230 generates the information signal by joining the 
index to the charging data. 
0034. In some embodiments, the encoder 230 upsamples 
the portions of the charging data read from the memory Stor 
age devices. The encoder 230 upsamples the charging data if, 
for example, the number of memory cell pairs associated with 
the RX memory bank 140 is larger than the number of memory 
cell pairs associated with the Tx memory bank 130 used to 
generate the charging data. Thus, upsampling allows rela 
tively small memory storage devices to be used in the Tx 
memory bank 130 while maintaining the ability to map charg 
ing data to larger memory storage devices in the receiver 110. 
0035. The encoder 230 encodes portions of the informa 
tion signal. The encoder 230 encodes the charging data and 
associated index using a key to create encoded data. The key 
is a series of bits which may be used to encode and/or decode 
data (e.g., charging data, index, key, etc.). The key may be, for 
example, symmetric or asymmetric. In some embodiments, 
the encoder 230 combines the encoded portion of the infor 
mation signal with some non-encoded data (e.g., a key for 
decoding). Additionally, in Some embodiments the encoder 
230 also adds an initialization packet that marks the begin 
ning of the information signal. In some embodiments, the 
encoder 230 may apply error correction code to the informa 
tion signal, such as forward error correction (FEC) and/or 
bipolar coding. In alternate embodiments, the encoder 230 
encodes the key before it is added to the information signal. 
The encoder 230 may be coupled to the signal generator 240, 
the controller 210, and the Tx memory bank 135. The encoder 
230 provides the information signal to the modulator 250. 
0036. The signal generator 240 generates a carrier signal. 
In some embodiments, the signal generator 240 is configured 
to generate a carrier signal at a particular frequency. For 
example, the signal generator 240 may generate a carrier 
signal in the kilohertz, megahertz, or gigahertz range (e.g., 3.2 
GHz). The signal generator 240 is coupled to the modulator 
250 and the controller 210. The signal generator 240 gener 
ates the carrier signal based in part on instructions. In some 
embodiments, the signal generator 240 may generate the car 
rier signal based in part on a control parameter (e.g., specify 
ing a carrier frequency) received from the controller 210. The 
signal generator 240 provides the generated carrier signal to 
the modulator 250. 

0037. The modulator 250 modulates the carrier signal with 
the information signal to create the data signal. The modula 
tor 250 is configured to modulate the carrier signal received 
from the signal generator 240 with the information signal 
received from the encoder 230. The modulator 125 may 
modulate the information signal using modulations schemes 
like, for example, quadrature amplitude modulation, ampli 
tude shift keying, frequency shift keying, multiple phase shift 
keying, amplitude phase shift keying, orthogonal frequency 
division multiplexing, or some other digital modulation 
scheme. Additionally, in Some embodiments, the modulator 
250 may choose a modulation scheme based on a control 
parameter received from the controller 210. The modulator 
250 may be coupled to the signal generator 240, the controller 
210, the encoder 230, and the antenna 125. The modulator 
250 provides the modulated signal to the antenna 125 for 
transmission. 
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0038. Additionally, in some embodiments, the transmitter 
105 continually generates and transmits data signals. In some 
embodiments, each data signal may include the entire charg 
ing data. In alternate embodiments, each data signal includes 
Some portion of the charging data. For example, the first data 
signal may include a first portion of the charging data from 
each of the memory storage devices, a second data signal may 
include a second portion of the charging data from each of the 
memory storage devices, and so on. Once all the charging 
data has been transmitted, the process repeats in a cyclic 
manner until a stop condition is met. A stop condition is a 
condition that when satisfied causes the transmitter 105 to 
stop transmitting data signals. A stop condition may be, for 
example, turning off/de-powering the transmitter 105, meet 
ing some time threshold (e.g., transmitting for 2 hours), or 
some combination thereof. In alternate embodiments, the 
transmitter 105 may generate a data signal representative of 
the entire charging data, and then continue to re-transmit the 
data signal until the stop condition is met. 
0039 Turning now to a detailed explanation of the 
receiver 110, FIG. 3 is a block diagram illustrating a detailed 
view of the components within the receiver 110 according to 
an embodiment. The receiver 110 includes a demodulator 
310, a decoder 320, a charge controller 330, a RX memory 
bank 140, a voltage conversion circuit 350, and a voltage 
aggregator 360. 
0040. The demodulator 310 is configured to demodulate 
the data signal received via the antenna 130 to extract the 
information signal. The information signal is used by the 
receiver 110 to generate a charging signal for a device 120. 
The demodulator 310 is coupled to the antenna 130 and the 
decoder 320. The demodulator 310 provides the information 
signal to the decoder 320. 
0041. In some embodiments, the decoder 320 is config 
ured to recognize an initialization packet that marks the 
beginning of the information signal. The decoder 320 is con 
figured to discard the initialization packet and extract the 
remaining encoded data, non-encoded data, or both. The 
decoder 320 is coupled to the demodulator 310, the RX 
memory bank 140, and the charge controller 330. 
0042. The decoder 320 decodes the encoded data to obtain 
the charging data and associated index. In some embodi 
ments, the decoder 320 extracts a key from the information 
signal that may be used to decode encoded data (e.g., an 
encoded index and charging data) in the information signal. 
In other embodiments, the decoder 320 utilizes an internal 
key to decode the encoded data. Additionally, the decoder 320 
may perform error correction (e.g., FEC) on the charging data 
and index. 

