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Multi-Bit EAS Marker Powered by Interrogation Signal
in the Eight Mhz Band
FIELD OF THE INVENTION

This invention relates to electronic article
surveillance (EAS), and more particularly to EAS markers
which receive power signals transmitted from interrogation
equipment and provide multi-bit marker identification
signals.

BACKGROUND OF THE INVENTION

It is well known to ©provide electronic article
surveillance systems operating with "one-bit" EAS markers,
i.e. markers whose presence can be detected by sensing
equipment, but which otherwise provide no information. Such
systems are widely used to prevent or deter unauthorized
removal of items such as merchandise or library books from
controlled premises.

It is desirable in some EAS applications to provide
markers which are each capable of transmitting a unique
multi-bit marker identification signal so that the presence
of a particular item or individual associated with the marker
can be detected. Systems using multi-bit markers for the
purpose of controlling access to premises, or for Kkeeping
track of the locations of assets, have been proposed. In
some cases, the proposed multi-bit markers are battery-
powered, but providing a battery in the marker increases the
cost of the system as well as the minimum size of the marker.

It has also been proposed to utilize active multi-bit
markers that are powered by a field generated by detection
equipment. For example, in the TIRIS system distributed by
Texas Instruments, each marker includes a ferrite or wire
coil antenna tuned to receive a power signal radiated by
interrogation equipment at about 135 KHz. The marker also
includes a storage capacitor which stores the received power
signal and a memory which stores a unique multi-bit marker
identification data word. The power signal also functions as
an interrogation signal such that, when the storage capacitor
is charged above a ~certain threshold, the marker

automatically transmits a marker identification signal by
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radiating a frequency-shift keying data signal through the
receiving antenna in accordance with the stored marker
identification data.

It might be contemplated to operate field-powered active
EAS markers at higher frequencies in order to increase the
efficiency of power transfer to the marker so that the size
of the antenna can be reduced and the range of operation
increased. However, the use of a higher operating frequency
also results in greater power consumption during transmission
of the identification signal from the marker. As a result,
in known toll road systems which operate at frequencies of
several hundred megahertz to read tags provided on motor
vehicles, either the tags include batteries or a narrowly
focused power transmission beam is used. These tags also
lack desirable features such as the ability to reprogram data
stored in the tags.

Also, all existing multi-bit EAS systems utilize antenna
structures that are too large for convenient attachment to
many types of merchandise.

OBJECTS AND SUMMARY OF THE INVENTION

It is accordingly an object of the invention to provide
a multi-bit EAS marker that is smaller in size than
conventional multi-bit markers.

It is a further object of the invention to provide a
field-powered multi-bit EAS marker that operates at a
different frequency from conventional field-powered markers.

It is still a further object of the invention to provide
an active EAS marker which operates with 1lower power
consumption than conventional active markers.

It is yet another object of the invention to provide a
multi-bit marker that can be applied to articles of
merchandise in substantially the same manner as a price
label. ‘

According to a first aspect of the invention, there is
provided an EAS marker that is responsive to an interrogation
field signal generated by an electronic article surveillance
system and includes a resonant circuit for electrically
resonating at a predetermined resonant frequency in response
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to the interrogation field signal and a switch mechanism for
selectively changing a resonance characteristic of the
resonant circuit at times when the resonant circuit is
exposed to the interrogation field signal. Further in
accordance with this aspect of the invention, the switching
mechanism may include a mechanism for selectively switching
the resonant frequency of the resonant circuit or a mechanism
for selectively short-circuiting the resonant circuit.

According to another aspect of the invention, there is
provided an electronic article surveillance system which
includes a generating circuit for generating an interrogation
field signal, an EAS marker of the type described in the
preceding paragraph, and a detection circuit for detecting
fluctuations in the interrogation field signal caused by the
selective changing of the resonance characteristic of the
resonant circuit of the EAS marker.

According to still another aspect of the invention,
there is provided an EAS marker that is responsive to an
interrogation field signal generated by an electronic
article surveillance system and includes a resonant circuit
for electrically resonating in response to the interrogation
field signal and a switch mechanism for selectively short-
circuiting the resonant circuit at times when the resonant
circuit is exposed to the interrogation field signal.

