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ABSTRACT

Devices and methods for reading multiple types of RFID tags having different frequencies
and/or encoding schemes are disclosed. One or more search signals covering a plurality of RFID
bands are transmitted. A presence indication of an RFID tag in one of the plurality of RFID bands
is detected. An interrogating signal having a carrier frequency tuned to a frequency at which the
presence indication is detected is transmitted. A tag response signal comprising tag information
associated with the RFID tag is received. A digital response signal based on the tag response signal

is digital signal processed to obtain the tag information.
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RADIO FREQUENCY IDENTIFICATION DEVICE AND METHOD

FIELD

[0001] The present disclosure relates to radio-frequency identification (RFID) systems. In
more detail, the present disclosure discusses and presents software-defined multi-mode RFID

dead devices.
BACKGROUND

[0002] * Conventional RFID devices operate on a single one of many possible frequencies
and employ one of many different encoding schemes. For example, systems are currently
available that operate at 125 kHz, 13.56 MHz, 915 MHz, and 2.4 GHz. The RFID tags that
are attached to the items to be tracked operate at only a single frequency and, in addition, may

use unique and incompatible encoding schemes to transmit data at that frequency.

[0003]) Current RFID systems operate by coupling the antenna of transceivers or RFID
readers to the antenna of one or more “tags” attached to the items that are to be tracked.
Conventional RFID readers are designed to work only with the tags supplied by a particular
supplier. Readers are not designed to universally read multiple types of RFID tags. This
limitation of the current readers may be attributable to the hardware-based processing of the
response signal and decoding of the tag information. Specific radio circuitry is used to sense
the reflected information from the RFID tag, filter the information, and shape it before it is
fed to the processor. Although this technique is rather straightforward, it lacks the flexibility
to deal with tags of different types, e.g., tags based on different frequencies and/or encoding

schemes.
SUMMARY

[0004] Embodiments described herein address the foregoing problems by providing a
multi-mode RFID read device that is capable of handling different types of RFID tags having

different target frequencies and/or encoding schemes.
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[0005] Certain embodiments provide a method of reading RFID tags. The method can
comprise transmitting one or more search signals covering a plurality of RFID bands. The
method can further comprise detecting a presence indication of an RFID tag in one of the

plurality of RFID bands. The method can further comprise reading the RFID tag.

[0006] Certain embodiments provide a method of reading RFID tags. The method can
comprise transmitting one or more search signals covering a plurality of RFID bands. The
method can further comprise detecting a presence indication of an RFID tag in one of the
plurality of RFID bands. The method can further comprise transmitting an interrogating
signal having a carrier frequency tuned to a frequency at which the presence indication is
detected. The method can further comprise receiving a tag response signal from the RFID
tag, the tag response signal comprising tag information associated with the RFID tag. The
method can further comprise digital signal processing a digital response signal based on the

tag response signal to obtain the tag information.

[0007] Certain embodiments provide an RFID read device. The device can comprise an
antenna. The device can further comptise a processor configured to transmit one or more
search signals covering a plurality of RFID bands via the antenna. The processor can be
further configured to detect a presence indication of an RFID tag in one of the plurality of
RFID bands. The processor can be further configured to read the RFID tag based on a tag
response signal received from the tag. The tag response signal can comprise tag information
associated with the RFID tag. The device can further comprise an analog-to-digital converter
configured to produce a digital response signal based on the tag response signal. The
processor can be further configured to digital signal process the digital response signal to

obtain the tag information.

[0008] It is to be understood that both the foregoing summary and the following detailed
description are exemplary and explanatory and are intended to provide further explanation of

the embodiments as claimed.

CA 3062872 2019-11-27



L

WO 2011/097118 PCT/US2011/022793

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] The accompanying drawings, which are included to provide further understanding
of the invention and are incorporated in and constitute a part of this specification, illustrate
disclosed embodiments and together with the description serve to explain the principles of

the disclosed embodiments. In the drawings:

[0010] Figure 1 is a block diagram illustrating an exemplary multi-mode RFID read

device according to certain embodiments;

[0011]  Figure 2 is a block diagram illustrating another exemplary multi-mode RFID read

device according to certain embodiments;

[0012] Figure 3 is a block diagram illustrating yet another exemplary multi-mode RFID

read device according to certain embodiments;

[0013] Figure 4 is a flow chart illustrating an exemplary process for searching for and

reading RFID tags in multiple RFID bands according to certain embodiments;

[0014] Figure 5 is a flow chart illustrating an exemplary process for generating and
transmitting a modulated interrogating signal to an RFID tag according to certain

embodiments;

[0015] Figure 6 is a flow chart illustrating an exemplary process for receiving and

processing a response signal from an RFID tag according to certain embodiments; and

[0016] Figure 7 is a block diagram illustrating a computer system upon which certain

embodiments may be implemented.
DETAILED DESCRIPTION

[0017] In the following detailed description, numerous specific details are set forth to
provide a fulf understanding of the disclosed and claimed embodiments. It will be apparent,

however, to one ordinarily skilled in the art that the embodiments may be practiced without
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some of these specific details. In other instances, well-known structures and techniques have

not been shown in detail to avoid unnecessarily obscuring the disclosure.

[0018] The word “exemplary” is used herein to mean “serving as an example, instance, or
illustration,” Any embodiment or design described herein as “exemplary” is not necessarily

to be construed as preferred or advantageous over other embodiments or designs.

[0019] The embodiments of the present disclosure address and solve problems of
conventional RFID systems which normally can be employed with only a single type of
RFID tags. The embodiments of the present disclosure provide a multi-mode RFID read
device that is capable of handling multiple types of RFID tags based on different target
frequencies (e.g., 125 kHz, 13.56 MHz, 915 MHz, and 2.4 GHz) and/or encoding schemes
(e.g., ISO18000). This device employs a processor that performs in software at least some of
the functions conventionally performed by dedicated single-frequency hardware components.
Such functions may include, but are not limited to: generation and modulation of a carrier
signal; and demodulation, filtering of a response signal from an RFID, and decoding of tag
information. Certain embodiments of the multi-mode RFID read device are configured to
demodulate and decode different RFID systems operating within the total bandwidth of its
capabilities, handle multiple frequency RFID tags, and process any defined encoding
algorithms. In addition, new frequencies and encoding schemes can be added to its

capabilities by reprogramming the processor without making hardware modifications.

