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(57) Abstract: A radio frequency identification (RFID) integrated circuit includes a transceiver and a processing device. The trans -
ceiver may to transmit a first continuous wave radio frequency (RF) signal to a bridge in a no-wire format via an antenna, where the
transceiver is to start transmitting the modulated or continuous wave RF signal at a first amplitude value and increase an amplitude
of the modulated or continuous wave RF signal to a second amplitude value at which an acknowledge (ACK) pulse is detected. The
transceiver may receive a reflected wave RF signal in the no-wire format. The processing device may detect the ACK pulse in the re -
flected wave RF signal. The processing device may transmit a second modulated or continuous wave RF signal to the transceiver in
the no-wire format.
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AN INTEGRATED CIRCUIT TO CONVERT NO-WIRE SIGNALS
TO ONE-WIRE SIGNALS

CROSS-REFERENCE TO RELATED APPLICATION

{0001} This application is an International Application of U.S Application Number
15/281.677, tiled September 30, 2016, which claims the benefit of U.S. Provisional
Application No. 62/238,504, filed October 7, 2015, all of which are incorporated by

reference herein their entirety.

TECHNICAL FIELD
{0002} This disclosuare relates to the field of radio frequency (RF) communication and, in

particular, to a no-wire RF communication system.

BACKGROUND

0003} One-wire devices may use a single wire to provide power and communicate data.
The one-wire devices may be small, inexpensive devices and may be used in conjunction
with single-use products. The one-wire devices may also be sterilized using gamma rays
to reduace or eliminate pathogens adhering to a surface of the one-wire devices and
spreading disease. For example, hospitals may use one-wire devices to identify single-use
items used in medical procedures where the one-wire device is sterilized to minimize a
reduce a spread of disease in the hospital. The one-wire device is designed for

communication with another device over a single wire.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The present disclosure is Ulustrated by way of example, and not by way of
limitation, in the figures of the accompanying drawings.

[0005] FIG. 1A illustrates a one-wire system including a master device and slave devices
according to onc embodiment,

{0006} FIG. 1B iHustrates a one-wire system that includes a no-wire master bridge and a
no-wire to one-wire bridge according to one embodiment.

(0007} FIG. 2 illustrates a no-wire system that includes a no-wire master bridge coupled
to an antenna interface with an antenna and a no-wire to one-wire bridge coupled an
antenna according to one embodiment.

[O008] FIG. 3A illustrates a no-wire to one-wire bridge with interface circuitry, energy
interface circuitry, and processing circuitry according to one embodiment.

[0009] FIG. 3B ilustrates a circuit level diagram of the no-wire to one-wire bridge in
FIG. 3A according to one embodiment.

{0010} FIG. 4 illustrates timing parameters for the no-wire master bridge and the no-wire
to one-wire bridge of FIG. 1A to communicate signals according to one embodiment.
(0011} FIG. 5 illustrates an automatic gain control (AGC) algorithm for the no-wire
master bridge of FIG. 1A to determine an amplitude level to transmit a signal to the no-
wire slave device according to one embodiment.

{0012} FIG. 6 depicts a flow diagram of one example of a method for determining a
timing window to communicate a no-wire format from communication in an RFID

system according to one embodiment.
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[0013] FIG. 7 depicts a flow diagram of one example of a method for determining an
amplitude for the no-wire master bridge of FIG. 1 to transmuit signals to the no-wire to
one-wire bridge 160 according to one embodiment.

[0G14] FIG. 8 depicts a flow diagram of one example of a method for converting a signal
between a one-wire format and a no-wire format {rom communication in an RFID system

according to one embodiment



WO 2017/062477 PCT/US2016/055531

DETAILED DESCRIPTION

{0015} Single-use products may be used 1n a variety of indusiries, such as consumer
product industries, medical industries, and safety industries that consume single-use
products. In the medical industry, for example, the volume of single-use medical products
consumed each may exceed hundreds of millions of products. Single-use products are
attractive to connterfeiters seeking to sell counterfeit products. However, the guality of
counterfeit products may be compromised, putting consumers in danger and damaging
the brand of the legitimate products. To avoid the use of counterfeit products,
authentication methods may be used to ensure that the single-use products are authentic.
However, high-volume, single-use products are typically low-cost products that cannot
support costly add-on anti-counterfeit devices.

[0016] One-wire devices may be used as anti-counterfeit devices. The one-wire systems
may be simple devices that arc inexpensive and provide power and communicate data via
a single wire. A one-wire system may include a master device and one or more slave
devices coupled to the master device. The master device may initiate and control the wire
{also referred to as a bus) used to comumunicate with the slave devices.

{0017} The master device may be attached to a reusable product or an authentication
device. The slave devices may be small inexpensive devices that may be attached to
single-use products. For example, the master device may be integrated into a pump
housing of a medical infusion device and the slave device may be affixed to a single-use
infusion kit. The master device at the pump housing may aunthenticate the slave device

affixed to the infusion kit.
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[0018] Use of the wire in the one-wire systems may be problematic for many medical
products since these products must be sterilized via a gamma sterilization procedure prior
to use. The wire between the master device and the slave devices provides another
surface for pathogens to adhere. Additionally, for environments where the slave device is
located at a relatively far distance from the master device, the single wire may create a
safety hazard.

