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generates a second electromagnetic signal in response to recelving the first electromagnetic signal. The second electromagnetic
sighal has components at the primary frequency and at a predetermined secondary frequency different from the primary frequency.
The system also Iincludes a recelver (14) for recelving the second electromagnetic signal and a computer (46) connected to an
output (48) of the receiver (14). The computer (46) processes the recelved second electromagnetic signal and generates an output
sighal when the secondary frequency Is detected Iin the second electromagnetic signal.
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signal and a computer (46) connected to an output (48) of the receiver (14).
The computer (46) processes the received second electromagnetic signal and

generates an output signal when the secondary frequency is detected in the
second electromagnetic signal.
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| " TITLE OF THE INVENTION
[0001] Radio Frequency Detection and Identification System

BACKGROUND OF THE INVENTION
[0003]  The present invention relates generally to radio frequency systems and, more
particularly, to a radio frequency system for detecting resonant tags and for ascertaining
information stored in the tags. |
[0004)  The vse of radio frequency systems for detecting and preventing theft or
unauthorized removal of articles or goods from retail establishments and/or other facilities, such
as hibraries, has become widespread. In general, such secunty systems, known generally as
electronic article security (EAS) systems employ a tag which is associated with or which is
secured to the article to be protected. Tags may take on many different sizes, shapes and forms
depending upon the particular type of EAS system in use, the type and size of the article, 1ts
packaging, etc. In general, such EAS systems are employed for detecting the presence of a tag
as the protected article passes through or near a surveilled security area or zone. In most cases,
the surveilled secmitymaislbcatedatornmaneﬁtormtmncetoﬂwmﬂ establishment or
other facility.
[0005]  One such electronic article security system which has gained widespread popularity
utilizes a tag which includes a resonant circuit which, when interrogated by an electromagnetic
field having prescribed characteristics, resonates at a single predetermined detection frequency.
When an article having an attached resonant tag moves into or otherwise passes through the
surveilled area, the tag is exposed to an electromagnetic field created by the security system.
Upon being exposed to the electromagnetic field, a current is induced in the tag creating an
electromagnetic field which changes the electromagnetic field created within the surveilled
area. The magnitude and phase of the current induced in the tag is a function of the proximity of
the tag to the security system, the frequency of the applied electromagnetic field, the resonant
frequency of the tag, and the Q factor of the tag. The resulting change in the electromagnetic
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field created within the surveilled area because of the presence of the resonating tag can be
detected by the security system. Thereafter, the EAS system applies certain predetermined

selection criteria to the signature of the detected signal to determine whether the change 1n the

- electromagnetic field within the surveilled area resulted from the presence of a tag or resulted

from some other source. If the security system determines that the change mn the
electromagnetic field is the result of the presence of a resonant tag, it activates an alarm to alert
appropriate security or other personnel.

[0006] While electronic article security systems of the type described above function very
effectively, a limitation of the performance of such systems relates to false alarms. False alarms
occur when the electromagnetic field created within the surveilled area is disturbed or changed
by a source other than a resonant tag and the security system, after applying the predetermined
detection criteria, still concludes that a resonant tag is present within the surveilled area and
activates an alarm, when in fact no resonant tag is actually present. Over the years, such EAS
systems have become quite sophisticated in the application of multiple selection criteria for
resonant tag identification and in the application of statistical tests in the selection criteria
applied to a suspected resonanf tag signal. However, the number of false alarms is still
undesirably high in some applications. Accordingly, there is a need for a resonant tag for use 1n
such electroni¢ article security systems which provides more infonﬁation than is provided by
present resonant tags in order to assist such electronic article security systems in distinguishing
signals resulting from the presence of a resonant tag within a surveilled area and similar or
related signals which result from other sources.

[0007] One method of providing additional information to the EAS system is to provide a
tag which responds to the interrogation signal with a signal at a different frequency than the
frequency of the interrogation signal or at more than one frequency. Heretofore, single tags
having one of these properties required that the tag include an active element such as a
transistor, or a non-linear element, such as a rectifier or diode, both of which elements negate
manufacturing the tag as a planar passive device using the technology 1n place for
manufacturing such resonant tags.

[0008] Another method of providing additional information to the EAS system 1s to have
two or more resonant tags, each with a different resonant frequency, secured to the article being
protected. For example, the resonant frequency of a second tag could be offset from the

resonant frequency of a first tag by a known amount. In this manner, the simultaneous detection
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of two or more signals at specific predetermined separated frequencies each having the
characteristics of a resonant tag signal would have a high probability of indicating the presence
of the multiple resonant tags in the surveilled area since the probability of some other source or
sources simultaneously generating each of the multiple signals at each of the predetermined
frequencies 1s very small.

[0009] The concept of utilizing a plurality of tags resonant at different frequencies on each
article has not been generally accepted because of the requirement for physically separating the
tags by a substantial distance in order to preclude the tags from interacting in such a way that
the respective resonant frequencies are altered in an unpredictable way. Placing the resonant
tags at a substantial distance from each other is disadvantageous because at best it requires
separate tagging operations thereby substantially increasing the cost of applying the resonant
tags. In addition, some articles are just not large enough to permit the two or more tags to be
separated enough to preclude interaction. Separating the tags by a significant distance also
affects the orientation and, therefore, the signal strength from the tags tﬁereby hmiting
detectability of one or more of the tags.