0043. The decoder 320 writes the charging data to the RX 
memory bank 140. As discussed above with respect to FIG. 1, 
the RX memory bank 140 may include one or more memory 
storage devices. The decoder 320 writes portions of charging 
data to each of the memory storage devices. The decoder 320 
identifies which memory storage device to write a portion of 
the charging data using the index, and writes charging data to 
the identified memory storage device in a sequential manner. 
For example, the portion of charging data from a first data 
signal is written to a first set of memory addresses (e.g., 
physical memory cells, virtual memory cells, or some com 
bination thereof), a Subsequent portion of the charging data 
from a Subsequent data signal is written to the next set of 
memory addresses, and so on until the last set of memory 
addresses are used, and then the process repeats. 
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0044) The RX memory bank 140 stores the charging data in 
physical and/or virtual memory cells. The physical memory 
cells in the RX memory bank 140 may be treated as a number 
of capacitors that each have a small amount of charge. The RX 
memory bank 140 outputs (e.g., in accordance with instruc 
tions received from the charge controller 330) portions of the 
stored charging data via one or more memory busses that 
couple the RX memory bank 140 to the voltage conversion 
circuit 350. Additionally, the RX memory bank 140 includes 
an RX buffer 340. 
0045. The Rx buffer 340 acts as a virtual memory for the 
RX memory bank 140. The Rx buffer 340 is composed of a 
plurality of virtual memory cells. The Rx buffer 340 is asso 
ciated with a memory storage device in the RX memory bank 
140. Additionally, in embodiments where the RX memory 
bank 140 includes a plurality of memory storage devices, 
each memory storage device is associated with its own RX 
buffer 340. The structure of the RX buffer 340 is such that its 
virtual memory cells map to corresponding virtual memory 
cells in the TX buffer 220. In some embodiments, there is a 1 
to 1 mapping between the virtual memory cells in the RX 
buffer 340 and the Tx buffer 220. In other embodiments, the 
Rx buffer 340 is a scaled up version of the Tx buffer 220. 
0046. The charge controller 330 extracts charging data 
from the RX memory bank 140. The charge controller 330 
sends read commands to the memory storage devices, causing 
the memory storage devices to output portions of charging 
data on their respective memory busses. As discussed below 
with reference to the Voltage aggregator 360, charging data 
output on a memory bus has a small Voltage value associated 
with it, and is used to generate a partial charging signal. The 
charge controller 330 sends the read commands to the 
memory storage devices in a particular order. In some 
embodiments, the order is the same order that the decoder320 
uses to write portions of charging data to the different 
memory storage devices. 
0047. The charge controller 330 uses the bit values of the 
virtual memory cells to recharge the bit values associated 
with their corresponding physical memory cell as charge 
dissipates (e.g., via charging the device 120) in the physical 
memory cells. For example, the charge controller 330 may 
cause a memory storage device to output a portion of charging 
data stored in a group of physical memory cells via its 
memory bus. The charge controller 330 then commands the 
Rx buffer 340 to transfer bit values in virtual memory cells 
that correspond to the group of physical memory cells effec 
tively resetting the Voltage in the physical memory cell. 
0048. A physical memory cell is able to maintain a voltage 
associated with its bit value So long as a charge rate at which 
data is written to the physical memory cell is Substantially 
faster than the discharge rate of the physical memory cell. The 
charge rate is a number of writes per unit time that a bit value 
is written to a physical memory cell. The discharge rate is the 
number of discharges per unit time while the receiver 110 is 
under load (e.g., charging a device 120). For example, a 
physical memory cell can maintain its bit value if the charge 
rate is at least 16 times faster than the discharge rate. Note that 
each data signal received by the receiver 110 includes charg 
ing data. Accordingly, the charge rate may be increased by, for 
example, increasing the bit rate of each data signal, receiving 
a larger number data signals, increasing how fast the data 
signals are received, or some combination thereof. 
0049. The voltage conversion circuit 330 converts the por 
tions of charging data output by the RX memory bank 140 into 
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one or more direct current partial charging signals. The Volt 
age conversion circuit 330 may include, for example, one or 
more filters (i.e., low pass filter), one or more diodes, one or 
more energy storage devices, or some combination thereof, 
that are coupled to the memory busses. The filters may be 
used, for example, to ensure that the charging signal passed to 
the Voltage aggregator 360 is a direct current signal. The 
diodes may be used to prevent current from being reflected 
back toward the RX memory bank 140. In embodiments 
including multiple memory storage devices that are each 
coupled to their own memory bus, each memory bus is 
coupled to its own set of one or more filters, one or more 
diodes, an energy storage device, or some combination 
thereof. Each energy storage device is charged using the 
portions of charging data received on a respective memory 
bus. An energy storage device stores the charging data as 
energy and outputs a direct current partial charging signal 
using the stored energy. An energy storage device may be, for 
example, a capacitor, an inductor, or some combination 
thereof. The voltage conversion circuit 350 is coupled to the 
RX memory bank 140 and the voltage aggregator 360. 
0050. The voltage aggregator 360 aggregates the one or 
more partial charging signals into a charging signal. The 
Voltage aggregator 360 includes an energy storage device 
(e.g., a capacitor) that is charged by the partial charging 
signals and outputs a charging signal that approximately 
equals the aggregate of partial charging signals. For example, 
assuming each partial charging signal is 1.5V, and there are 
four partial charging signals, the Voltage aggregator 360 
aggregates the partial charging signals to create a charging 
signal of 6 Volts. The Voltage aggregator 360 uses the charg 
ing signal to charge the device 120. 
0051. The charging signal may be provided to the device 
120 in a number of ways. For example, the charging signal 
may used to power a wireless charging mechanism (e.g., 
inductance) that may is used to charge the device, the charg 
ing signal may be provided via a cable to the device 190, the 
charging signal may directly charge an internal battery of the 
device 120 (e.g., if the receiver 110 is part of the device 120), 
etc 