{0019] The embodiments described herein may address the above-noted problems by
providing an integrated circuit that converts no-wire signals to one-wire signals so that a
one-wire device can wirelessly communicate with a master device. In one embodiment, a
wireless system may jnclude a no-wire master bridge that may be coupled fo a master
device and a no-wire to one-wire bridge (also referred to herein as a no-wire to one-wire
bridge) that may be coupled to slave devices using a single wire but wirelessly
communicate with the no-wire master bridge. The no-wire master device may receive a
signal from the master device in a one-wire format. The no-wire master bridge may
convert the signal into a no-wire format and communicate the signal to the no-wire to
one-wire bridge. The no-wire to one-wire bridge may harvest energy {rom the continuous
wave RF signal and usc it as a local power source. The no-wire to one-wire bridge can
also provide this harvested power to the associated one-wire devices.

{0020} The no-wire to one-wire bridge may demodulate the signal and convert the signal
to a bit stream in a one-wire format. The no-wire to one-wire bridge may send the bit
stream to the slave device. The slave device may decode the bit stream to identify an
instruction sent from the master device and execute the instruction. The no-wire to one-

wire bridge may also include a memory device that uses {erroelectric random access
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memory {F-RAM) to store data or instructions. While a gamma radiation sterilization
process may cause a memory of a conventional device to be erased, the F-RAM rmoay be
immune to gamma radiation and maintain the data stored in the memory during and after
the gamma sterilization process. In response to the execution of the instruction, the no-
wire to one-wire bridge may receive a signal from the slave device in a one-wire format.
The no-wire to one-wire bridge may convert the signal into a no-wire format and reflect
the signal via backscatter to the no-wire master bridge. The no-wire slave master may
demodulate the signal and convert the signal to a bit stream in a one-wire format. The no-
wire master bridge can send the bit stream to the master device. The master device may
decode the bit stream to identify data sent from the slave device.

(0021} FIG. 1A illustrates a one-wire system 100 including a master device {10 and a
plurality of one-wire slave devices 130 according to one embodiment. The master device
110 or the one-wire slave devices 130 may be part of a system on a chip (S5oC) ora
microprocessor. The master device 110 and the one-wire slave device 130 may be
coupled to a comumon bus 125. The master device 110 may direct communication of
signals between the master device 110 and the one-wire slave device 130 over the
common bus 125. In one cxample, the master device 110 may direct the communication
of the signals to avoid a collision of the signals over the common bus 125, as the common
bus 125 is a single wire that may not carry multiple signals at the same time.

{0022} In another example, muitiple slave devices may be coupled to the common bus
125. For example, the master device 110 may initiate communication with a first slave
device by sending a signal over the common bus 125 to the first slave. The signal may

include an identifier to indicate that the signal 1s to be received by the {irst slave device.
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The first slave device may decode the signal and execute the instruction. When the
nstruction includes sending a response signal to the master device 110, the first slave
may send the response signal to the master device 110 over the common bus 125.

{0023} In one embodiment, the one-wire slave device 130 may also derive energy from
the signal to power one or more components of the one-wire slave device 130, such as a
processing device or a state machine that executes the instructions encoded in the signal.
In another embodiment, the one-wire system 100 may include a pull-up resistor 120 that
may be coupled to the common bus 125. The pull-up resistor 120 may pull the common
bus 125 up to a voltage threshold, such as 3 volts, and may provide power to the one-wire
slave device 130. The nuruber of one-wire slave devices 130 in the one-wire system 100
is not intended to be limiting. The one-wire system 100 may include one one-wire slave
device 130 or multiple one-wire slave devices.

(0024} FIG. 1B illustrates a onc-wire system 140 that includes a no-wire master bridge
150 and a no-wire to one-wire bridge 160 according to one embodiment. Some of the
features in FIG. 1B are the same or similar to the some of the {eatures in FIG. 1A as
noted by same reference numbers, unless expressly described otherwise. The master
device 110 may be coupled to the no-wire master bridge 150.

[0025] The master device 110 may send the no-wire master bridge 150 a signal in a one-
wire format. The no-wire master bridge 150 may convert the signal to a no-wire format
and send the signal to the no-wire to one-wire bridge 160 over a wireless communication
channel 180.

[0026] The no-wire slave bridge 160 may receive the signal, demodulate the signal to

generate a bit stream, and convert the bit stream to a one-wire format. In one
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embodiment, the no-wire (o one-wire bridge 160 may be a standalone device. In another
embodiment, the no-wire (o one-wire bridge 160 may send the bit stream to one or more
of the slave devices. The one-wire slave device 130 may decode the bit stream to
determine an instruction and then execute the instruction. When the instruction includes
sending a response message to the master device 110, the one or more one-wire slave
devices 130 may generale a bit siream in a one-wire format and send the bit stream to the
no-wire to one-wire bridge 160.

{0027} The no-wire to one-wire bridge 160 may convert the bit stream {o a no-wire
format and reflect the signal to communicate the bit stream to the no-wire master bridge
150. The no-wire master bridge 150 may receive the signal and demodulate the signal to
generate a bit stream in a no-wire format. The no-wire master bridge 150 may convert the
bit stream in the no-wire format to a one-wire format and send the bit stream to the
master device 110. The master device 110 may decode the bit stream to reproduce the
response message seut {rom the one-wire slave device 130,

[0028] In one embodiment, the no-wire master bridge 150 may be an RFID reader and
the no-wire to one-wire bridge 160 may be an RFID tag. The number of one-wire slave
devices 130 in the one-wire system 140 is not intended o be limiting. The one-wire
system 140 may ioclade a single one-wire slave device 130 or multiple slave devices.
[0029] In one embodiment, the no-wire master bridge 150 and the no-wire to one-wire
bridge 160 may use a high frequency (HF) band, such as approximately 13.56 megahertz
(MHz), when communicating signals. In another embodiment, the no-wire master bridge
150 and the no-wire to one-wire bridge 160 may use an ultra-high frequency (UHF) band,

such as approximately 856 MHz to 960 MHz, when communicating signals. The no-wire
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master bridge 150 and the no-wire to one-wire bridge 160 may also communicate in a
near-field environment. The bands and environments that the master bridge 150 and the
no-wire to one-wire bridge 160 use are not intended to be limiting. For example, the
master bridge 150 and the no-wire to one-wire bridge 160 may use other bands, such as
low-frequency bands, and communicate in far-ficld environments.