[0020] Figure | is a block diagram illustrating an exemplary multi-mode RFID read
device 100 according to certain embodiments. The device 100 includes a processor 101, a
set of antennas 103, an antenna selection switch 105, a local oscillator 113, a digital-to-
analog converter (DAC) 114, a modulator 115, an output amplifier 117, an input amplifier
121, a demodulator 123, and an analog-to-digital converter (ADC) 125. In certain
embodiments, the modulator 115 and the demodulator 123 are a quadrature modulator and a

quadrature demodulator, respectively.

[0021] A first output of the processor 101 is connected to a control input of the local
oscillator 113, a second output of the processor 101 is connected to a digital input of the D/A

converter 115, and a third output of the processor 101 is connected to a selection input of the
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antenna selection switch 105. A signal output of the local oscillator 113 is connected to a
first (carrier) input of the quadrature modulator 115, and an analog output of the D/A
converter 114 is connected to a second (modulation) input of the modulator 115. An output
of the modulator 115 is connected to an input of fhe output amplifier 117, and an output of
the output amplifier 117 is connected to a common terminal of the antenna selection switch
105. A set of selectable terminals of the antenna selection switch 105 are connected to the
set of antennas 103. The common terminal of the antenna selection switch 105 is also
connected to an input of the input amplifier 121. An output of the input amplifier 121 is
connected to a first input of the quadrature demodulator 123. A second input of the
demodulator 123 is connected to the signal output of the demodulator 123. An output of the
demodulator 123 is connected to an analog input of the A/D converter 125. A digital output

of the A/D converter 125 is connected to an input port of the processor 101.

[0022] The processor 101 is configured (e.g., programmed) to search and read multiple
types of RFID tags. An exemplary search operation of the RFID read device 100 is now
described. The processor 101 transmits a search signal over a plurality of RFID bands. As
used herein “a search signal™ can include a collection of RFID band search signals covering
multiple RFID bands to be searched. For example, a search signal can include a first search
signal for a first RFID band, a second search signal for a second RFID band, and a third
search signal for a third RFID band. By way of example, assume that the RFID read device
100 is designed to read three RFID bands, namely, 125 kHz, 13.56 MHz, and 915 MHz
bands. The processor 100 transmits a first search signal for the 125 kHz band and searches
for an indication of presence of an RFID tag. In the case of a passive RFID (e.g., a tag
without its own power source), the tag presence indication can be in the form of a sudden
drop in the energy of a reflected search signal due to short-circuiting of an antenna in an
RFID tag If a tag presence indication is detected within the 125 kHz bandwidth, the
processor 101 attempts to read the RFID tag by transmitting an interrogating or energizing
signal in a target frequency (e.g., the frequency at which the tag presence is detected) in the

manner to be described below.

[6023] A search signal for a particular RFID band can be a relatively broadband signal
covering the band’s entire bandwidth (e.g., from about 900 MHz to about 928 MHz for the
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915 MHz band) transmitted at one time. Alternatively, a search signal can include a set of
relatively narrowband search signals (e.g., slices) sequentially transmitted to sweep the entire
bandwidth. The above steps are repeated for the other bandwidths, e.g., 13.56 MHz, and 914
MHz.

[0024] It should be noted that in certain embodiments, a plurality of antennas, such as the
set of antennas 103 shown in FIG. 1, are provided. This is because a transceiver antenna that
can transmit and receive a signal (e;g., a search or interrogating signal) in one RFID band can
be different from a transceiver antenna that can transmit and receive a signal in another RFID
band. For example, an antenna in the 13,57 MHz band can be a loop antenna designed to be
responsive primarily to an RF magnetic field whereas an antenna for the 2.4 GHz band can
be a dipole antenna designed to be responsive to an electric field. Accordingly, between
searching or reading from one RFID band to another RFID band, it may be necessary to
switch the transceiver antenna by providing, for example, a selection output from the
processor 101 to the selection input of the antenna switch 105. In some embodiments, a
single transceiver antenna having a fundamental frequency covering one of the plurality of
RFID bands and one or more harmonic frequencies covering one or more remaining RFID
bands can be used in place of a set of antennas 103 shown in Figure 1 or in conjunction with

one or more other antennas.

[0025]  As indicated above, when the processor 101 detects presence of an RFID tag in a
given bandwidth (e.g., 125 kHz), the processor 101 attempts to read the RFID tag by
transmitting an interrogating or energizing signal. An exemplary read operation performed
by the RFID device 100 is now described. The processor 101 outputs a signal indicative of a
target frequency (e.g., the frequency at which the tag presence is detected) to the local
oscillator 113. The local oscillator 113 is configured to respond to the signal from the
processor 101 by generating a carrier signal oscillating at one of the frequencies associated
with the multiple types of RFID tags that the device 100 is configured to handle. In certain
embodiments, the local oscillator 113 is a phase-locked loop (PLL) synthesizer, which can
generate a variety of output frequencies as multiples of a single reference frequency. In such

embodiments, the signal indicative of the target frequency provided by the processor 101 can
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include data representing a multiplicative factor for the PLL synthesizer. In other

embodiments, the local oscillator 113 may be a voltage controlled oscillator (VCO).

[0026] The processor 101 also generates a digital modulation signal that is based on a
modulation scheme associated with the selected type of RFID tag. The modulation scheme
can involve an amplitude-modulation, a frequency-modulation, or a combination of both.
The modulation signal is fed into the DAC 114 which converts the digital modulation signal
into an analog modulation signal. The analog modulation signal is also referred to as a
“lower-frequency” signal or a “baseband” signal owing to the fact that the signal varies at a

frequency that is typically lower than the frequency of the carrier signal.