0052 Additionally, in some embodiments, portions of the 
charging signal may be used to power other components of 
the receiver 110. During start up the receiver 110 may draw 
power from the device 120 until a charging signal is pro 
duced. After which the receiver 110 is powered by a portion of 
the charging signal and another portion of the charging signal 
is used to charge the device 120. In alternate embodiments, 
the receiver 110 may also include an internal battery that is 
used to power the receiver 110 during startup, after which the 
components of the receiver 110 may be powered using por 
tions of the charging signal. 
0053 FIG. 4 is a high-level block diagram illustrating a 
portion of an example receiver 110 according to an embodi 
ment. The portion of the receiver 110 includes the RX memory 
bank 140, the voltage conversion circuit 350, and the voltage 
aggregator 360. 
0054 The RX memory bank 140 includes multiple 
memory storage devices 405 A-D, and buffers 410A-D. The 
voltage conversion circuit 350 includes filters 415A-D, 
diodes 420A-D, and energy storage devices 425A-D. The 
filters, diodes, and energy storage devices are coupled to the 
memory storage devices via memory busses 430A-D. The 
energy storage devices 425A-D are coupled to the Voltage 
aggregator 360. 
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0055. In some embodiments, each memory storage device 
405A-D outputs a portion of charging data in a particular 
order. For example, the memory storage devices 405A-D may 
output the charging data in a cyclic fashion. For example, the 
memory storage device 405A outputs some portion of its 
stored charging data, then the memory storage device 405B 
outputs some portion of its stored charging data, then the 
memory storage device 405C outputs some portion of its 
stored charging data, the memory storage device 405D out 
puts some portion of its stored charging data, and then the 
cycle repeats. Accordingly, at a given time, only a single 
energy storage device 425A, B, C, or D is being charged with 
a portion of charging data. In alternate embodiments, the 
charging data may be output from the memory storage 
devices in a different order and/or in parallel, thus affecting 
how the energy storage devices are charged. 
0056. The energy storage devices 425A-D each output a 
direct current partial charging signal as they discharge energy. 
The charge rate (i.e., rate of receipt of portions of charging 
data) of an energy storage device is greater than the rate of 
discharge (i.e., partial charging signal), accordingly, each of 
the energy storage devices 425A-D act as an energy source. 
For example, assuming the memory storage device 405A is a 
30 PIN-144 SO-DIMM, the energy storage device 425A may 
output a partial charging signal of 1.5 V at 100 mA under a 6 
Ohm load. 