(0030} FIG. 2 illustrates a one-wire system 200 that includes a no-wire master buidge 150
coupled to an antenna interface 270 with an antenna 275 and a no-wire to one-wire bridge
160 coupled an antenna 280 according to one embodiment. Some of the features in FIG.
2 arc the same or similar to the some of the features in FIGS. 1A and 1B as noted by
same reference numbers, unless expressly described otherwise. The no-wire master
bridge 150 may include general purpose input/output (GPIO) pins. For example, the
GPIO pins may include a serial data input (SPI) pin and an interrupt (IN'T) pin coupled to
the master device 110 and a radio frequency ocutput (RFO) pin and a radio frequency
input {RFI) pin coupled to an antenna interface 270. The antenna interflace 270 may be an
interface that connects the no-wire master bridge 150 to an antenna 275, sach as an RFID
antenna. The no-wire master bridge 150 can send a signal to the antenna interface 270 to
be transmitted via the RFID antenna 275. An antenna 280 can be coupled to the no-wire
to one-wire bridge 160 and the no-wire to one-wire bridge 160 can receive the signal via
the antenna 280. In one embodiment, when the antenna 280 1s an RFID antenna, in order
to transmit a signal back to the no-wire master bridge 150 the no-wire to one-wire bridge
160 may usc backscatter to refiect the signal in order to communicate data.

(0031} Backscatter communication may occur when the no-wire to one-wire bridge

changes an impedance at antenna 280 so that the no-wire master bridge 150 may detect
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two different reflection states, such as an “ON” state (as referred to as a “transmitting”
state) to communicate a signal representing a one value and an “OFF” state (also referred
to as a “suppressed” state) to communicate a signal representing a zero value.

[0032] FIG. 3A illustrates a no-wire to one-wire bridge 300 with interface circuitry 310,
energy interface circuitry 320, and processing circuitry 330 according to one
embodiment. Some of the {eatures in FIG. 3A are the same or simular to the some of the
features in FIGS. 1A, 1B, and 2 as noted by same reference numbers, unless expressly
described otherwise. In one embodiment, the no-wire to one-wire bridge 300 may be an
RFID system that includes the interface circuitry 310, the energy interface circuitry 320,
and the processing circuitry 330. The interface circuitry 310 may interconnect one or
more components integrated into the no-wire to one-wire bridge 300 or coupled to the no-
wire to one-wire bridge 300. The interface circuitiry may include a port controller 312 to
reflect the signal in order to communicate data sent from the processing circuitry 330,
(0033} The interface circuitry 310 may include a first termunal (1)}, a second terminal (2),
a third terminal (3}, and a fourth terminal (4). The first terminal (1) may be coupled to a
first pin 340. The first pin 340 may be coupled to the antenna 280. The second terminal
(2) may be coupled to a second pin 342, The second pin 342 may be coupled to one or
more slave devices 130, The first pin 340 and the second pin muay be general-purpose
input/output (GPIO) pins. The third terminal (3) may be coupled to the energy interface
circuitry 320. The fourth terminal (4) may be coupled to the processing circuitry 330.
{0034} The energy interface circuitry 320 may include an energy harvester circuit 322
that may derive energy received from a modulated or continnous wave RV signal at the

antenna 280. The energy interface circuitry 320 may include a power-on reset {(POR)

10
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generator that generates a reset signal when power is applied to the energy interface
circuitry 320.

[0035] The processing circuitry may include a demodulator and slicer 332. The
demodulator and slicer 332 may extract a bit stream from the modulated or continuous
wave RF signal received via the antenna 280. The state machine 334 may decode the bit
stream. In one embodiment, the demodulator and a slicer may be integrated into the same
circuit element. The demodulator produces a signal with high and low voltage levels. The
slicer may determine a midpoint between the high and the low that is used to create
binary signals.

{0036} The state machine 334 may decode the demodulated signal to determine an
instruction to execute. For example, the instruction may be encoded by a master device
110 in FIG. 1 according to a system protocol. The demodulator and slicer 332 may
produce a binary bit stream and communicate the binary bit stream to the state machine
334. The state machine 334 may identify a sequence of bits in the bit stream correlating
to an instruction. In one example, a first bit sequence of (111 may correlate to an
instruction for a memory write. A second bit sequence following the first bit sequence
may correlate to an address in memory to write data. A third bit sequence following the
second bitl sequence may correlate to a data patiern to he written to the address in the
memory. In another example, a fourth bit sequence of 1010 may correlate to an
instruction {0 open a port at the no-wire to one-wire bridge 300 to a one-wire slave and
communicate a fifth bit sequence, such as remaining bits in the binary bit stream.

[0037]} The instruction may be an instruction to match a device address, an instruction {o

set an operating state, an instroction to store data, or an instruction to retrieve data {rom

11
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the memory device 338. When there are more than one one-wire slaves connected to the
no-wire to one-wire bridge 300, each slave 130 may have a unique 1dentity {or a master
device ##H to distinguish each slave device 130. The instruction to maich a device
address may inciude matching a unique identifier for a slave with an instruction {rom the
master device ### that identifies a slave device 130. When the state machine 334 matches
unigue identifier with the slave device 130 identified in the instruction, the state machine
334 may confinue to decode the remainder of the instruction. When the state machine 334
may not find a unique identifier matching the slave device 130 identified in the
instruction, the state machine 334 may not decode any other instructions.