[0010] There are also radio frequency systems, known generally as radio frequency
identification (RFID) systems, which operate with resonant tags for identifying articles to
which the resonant tag is attached or the destination to which the articles should be directed.
The use of resonant circuit tagging for article identification is advantageous compared to optical
bar coding in that it is not subject to problems such as obscuring dirt and may not require exact
alignment of the tag with the tag detection system. Generally, the resonant tags used in RFID
systems store information about the article by activating (or deactivating) the resonant circuit
patterns which have been printed, etched or otherwise affixed to the tag. Typically, systems
utilizing multiple tuned circuit detection sequentially interrogate each resonant circuit with a
sigrial having a frequency of the resonant circuit and then wait for reradiated energy from each
of the tuned circuits to be detected. The result of having to sequentially interrogate the tag at
each of the different frequencies is a slow detection system that limits the speed at which the
articles may be handled. |

[0011] The present invention employs a tag having a plurality of resonant circuits, each of
which are electromagnetically coupled to a receiving resonant circuit. Upon interrogation by a
pulse at the receiving frequency, the tag radiates a detectable electromagnetic signal having

frequency components which correspond to the resonant frequencies of the resonant circuits.
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Accordingly, the present invention is capable of reducing the false alarm rate in EAS
applications without the need for separate tags with distinct frequencies being placed on an

article; and also, is capable of providing information stored on the tag in RFID applications.

BRIEF SUMMARY OF THE INVENTION

[0012] Briefly stated the present invention comprises a system for detecting the presence of
an article comprising: a transmitter for radiating a first electromagnetic signal at a
predetermined primary frequency; aresonant tag secured to the article, for generating a second
electromagnetic signal in response to receiving the first electromagnetic signal, the second
electromagnetic signal being at the primary frequency and at a predetermined secondary
frequency different from the primary frequency; a receiver for receiving the second
electromagnetic signal; and a computer connected to an output of the receiver, said computer
processing the received second electromagnetic signal and generating an output signal when the
secondary frequency 1s detected in the second electroﬁagnetic signal.

[0013] The present invention further comprises a radio frequency system for determining
the presence of information stored in a plurality of resonant circuits having different resonant
frequencies, the system comprising: a transmitter for radiating a first electromagnetic signal at a
predetermined primary frequency; a resonant tag, including the plurality of resonant circuits,
each of the resonant circuits resonating at one of the different resonant frequencies, the tag
receiving the first electromagnetic signal and generating a second electromagnetic signal in
response to receiving the first electromagnetic signal, the second electromagnetic signal
comprising a plurality of secondary frequencies, each of the secondary frequencies
corresponding to one of the resonant frequencies of the plurality of resonant circuits; a receiver
for receiving the second electromagnetic signal; and a computer connected to the output of the
receiver, said computer processing the received second electromagnetic signal to detect the
presence of the plurality of secondary frequencies and generating an output signal
corresponding to the information.

[0014] The present invention also comprises a method for detecting the presence of an
article comprising the steps of: securing a resonant tag to the article; transmitting a first
electromagnetic signal at a predetermined primary frequency; generating a second
electromagnetic signal in response to the resonant tag receiving the first electromagnetic signal,

the second electromagnetic signal being at the primary frequency and at a predetermined
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secondary frequency different from the primary frequency; receiving the second
electromagnetic signal; processing the received secqnd electromagnetic signal; and generating
an output signal when the secondary frequency is detected in the second electromagnetic signal.

[0015] The present invention also comprises a method for determining the presence of
information stored in a plurality of resonant circuits having different resonant frequencies,
comprising the steps of: including the plurality of resonant circuits in a resonant tag; radiating a
first electromagnetic signal at a predetermined primary frequency; receiving the first
electromagnetic signal in the resonant tag and generating a second electromagnetic signal 1n
response to receiving the first electromagnetic signal, the second electromagnetic signal
comprising a plurality of secondary frequencies, each of the secondary frequencies
corresponding to one of the resonant frequencies of the plurality of resonant circuits; receiving
the second electromagnetic signal; processing the received second electromagnetic signal to

detect the presence of the plurality of secondary frequencies; and generating an output signal

- corresponding to the information.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0016] The foregoing summary, as well as the following detailed description of preferred
embodiments of the invention, will be better understood when read in conjunction with the
appended drawings. For the purpose of illustrating the invention, there are shown in the
drawings embodiments which are presently preferred. It should be understood, however, that
the invention is not limited to the precise arrangements and instrumentalities shown.

[0017] In the drawings:

[0018] Fig. 1 is a schematic block diagram of a radio frequency detection and 1dentification
system in accordance with a preferred embodiment of the invention;

[0019] Fig. 2 is an electrical schematic circuit diagram of a dual-frequency resonant tag in
accordance with a preferred embodiment;

[0020] Fig. 3 is a top plan view of a dual-frequency resonant tag having an electrical circuit
equivalent to the electrical schematic circuit diagram of Fig. 2;
[0021] Fig. 4 is a plot of the time domain response of a prototype of the circuit of Fig. 2;
[0022] Fig. S1s aplot of the frequency domain response of the prototype of the circuit of
Fig. 2;
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[0023]  Fig. 6 is a diagram illustrating the interrogation and response characteristics of the
radio frequency system of Fig. 1;

[0024]  Fig. 7 is a flow diagram of the operation of the radio frequency system for detecting
the presence of an article; and

[0025] Fig. 8 is a flow diagram of the operation of the radio frequency system for

determining the presence of information stored in a plurality of resonant circuits.