0057 The energy storage devices 425A-Dare chosen such 
that the partial charging signals output from the energy stor 
age devices 425A-D, when aggregated by the Voltage aggre 
gator 360, produce a stable charging signal. For example, 
assuming the memory storage devices 405A-D are identical, 
the energy storage devices 425A-D may simply be capacitors 
with the same capacitance values. In contrast, if different 
types of memory storage devices are used and/or memory 
storage devices with different storage capacities, the capaci 
tances of the energy storage devices 425A, B, C, and/or D 
may differ to ensure a stable charging signal is produced by 
the Voltage aggregator 360. 
0.058 As the memory storage devices 405A-D outputs the 
charging data, the receiver 110 is also writing charging data 
received from the transmitter 105 to the memory storage 
devices 405A-D. For example, as memory storage device 
405A is outputtingaportion of charging data, the receiver 110 
may be writing some portion of charging data to memory 
storage device 405B, and when memory storage 405B is 
outputtingaportion of charging data, the receiver 110 may be 
writing some portion of charging data to memory storage 
device 405C, and so on. 
0059. As the portions of the charging data are output to 
their respective memory bus, the Voltage levels associated 
with the physical memory cells in the memory storage 
devices drops. The buffers 410A-D update the physical 
memory cells in the memory storage devices 405A-D with the 
bit values in the corresponding virtual memory cells to main 
tain the bit value (e.g., Voltage level) of the physical memory 
cells. New charging data may be written (e.g., by the decoder 
320) to the memory storage devices 405A-D and the buffers 
410A-D, thereby recharging the memory cell pairs. 
0060. The memory busses 430A-D provide the portions of 
charging data to a respective filter, diode, and energy storage 
device. The filters 415A-D, diodes 420A-D, and energy stor 
age devices 425A-D, perform as described above with refer 



US 2015/0318895 A1 

ence to FIG.3 within the voltage conversion circuit 350. Each 
of the energy storage devices outputs a partial charging signal 
to the Voltage aggregator 360. 
0061 The Voltage aggregator 360 generates the charging 
signal by aggregating the partial charging signals into a single 
direct current charging signal. Continuing with the example 
above, the Voltage aggregator 360 would aggregate the four 
1.5 V signals to generate a charging signal of 6 V under a 6 
Ohm load. 
0062 FIG. 5 is a flowchart illustrating a process for gen 
erating a charging signal based on a wireless data signal 
according to an embodiment. In one embodiment, the process 
of FIG.5 is performed by the receiver 110. Otherentities may 
perform some or all of the steps of the process in other 
embodiments. Likewise, embodiments may include different 
and/or additional steps, or perform the steps in different 
orders. 
0063. The receiver 110 wirelessly receives 500 a data 
signal. The receiver 110 demodulates 510 the data signal to 
obtain an information signal containing a key and encoded 
data. The receiver 110 decodes 520 the encoded data using the 
key to obtain an index and charging data. Additionally, in 
some embodiments, the receiver 110 also performs error cor 
rection, Such as FEC, on the charging data and index. 
0064. The receiver 110 writes 530 charging data to a plu 