Further in accordance with the latter aspect of the
invention, the marker may also include a power storage
circuit for storing electrical energy induced in the resonant
circuit by the interrogation field signal.

The marker, in accordance with this aspect of the
invention, may also include a data storage circuit for
storing and reading out a multi-bit data signal, with the
switch mechanism being responsive to the multi-bit data
signal read out from the data storage circuit so that the
switch mechanism selectively short-circuits the resonant
circuit in accordance with the read-out multi-bit data
signal.

Further, in the EAS marker in accordance with this
aspect of the invention, the resonant circuit may include an
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inductor and a capacitor, both of which are provided as
circuit elements formed together on a semiconductor
integrated circuit. Alternatively, the capacitor may be
provided as a circuit element on a semiconductor integrated
circuit and the inductor may be provided in the form of metal
traces on a packaging structure for the integrated circuit.

As another alternative, the resonant circuit may include
a coil formed of antenna wire.

In accordance with a further aspect of the invention,
there is provided an electronic article surveillance system
which includes generating circuitry for generating an
interrogation field signal, an EAS marker exposed to the
interrogation field signal and including a resonant circuit
for electrically resonating in response to the interrogation
field signal and a switch mechanism for selectively short-
circuiting the resonant circuit, and detection circuitry for
detecting fluctuations in the interrogation field signal
caused by the selective short-circuiting of the resonant
circuit of the EAS marker.

Further in accordance with the latter aspect of the
invention, the generating circuitry may generate the
interrogation field signal at a substantially constant
predetermined frequency, with the resonant circuit of the EAS
marker being resonant at the predetermined frequency.
Alternatively, the interrogation field signal generated by
the generating circuit may be swept through a predetermined
frequency range according to a predetermined cyclic pattern,
with the resonant circuit of the marker being resonant at a
frequency within the predetermined frequency range.

According to still a further aspect of the invention,
there is provided an EAS marker which includes a coil for
receiving a power signal, a power storage circuit for
rectifying and storing the power signal received by the coil,
and a signal circuit for receiving power from the power
storage circuit, and for generating a multi-bit marker
identification signal which identifies the marker, the coil
being tuned so as to be resonant at a selected frequency not
lower than about 1 megahertz and not higher than about 20
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megahertz. The selected frequency may be between 8 to 10
megahertz. Further, in accordance with this aspect of the
invention, the power storage circuitry may include a storage
capacitor and the coil may be tuned by means of a tuning
capacitor. All of the coil, the storage capacitor, the
tuning capacitor, and the signal circuitry may be formed as
circuit elements on a single semiconductor integrated
circuit.

According to still another aspect'of the invention,
there is provided an electronic article surveillance system
which includes generating circuitry for transmitting a power
signal, an EAS marker including a coil for receiving the
power signal, power storage circuitry for rectifying and
storing the power signal received by the coil, and signal
circuitry for receiving power from the power storage
circuitry, and for generating a multi-bit marker
identification signal for identifying the marker, the coil
being tuned so as to be resonant at a selected frequency not
lower than about 1 megahertz and not higher than about 20
megahertz, and detection circuitry for receiving and
detecting the multi-bit marker identification signal
generated by the signal circuitry of the EAS marker.

According to yet another aspect of the invention, there
is provided an EAS marker which includes a coil for receiving
a power signal, a tuning capacitor connected across the coil
for tuning the coil so that the coil is resonant at a
selected frequency, a diode connected to the coil for
rectifying the power signal received by the coil, a storage
capacitor connected to the diode for storing the rectified
power signal, a data circuit connected to the storage
capacitor for receiving power from the storage capacitor, the
data circuit being for storing and reading out multi-bit
marker identification data, and a switch circuit, connected
to the coil, for receiving the multi-bit marker
identification data read out from the data circuit and for
responding to the received identification data by selectively
preventing the coil from receiving the power signal.

Further in accordance with this aspect of the invention,
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the switch circuit may be connected across the coil and may
operate so as to selectively prevent the coil from receiving
the power signal by selectively short-circuiting the coil.