[0027] The carrier signal (oscillating at the target frequency) generated by the local
oscillator 113 and the analog modulation signal generated by the DAC 114 are fed into the
modulator 115 which mixes the signals in an analog domain via an analog mixer (not shown)
and generates a modulated “interrogating” or “energizing” signal to be transmitted to an
RFID tag via the antenna 103 after being amplified by the output amplifier 117. The
interrogating signal ‘comprises the carrier signal modulated by the modulation signal. In
some embodiments, the carrier signal is amplitude-modulated by the modulation signal. In
other embodiments, the carrier signal is frequency-modulated by the modulation signal. The
antenna 103 can be a loop antenna (with a single or multiple loops) having broadband
characteristics to cover the range of frequencies associated with different types of RFID tags

that the multi-mode RFID read device 100 is designed to handle.

[0028] The interrogating signal thus transmitted creates an electromagnetic (EM) field
that induces an AC current in an antenna of a passive RFID tag shown in the drawing within
the field, such as RFID tag 131, for example. This AC current is rectified and the resultant
DC current then charges a capacitor in the tag 131. When the voltage signal on the
capacitor is sufficient, an active electronic device in the tag circuit (not shown) is
activated. Once activated, the electronic device in the tag shorts the tag antenna in a
sequence of short intervals that is encoded to contain certain tag information, usually
ID (e.g., an identifier character string) unique to the tag. The tag information may include, in

addition to the unique ID, additional non-volatile information, such as price, quantity, or
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manufacturing data, associated with the article(s) to which the tag is attached. When the tag
antenna is shorted, an additional load is created on the antenna 103 of the RFID read device
100 which induces a drop in voltage on the antenna 103. This response or "reflected” signal

changes or induces a voltage signal at the antenna 103.

[0029]  The above description relating to the RFID tag applies to passive RFID tags, which:
do not contain their own power sources and which reflect incoming interrogating signals in
the manner described above. Active RFID tags, on the other hand, contain their own power
sources and can actively generate response signals. It shall be appreciated by those skilled in
the art in view of the present disclosure that the system and method disclosed herein can be
equally applied to reading active RFID tags as well as passive RFID tags bearing in mind that
the active RFID tags would receive an interrogating signal thus transmitted and actively
generate a response signal, rather than merely reflecting the interrogating signal in the
manner described above applicable to passive RFID tags. The actively generated response

signal would be processed by the RFID device 100 in much the same way as described

-above.

[0030] Returning to Figure 1, the voltage signal induced by the response signal is fed into
the input amplifier 121 and then into the demodulator 123 along with the carrier signal
oscillating at the target frequency output by the local oscillator 113. The output of the
demodulator 123 is an intermediate frequency (IF) response signal. The IF response signal is
then fed into the ADC 125 that converts the IF response signal into a digital response signal.
The processor 101 receives the digital response signal and performs a digital signal
processing operation including digitally filtering the digital response signal and decoding the
tag information based on a decoding algorithm associated with the selected type of RFID tag.
The processor 101 can then determine what tag(s) is(are) within the field region of the read
device 100 and report this information as well as any other additional information contained
in the response signal ) to an inventory application or end user. The processor 101 can be
programmed to switch frequencies by controlling the local oscillator 113 (e.g., PLL
synthesizer) and to repeat the process for a new RF target frequency to implement a multi-
mode RFID read device,
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[0031] Figure 2 is a block diagram illustrating another exemplary multi-mode RFID read
device 200 according to certain embodiments. The device 200 includes a processor 201, a
set of antennas 203, an antenna selection switch 205, a local oscillator 213, an output
amplifier 217, an antenna 203, an input amplifier 221, a demodulator 223, and an analog-to-
digital converter (ADC) 225,

[0032] Again, in certain embodiments, a description of the search operation (e.g.,
transmitting a series of search signals to detect presence of RFID tags in different RFID
bands) for the RFID device 200 is substantially the same as that of the exemplary search
operation for the RFID device 100 of FIG. 1 provided above and is not repeated here. Instead,
an exemplary read operation of the RFID read device 200 is now described with emphasis

placed on what is different from the read operation of the RFID read device 100.

[0033] In this device configuration, the processor 201 controls the local oscillator (e.g., 2
PLL synthesizer) which generates an RF carrier signal as described above. The RF carrier
signal is fed into the output amplifier 217 which has a control input (e.g., an on-off input). The
control input is configured to receive a digital modulation signal from the processor 201 to
amplitude modulate the carrier signal. In certain embodiments, the output of the amplifier
217 is a digitally modulated interrogating signal, a simple example being an on-off keying
(OOK) signal. In such digitally modulated interrogating signals, the signal power is kept
large to indicate a binary “1” and small or zero to represent a binary “0”. Alternatively, such
digitally modulated interrogating signals can be generated by an amplifier in conjunction
with a digitally-controlled analog switch. The output of the amplifier 217 is connected to the

antenna 203, which transmits the modulated interrogating signal.

[0034]  On the reception side, a response signal carrying tag information induces a voltage
signal at the antenna 203, which voltage signal is fed into the input amplifier 221 and then
demodulated by the demodulator 223 with the carrier signal. The demodulated response
signal is fed into the ADC 225, which converts the demodulated response signal into digital
representations of the response signal or more simply “a digital response signal.” The digital
response signal is then fed into the processor 201, wherein the digital response signal is

digitally filtered and decoded to obtain the tag information encoded therein. This device
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configuration eliminates the need for a D/A converter and a modulator. As before, the
processor 201 can be programmed to switch frequencies by controlling the local oscillator 213
(e.g., PLL synthesizer) and to repeat the process for a new RF frequency to implement a

multi-mode RFID read device.