rality of memory storage devices and/or their associated buff 
ers in accordance with the index. For example, the receiver 
110 identifies which portions of the charging data are to be 
written to which memory storage device (and associated 
buffer) using the index. The receiver 110 then writes the 
portions of the charging data to the appropriate memory Stor 
age device and buffer. 
0065. The receiver 110 causes the memory storage devices 

to output 540 portions of the charging data on their respective 
memory busses (e.g., via read commands). For example, the 
commands may cause the memory storage devices to cycli 
cally output portions of stored charging data on their respec 
tive memory busses. 
0066. The receiver 110 converts 550 the portions of charg 
ing data to partial charging signals. The receiver 110 stores 
the portions of the charging data in energy storage devices 
(e.g., capacitors) that output partial charging signals. Addi 
tionally, in some embodiments, the receiver 110 may filter the 
portions of charging data and/or provide circuit protection for 
the RX memory bank 140 (e.g., using diodes to prevent cur 
rent flow toward the memory storage devices) before provid 
ing the charging data to the energy storage devices. 
0067. The receiver 110 generates 560 a charging signal 
from the one or more partial charging signals. For example, 
the receiver 110 can aggregate the partial charging signals 
into a single charging signal. The receiver 110 then charges 
570 a device 120 using the charging signal. 
0068. While not illustrated in FIG. 5, in some embodi 
ments, after step 570 the process flow moves back to step 540, 
and a different portion of the stored charging data is output. 
Moreover, a plurality of data signals may be sequentially 
received such that the charging data is being written to the 
memory storage devices at a rate faster than it is being out 
putted from the memory storage devices. 

Alternate Embodiments 

0069. In some embodiments, a single transmitter 105 may 
transmit data signals to multiple receivers 110. Each receiver 
110 may have their own unique key, and the controller 210 

Nov. 5, 2015 

would maintain copies of each of these keys. The encoder 230 
encodes information signals for a particular receiver 110 
using a key that corresponds to that receiver 110 (i.e., the 
receiver 110 has a key that enables it to decode the informa 
tion signal). By encoding the charging data and index Such 
that they are keyed to a particular receiver 110, the transmitter 
105 is able to interact with multiple receivers 110 using the 
same carrier frequency, and have minimal interference 
between the information signals. Additionally, the controller 
210 may use one or more control parameters to generate data 
signals that are recognized only by an intended receiver 110. 
For example, the control parameters may specify a particular 
combination of, e.g., charging data, key, carrier frequency, 
modulation scheme, or some combination thereof, that is 
different for each of the multiple receivers 110. 
0070. Some portions of the above description describe the 
embodiments interms of algorithmic processes or operations. 
These algorithmic descriptions and representations are com 
monly used by those skilled in the data processing arts to 
convey the substance of their work effectively to others 
skilled in the art. These operations, while described function 
ally, computationally, or logically, are understood to be 
implemented by computer programs comprising instructions 
for execution by a processor or equivalent electrical circuits, 
microcode, or the like. Furthermore, it has also proven con 
Venient at times, to refer to these arrangements of functional 
operations as modules, without loss of generality. The 
described operations and their associated modules may be 
embodied in software, firmware, hardware, or any combina 
tions thereof. 

0071. As used herein any reference to “one embodiment' 
or “an embodiment’ means that a particular element, feature, 
structure, or characteristic described in connection with the 
embodiment is included in at least one embodiment. The 
appearances of the phrase “in one embodiment in various 
places in the specification are not necessarily all referring to 
the same embodiment. 

0072 Some embodiments may be described using the 
expression “coupled' and “connected along with their 
derivatives. It should be understood that these terms are not 
intended as synonyms for each other. For example, some 
embodiments may be described using the term “connected 
to indicate that two or more elements are in direct physical or 
electrical contact with each other. In another example, some 
embodiments may be described using the term “coupled to 
indicate that two or more elements are in direct physical or 
electrical contact. The term “coupled, however, may also 
mean that two or more elements are not in direct contact with 
each other, but yet still co-operate or interact with each other. 
The embodiments are not limited in this context. 