DETAILED DESCRIPTION OF THE INVENTION
[0026]  Referring to the drawings, wherein the same reference numeral designations are
applied to corresponding elements throughout the figures, there is shown 1n Fig. 1 a schematic
block diagram of a preferred embodiment of an RF system 10 for detecting an article and/or for
identifying information about the article upon which a tag having specific electromagnetic
characteristics has been attached. Preferably, the RF system 10 is of a type called a pulse-listen

system, in which pulses of radio frequency (RF) electromagnetic energy having a

~ predetermined pulse width, pulse rate and carrier frequency are radiated into a detection and

identification zone. Following the radiation of each pulse into the detection and identification
zone, the RF system 10 probes the electromagnetic field within the zone to determine 1f a tag
having the specific electromagnetic characteristics is present in the detection and identification
ZOne. :

[0027] Preferably, the RF system l(j includes a transmitter 12 for radiating a first
electromagnetic signal at one or more predetermined primary frequencies. Preferably the
transmitter 12 includes a push-pull class D RF amplifier of a conventional design generating a
pulse amplitude modulated signal having a pulse duration of approximately five (5)
microseconds and having a carrier frequency in the range of 13.5 MHz. However, as would be
appreciated by one skilled in the art, the carrier frequency of the output signal of the transmmtter
12 is not limited to 13.5 MHz. As contemplated, a transmitter operable at carrier frequencies as
low as 1.5 MHz and as high as 7000 MHz. would be within the spirit and scope of the
invention. Further, the pulse width of the pulse amplitude modulated signal 1s not limited to
five (5) microseconds. As would be appreciated by those skilled in the art, the pulse width of
the transmitter 12 would be selected to match the characteristics of the specific tag used in the

RF system 10, such design choice being within the spirit and scope of the invention.
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[0028]  The prefered embodiment also includes a frequency synthesizer 52. Preferably, the
frequency synthesizer is a digital frequency synthesizer similar to the digital frequency
synthesizer described in U.S. Patent 6,232,878 entitled “Resonant
Circuit Detection and Measurement System Employing a Numerically Controlled Oscillator”.

The frequency synthesizer 52 provides a first output signal for driving the transmitter
12 at the primary frequency. The frequency synthesizer 52 also provides a second oufput
signal for driving a conventional mixer 40 portion of a superhetrodyne receiver 14. The
frequency of the second output signal of the frequency synthesizer 52 may be the same as the
primary frequency or may be different from the primary frequency (i.e. a secondary frequency)
depending on the selected mode of operation of the RF system 10, as discussed below.
[0029]  The RF system 10 also includes a dual-resonant tag 20 for receiving a first
electromagnetic signal from the transmitter 12 and for generating a second electromagnetic
signal i response to receiving the first electromagnetic signal. The second electromagnetic

_signal comprises a frequency component which corresponds to the primary frequency of the

first electromagnetic signal and also a second frequency component which corresponds to a
predetermined seéondmy frequency which is different from the primary frequency.

[0030] Referring now to Fig. 2 there is shown an electrical schematic representation of a
dual frequency tag 20 in accordance with a first preferred embodiment of the present invention.

‘The dual frequency tag 20 mcludes four components namely, a first mductive element or

inductance Lp, a second inductive element or inductance Ls, a first capacitive element or
capacitance Cp and a second capacitive element or capacitance Cs. The aforementioned
inductors and capacitors form a first resonant circuit which is resonant at the primary frequency
and a second resonant circuit which is resonant at the secondary frequency. Preferably the first
and the second resonant circuits are electromagnetically coupled. Additional inductive and/or
capacitive elements or components may be added if desired as shown by the dashed lines in
Fig. 2, and the components Lk, Ln and Ck, Cn to form additional resonant circuits which are
electromagnetically coupled to the first magnetic circnit. As shown in Fig. 2 the second
ipdnctame Ls 1s connected in series with the second capacitance Cs. The first capacitance Cp
18 connected in paralle]l with the first inductance Lp. The series network (Is and Cs) is then
connected across the parallel network (Lp and Cp). Preferably, the inductors Lp and Ls are
magnetically coupled to each other with a coupling coefficient K. However, the coupling of the

-7-
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first and second resonant circuits may also be accomplished by capacitive or resistive coupling.
The values of the inductances Lp, Ls, the capacitances Cp, Cs and the coupling coefficient K
are selécted so that the dual frequency tag 20 as configured in Fig. 2 is simultaneously resonant
at the first and second resonant frequencies.