[0035] Figure 3 is a block diagram illustrating another exemplary multi-mode RFID read
device 300 according to certain embodiments. The device 300 includes a processor 301, a
set of antennas 303, an antenna selection switch 305, a digital-to-analog converter (DAC)
314, an output amplifier 317, an antenna 303, an input amplifier 321, and an analog-to-digital
converter (ADC) 325.

[0036] Again, in certain embodiments, a description of the search operation (e.g.,
transmitting a series of search signals to detect presence of RFID tags in different RFID
bands) for the RFID device 300 is substantially the same as that of the exemplary search
operation for the RFID device 100 of FIG. 1 provided above and is not repeated here. Instead,
an exemplary read oberation of the RFID read device 300 is now described with emphasis

placed on what is different from the read operation of the RFID read devices 100 and 200.

[0037] In this device configuration, the processor 301 is of a sufficient speed and
capability so as to directly generate digital representation of a modulated interrogation signal.
In this configuration, the processor 301 can programmatically perform the modulation in
digital domain versus analog domain as in the device configurations described above with
respect to Figures 1 and 2. Alternatively, the device 300 may also include a memory (not
shown) that is in data communication with the processor 301 and configured to store various
sets of digital representations of modulated interrogating signals designed for different types
of RFID tags. The processor 301 can then retrieve a particular set of digital representations
corresponding to a selected RFID tag type to be read and the digital representations to be fed
into the DAC 314, either directly from the memory or via the processor 301. The digital
representations are converted to an analog modulated interrogating signal through the DAC
314. The interrogating signal can be either frequency or amplitude modulated depending on a
particular modulation scheme employed. The modulated interrogating signal is then amplified

and fed into the antenna 303 and transmitted.

10
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[0038] On the reception side, a voltage signal at the antenna 303 induced by a response
signal from an RFID tag is fed into the input amplifier 321 and into the ADC 325 and then
directly into the processor 301. The processor 301 then digitally demodulates, filters, and
decodes the signal to obtain the tag information. The carrier frequency of the modulated
interrogating signal can be easily changed as it is directly controlled by the processor 301.
This implementation is reduced in terms of the numbér of hardware components compared to
the implementations of Figures 1 and 2, but requires higher-bandwidth components and a
higher performance processor to handle additional functions performed in the digital domain.

- Such a high performance processor may include a digital media processor, model no
TMS320DM6431 manufactured by Texas Instruments and having a processing speed of
2400 MIPS. However, this digital signal processor is exemplary only.

[0039] It shall be appreciated by those skilled in the art that the exemplary multi-mode
RFID read devices shown in Figures 1-3 are provided for illustration purposes only, and
should not be taken as limiting. For instance, some of the features of the illustrated examples
can be mixed and matched. For example, in alternative embodiments, the modulation can be
performed in the digital domain while the demodulation can be performed in the analog

domain or vice versa.

[0040] Figure 4 is a flow chart illustrating an exemplary process for search and read
operations of a multi-mode RFID read device according to certain embodiments. The
process 400 starts at state 410 and proceeds to a state 420, in which a search signal for a first
RFID band (e.g., 125 kHz) in a set of RFID bands (e.g., 125 kHz, 13.56 MHz, and 915 MHz
bands) that the device is designed to read is transmitted. In certain embodiments,
transmitting the search signal for a particular RFID band includes transmitting one relatively
broadband signal having a spectrum that substantially covers the band’s entire bandwidth
(e.g., from about 900 MHz to about 928 MHz for the 915 MHz band). In other
embodiments, transmitting the search signal inpludes sweeping a frequency (e.g.,
transmitting a series of narrowband signals or “slices™) substantially over the band’s entire
bandwidth. The choice of bands or portions of one or more bands that are searched, and
hence the choice of search signals, may depend on the types of RFID tags being searched.
For example, if it is known that RFID tags of interest are sﬁpported by only a certain spectral

11
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portion of a particular RFID band, the search signal can be configured to sweep or cover only

that spectral portion instead of the entire bandwidth.

[0041] The process 400 proceeds to a decision state 420, in which a query is made as to
whether a tag presence indication is detected in response to the transmitted search signal. In
the case of a passive RFID tag, the indication can include a drop in the strength of the
reflected search signal. In the case of an active RFID tag, the indication can include a
“chirp” signal transmitted on the same or a different frequency by the active RFID tag, If the
answer to the query at the decision state 430 is No (no tag presence indication detected), the
process 400 proceeds to another decision state 470, in which a query is made as to whether
there is another band to search in the set of RFID bands to be read by the RFID read device.
If the answer to the query at the decision state 430 is Yes (tag presence indication detected),
the process 400 proceeds to a state 440A,B where an attempt is made to read a possible RFID
tag. The read processes are described below with respect to FIGs, 5 and 6. After the read
attempt, the process 400 proceeds to a decision state 450, in which a query is made as to
whether the read was successful. If the answer to the query at the decision state 450 is Yes
(read successful), the process 400 proceeds to a state 460, in which a tag output (e.g., ID for
the RFID tag) is provided, for example, to a display or a database. After the tag output
provision, the process 400 proceeds to a decision state 470. On the other hand, if the answer
to the query at the decision state 450 is No (read unsuccessful), the process 400 proceeds to

the decision state 470 without providing the tag output.

[0042]  If the answer to the query at the decision state 470 is Yes (another band to search),
the process 400 proceeds to a state 480, in which a search signal for the next RFID band
(e.g., 13.56 MHz) is transmitted and proceeds to the decision state 430 after searching or
listening for a tag presence indication. On the other hand, if the answer to the query at the
decision state 470 is No (no other band to search), e.g., because all bands in the set have been
seafched, the process 400 loops back to the state 420, in which a search signal for the first
band (e.g., 125 kHz) is again transmitted and the remaining states described above are

repeated.