0073. As used herein, the terms “comprises.” “compris 
ing,” “includes.” “including.” “has.” “having or any other 
variation thereof, are intended to cover a non-exclusive inclu 
Sion. For example, a process, method, article, or apparatus 
that comprises a list of elements is not necessarily limited to 
only those elements but may include other elements not 
expressly listed or inherent to such process, method, article, 
or apparatus. Further, unless expressly stated to the contrary, 
“or refers to an inclusive or and not to an exclusive or. For 
example, a condition A or B is satisfied by any one of the 
following: A is true (or present) and B is false (or not present), 
A is false (or not present) and B is true (or present), and both 
A and B are true (or present). 
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0074. In addition, use of the “a” or “an are employed to 
describe elements and components of the embodiments 
herein. This is done merely for convenience and to give a 
general sense of the disclosure. This description should be 
read to include one or at least one and the singular also 
includes the plural unless it is obvious that it is meant other 
wise. 
0075 Upon reading this disclosure, those of skill in the art 
will appreciate still additional alternative structural and func 
tional designs for a system and a process for wireless power 
transfer using a data signal. Thus, while particular embodi 
ments and applications have been illustrated and described, it 
is to be understood that the described subject matter is not 
limited to the precise construction and components disclosed 
herein and that various modifications, changes and variations 
which will be apparent to those skilled in the art may be made 
in the arrangement, operation and details of the method and 
apparatus disclosed herein. 

1. A receiver for wireless power transfer via a data signal, 
compr1S1ng: 

a receiver memory bank including a plurality of memory 
storage devices coupled to a plurality of memory buses; 

a decoder configured to: 
decode a wireless data signal received by the receiver to 

extract charging data therefrom, and 
write the charging data to the plurality of memory stor 

age devices; 
a charge controller configured to cause the plurality of 
memory storage devices to output portions of the charg 
ing data on the plurality of memory busses; 

a Voltage conversion circuit coupled to the plurality of 
memory busses configured to produce partial charging 
signals from the portions of charging data received on 
the plurality of memory busses; and 

a Voltage aggregator configured to aggregate the partial 
charging signals to generate a charging signal. 

2. The receiver of claim 1, wherein the charge controller is 
further configured to cause the plurality of memory storage 
devices to cyclically output portions of charging data in a 
manner that cycles from one memory storage device to 
another, Such that only a Subset of the memory storage 
devices is outputtingaportion of charging data within a given 
time. 

3. The receiver of claim 1, wherein the decoder is further 
configured to write portions of charging data to the plurality 
of memory storage devices in a cyclic manner, such that the 
decoder is writing a portion of charging data to only a Subset 
of the memory storage devices within a given time. 

4. The receiver of claim 1, further comprising: 
a demodulator configured to demodulate the data signal to 

obtain an information signal including a key and 
encoded data; 

wherein the decoder is further configured to decode the 
encoded data in the information signal using the key to 
obtain an index and the charging data. 

5. The receiver of claim 4, wherein the decoder is further 
configured to: 

identify which portions of charging data are to be written to 
which memory storage device, of the plurality of 
memory storage devices, using the index. 

6. The receiver of claim 1, wherein the decoder is further 
configured to: 
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a demodulator configured to demodulate the data signal to 
obtain an information signal, wherein the decoder is 
further configured to: 
retrieve a stored key from a local memory, and 
decode the encoded data in the information signal using 

the key to obtain an index and the charging data. 
7. The receiver of claim 1, wherein a memory storage 

device includes a plurality of physical memory cells and a 
virtual memory, the virtual memory including a plurality of 
virtual memory cells corresponding to the plurality of physi 
cal memory cells, and the charge controller is further config 
ured to cause the memory storage device to write a value of a 
virtual memory cell to its corresponding physical memory 
cell after the memory storage device outputs a portion of 
charging data that includes the value of the corresponding 
physical memory cell. 

8. A transmitter for wireless power transfer via a data 
signal, comprising: 

a transmitter memory bank that includes a plurality of 
memory storage devices that store charging data and are 
Scaled relative to a plurality of memory storage devices 
in a corresponding receiver; 

an encoder configured to generate an information signal 
using portions of the charging data in the transmitter 
memory bank; 

a signal generator configured to generate a carrier signal; 
a modulator configured to modulate the carrier signal with 

the information signal to generate the data signal; and 
an antenna coupled to the modulator that wirelessly trans 

mits the data signal to the corresponding receiver, the 
receiver adapted to store charging data derived from the 
data signal in the plurality of memory storage devices in 
the receiver. 