According to a further aspect of the invention, there is
provided an electronic article surveillance system that
includes generating circuitry for transmitting a power
signal, an EAS marker including a coil for receiving the
power signal, a tuning capacitor connected across the coil
for tuning the coil so that the coil is resonant at a
selected resonant frequency, a diode connected to the coil
for rectifying the power signal received by the coil, a
storage capacitor connected to the diode for storing the
rectified power signal, a data circuit connected to the
storage capacitor for receiving power from the storage
capacitor and for storing and reading out multi-bit marker
identification data, and a switch circuit connected to the
coil for receiving the multi-bit marker identification data
read out from the data circuit and for responding to the
received identification signal by selectively preventing the
coil from receiving the power signal, and detection
circuitry for sensing times when the switch circuit prevents
the coil from receiving the power signal.
| According to still another aspect of the invention,
there is provided a semiconductor integrated circuit for use
in an EAS marker, including a substrate and a plurality of
circuit elements formed .on the substrate, the circuit
elements including a coil for receiving a power signal and a
power storage circuit for rectifying and storing the power
signal received by the coil.

Further in accordance with the 1latter aspect of the
invention, the plurality of circuit elements formed on the
substrate may include a data storage circuit which receives
power from the power storage circuit and stores and reads out
a multi-bit marker identification signal for identifying the
EAS marker, and a switch circuit connected across the coil
for selectively short-circuiting the coil in accordance with
the multi-bit marker identification signal read out from the

data storage circuit. The switch circuit may include a field
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effect transistor and the power storage circuit may include
a storage capacitor and a diode connected between the coil
and the storage capacitor.

According to a further aspect of the invention, there is
provided an electronic article surveillance system, including
generating circuitry for generating an interrogation field
signal that is swept through a predetermined frequency range
according to a predetermined cyclic pattern, first and second
EAS markers simultaneously exposed to the interrogation
field, with the first marker including a first resonant
circuit for electrically resonating at a first predetermined
frequency within the predetermined frequency range, first
data storage means for storing and reading out a first multi-
bit data signal, and first switch means responsive to the
first multi-bit data signal read out from the first data
storage means for selectively changing a resonance
characteristic of the first resonant circuit in accordance
with the read out first multi-bit data signal, and the second
marker including a second resonant circuit for electrically
resonating at a second predetermined frequency within the
predetermined frequency range but different from the first
predetermined frequency, a second data storage means for
storing and reading out a second multi-bit data signal, and
a second switch responsive to the second multi-bit data
signal read out from the second data storage circuit for
selectively changing a resonance characteristic of the second
resonant circuit in accordance with the read out second
multi-bit data signal, and with the system also including a
detecting circuit for receiving the first and second multi-
bit data signals by detecting respective fluctuations in the
interrogation field signal caused by the selective changing
of the resonance characteristics of the first and second
resonant circuits. The second data signal may, but need not,
be different from the first data signal.

According to still a further aspect of the invention,
there 1is provided an EAS marker responsive to an
interrogation field signal generated by an electronic article

surveillance system, including a coil for receiving the
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interrogation field signal, and a switch for selectively
short-circuiting the coil at times when the coil is exposed
to the interrogation field signal.

According to yet a further aspect of the invention,
there is provided a method of responding to an interrogation
field signal generated by an electronic article surveillance
system, including the steps of providing an EAS marker having
a resonant circuit that electronically resonates at a
predetermined resonant frequency in response to the
interrogation field signal, and selectively changing a
resonance characteristic of the resonant circuit at times
when the resonant circuit is exposed to the interrogation
field signal.

According to another aspect of the invention, there is
provided a method of responding to an interrogation field
signal generated by an electronic article surveillance
system, including the steps of providing a coil for receiving
the interrogation field signal, and selectively short-
circuiting the coil at times when the coil is receiving the
interrogation field signal.

According to yet another aspect of the invention, there
is provided a method of operating an electronic article
surveillance system, including the steps of generating an
interrogation field signal, exposing to the interrogation
field signal an EAS marker having a resonant circuit for
electrically resonating in response to the interrogation
field signal, selectively changing a resonance characteristic
of the resonant circuit, and detecting fluctuations in the
interrogation field signal caused by the selective changing
of the resonance characteristic of the resonant circuit.