12
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[0043]  Figure 5 is a flow chart illustrating an exemplary process 440A for generating and
transmitting an interrogating signal to read an RFID tag according to certain embodiments.
The process 440A starts at state 510 and proceeds to a state 520, in which a carrier signal
(e.g., an RF signal) oscillating at a target frequency (e.g., the frequency at which the tag
presence indication is detected) is generated. The carrier signal generation can be performed
by a local oscillator which receives a signal indicative of the target frequency (e.g., data
representing a multiplicative factor for a PLL synthesizer) from the processor as described

above with respect to Figures 1 and 2,

[0044] The process 440A proceeds to a state 530, in which a modulation signal is
generated. The modulation signal can be an analog modulation signal that is generated by a
digital-to-analog converter (DAC) converting digital representations of a modulation signal

provided by a processor as described above with respect to Figure 1. Alternatively, the

'modulation signal can be a digital modulation signal output by a processor, which can be

used to digitally modulate a carrier signal, as described above with respect to Figure 2.

[0045]  The process 440A proceeds to a state 540, in which a modulated interrogating
signal is generated. In certain embodiments, this can be achieved by an analog modulator,
such as the modulator 115 shown in Figure 1, that mixes a carrier signé.l with an analog
modulaton signal as described above with respect to Figure 1. In other embodiments, this
can be achieved by an amplifier having an on-off control input or an amplifier in conjunction
with a separate digitally-controlled analog switch as described above with respect to Figure
2. In yet other embodiments, a modulated interrogating signal can be generated directly via a
digital-to-analog conversion of digital representations as described above with respect to
Figure 3. In such embodiments, procedures performed at the states 520 and 530 may not be
needed. The process 440A proceeds to a state-550, in which the modulated interrogating
signal, after an amplification, is transmitted via an antenna such as a transceiver antenna in

the set of antennas 103 shown in FIG. 1, for example. - The process 440A ends at state 590.

[0046] Figure 6 is a flow chart illustrating an exemplary process 440B for receiving and
processing a response signal to read an RFID tag according to certain embodiments. The

process 440B starts at state 610 and proceeds to a state 620, in which a response signal from

13
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an RFID tag is received by an antenna at a multi-mode RFID read device. The response
signal may be a signal reflected from a passive RFID tag or a signal generated by an active
RFID tag. The process 440B proceeds to a state 630, in which a voltage signal at the antenna
induced by the response signal is amplified. The process 440B then proceeds to a decision
state 640, in which a query is made as to whether the response signal is to be demodulated in
an analog domain, e.g., by a dedicated hardware demodulator, as in Figures 1 and 2; or in a
digital domain, e.g., by a processor, as in Figure 3. This decision state is provided for
illustrating two tybes (analog and digital) of demodulation, and it shall be appreciated that
such a query is typically not made in a particuiar embodiment of the multi-mode RFID read
device. This is because such a device is likely to be preconfigured for either an analog or

digital modulation operation.

[0047] ~If the answer to the query at the decision state 640 is “analog” (énalog
demodulation embodiments), the process 440B enters an analog demodulation branch and
proceeds a state 651, in which the amplified response signal is demodulated in the analog
domain, e.g., by a dedicated analog demodulator such as the demodulators 123, 223 shown in
Figures 1 and 2. In the analog demodulation branch, the process 440B further proceeds to a
state 661, in which a digital response signal (e.g., digital representations of the demodulated
response signal) is produced, e.g., by an analog-to-digital converter (ADC) such as the ADCs
125, 225 shown in Figures 1 and 2.

[0048]  On the other hand, if the answer to the query at the decision state 640 is “digital”
(digital demodulation embodiments), the process 440B enters a digital demodulation branch
and proceeds to a state 653, in which, the amplified response signal is converted into a digital
response signal (e.g., digital representations of the response signal) by an ADC such as the
ADC 325 shown in Figure 3. In the digital modulation branch, the process 440B proceeds to
a state 663, in which the digital response signal is digitally demodulated by a processor as

described above with respect to Figure 3.

[0049]  For both analog and demodulation embodiments, the process 440B converges at a
state 670, in which the digital response signal (which is now demodulated) is subjected to a

digital filtering process by a processor. The type of digital filtering applied depends on the
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type of RFID tag being read and its associated frequency and encoding scheme. The process
440B proceeds to a state 680, in which the processor decodes the demodulated and filtered
digital response signal to obtain tag information encoded therein. The process 440B ends at
state 690.

[0050] It shall be appreciated by those skilled in the art that the exemplary processes
shown in Figures 4-6 are provided for illustration purposes only, and should not be taken as
limiting. For instance, referring to Figure 5, the generation of the modulation signal at the
state 530 is performed typically at the same time as the generation of the carrier signal at the
state 520. In some embodiments similar to those illustrated in Figure 3, the states 520 and
530 can be eliminated. Referring to Figure 6, the digital demodulation at the state 663 can be

performed after or at the same time as the digital filtering at the state 670, for example.

[0051] Figure 7 is a block diagram that illustrates an exemplary computer system 700
upon which certain embodiments disclosed herein may be implemented. Computer system
700 includes a bus 702 or other communication mechanism for communicating information,
and a processor 704 coupled with bus 702 for processing information. Computer system 700
also includes a memory 706, such as a random access memory (“RAM?”) or other dynamic
storage device, coupled to bus 702 for storing information and instructions to be executed by
processor 704. Memory 706 may also be used for storing temporary variables or other
intermediate information during execution of instructions by processor 704. Computer
system 700 further includes a data storage device 710, such as a magnetic disk or optical

disk, coupled to bus 702 for storing information and instructions.

[0052] Computer system 700 may be coupled via I/O module 708 to a display device (not
illustrated), such as a cathode ray tube (“CRT”) or liquid crystal display (“LCD”) for
displaying information to a computer user. An input device, such as, for example, a
keyboard or a mouse may also be coupled to computer system 700 via I/O module 708 for

communicating information and command selections to processor 704.