{0038} The memory device 338 may include a {erroelectric random access memory (F-
RAM) memory to that has immaunity to gamma radiation, such as the gamma radiation
used for sterilization. The F-RAM memory may also provide symmetric read and write
characteristics for timing and power.

[0039] In one emnbodiment, the energy harvester circnit 322 may harvest energy
simuitaneously or i parallel to the processing circuitry 330 exiracting a bit stream {rom
the signal. In another embodiment, the signal received at the antenna 280 may be in a no-
wire format. The state machine 334 may convert the signal to a one-wire bit stream to
send, via the interface circuitry 310, to the one or more one-wire slave devices 130. The
memory controller 336 may determine a location in a memory device 338 to store or
retrieve data associated with the execution of the instruction.

{0040} FIG. 3B iHustrates a circuit level diagram of the no-wire to one-wire bridge 300 in
FIG. 3A according to one embodiment. Some of the features in FIG. 3B are the same or

similar to the some of the features in FIGS. 1A, 1B, 2, and 3A as noted by same reference

12
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numbers, unless expressly described otherwise. The antenna 280 may be coupled to the
energy harvester circuit 322 and the dernodulator and slicer 332. The energy harvester
may be coupled to a diode 440 and a capacitor 442 to create a local operating voltage
(VDD) 444, In one example, the modulating or continuous RF signal may be a repetitive
signal, with a positive portion above a zero voltage baseline and a negative portion below
a zero voltage baseline. The diode 440 may pass the positive portion of the wave to the
capacitor 442 and block the negative portion so that the negative does not subtract from
the positive portion. The capacitor 442 may provide storage for positive portions of the
signal to accumulate and generate an operational power supply. The capacitor may store
at least a portion of the energy harvested by the energy harvester. The port controller 312
may be coupled between the demodulator and slicer 332 and a state machine 334. The
port controller 312 may also be coupled to a pull-down NFET with switches 450 and 452
to shunt the antenna 280 to change an impedance of the antenna 280, The state machine
may be coupled to the moemory controller 336. The memory controller may be coupled to
a memory device 338,

{0041} FIG. 4 illustrates timing parameters for the no-wire master bridge 150 and the no-
wire to one-wire bridge 160 of FIG. 1 A to communicate signals, according to onc
embodiment. The table 1 below defines the timing parameters used by the no-wire master

bridge 150 and the no-wire to one-wire bridge 160.

13
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Parameter Description

Tr Duration of the frame

Trst Duration of the low Reset pulse
Tack The delay from reset start to tag

acknowledge
Tsamvrie ack | The time at which the ACK is sampled by

the host

Ty Transmit low duoration for a 1 signal

Tro Transmit low duration for a 0 signal

Tri Tag response delay for a 1 signal

Tro Tag response delay {or a { signal

Tret Tag low interval for a 1 signal

Trso Tag low interval for a 0 signal

Tsampie The time at which data bits are sampled by
the host

Table 1
{0042} In one embodiment, the timing parameters may be defined periods of time, such
as predefined periods of time by a system administrator. In another embodiment, the
timing parameters may be sel to mimic timing parameters of a one-wire protocol.
[0043] In one embodiment, the no-wire master bridge 150 may send a signal to the no-
wire to one-wire bridge 160. When the no-wire {o one-wire bridge 160 receives the
signal, the no-wire to one-wire bridge 160 may perform a power-on reset (POR ) process
and send an acknowledgment (ACK) pulse back to the no-wire master bridge 150 within
the Tsampie ack period. The no-wire master bridge 150 may transmit a signal
representing a 1 within a duration of a frame (Ty) for a period of Ty;. The no-wire master
bridge 150 may transmit a signal representing a O within a duration of a frame (Ty) for a
period of T, The no-wire to one-wire bridge 160 may send a signal representing a zero
within the Tsampip period for a transmission duration of Trsp. The no-wire to one-wire
bridge 160 may send a signal representing a one within the Tsavpry period fora

transmission duration of Tysy.
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[0044] The timing pararncters may include a starting point and a communication
window. In one embodiment, the no-wire to one-wire bridge 160 may use a delay chain
to generate a communication window (also referred to as a time base) to indicate a
window of time that the no-wire to one-wire bridge 160 may communicate signals. The
delay chain may be triggered on a rising edge of the signal sent from the no-wire master
bridge and generate timing edges to produce the ACK pulse. The delay chain may use a
relatively low power to generate the communication window.

[0045] In one embodiment, the no-wire to one-wire bridge 160 may include a low-power
oscillator to generate a communication window (also referred to as a time base) to
indicate a window of time that the no-wire to one-wire bridge 160 may communicate
signals. An operating voltage of the no-wire to one-wire bridge 160 may correlate to an
oscillating frequency of the low-power oscillator that sets a timing window to backscatier
the modulated or continuous wave RF signal For example, when a threshold voltage level
is reached and the no-wire to one-wire bridge 160 is operatiovnal, the frequency that the
low-power oscillator uses correlates to the threshold voltage level. The no-wire to one-
wire bridge 160 may generate the communication window based on the frequency of the
low-power oscillator. The no-wire to one-wire bridge 160 may be configured to operate
at a threshold voltage level that correlates to a given {requency and enable the no-wire to
one-wire bridge 160 and the no-wire master bridge 150 communicate within the same
communication window.