According to still another aspect of the invention,
there is provided a method of operating an electronic article
surveillance, including the steps of generating an
interrogation field signal, exposing to the interrogation
field signal an EAS marker having a coil for receiving the
interrogation field signal, selectively short-circuiting the
coil, and detecting fluctuations in the interrogation field
signal caused by the selective short-circuiting of the coil.
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The foregoing and other objects and features of the
invention will be further understood from the following
detailed description of preferred embodiments and from the
drawings, wherein like reference numerals identify 1like
components and parts throughout.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a block diagram of an electronic article
surveillance system which operates with a high frequency
field-powered multi-bit marker provided in accordance with
the invention.

Fig. 2 is a schematic plan view of a first embodiment
of a marker used in the system of Fig. 1.

Fig. 3 is a schematic plan view of a second embodiment
of a marker used in the system of Fig. 1.

Fig. 4A is a schematic plan view of a third embodiment
of a marker used in the system of Fig. 1.

Fig. 4B illustrates in schematic form additional
details of the marker embodiments shown in Figs. 2, 3, and
4A.

Fig. 4C illustrates, in block diagram form, additional
details of control and memory circuitry provided according
to an embodiment of the marker circuit shown in Fig. 4B.

Figs. 4D and 4E illustrate modifications that may be
made to the circuit of Fig. 4B according to further
respective embodiments of markers that may be used in the
system of Fig. 1.

Fig. 5A is a graph which illustrates a frequency sweep
cycle employed in generating an interrogation field signal
in an embodiment of the EAS system of Fig. 1.

Fig. 5B is a graph which illustrates signals received
in receiving circuitry of the EAS system which generates
the interrogation field signal of Fig. 5A.

Fig. 5C is a graph which illustrates a marker
identification data signal received in the receiving
circuitry of the EAS system which generates the
interrogation field signal illustrated in Fig. S5A.

Fig. 6A is a graph which illustrates a constant
frequency interrogation field signal generated by another
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embodiment of the EAS system of Fig. 1.

Fig. 6B is a graph which illustrates the signal
received in receiving circuitry in the embodiment which
generates the interrogation field signal illustrated in
Fig. 6A.

Fig. 6C is graph which illustrates a marker
identification data signal received in the receiving
circuitry of the EAS system which generates the
interrogation field signal illustrated in Fig. 6A.

Figs. 7A and 7B graphically illustrate operation of an
embodiment of a swept-frequency EAS system operated with
markers having different respective resonant frequencies.

DESCRIPTION OF PREFERRED EMBODIMENTS

Preferred embodiments of the invention will now be
described, initially with reference to Fig. 1. 1In Fig. 1,
reference numeral 8 generally indicates an electronic
article surveillance system provided in accordance with the
invention. The EAS system 8 includes detection circuitry 9
which functions to detect the presence of an EAS marker 10,
and which also functions to receive a multi-bit marker
identification signal provided by the marker 10.

The detection equipment 9 is constituted by a control
circuit 200 which controls operation of an energizing
circuit 201 and a receiver circuit 202. Under the control
of control circuit 200, the energizing circuit 201
generates an interrogation field signal which is radiated
by an interrogating coil 206 to form an interrogation
field. The receiver circuit 202 receives signals though a
receiving coil 207. As will be discussed below, the marker
10 introduces disturbances in the interrogation field
formed by the interrogating coil 206, and these field
disturbances are detected by the receiver circuit 202. The
disturbances introduced by the marker 10 preferably take
the form of a multi-bit signal which is provided to the
control circuit 200 through the receiver circuit 202.
Although not separaﬁely shown in Fig. 1, the control
circuit 200 may include, or may be interfaced with,
circuitry for storing and forwarding marker identification
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signals received through the receiver circuit 202. Control
circuit 200 may maintain a database of the respective
occasions at which marker identification signals are
received. The control circuit 200 may also be arranged to
upload data to a host computer (not shown) in which such a
database is to be maintained.

The detection circuitry 9 also includes an indicator
203 connected to the receiver circuit 202. The indicator
203 provides visual and/or audible indications at times
when a marker 10 is detected through the receiver circuit
202 and/or when marker identification signals in a proper,
predetermined format are detected. It should be understood
that the indicator 203 may be dispensed with in cases where
the system 8 is to be used only to maintain a record of
movements of markers (and associated assets or individuals)
and not to give immediate notice of unauthorized removal of
assets or the like.