[0053] According to certain embodiments, certain aspects of generating a modulated
interrogating signal and processing a response signal from an RFID tag are performed by a

computer system 700 in response to processor 704 executing one or more sequences of one
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or more instructions contained in memory 706. Processor 704 may be a microprocessor, a
microcontroller, and a digital signal processor (DSP) capable of executing computer
instructions. Such instructions may be read into memory 706 from another machine-readable
medium, such as data storage device 710. Execution of the sequences of instructions
contained in main memory 706 causes processor 704 to perform the process steps described
herein. One or more processors in a multi-processing arrangement may also be employed to
execute the sequences of instructions contained in memory 706. In alternative embodiments,
hard-wired circuitry may be used in place of or in combination with software instructions to
implement various embodiments. Thus, embodiments are not limited to any specific

combination of hardware circuitry and software.

[0054] The term “machine-readable medium” as used herein refers to any medium that
participates in providing instructions to processor 704 for execution. Such a medium may
take mahy forms, including, but not limited to, non-volatile media, volatile media, and
transmission media. Non-volatile media include, for example, optical or magnetic disks,
such as data storage device 710. Volatile media include dynamic memory, such as memory
706. Transmission media include coaxial cables, copper wire, and fiber optics, including the
wires that comprise bus 702. Transmission media can also take the form of acoustic or light
waves, such as those generated during radio frequency and infrared data communications.
Common forms of machine-readable media include, for example, floppy disk, a flexible disk,
hard disk, magnetic tape, any other magnetic medium, a CD-ROM, DVD, any other optical
medium, punch cards, paper tape, any other physical medium with patterns of holes, a RAM,
a PROM, an EPROM, a FLASH EPROM, any other memory chip or cartridge, a carrier

wave, or any other medium from which a computer can read.

[0055] The foregoing description is provided to enable any person skilled in the art to
practice the various embodiments described herein. While the foregoing embodiments have
been particularly described with reference to the various figures and embodiments, it should
be understood that these are for illustration purposes only and should not be taken as limiting

the scope of the invention.
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[0056] There may be many other ways to implement the invention. Various functions and
elements described herein may be partitioned differently from those shown without departing
from the spirit and scope of the invention. Various modifications to these embodiments will
be readily apparent to those skilled in the art, and generic principles defined herein may be
applied to other emmbodiments. Thus, many changes and modifications may be made to the
invention, by one having ordinary skill in the art, without departing from the spirit and scope
ofthe mmvention.

[0057] A reference to an element in the singular is not intended to mean "one and only

one" unless specifically stated, but rather "one or more." The term "some"” refers to one or
more. Underlined and/or italicized headings and subheadings are used for convenience only,
do not Limit the invention, and are not referred to in connection with the interpretation of the
description of the invention. All structural and functional equivalents to the elements of the
various embodiments of the invention described throughout this disclosure that are known or
later come to be known to those of ordinary skill in the art are intended to be encompassed by the
invention. Moreover, nothing disclosed herein is intended to be dedicated to the public regardless
of whether such disclosure is explicitly recited in the above description.

[0058] All elements, parts and steps described herein are preferably included. It is to be
understood that any of these elements, parts and steps may be replaced by other elements,
parts and steps or deleted altogether as will be obvious to those skilled in the art

[0059] Broadly, this description discloses devices and methods for reading multiple types
OfRFID tags having different frequencies and/or encoding schemes. One or more search
signals covering a plurality of RFID bands arc transmitted. A presence indication of an RFID
tag in one of the plurality of RFID bands is detected. An interrogating signal having a carrier
frequency tuned to a frequency at which the presence indication is detected is transmitted. A
tag response signal comprising tag information associated with the RFID tag is received. A
digital response signal based on the tag response signal is digital signal processed to obtain

the tag information.
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CONCEPTS
[0060]  This writing has disclosed at least the following concepts.

Concept 1. A method of reading a radio frequency identification (RFID) tag, the

method comprising:

transmitting a search signal covering a plurality of RFID bands;

detecting a presence indication of an RFID tag in one of the plurality of RFID bands;
and

reading the RFID tag.

Concept2.  The method of Concept 1, wherein the search signal includes a

collection of search signals for the plurality of RFID bands.

Concept3.  The method of Concept 2, wherein transmitting a search signal for a
particular RFID band comprises sweeping a frequency substantially over an entire
bandwidth of the RFID band.

Concept4.  The method of Concept 2, wherein transmitting a search signal for a
particular RFID band comprises transmitting a single search signal having a

spectrum that substantially cover an entire bandwidth of the particular RFID band.

Concept 5.  The method of Concept 1, wherein the presence indication comprises a

drop in the strength of a reflected signal.

Concept 6.  The method of Concept 1, wherein reading the RFID tag comprises:

generating a modulated interrogating signal having a carrier frequency set to a target
frequency at which the tag presence indication is detected;

receiving a tag response signal from an RFID tag, the tag response signal comprising
tag information associated with the RFID tag;

producing a digital response signal based on the tag response signal; and
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digital signal processing the digital response signal to obtain the tag information,
wherein the digital signal processing comprises at least one of digital modulation, digital

filtering, and digital decoding.

Concept 7. The method of Concept 6, wherein generating the modulated
interrogating signal comprises modulating a carrier signal oscillating at the target
frequency with a modulation signal varying at a frequency lower than the target

frequency.

Concept 8.  The method of Concept 7, wherein modulating the carrier signal is

performed in a digital domain.

Concept 9.  The method of Concept 7, wherein modulating the carrier signal is

performed in an analog domain.

Concept 10.  The method of Concept 6 further comprising demodulating the tag or

digital response signal with a carrier signal oscillating at the target frequency.

Concept 11.  The method of Concept 10, wherein the demodulating is performed in

a digital domain.

Concept 12.  The method of Concept 10, wherein the demodulating is performed in

an analog domain.