[0046] In another embodiment, the no-wire to one-wire bridge 160 may include a low-
power delay element or a series of low-power delay elements to generate the

communication window to indicale a window of time that the no-wire to one-wire bridge
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160 may communicate signals. For example, the low-power delay elements may include
a 1 micro-second delay element and a 1.75 micro-second delay element to generate
timing sequences for the communication window.

0047} In one embodiment, the low-power oscillator may generate a communication
window that fits with a minimum length of time and a maximum length of time. For
exarnple, the low-power oscillator may not generate an absolutely accurate time base, but
may generate a sufficiently accurate communication window that satisfies minimum and
maximum timing parameters. A port controller of the no-wire to one-wire bridge 160
may {urther define a beginning of the timing window as a third period of time beginning
a point in tume that the no-wire to one-wire bridge 160 receives a signal from the no-wire
master bridge 150. The timing parameters and timing window in FIG. 4 is not intended lo
be limiting. The timing parameters may vary in types and values and the timing window
may span various amount of time.

[0048] FIG. 5 illustrates an automatic gain control (AGC) algorithm for the no-wire
master bridge 150 of FIG. 1A to determine an amplitude level to transmit a signal lo the
no-wire to one-wire bridge 160 according to one embodiment. The AGC algorithm may
be a closed loop power management algorithm where the output power of the no-wire
master bridge 150 is controlied via feedback from the no-wire to one-wire bridge 160.
0049} The no-wire master bridge 150 1o FIG. 1A may transmit a modulated or
continuous wave RF signal 510 to the no-wire to one-wire device 160. The no-wire to
one-wire bridge 160 may include a rectifier to rectify the modulated or continuous wave

RF signal 510 to generate energy to power the device, such as an on-chip voltage which
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is sufficient for chip operation. The rectifier may be integrated into the cnergy harvester
322 or the energy interface circuitry 320 in FIG. 3A.

{0030} The no-wire master bridge 150 may determine an amplitade to transmit the
modulated or continuous wave RF signal 510 to the no-wire to one-wire bridge 160 by
initially transmitting at an first amplitude and increasing the amplitude level until an
ACK pulse 1s recetved. For example, the no-wire master bridge 150 may initially transmit
the modulated or continuous wave RF signal 510 at a {irst amplitude level 512. The no-
wire master bridge 150 may transmit the modulated or continuous wave RF signal 510 at
a minimuin threshold level 512 for a threshold period of time or until the no-wire to one-
wire bridge 160 reflects a backscatter sequence, such as an ACK pulse, to the no-wire
master bridge 150.

{0051} The no-wire to one-wire bridge 160 may reflect back the ACK pulse to the no-
wire master bridge 150 when the power 520 harvested from the modulated or continuous
wave RF signal 5310 exceeds a minimum threshold level 522 (also referred to as an
operating threshold) needed for the no-wire to one-wire bridge 160 to operate. In one
embodiment, the minimum threshold level 522 may be a level where an energy harvester
of the no-wire {o one-wire bridge 160 may harvest approximately 1.6V,

{00521 When the no-wire master bridge 150 does not receive an ACK pulse within the
threshold period of time, the no-wire master bridge 150 may increase the amplitade of the
no-wire master bridge 150 modulated or continuous wave RF signal 510 to a second
amplitude level 514. The no-wire master bridge 150 may continue to increase the
amuplitades of the no-wire master bridge 150 modulated or continuous wave RE sigoal

510 (516 and 518) until the minimum threshold level 522 needed for the no-wire to one-
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wire bridge 160 to operate is reached. In one embodiment, the no-wire master bridge 150
includes a bandgap generator to set the minimum threshold level 522 and a comparator to

compare the current amplitude of the modulated or continuous wave RF signal 510 to the

xS

minimum threshold level 522 and determine when the minimum threshold level 522 is
rcached. In another example, the no-wire master bridge 150 uses the POR, as discussed
below, to ensure a nominal supply level exisis. In one embodiment, the comparator may
be an analog comparator that measures a divided replica of the harvested energy versus a
reference threshold. The reference threshold may be from a bandgap reference.

{0053} In another embodiment, the no-wire master bridge 150 includes a voltage
countrolled oscillator (VCO) to determine when the current amplitude of the modulated or
continuous wave RF signal 510 to the minimum threshold level 522 and determine when
the minimum threshold level 522 is reached. When the switching rate of the backscatter,
as dictated by the VCO rate, matches the expectations of the no-wire master bridge 150,
the proper operating level will have been established.

[0054] In response to reaching the minimum threshold level 522, the no-wire to one-wire
bridge 160 may begin to operate and a generate backscatter 530. When the backscatter is
generated at 532, the no-wire to one-wire bridge 160 may reflect or backscatter the
modulated or continuous wave RF sigoal 310 to send the ACK pulse. When employed in
an RFID system, the AGC algorithim may manage an amount of power used to
communicate signals and eliminate or reduce power management systems in an
integrated circuit of the RFID slave. In one embodiment, backscattering the signal may
reduce the RF field present at the no-wire to one-wire bridge. The no-wire master bridge

may modulate at a 50% level to mimic the redaction of the R¥ {ield. For example, when
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in operation, the no-wire master bridge may communicate a binary message by
transroitiing the modulated or continuous wave RF sigoal to communicate a one value
and ceasing to transmit the signal to communicate a zero value. When the signal includes
a binary message with an even number of 1s and Os, the modulated or continuous wave
RF signal is transmitting half the time and not transmitting the other half the time to
communicaie a message. In one implementation, the no-wire master bridge may transmit
and cease to transmit the modulated or continuous wave RF signal according to a model
of a data transmission. In another implementation, the no-wire master bridge may
transmit the modulated or continuous wave RF signal by transmitting the modulated or
continuous wave RF signal at a reduced level of 50 percent.