[0031]  Preferably, the resonant frequency of the first resonant circuit lays in an Industrial,
Scientific and Medical (ISM) frequency band as assigned by the International
Telecommunications Union (ITU). Current ISM assigned bands include frequency bands at 13,
27, 430-460, 902-916 and 2350-2450 MHz. Preferably, the fesonant frequency of the second
resonant circuit lays within a frequency band assigned to EAS systems, currently including
approximately 1.95, 3.25, 4.75 and 8.2 MHz. In the preferred embodiment the resonant
frequency of the first resonant circuit is at about 13.56 MHz. and the resonant frequency of the
second resonant circuit is at about 8.2 MHz. Methods for selecting the values of the
inductances and the capacitances to meet the frequency requirements of the dual frequency tag

20 are well known to those of ordinary skill in the art and need not be described herein for a

" complete understanding of the present invention. The capacitances can be lumped or

distributed within the inductances as will hereinafter be described.

[0032]  Fig. 3 is a top plan view of the dual frequency tag 20 in accordance with the
electrical circuit shown in Fi g. 2. The dual frequency tag 20 is comprised of a substantial
planar dielectric substrate 22 having a first principal surface or side 24 and a second, opposite
principal surface or side 26. The substrate 22 may be constructed of any solid material or
composite structure or other materials as long as the substrate is insulative, relatively thin and
can be used as a dielectric. Preferably, the substrate 22 is formed of an insulated dielectric
material, for example, a polymeric material such as polyethylene. However, 1t will be
recognized by those skilled in the art that other dielectric materials may alternatively be
employed in forming the substrate 22. As illustrated in Fig. 3, the substrate 22 1s transparent.
However, transparency is not a required characteristic of the substrate 22.

[0033]  The circuit components of the tag 20 as previously described are formed on both
principal surfaces or sides 24, 26 of the substrate 22 by patterning a conductive material. That
is, a first conductive pattern 28 (shown in the lighter color of Fig. 3) is formed on the first side
24 of the substrate 22 which is arbitrarily illustrated in Fig. 3 as the bottom or backside of the
tag 20. A second conductive pattern 60 (shown in the darker color on Fig. 3) is formed on the

second side 26 of the substrate 22. The conductive patterns 28, 60 may be formed on the

-8 -
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substrate surfaces 24, 26, respectively with electrically conductive materials of a known type
and in a manner which is well known to those of skill in the electronic article surveillance art.
Preferably, the conductive material is patterned by a subtractive process (i.e., etching) whereby
unwanted material is removed by chemical attack after the desired material has been protected,
typically with a printed on etch resistant ink. In the preferred embodiment, the conductive
material is alumimum. However, other conductive materials (e.g., gold, mckel, copper, bronzes,
brass, high density graphite, silver-filled conductive epoxies or the like) can be substituted for

- the aluminum without changing the nature of the tag 20 or its operation. Similarly, other

methods (dye cuiting or the like) may be employed for forming the conductive patterns 28, 60
on the substrate 22. The tag 20 may be mamfactured by a process of the type described m U.S.
Patent No. 3,913,219, entitled "Planar Circuit Fabrication Process”.

However, other manufacturing processes can be used if desired.
[0034]  As previously stated, the first and second conductive patterns 28, 60 together form .
the resonant circuit as discussed above. In the embodiment as shown in Fig. 3, both of the
inductances or inductive elements Lp and Ls are provided in the form of conductive coils 62, 64
respectively, both of which are a part of the first conductive pattern 28. Accordingly, both of
the inductances Lp and Ls are located on the first side 24 of the substrate 22. Preferably, the
two conductive coils 62, 64 are wound in the same direction, as shown, to provide a specified
amount of inductive coupling between them. In addition, first plates 66, 68 of each of the
capacitive elements or capacitances Cp and Cs are formed as part of the first conductive pattern
28 on the first side 24 of the substrate 22. Finally, second plates 70, 72 of each of the
capacitances Cp and Cs are formed as part of the second conductive pattern 60 and are located
on the second side 26 of the substrate 22. Preferably, a direct electrical connection extends
through the substrate 22 to electrically connect the first conductive pattern 28 to the second
conductive pattern 60 to thereby continuously maintain both sides of the substrate 22 at
substantially the same static charge level. Referring to Fig. 3, the first conductive pattern 28
includes a generally square land 74 on the inner most end of the coil portion 62, which forms
the first inductance Lp. Likewise, a generally square land 78 is formed as part of the second
conductive pattern 60 and is connected by a conductive beam 80 to the portion of the second
conductive pattern 60, which forms the second plate 70 of the first capacitance Cp. As shown
m Fig. 3 the conductive lands 74, 78 are aligned with each other. The direct electrical
connection is made by a weld through connection (not shown), which extends between

.9.
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conductive land 74 of the first conductive pattern 28 and conductive land 78 of the second
conductive pattern 60. Preferably, the direct electrical connection between the lands 74, 78 1s
formed by a weld in a manner which is well known to those of ordinary skill in the EAS art.
[0035] Referring now to Fig. 4 there is shown a plot of the transient response of a prototype
of the preferred embodiment of the dual frequency tag 20 after being radiated with a pulsed
electromagnetic field having a five (5) microsecond pulse width and a carrier frequency of
13.56 MHz. The prototype was designed to simultaneously resonate at both 13.56 MHz. and at
8.2 MHz. The prototype tag was placed at the center of a rectangular loop antenna fabricated
from one (1) inch copper tape and was radiated by applying a radio frequency (RF) signal to the
antenna. A probe connected to an oscilloscope was used to measure the residual (ring-down)
electromagnetic field in the vicinity of the prototype tag when the transmitted signal was
switched off. Fig. 4 clearly shows the presence of at least two frequency components 1n the

time-domain ring-down signal. The time domain signal shown in Fig. 4 was subsequently