Concept 13. A method of reading multiple types of RFID tags, the method
comprising:
transmifting one or more search signals covering a plurality of RFID bands;
detecting a presence indication of an RFID tag in one of the plurality of RFID bands;
transmitting an interrogating signal having a carrier frequency tuned to a frequency at
which the presence indication is detected;
| receiving a tag response signal from the RFID tag, the tag response signal comprising

tag information associated with the RFID tag; and
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digital signal processing a digital response signal based on the tag response signal to

obtain the tag information.

Concept 14. A radio frequency identification (RFID) device comprising:
an antenna; and
a processor configured to:

cause the antenna to transmit a search signal covering a plurality of RFID .
bands;

detect a presence indication of an RFID tag in one of the plurality of RFID
bands, and

read the RFID tag based on a tag response signal comprising tag information

associated with the RFID tag.

Concept 15.  The device of Concept 14, further comprising an analog-to-digital
converter configured to produce a digital response signal based on the tag
response signal;

‘wherein:

the processor is further configured to digital signal process the digital
response signal to obtain the tag information, and
the digital signal processing comprises at least one of digital modulation,

digital filtering, and digital decoding.

Concept 16.  The device of Concept 15, wherein the processor is further configured
to output a signal indicative of a target freqﬁency associated with a target
frequency at which the presence indication is detected, and a digital modulation
signal, the device further comprising:

a local oscillator configured to receive the signal indicative of the target frequency,

and to generate a carrier signal oscillating at the target frequency;

a digital-to-analog converter configured to receive the digital modulation signal, and

to generate an analog modulation signal, the analog modulation signal varying at a frequency

lower than the target frequency;.and
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an analog modulator configured to receive the carrier signal and the analog
modulation signal, and to generate a modulated interrogating signal by mixing the carrier

signal with the analog modulation signal.

Concept 17.  The device of Concept 16, wherein the local oscillator comprises a

phase-locked loop (PLL) synthesizer.

Concept 18.  The device of Concept 16, wherein the analog modulation signal is a

quadrature-encoded signal.

Concept 19.  The device of Concept 16, wherein the analog modulation signal

provides a frequency modulation of the carrier signal.

Concept 20.  The device of Concept 16, wherein the analog modulation signal

provides an amplitude-modulation of the carrier signal.

Concept 21.  The device of Concept 16 further comprising an analog demodulator
configured to receive the respbnse signal and to demodulate the same with the
carrier signal to generate an intermediate frequency (IF) response signal, wherein
the IF response signal is converted into thé digital response signal by the analog-

to-digital converter.

Concept 22.  The device of Concept 15, wherein the processor is further configured
to output a signal indicative of a target frequency at which the presence indication
is detected, and a digital modulation signal, the device further comprising;

a local oscillator configured to receive the signal indicative of the target frequency

and to generate a carrier signal oscillating at the target frequency; and
~ one or more electronic components configured to receive the carrier signal and the
digital modulation signal, and to generate a modulated interrogating signal by amplitude-

modulating the carrier signal with the digital modulation signal.
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Concept 23.  The device of Concept 22, wherein the one or more electronic
components comprise an output amplifier having a digital on/off control input

configured to receive the digital modulation signal.

Concept 24.  The device of Concept 22, wherein the one or more electronic
components comprise an output amplifier, and an analog switch connected to the
output amplifier and having a digital on/off control input configured to receive the

digital modulation signal.

Concept 25.  The device of Concept 22 further comprising an analog demodulator
configured to receive the response signal, and to demodulate the same with the
carrier signal to generate an intermediate frequency (IF) response signal, wherein
the IF response signal is converted into the digital response signal by the analog-

to-digital converter.

Concept 26.  The device of Concept 15, wherein the processor is further configured
to output a digital interrogating signal, the device further comprising a digital-to-
analog (D/A) converter configured to receive the digital interrogating signal, and
to génerate an analog modulated interfo gating signal having its carrier frequency

set at a target frequency .at which the presence indication is detected.

Concept 27.  The device of Concept 26 further comprising an output amplifier
configured to amplify the analog modulated interrogating signal before the signal

is wirelessly transmitted,

Concept 28.  The device of Concept 26 further comprising an input amplifier
configured to receive the response signal, and to amplify the same, wherein the
amplified response signal is converted into the digital response signal by the

analog-to-digital converter.

Concept 29.  The device of Concept 14, wherein the processor is configured to be
initially programmed to read a set of multiple types of RFID tags, and then
subsequently reprogrammed to read a new type of RFID tag,
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Concept 30. The device of Concept 29, wherein the multiple types of RFID tags

comprise RFID tags based on different encoding schemes.

Concept 31.  The device of Concept 29, wherein the multiple types of RFID tags
comprise RFID tags having different RFID bands.

Concept 32.  The device of Concept 31, wherein the RFID bands comprise 125 kHz,
13.56 MHz, 915 MHz, and 2.4 GHz bands.

Concept 33.  The device of Concept 14, wherein the tag response signal comprises a

signal reflected from a passive RFID tag.

Concept 34. The device of Concept 14, wherein the tag response signal comprises a

signal generated by an active RFID tag,

Concept 35.  The device of Concept 14, wherein the antenna comprises a set of
transceiver antennas, each of the transceiver antennas configured to transmit and

receive a signal in a different RFID band.

Concept 36. The device of Concept 14, wherein the antenna comprises a single
transceiver antenna having a fundamental frequency covering one of the plurality
of RFID bands and one or more harmonic frequencies covering one or more

remaining RFID bands.
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CLAIMS
I. A method, comprising:

transmitting a broadband signal covering the entire bandwidth of a radio frequency
identification (RFID} band;

selecting a target frequency in the RFID band based on a response to the broadband
signal from an RFID tag; and

transmitting an interrogating signal with a selected antenna from one of at least two
antennas, a first one of the at least two antennas associated with the RFID band and a second one
of the at least two antennas associated with a different RFID band, the interrogating signal

comprising a bascband signal and a carricr signal having the sclected target frequency.