[O055] FIG. 6 depicts a flow diagram of one example of a method 600 for determining a
timing window to communicate a no-wire format {rom communication in an RFID
system according to one embodiment. The method 600 may be performed by processing
logic that may include hardware (circuitry, dedicated logic, etc.), computer programs
(such that is run on a general-purpose computer system or a dedicated machine), or a
combination of both. The method 600 may be performed in all or in part by the no-wire
master bridge 150, the no-wire to one-wire bridge 160, the interface circuitry 310, the
energy interface circuitry 320, or the processing circuilry 330 of FIG. 1A-3B.

{0056} At block 610, a processing device may receive the modulated or continuous wave
RF signal received on the first pin from the master device. At block 620, the processing
device may convert a bit stream of the modulated or continuous wave RF signal from a
no-wire format to a one-wire format. At block 630, the processing device moay

communicate the bit stream in the one-wire format on the second pin to a one-wite device

19



WO 2017/062477 PCT/US2016/055531

on a one-wire bus. At block 640, the processing device may determinge a timing window
to communicate response data with the master device. At block 650, the processing
device may reflect the modulated or continuous wave RF signal using a backscatter
technique to communicate the response data to the master device within the timing
window.

(0057} FIG. 7 depicts a flow diagram of one example of a method 700 for determining an
amplitude {or the no-wire master bridge 150 of FIG. 1 to transmit signals to the no-wire
to one-wire bridge 160according to one embodiment. The method 700 may be performed
by processing logic that may include hardware (circuitry, dedicated logic, etc.), computer
programs (such that is run on a general-purpose computer system or a dedicated
machine), or a combination of both. The method 700 may be performed in all or in part
by the no-wire master bridge 150, the no-wire {0 one-wire bridge 160, the interface
circuitry 310, the energy interface circuitry 320, or the processing circuitry 330 of FIG.
1A-3B.

[0058] At block 710, a transceiver may transmit a first continuous wave RF signal to a
bridge in a no-wire format via an antenna, where the transceiver is to start transmitting
the modulated or continuous wave RF signal at a {irst amplitude value and increase an
amplitude of the modulated or continuous wave RF signal (o a second ampliude valoe at
which an ACK pulse 1s detected. At block 720, the transceiver may receive a reflected
wave RF signal in the no-wire format, wherein the reflected wave RF signal is a portion
of the first modulated or continuous wave RF signal that is backscattered by the bridge.
Atblock 730, a processing device may detect the ACK pulse in the reflected wave RF

signal. At block 740, the processing device may transmit a second modulated or
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continuous wave RF signal to the transceiver in the no-wire format, wherein the
transceiver is (o transmit the second modulated or continuous wave RE signal at the
second amplitude value at which the ACK pulse is detected.

[0059] FIG. 8 depicts a flow diagram of one example of a method 800 for converting a
signal between a one-wire format and a no-wire format from communication in an RFID
system according to one embodiment. The method 800 may be performed by processing
logic that may inclade hardware (circuitry, dedicated logic, etc.}, computer programs
{such that is run on a general-purpose computer system or a dedicated machine), or a
combination of both. The method 800 may be performed in all or in part by the no-wire
master bridge 150, the no-wire to one-wire bridge 160, the interface circuitry 310, the
energy interface circuilry 320, or the processing circuitry 330 of FIG. 1A-3B.

{0060} At block 810, a no-wire master bridge may transmit a continuous wave RF signal
to a no-wire to one-wire bridge in a no-wire format. At block 820, the no-wire to one-
wire bridge may demodulate the modulated or continuouns wave RF signal to obtain a bit
stream. At block 830, the no-wire to one-wire bridge may convert the bit stream to a one-
wire format. At block 840, the no-wire to one-wire bridge may send the bit stream to a
slave device on a single wire. At block 850, the no-wire to one-wire bridge may receive a
response bit stream in the one-wire format from the slave device on the single wire. At
block 860, the no-wire to one-wire bridge may convert the response bit stream to the no-
wire format. At block 860, the no-wire to one-wire bridge may reflect the modulated or
continuous wave RF signal to communicate the response bit stream to the no-wire master

bridge.
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{0061} In onc exemplary embodiment, the processing device may be the Programmable
System on a Chip (PSoC®) processing device, developed by Cypress Semiconductor
Corporation, San Jose, California. Alternatively, processing device may be one or more
other processing devices known by those of ordinary skill in the art, such as a
microprocessor or central processing unit, a controller, special-purpose processor, digital
signal processor (DSP), an application-specific integrated circoit (ASIC), a field-
programmable gate array (FPGA), or the like. In an alternative embodiment, {or example,
the processing device may be a network processor having multiple processors inciuding a
core unit and multiple microengines. Additionally, the processing device may include any
combination of general-purpose processing device(s) and special-purpose processing
device(s}. Embodiments of the present invention include various operations described
herein. These operations may be performed by hardware components, software,
firmware, or a combination thereof. Any of the signals provided over various buses
described herein roay be time multiplexed with other signals and provided over one or
more common buses. Additionally, the interconnection between circuit components or
blocks may be shown as buses or as single signal lines. Each of the common buses may
alternatively be onc or more single signal lines and each of the single signal lines may
alternatively be buses.