' transformed into the frequency domain by operating on the signal data with a fast Fourier

transform (FFT). The result of applying the FF T to the data of F ig. 4 is shown 1n Fig. 5, n
which obvious peaks in the frequency spectrum are shown at about 13.56 MHz. and at about
8.2 MHz. |

[0036] The preferred embodiment of the RF system 10 also includes a superhetrodyne
receiver 14 of conventional design for receiving the second electromagnetic signal from an
antenna 30 via an antenna switch 50 and a bandpass filter 32, and for converting the received
RF signal to a baseband signal. The receiver comprises an RF amplifier 36, a band pass filter
38, the mixer 40, a low pass filter 42 and an analog-to-digital converter 44. The RF amplifier
36 and the band pass filter 38 have a bandwidth for covering the range of the signals desired to
be detected. In the preferred embodiment, RF amplifier 36 and the bandpass filter have a
bandwidth extending from about 5.0 MHz. to about 15.0. MHz. The bandpass characteristic of
the RF amplifier 36 and the bandpass filter 38 could be a single substantially flat bandpass
characteristic, a characteristic of multiple pass bands, or could be tunable to a plurality of
narrower bandwidths depending on the design needs.

[0037]  Preferably, the output of the bandpass filter 38 is connected to the mixer 40. The
mixer 40 receives the output signal from the bandpass filter 38 and the second output signal
from the frequency synthesizer 52 and converts the frequency of the output signal of the
bandpass filter 38 to a baseband signal by multiplying together the output signal of the
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bandpass filter 38 and the second output signal of frequency synthesizer 52. The output of the
mixer 40 is filtered by the low pass filter 42 prior to applying the baseband signal to the analog-
to-digital converter 44. The analog-to-digital converter 44 converts the analog baseband signal
to a digital signal compatible with an iput to a computer 46. As will be appreciated by those
skilled in the art, the receiver 14 is not limited to accepting an input signal extending from
about 5.0 MHz. to about 15.0. MHz. As contemplated, a receiver capable of receiving
frequencies as low as 1.5 MHz and as high as 7000 MHz. is within the spirit and scope of the
invention.

[0038) The RF system further includes an antenna 30 for radiating the first electromagnetic
signal and for providing the second electromagnetic signal received from the tag 20 to the
receiver 14. Preferably, the antenna is a loop antenna which provides a detection and

- 1dentification zone in the near field proximate to the antenna 30 and generally provides for

cancellation of the electromagnetic field in the far field. A suitable antenna is that disclosed in
U.S. Patent No. 5.602,556 entitled "Transmit and Receive Loop Antenna”.

However, other types of antennas could be used. The
antenna 30 is connected to the transmitter 12 by the antenna switch 50 when the transmitter 12
is transmitting the first electromagnetic signal, i.e. during the "pulse period” and is connected to
the receiver 14 when it is desired to receive the second electromagnetic signal, i.e. during the
"listen® period. |
[0039]  The preferred embodiment of the RF system 10 further includes a computer 46
comnected to an output of the receiver 14. The computer 46 processes the received second
clectromagnetic signal and generates an ouiput signal when a signature of the received second

. electromagnetic signal meets a predetermined criterion. As discussed below, the criteria for

generating the output signal may include the detection of the secondary frequency alone or may
include the detection of both the primary frequency and the secondary frequency. Such
processing for detecting the presence of resonant tags 13 well known to those skilled in the art
and is not further disclosed here, for the sake of brevity. The computer 46 also provides the
overall timing and control for the RF system 10. Preferably, the computer 46 comprises a
commercially available digital signal processor computer chip selected from a family such as
the TMS320C54X, available from Texas Instruments Corporation, volatile random access
memory (RAM) and non-volatile read only memory (ROM). Computer executable software
code stored m the ROM and executing in the computer chip and in the RAM controls the RF
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system 10 by providing control signals over control wires 34 to control the frequency of the
frequency synthesizer 52, the pulse width of the output signal of the transmitter 12 and the
position of the antenna switch 50.