A first embodiment of the marker 10 is shown in Fig.
2. The embodiment of Fig. 2 includes a body 12 made of
plastic, or the like, that may be generally the same size
and shape as a credit card. Embedded in the body 12 is a
coil 14 formed of antenna wire. The coil 14 is connected
to an integrated circuit 16 that is either mounted on, or
embedded in, the body 12 of the marker 10.

Another embodiment of the marker is shown in Fig. 3
and indicated generally by reference numeral 10'. The
marker 10' includes an integrated circuit 16 mounted
according to a conventional technique on an integrated
circuit packaging structure 18. A coil 14', connected to
the IC 16, is provided in the form of metal traces
deposited on the packaging structure 18. It will be
recognized that the marker 10' is in a more compact form
than the marker 10 shown in Fig. 2. However, for a given
level of interrogation field signal generated by the
detection equipment 9, it is likely that the distance at
which the marker 10' can be properly detected would be
shorter than the distance at which the marker 10 can be
properly detected.
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A still more compact realization of the marker is
shown in Fig. 4A and indicated generally by reference 10".
It should be understood that Fig. 4A is presented on a
larger scale than Figs. 2 and 3.

The marker 10" of Fig. 4A includes a semiconductor
substrate 20 upon which all of the circuit elements making
up the marker, including the antenna coil, are formed.
These circuit elements are indicated in summary block form
in Fig. 4A as an antenna circuit 22, a power storage
circuit 24, a control circuit 26, a memory circuit 28, and
a switch circuit 30.

Fig. 4B is a partially schematic, partially block
equivalent circuit representation of the circuit elements
making up the marker 10". The antenna circuit 22, as shown
in Fig. 4B, is constituted by a coil 14" and a tuning
capacitor 32 connected in parallel with the coil 14" and
selected so that the antenna circuit is resonant at a
predetermined frequency. The switching circuit 30 is
constituted by a field effect transistor connected in
parallel with the coil 14" and capacitor 32. The power
storage circuit 24 is constituted by a storage capacitor 34
and diode 36 connected between the capacitor 34 and the
antenna circuit 22. The control circuit 26 and memory
circuit 28 are connected to receive power from the storage
capacitor 34. A data signal read out from the memory
circuit 28 controls the FET 30 via a signal line 38
connected to the gate terminal of the FET.

It is also to be noted that the circuit representation
of Fig. 4B also is representative of the circuitry of the
marker embodiments shown in Figs. 2 and 3, with all circuit
elements other than the coil being constituted by the IC 16
shown in those drawing figures.

The three embodiments of the marker shown,
respectively, in Figs. 2, 3, and 4A, operate in the same
manner, and differ prinbipally in the form in which the
antenna coil is provided. 1In the first embodiment (Fig.
2), the coil is provided in the form of antenna wire
separate from and connected with the integrated circuit 16.
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In the second embodiment (Fig. 3), the coil again is
separate from the IC 16,'but is much smaller in physical
dimension than the coil of Fig. 2, being provided as metal
traces formed on the IC packaging. In the third embodiment
the coil is smaller still, and is provided as part of the
IC circuitry itself. The third embodiment (Fig. 4B), is
sufficiently compact that the entire marker can be
integrated with a price marking label for convenient
application to articles of merchandise.

Operation of the marker and detection equipment
disclosed herein will now be described, initially with
reference with Figs. 5A - 5C.

Fig. 5A graphically illustrates the nature of an
interrogation field signal generated by the energizing
circuit 201 and the interrogating coil 206 of a first
embodiment of the detection equipment 9. The vertical axis
in Fig. 5A represents the frequency of the interrogation
field signal generated by the detection equipment, and the
horizontal axis represents elapsed time. It will be
observed that the interrogation field signal is swept
through a frequency range f, - f, according to a repetitive
pattern, with each frequency sweep taking place within a
time period T. A frequency f, which is within the
frequency range f,-f, is the selected resonant frequency of
the antenna circuit 22 of the marker. The frequency range
f, - £, may, for example, be within the 8 Mhz~10 Mhz band
which is available under FCC regulations. In particular,
f, may be 8.2 Mhz, f, may be 9.8 MHz, and f may be selected
as 9 MHz. The sweep period T may be about 14.3 msec,
resulting in a 70 Hz sweep cycle. (Of course, it is also
contemplated to operate the system in other, and
particularly in higher, frequency ranges, for example in a
30 MHz band, especially if permitted by changes in FCC
regulations or in other regulatory environments.)