2. The method of Claim 1, further comprising selecting an additional target frequency in the
RFID band based on an additional response to the broadband signal from an additional RFID tag,

wherein the additional target frequency is different from the target frequency.

3. The method of Claim 2, further comprising transmitting an additional interrogating signal
with the selected antenna, the additional interrogating signal comprising an additional baseband

signal and an additional carrier signal having the selected additional target frequency.

4. The method of Claim 1, further comprising:

transmitting, with the second one of the at least two antennas, an additional broadband
signal covering the entire bandwidth of the different RFID band;

selecting an additional target frequency in the different RFID band based on an additional
response to the additional broadband signal from an additional RFID tag; and

transmitting an additional interrogating signal with the second one of the at least two
antennas, the additional interrogating signal comprising an additional baseband signal and an

additional carrier signal having the selected additional target frequency.

5. The method of Claim 1, further comprising:
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detecting a response to the interrogating signal from the RFID tag by measuring a change
in a voltage on the selected antenna; and

reading the RFID tag.

6. The method of Claim 3, wherein the target frequency is selected from RFID bands that
are associated with target frequencies of 125 kHz, 13.56 MHz, 915 MHz, and 2.4 GHz.

7. The method of Claim 5, wherein reading the RFID tag comprises:

receiving a digital signal from the R¥1D) tag with a processor;

demodulating, with the processor, the digital signal using the carrier signal having the
selected target frequency; and

decoding the demodulated digital signal.

8. The method of Claim 7, further comprising:

generating, with the processor prior to the transmitting, a digital representation of the
interrogating signal;

converting the digital representation of the interrogating signal to an analog signal in a
digital-to-analog converter (DAC); and

providing the analog signal 1o the selected antenna [or transmission by the selected

anienna.

9. A radio frequency identification (RFID) device, comprising:
first and second antennas respectively associated with first and second RFID bands;
an antenna selection switch selectively coupled to the first and second antennas; and
a processor operatively coupled to the antenna selection switch, the processor configured
to:
operate the first antenna to transmit a first search signal comprising a first
broadband signal covering the first RFID band;
operate the second antenna to transmit a second search signal comprising a second

broadband signal covering the second RFID band;
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select a target frequency in the first RFID band or the second RFID band based on
a response fo the first and second broadband signals;

operate the antenna selection switch to select one of the first and second antennas
based on the selected target frequency; and

operate the selected one of the first and second antennas to transmit a modulated
interrogating signal comprising a carrier frequency signal at the target frequency

modulated by a baseband signal.

0. The device of Claim 9, wherein the processor is further configured to select an additional
target frequency in the first RFID band or the second RFID band based on an additional response

to the first and second broadband signals.

11, The device of Claim [0, wherein the processor is further configured to:

operate the antenna selection switch to select one of the first and second antennas based
on the selected additional target frequency; and

operate the one of the first and second antennas selected based on the selected additional
target frequency to transmit an additional modulated interrogating signal comprising an
additional carrier frequency signal at the additional target frequency modulated by an additional

baseband signal.

12. The device of Claim 9, further comprising:

a memory communicatively coupled to the processor, the memory configured to store a
plurality of digital representations of modulated interrogating signals; and

wherein the processor is further contfigured to retrieve one of the plurality of digital
representations of modulated interrogating signals and provide the retrieved one of the plurality
of digital representations of modulated interrogating signals as the modulated interrogating
signal comprising the carrier frequency signal at the target frequency modulated by the baseband

signal.
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13. The device of Claim 9, wherein the response to the first and second broadband signals
comprises a signal reflected from a passive RFID tag or a signal generated by an active RFID

tag.

14. The device of Claim 9, wherein the first and second antennas comprises a sct of
transceiver antennas, each of the transceiver antennas configured to transmit and receive a signal

in a different RFID band.

Is5. The device of Claim 9, wherein one of the first and second antennas comprises a single
transceiver antenna having a fundamental frequency covering one of the first and second RFID

bands and one or more harmonic frequencies covering one or more remaining RFID bands,

16. A radio frequency identification (RFID) device comprising:
at least two antennas respectively associated with at least two RFID bands associated
with first and second target frequencies wherein the first target frequency is at least twice the
second target frequency;
an antenna selection switch selectably coupled to one of the at least two antennas; and
a processor operatively coupled to the antenna selection switch, the processor configured
Lo:
operate one of the at least two antennas to transmit a broadband signal covering
the entire bandwidth of one of the at least two RFID bands;
determine a target frequency in the one of the at least two RFID bands based on a
response to the broadband signal;
operate the antenna selection switch to select the one of the at least two antennas
that is associated with the one of the at least two RFID bands; and
operate the selected one of the at least two antennas to transmit an interrogating
signal comprising a baseband signal and a carrier signal having the determined target

frequency.

17. The device of Claim 16, wherein the processor is {urther configured to:

receive a digital signal in response to the transmitted interrogating signal;
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demodulate the digital signal using the carrier signal having the determined target
frequency; and

decode the demodulated digital signal to read an RFID tag.

8. The device of Claim 16, wherein the processor is further configured to:

operate a different one of the at least two antennas to transmit an additional broadband
signal covering the entire bandwidth of a different one of the at least two RFID bands;

determine an additional target frequency in the different one of the at least two RF1D
bands based on an additional response to the additional broadband signal;

operate the antenna selection switch to select the different one of the at least two
antennas; and

operate the selected different one of the at least two antennas to transmit an additional
mterrogating signal comprising an additional baseband signal and an additional carrier signal

having the determined additional target frequency.

19. The device of Claim 16 wherein the determined target frequency is selected from target

frequencies of 125 kHz, 13.56 MHz, 915 MHz, and 2.4 GH».

20. The device of Claim 16, further comprising a memory conligured to store a plurality ol
sets of mformation respectively associated with a plurality of fypes of RFID tags, each set

comprising a respective encoding scheme and a RFID frequency band.
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