[0040] Referring now to Figs. 6 and 7 there are shown a timing diagram and an
accompanying flow chart of a process 100 illustrating the operation of the RF system 10 for

detecting a resonant tag 20 having two electromagnetically coupled resonant circuits, n
accordance with the preferred embodiment. At times tg to t] (step 102), the computer 46

controls the frequency synthesizer 52 to generate a signal at the primary frequency, controls the

antenna switch 50 to connect the transmitter 12 to the antenna 30 and gates the transmitter 12

on to generate a pulse of RF energy to form the first electromagnetic signal at the
predetermined primary frequency. From times ty to t3 (step 104), the computer 46 controls the

antenna switch 50 to connect the antenna 30 to the receiver 14, thereby preparing the receiver
14 to receive the second electromagnetic signal at the primary frequency. The second
electromagnetic signal received by the receiver 14 at the primary frequency is processed by the
computer 46 (step 106) to determine if the signal meets a predetermined criteria which
characterizes the resonant tag 20 ring-down signal at the primary frequency, such criteria being
stored in the computer 46. If the stored criteria for the ring-down signal 1s met by the received

signal, the computer 46 retransmits the first electromagnetic signal at the primary frequency at

times t4 to t5 (step 108). If the ring-down signal does not meet the predetermined criteria, step

102 is repeated. At times tg to t7 (step 110), the computer 46 controls the frequency

synthesizer 52 to generate a signal at the predetermined secondary frequency and controls the
antenna switch 50 to connect the receiver 14 to the antenna 30 to prepare the receiver for
receiving the second electromagnetic signal at the secondary frequency. The second
electromagnetic signal received by the receiver 14 at the secondary frequency 1s processed by
the computer 46 (step 112) fo determine if the signal meets a predetermined criteria, also stored
in the computer 46, which characterizes the resonant tag 20 ring-down signal at the secondary

frequency. If the stored criteria for the ring-down signal at the secondary frequency 1s met by

the received signal, the computer 46 generates an alarm indicating the presence of a resonant
tag 20 within the detection zone (step 114). If the ring-down signal does not meet the

predetermined criteria, the process of detecting the resonant tag 20 returns to step 102.
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[0041]  As will be appreciated by those skilled 1n the art, detecting the ring-down signals
from the resonant tag 20 at both the primary frequency and the secondary frequency

- substantially reduces the false alarm rate for an EAS system operating in an interference

environment. However, as will be further appreciated by those skilled in the art, 1t 1s not
necessary to detect the primary frequency and the secondary frequency components of the
second electromagnetic signal sequentially, as described in the preferred embodiment. The
primary and the secondary frequencies could be also be detected simultaneously based on a
single transmission of the primary frequency. Further, detection of the resonant tag 20 by
detecting only the primary frequency or only the secondary frequency alone 1s possible and is
within the spirit and scope of the invention. "
[0042]  In practice, the resonant frequencies of the resonant circuits which comprise the
resonant tag 20 have manufacturing tolerances which may result in the frequencies of the ring-
down frequencies deviating from the predetermined primary and secondary frequencies
sufficiently to degrade detection of the resonant tag 20. Preferably, the first resonant circuit of
the resonant tag 20 is trimmed by a laser or other means so that the resonant frequency of the
first resonant circuit is acceptably close to the predetermined primary frequency. In this case,
the bandwidth of the receiver may be made narrow for detecting the primary frequency and
wide for detecting the secondary frequency to allow for the tolerances of the second resonant
circuit at the secondary frequency. Alternatively, the second resonant circuit may also be
trimmed to be close to the predetermined secondary frequency.

[0043] In the cases where the first and/or the second resonant circuij: of the resonant tag 20
have an uncertainty of the resonant frequency which is undesirably large compared to the
maximum acceptable RF bandwidth of the receiver 14, the following alternatives are feasible:
[0044] a. Scan the frequency of the first electromagnetic signal over the uncertainty range
of the first resonant circuit, as 1s commonly done for pulse-listen type of EAS systems; when a
detection at the primary frequency is indicated, re-transmit the first electromagnetic signal at
the indicated primary frequency and detect the second electromagnetic signal at the secondary
frequency by: (1) employing an RF bandwidth in the receiver 14 which covers the uncertainty
range of the second resonant circuit, (2) using a parallel bank of filters, such as provided by an
FFT to cover the uncertainty range of the second resonant circuit, or (3) continually

retransmitting the primary frequency and scanning the uncertainty range ot the second resonant

circuit.
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[0045] b. Scan the frequency of the first electromagnetic signal over the uncertamnty range
of the first resonant circuit; for each transmission of the primary frequency: detect the second
electromagnetic signal at the secondary frequency by: (1) employing an RF bandwidth in the
receiver 14 which covers the uncertainty range of the second resonant circuit, (2) using a
parallel bank of filters, such as provided by an FFT to cover the uncertainty range of the second
resonant circuit, or (3) continually retransmitting the primary frequency and scanning the
uncertainty range of the second resonant circuit.

[0046]  The present invention is not limited to merely detecting the presence of a resonant
tag 20 in a detection zone by detecting the ring-down of one or two resonant circuits as for an
EAS surveillance function. The present invention also includes within its scope a radio
frequency identification (RFID) capability which employs a single tag having two or more
resonant circuits, (see Fig. 2), with each resonant circuit being designed to resonate at a
different frequency. Such a tag would have a single first resonant circuit resonant at a primary
frequency and a plurality of second resonant circuits, each of which second resonant circuits
resonating at a different frequency and each of such second resonant circuits being
electromagnetically coupled to the first resonant circuit. For example, the resonant tag 20 could
include a first resonant circuit at the primary frequency and four different second resonant
circuits, each resonating at a different resonant frequency within the detection range of
associated equipment. By identifying the particular frequencies at which the various resonant
circuits of the tag resonate, it is possible to obtain identification information from the tag.
[0047] In the presently preferred embodiment, the preferred detection frequency range
extends from about 10 MHz to about 30 MHz. However, any other frequency range could be
used. Using state of the art manufacturing equipment, it is possible to produce, in commercial
quantities, an inexpensive radio frequency identification tag having two or more resonant
circuits thereon to establish a unique signature with the resonant frequency of each resonant
circuit being controllable so that the resonant circuit resonates at a predetermined frequency
with an accuracy of plus or minus 200 KHz. In this manner, within the detection frequency
range of 10-30 MHz, it is possible to have up to 50 resonant circuits, each of which resonates at
a different frequency without overlapping or interfering with one another. Thus, assuming a tag
with four separate resonant circuits, the first resonant circuit could resonate at a first selected
frequency within the detection frequency range, for example, 14.4 MHz leaving 49 available