9. The transmitter of claim8, wherein the encoderis further 
configured to upsample the charging data, the amount of 
upsampling based on the Scaling of the plurality of memory 
storage devices in the transmitter relative to the plurality of 
memory storage devices in the receiver. 

10. The transmitter of claim8, wherein each of the plurality 
of memory storage devices in the transmitter include a corre 
sponding buffer that stores portions of charging data. 

11. The transmitter of claim 8, wherein the information 
signal comprises an index and portions of the charging data, 
and the encoder is further configured to: 

retrieve from one or more of the memory storage devices in 
the transmitter a portion of the charging data; 

map the portions of the retrieved charging data to index 
values that identify corresponding memory storage 
devices in the receiver; 

generate an index using the index values, the index and the 
portions of the charging data forming the information 
signal; and 

encode the index and charging data using a key. 
12. The transmitter of claim 11, wherein the encoder is 

further configured to append the key to the information sig 
nal. 

13. The transmitter of claim 8, further comprising: 
a controller configured to: 

select a key specific to the receiver; 
provide the key to the encoder; and 

the encoder is further configured to: 
retrieve from one or more of the memory storage devices 

in the transmitter a portion of the charging data, 
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map the portions of the retrieved charging data to index 
values that identify corresponding memory storage 
devices in the receiver, 

generate an index using the index values, the index and 
the portions of the charging data forming the infor 
mation signal, and 

encode the index and charging data using the key. 
14. The transmitter of claim 8, further comprising: 
a controller configured to: 

determine the charging data using a lookup table that 
maps different charging data to different receivers; 
and 

write the charging data to the plurality of memory stor 
age devices in the transmitter. 

15. A system for wireless power transfer via a data signal, 
comprising: 

a transmitter configured to generate and transmit a wireless 
data signal that includes charging data; and 

a receiver configured to receive the wireless data signal, the 
receiver comprising: 

a receiver memory bank including a plurality of memory 
storage devices coupled to a plurality of memory buses; 

a decoder configured to: 
decode the wireless data signal received by the receiver 

to extract charging data therefrom, and 
write the charging data to the plurality of memory stor 

age devices; 
a charge controller configured to cause the plurality of 
memory storage devices to output portions of the charg 
ing data on the plurality of memory busses, 

a Voltage conversion circuit coupled to the plurality of 
memory busses configured to produce partial charging 
signals from the portions of charging data received on 
the plurality of memory busses, and 

a Voltage aggregator configured to aggregate the partial 
charging signals to generate a charging signal. 

16. The system of claim 15, wherein the transmitter com 
prises: 

a transmitter memory bank that includes a plurality of 
memory storage devices that store charging data and are 
Scaled relative to a plurality of memory storage devices 
in the receiver; 
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an encoder configured to generate an information signal 
using portions of the charging data in the transmitter 
memory bank; 

a signal generator configured to generate a carrier signal; 
a modulator configured to modulate the carrier signal with 

the information signal to generate the data signal; and 
an antenna coupled to the modulator that wirelessly trans 

mits the data signal to the receiver. 
17. The system of claim 15, wherein the charge controller 

is further configured to cause the plurality of memory storage 
devices to cyclically output portions of charging data in a 
manner that cycles from one memory storage device to 
another, Such that only a Subset of the memory storage 
devices is outputting a portion of charging data within a given 
time. 

18. The system of claim 15, wherein the decoder is further 
configured to write portions of charging data to the plurality 
of memory storage devices in a cyclic manner, such that the 
decoder is writing a portion of charging data to only a Subset 
of the memory storage devices within a given time. 

19. The system of claim 15, wherein the receiver further 
comprises: 

a demodulator configured to demodulate the wireless data 
signal to obtain an information signal including a key 
and encoded data; 

wherein the decoder is further configured to decode the 
encoded data in the information signal using the key to 
obtain an index and the charging data. 

20. The system of claim 15, wherein a memory storage 
device includes a plurality of physical memory cells and a 
virtual memory, the virtual memory including a plurality of 
virtual memory cells corresponding to the plurality of physi 
cal memory cells, and the charge controller is further config 
ured to cause the memory storage device to write a value of a 
virtual memory cell to its corresponding physical memory 
cell after the memory storage device outputs a portion of 
charging data that includes the value of the corresponding 
physical memory cell. 
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