[0062] Certain embodiments may be implemented as a computer program product that
may include instructions stored on a machine-readable medium. These instructions may
be used to program a gencral-purpose or special-purpose processor to perform the
described operations. A machine-readable mediom includes any mechanism for storing or

transmitting information in a form (e.g., software, processing application} readable by a
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machine {(c.g., a computer). The machine-rcadable medium may include, but is not
himited to, magnetic storage medium {(e.g., floppy diskette); optical storage medivm (e.g.,
CI-ROM); magneto-optical storage medium; read-only memory (ROM); random-access
memory (RAM); erasable programmable memory (e.g., EPROM and EEPROM); flash
memory; or another type of medium suitable for storing electronic instructions.

(0063} Additionally, some embodiments may be practiced in distributed computing
environments where the machine-readable medium is stored on and/or executed by more
than one computer systent. In addition, the information transferred between computer
systems may cither be pulled or pushed across the communication medium connecting
the computer systems.

{0064} Although the operations of the methods herein are shown and described in a
particular order, the order of the operations of cach method may be altered so that certain
operations may be performed in an inverse order or so that certain operation may be
performed, at least in part, concurrently with other operations. In another ernbodiment,
nstructions or sub-operations of distinct operations may be in an intermitient and/or
alternating manner. The terms "first,” "second,” "third,” "fourth,” etc. as used herein are
meant as labels to distinguish among different elements and may not necessarily have an
ordinal meaning according to their numerical designation.

[0065] The above description sets forth numerous specific details such as examples of
specific systems, components, methods, and so forth, in order to provide an
understanding of several cmbodiments of the present invention. It may be apparent to one
skilied in the art, however, that at least some embodiments of the present invention may

be practiced without these specific details. In other instances, well-known components or

23



WO 2017/062477 PCT/US2016/055531

methods are not described in detail or are presented in simple block diagram format in
order to avoid unnecessarily obscuring the present invention. Thus, the specific details set
forth are merely exemplary. Particular implementations may vary from these exemplary

details and still be contemplated to be within the scope of the present invention.
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CLAIMS
What 1s claimed is:

1. A radio {requency identification (RFID) integrated circuit comprising:
a first pin and a second pin;
an interface circuitry coupled to the first pin and the second pin;
an energy interface circuit coupled to the first pin, the energy interface circuit to
harvest energy from a modulated or continuous wave radio frequency (RF) signal
received on the first pin from a master device;
a processing circuitry coupled to the first pin and the second pin, the processing
circuitry to:
receive the modulated or continuous wave RF signal received on the {irst
pin {rom the master device;
convert a bit stream of the modulated or continuous wave RF signal from
a no-wire format to a one-wire {ormat; and
communicate the bit stream in the one-wire format on the second pin to a

one-wire device on a one-wire bus.

2. The RFID system of claim 1, wherein the processing circuitry is further to:
determine a tiring window to communicate response data with the master device;
and

reflect the modulated or continuous wave RF sigoal using a backscatter technique

to communicate the response data to the master device within the timing window.

3. The RFID system of claim 1, wherein the processing circuitry is further to reflect
the modulated or continuous wave RF signal to backscatter an acknowledge (ACK) pulse
to the master device, wherein the ACK pulse indicates a completion of a power-on reset

{POR) process.

4. The RFID system of claim 1, wherein the processing circuifry is further to:
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receive, on the one-wire bus, a response in the one-wire format from the one-wire
device; and

convert the response to from the one-wire format to the no-wire format.

3. The RFID system of claim 1, wherein the processing circuitry further comprises:

v
.

a demodulator coupled to an RFID antenna coupled to the first pin, the
demodulator to extract the bit stream from the modulated or continuous wave RF signal;
a port controller coupled to the demodulator, the port controller to:
forward the bit siream o a state machine; and
the state machine coupled to the port controller, the state machine to:
decode the bit stream to determine an instruction; and
execute the instruction to cause the port coniroller to refiect the signal to

the master device in order to communicate responsc data.

6. The RFID system of claim 5, wherein the processing circuitry {urther comprises:

a memory controlier coupled to the state machine, the memory controller to
determine a location in a memory device to store or read data associated with the
execution of the instruction: and

the memory device to store the data.

7. The RFID system of claim 5, wherein:

the processing circuitry further comprises a low-power oscillator or one or more
low-power delay elements to determine a starting point of a timing window, wherein the
low-power oscillator or one or more low-power delay elements oscillate at a frequency
that correlates to the voltage; and

the port controller is to define the timing window as a period of time beginning at

the starting point for the timing window.
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3. The RFID system of claim 5, wherein the instruction is at least one of an
instruction to determine an address match, an insiruction to store data, or an instruction to

retrieve data from a memory and comumunicate the response data to the master device.

9. The RFID system of claim 1, wherein the no-wire format is a format to
communicate data wirelessly between the RFID system and the master device and the
one-wire format is a format to communicate data over a single wire between the RFID

system and a slave device.

10, The RFID system of claim 1, further comprising a ferroelectric random access
memory {F-RAM) device coupled to store the bit stream, wherein the F-RAM device is

gamma radiation tolerant.