frequencies within the detection frequency range for the other three resonant circuits of the tag.
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The second resonant frequency could then be selected to resonate at a second frequency within
the detection frequency range, for example, 15.6 MHz leaving 48 possible frequencies for the
other two resonant circuits of the tag. The third resonant frequency could be selected and the
tag fabricated to resonate at a third frequency, for example, 20 MHz leaving 47 possible
frequencies for the fourth resonant frequency. The fourth resonant frequency could then be
selected and the tag fabricated to resonate at a fourth: frequency, for example, 19.2 MHz. A tag
having four specifically identified resonant frequencies and a unique signature when
interrogated could then be assigned a particular identification number. Because of the number
of potential frequencies within the detection frequency range, a tag having four resonant
circuits thereon, each with a different frequency, is capable of having approximately, 5.2
million combinations or approximately 22 bits of data.

[0048] Fig. 8 is a flow diagram of a preferred process 200 for using the RF system 10, as
shown in Fig. 1, for identifying the resonant frequencies of the RFID tag by interrogating the
tag at the primary frequency of the RFID tag and by detecting the presence or absence of a
predetermined ring-down signature at each of N secondary resonant frequencies. At step 202
the computer 46 controls the frequency synthesizer 52 to generate a signal at the primary
frequency, controls the antenna switch 50 to connect the transmitter 12 to the antenna 30 and
cates the transmitter 12 on to generate a pulse of RF energy to form the first electromagnetic
signal at the predetermined primary frequency. At step 204, the computer 46 controls the
antenna switch 50 to connect the antenna 30 to the receiver 14, thereby preparing the receiver
14 to receive the second electromagnetic signal at the primary frequency. The second
electromagnetic signal received by the receiver 14 at the primary frequency 1s processed by the
computer 46 (step 206) to determine if the signal meets a predetermined criteria which
characterizes the resonant tag 20 ring-down signal at the primary frequency, such criteria being
stored in the computer 46. If the stored criteria for the ring-down signal is met by the received
signal, the computer 46 sets a counter to the integer number "one" (step 208) and retransmits
the first electromagnetic signal at the primary frequency (step 210). At step 212, the computer
46 controls the frequency synthesizer 52 to generate a signal at the Kth predetermined
secondary frequency and controls the antenna switch 50 to connect the receiver 14 to the
antenna 30 to prepare the receiver for receiving the second electromagnetic signal at the Kth
secondary frequency. The second electromagnetic signal received by the receiver 14 at the

secondary frequency is processed to determine if the signal meets the predetermined ring-down
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signafine criteria and a result of the processing is stored by the computer 46 (step 214). At step
216 the current value of the counter is compared with the number "N" which represents the
number of secondary frequencies to be received. If the value K of the counter 1s less than N,
the process 200 is continued at step 210. If the value K of the counter is equal to N the process
200 is completed by reporting which secondary frequencies were received having the
predetermined ring-down signature (steb 218), and the RFID process 200 is started again at step
202.

[0049] In summary, the present invention provides a system and a method for interrogating
a resonant tag at a single (primary) frequency and for receiving information stored in the tag by
one or more resonant circuits which are resonant at frequencies other than the primary
frequency. Accordingly, the present invention provides a means for reducing the false alarm
rate of an EAS system and a means for interrogating an RFID tag to receive information stored
in the tag by radiating electromagnetic energy at only the single (primary) frequency.

[0050] It will be appreciated by those skilled in the art that changes could be made to the
embodiments described above without departing from the broad inventive concept thereof. It is
understood, therefore, that this invention is not limited to the particular embodiments disclosed,

but it is intended to cover modifications within the spirit and scope of the present invention as

defined by the appended claim
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CLAIMS

We claim:
1. A system for detecting the presence of an article comprising:
a transmitter for radiating a first elecromagnetic signal at a predetermined
primary frequency;
a tag comprising at least one generally planar conductive pattern, said tag
being arranged to be secured to the article for generating a second
clectromagnetic signal in response to receiving the first electromagnetic signal,
the second electromagnetic signal being at the primary frequency and at a
predetermined secondary frequency, different from the primary frequency;
a recetiver for receiving the second electromagnetic signal; and
a computer connected to an output of the receiver, said computer
processing the received second electromagnetic signal and generating an output
signal when the secondary frequency is detected in the second electromagnetic
signal.
2. The system according to Claim 1, wherein said at least one generally planar conductive
pattern comprises a first resonant circuit for resonating at the primary frequency and a second
resonant circuit for resonating at the secondary frequency, the first and the second resonant
circuits being electromagnetically coupled.
3. The system according to Claim 1, wherein the first electromagnetic signal is pulse amplitude

modulated.

4. The system according to Claim 1, wherein the receiver also detects the primary frequency and

generates an output signal only when the primary and the secondary frequencies are both

detected.

5. The system according to Claim 4, wherein the receiver is tuned successively to the primary
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frequency and to the secondary frequency.

6. The system according to Claim 1, wherein the primary and the secondary frequencies are not
harmonically related to each other.
7. The system according to Claim 1, wherein the tag is of a passive type which includes only
inductive and capacitive elements.
8. A system for determining the presence of information stored in a plurality of resonant
frequency circuits having different resonant frequencies, the system comprising:
a transmitter for radiating a first electromagnetic signal at a predetermined
primary frequency;
a tag including the plurality of resonant circuits, each of which comprises
a generally planar conductive pattern on the tag and each of the resonant circuits
resonating at one of the different resonant frequencies, said tag receiving the first
electromagnetic signal and generating a second electromagnetic signal in
response to recerving the first electromagnetic signal, the second electromagnetic
signal comprising a plurality of secondary frequencies, each of the secondary
frequencies corresponding to one of the resonant frequencies of the plurality of
resonant circuits;
a receiver for receiving the second electromagnetic signal; and
a computer connected to the output of the receiver, said computer
processing the received second electromagnetic signal to detect the presence of
the plurality of secondary frequencies and generating an output signal
corresponding to the information.
9. The system according to Claim 8, wherein the tag comprises a first resonant circuit and a

plurality of second resonant circuits, each of the plurality of second resonant circuits being

electromagnetically coupled to the first resonant circuit.
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10. The system according to Claim 8, wherein the first electromagnetic signal is pulse amplitude

modulated.

11. The system according to Claim 8, wherein the tag is of a passive type which includes only
inductive and capacitive elements.
12. A method for detecting the presence of an article comprising the steps of:
securing a tag, having a plurality of resonant circuits each of which
comprises a generally planar conductive pattern on the tag, to the article;
transmitting a first electromagnetic signal at a predetermined primary
frequency;
generating a second electromagnetic signal in response to the resonant tag
receiving the first electromagnetic signal, the second electromagnetic signal
being at the primary frequency and at a predetermined second frequency different
from the primary frequency;
receiving the second electromagnetic signal; and

processing the received second electromagnetic signal and generating an
output signal when the secondary frequency is detected in the second
clectromagnetic signal.

13. The method of Claim 12, wherein the first electromagnetic signal is pulse amplitude

modulated.

14. The method according to Claim 12, further including the step of detecting the primary

frequency and generating an output signal only when the primary and the secondary frequencies

are both detected.

15. The method according to Claim 14, wherein the primary frequency and the secondary

frequency are detected successively.
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16. A method for determining the presence of information stored in a plurality of resonant
circuits having different resonant frequencies, comprising the steps of:
providing a tag including the plurality of resonant circuits each of which
comprises a generally planar conductive pattern;
radiating a first electromagnetic signal at a predetermined primary
frequency;
receiving the first electromagnetic signal by the resonant tag and
generating a second electromagnetic signal in response to receiving the first
electromagnetic signal, the second electromagnetic signal comprising a plurality
of secondary frequencies, each of the secondary frequencies corresponding to one
of the resonant frequencies of the plurality of resonant .circuits;
receiving the second electromagnetic signal; and
processing the received second electromagnetic signal to detect the
presence of the plurality of secondary frequencies and generating an output signal
corresponding to the information.
17. The method of Claim 16, wherein the first electromagnetic signal is pulse amplitude
modulated.
18. The system according to Claim 1, wherein the transmitter is a non-sweeping transmitter.
19. A system for detecting the presence of an article comprising:
a transmitter for radiating a first electromagnetic signal at only a
predetermined primary frequency;
a tag, having a plurality of resonant circuits each of which comprises a

generally planar conductive pattern on the tag, and being arranged to be secured

to the article for generating a second electromagnetic signal in response to
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receiving said first electromagnetic signal, said second electromagnetic signal being at

said primary frequency and at a predetermined secondary frequency, different from said

primary frequency;

a receiver for receiving said second electromagnetic signal; and
a computer connected to an output of the receiver, said computer

processing the received second electromagnetic signal and generating an output

signal when said secondary frequency is detected in said second electromagnetic

signal.
20. The system according to Claim 19, wherein said receiver does not listen for said second
electromagnetic signal at the same frequency as the frequency of said first electromagnetic
signal.
21. The system according to Claim 2, wherein the first resonant circuit energizes at least one
other resonant circuit.
22. The system according to Claim 2, wherein the excitement of the second resonant circuit s
dependent upon the excitement of the first resonant circuit.
23. The system according to Claim 1, wherein the transmitter is not transmitting a signal when
the receiver receives a signal.
24. The system according to Claim 1, wherein the receiver receives only a natural function
signal, said natural function signal originating only from an energized circuit.
25. The system according to Claim 1, wherein the receiver does not recei.ve a forcing function

signal from an energized circuit.
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