1t A radio frequency identification (RFID) system comprising:

a fransceiver to:

transmit a first modulated or continnous wave radio frequency (RF) signal
to a bridge in a no-wire format via an antenna, wherein the transceiver is to start
transmitting the first moduolated or continnous wave RF signal at a first amplitude
value and increase an amplitude of the first modulated or continuous wave RF
signal o a second aroplitude value at which an acknowledge (ACK) pulse is
detected: and

recetve a reflected wave RF signal in the no-wire format, wherein the
reflected wave RF signal is a portion of the first modulated or continuous wave
RF signal that is backscattered by the bridge; and
a processing device to:

detect the ACK pulse in the reflected wave RF signal; and

transmit a second modulated or continuous wave RF signal to the
transceiver in the no-wire format, wherein the transceiver is to transmit the second
modulated or continuous wave RF signal at the second amplitude value at which

the ACK pulse is detected.
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12. The RFID system of claim 11, wherein the transceiver is to communicate the first
modulated or continuous wave RF signal and the second modulated or continuous wave

RF signal on an ultra-high freguency (UHF) band.

13. The RFID system of claim 11, wherein the transceiver s to receive a second
reflected wave RF signal that is a reflection of the second modulated or continuouns wave
RF signal by the bridge and the processing device is to demodulate the second reflected

wave RF signal to obtain a bit stream.

14. The RFID system of claim 11, wherein the bridge 1s a bridge to convert the
second modulated or continuous wave RF signal in the no-wire format to a one-wire
format and forward the second modulated or continuous wave RF signal to a slave

device.

15. The RFID system of claim 14, wherein the no-wire format is a format to
communicate data wirelessly between the RFID system and the bridge and the one-wire
format 1s a format to communicate data over a single wite between the bridge and the

slave device.

16. The RFID system of claim 14, wherein the processing device is to employ a
closed loop power management algorithm to direct the transceiver to increase the
amplitude of the {irst modulated or continuous wave RF signal until the ACK pulse 1s

detected.

17. A method comprising:

receiving, by processing circuitry, a modulated or continuons wave RF signal
from a master device;

converting, by the processing circuitry, a bit stream of the modulated or

continuous wave RF signal from a no-wire format to a one-wire {ormat; and
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communicating, by the processing circuitry, the bit stream in the one-wire format

{0 a one-wire device on one-wire,

18. The method of claim 17, further comprising:

receiving, by the processing circuitry, the modulated or continnous wave RF
signal at a threshold amplitude value to operate the processing circuitry;

rectifying, by processing circuitry, a voltage from the modulated or continuous
wave RF signal; and

in response to receiving the modulated or continuous wave RF signal at the
threshold amplitude value, backscattering the modulated or continuous wave RF signal to
send the ACK pulse to a no-wire master bridge, wherein the voltage correlates to an
oscillating frequency that sets a timing window to backscatter the modulated or

continuous wave RF signal.

19. The method of claim 17, further comprising:

rectifying, by the processing circuitry, no-wire to one-wire bridge, a voltage from
the continuous wave RF signal; and

communicating an ACK pulse to a no-wire master bridge when the voltage

exceeds an operating threshold.

20. The method of claim 19, further comprising performing, by the processing circuitry, a

power-on reset (POR) process when the voltage exceeds the operating threshold.
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only those claims for which fees were paid, specifically claims Nos.:

4. }E No required additional search fees were timely paid by the applicant. Consequently, this intemational search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-10 and 17-20

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation,

D No protest accompanied the payment of additional search fees.
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Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

The inventions listed as Groups | and il do not relate to a single general inventive concept under PCT Rule 13.1 because, under PCT
Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Group | requires an integrated circuit comprising: a first pin and a second pin; an interface circuitry coupled to the first pin and the
second pin; an energy interface circuit coupled to the first pin, the energy interface circuit to harvest energy from a modulated or
continuous wave radio frequency (RF) signal received on the first pin from a master device; a processing circuitry coupled to the first pin
and the second pin, the processing circuitry to: receive the modulated or continuous wave RF signal received on the first pin from the
master device; convert a bit stream of the modulated or continuous wave RF signal from a no-wire format to a one-wire format; and
communicate the bit stream in the one-wire format on the second pin to a one-wire device on a one-wire bus.

Group Il requires a system comprising: a transceiver to: transmit a first modulated or continuous wave radio frequency (RF) signal to a
bridge in a no-wire format via an antenna, wherein the transceiver is to start transmitting the first modulated or continuous wave RF
signal at a first amplitude value and increase an amplitude of the first modulated or continuous wave RF signal to a second amplitude
value at which an acknowledge (ACK) pulse is detected; and receive a reflected wave RF signal in the no-wire format, wherein the
reflected wave RF signal is a portion of the first modulated or continuous wave RF signal that is backscattered by the bridge; and a
processing device to: detect the ACK pulse in the reflected wave RF signal; and transmit a second modulated or continuous wave RF
signal to the transceiver in the no-wire format, wherein the transceiver is to transmit the second modulated or continuous wave RF signal.
at the second amplitude value at which the ACK pulse is detected, as required by Group II. :

The only features shared by Groups | and !l that would otherwise unify the groups, is a radio frequency identification (RFID), a
processing circuitry/device, a modulated or continuous wave RF signal and the use of a no-wire format. However, this shared technical
feature does not represent a contribution over prior art, because the shared technical feature is anticipated by US 2003/0104848 A1 to
Brideglall published 05 June 2003 (05.06.2003). Brideglall discloses RFID (para [0011] "A hybrid backscatter-based RFID tag..."), a
processing circuitry/device (para [0011] “...protocol processor...") a modulated or continuous wave RF signal (para [0011] "...RF
Continuous Wave (CW) field...") and the use of a no-wire format (wireless format, where both 802.11x and/or Bluebooth are standards
wireless transmission formats - para [0011)] "A hybrid backscatter-based RFID tag is protocol-compatible with existing 802.11x and/or
Bluetooh Standards, as well as RFID tag standards.").

Groups | and iI therefore lack unity under PCT Rule 13 because they do not share a same or corresponding special technical feature.
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