Fig 5B is indicative of field signal levels as sensed
through the receiving coil 207 and the receiver circuit
202. The receiver circuit 202 is arranged so that, when no
marker is present, the detected field level is
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substantially flat and‘at a low level (effectively, zero).

Oon the other hand, when a marker is present, the
detected field level includes marker response signals 41,
shown in Fig. 5B, which include zero-crossings and are
repeated in synchronism with the interrogation field signal
cycle of Fig. 5A. During the negative leg of each pulse,
the frequency of the interrogation field signal is less
than the characteristic resonant frequency of the antenna
circuit 22, and the antenna circuit oscillates with a phase
delay relative to the interrogation field circuit, causing
destructive interference. The phase delay and the degree
of destructive interference is reduced as the interrogation
field signal frequency approaches the resonant frequency of
the antenna 22, until the interrogation field signal
reaches the resonant fréquency of the antenna 22, at which
point a zero crossing occurs in the field level.
Thereafter, as the frequency of the interrogation field
signal increases above the resonant frequency of the
antenna 22, the oscillation of the antenna 22 is advanced
in phase relative to the interrogation field signal,
resulting in increasing constructive interference.
Accordingly, the presence of the marker can be detected by
detecting repeated zero crossings at a period corresponding
to the duration of the interrogation field signal sweep
cycle.

Operation of the marker to generate a multi-bit marker
identification signal will now be described. Energy
transmitted by the detection circuit 9 in the form of the
interrogation field signal is received via the antenna
circuit 22, rectified by the diode 36 and stored at the
capacitor 34. After a few sweep cycles during which the
capacitor 34 is charged up, the control circuit 26 goes
into operation to cause the memory circuit 28 to shift out,
bit-by-bit, a previously stored multi-bit marker
identification signal. The state of the bit signal shifted
out onto line 38 controls whether the FET 30 is conducting
or non-conducting, and accordingly controls whether the
antenna circuit 22 is short circuited. For the purposes of
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the balance of the discussion, it will be assumed that a
"o" data bit results in a short circuit and a "1" data bit
causes the FET 30 to be non-conducting. However, it will
be recognized that the bit polarity can easily be reversed.

As indicated in Fig. 5C (in which the time axis is
compressed as compared to Figs. 5A and 5B), for
interrogation field signal sweep cycles in which a zero bit
is asserted (shifted out by the memory) there is no zero
crossing, whereas for interrogation fields signal sweep
cycles corresponding to a "1" bit, there are zero
crossings. Accordingly, the selective short-circuiting of
the receiving antenna 22 in the marker causes disturbances
in the signal as received at the receiving coil 207 and
these disturbances are interpreted by the control circuit
200 as a bit pattern corresponding to the marker
identification shifted out by the memory 28. 1In other
words, the marker provided in accordance with the invention
generates its marker signal by selectively interrupting
reception of the power signal, rather than by generating
and transmitting a separate signal. The inventive
technique is advantageous in that it avoids the need to
store and radiate the relatively large amount of power that
would be required to generate and transmit a signal at the
resonant fréquency of the antenna circuit.

Another embodiment of the detection equipment 9 will
now be described with reference to Figs. 6A-6C. According
to this embodiment, the interrogation field signal is not
swept, but rather is maintained at a predetermined fixed
frequency f, which is also the resonant frequency of the
antenna circuit 22. The steady single-frequency
interrogation field signal is graphically illustrated in
Fig. 6A. It is to be noted that the frequency f , which is
both the marker antenna- resonant frequency and the field
frequency, need not be the same as the resonant frequency
f, referred to above in connection with Figs. 5A-5C. For
example, the frequency f_ used in the embodiment of Figs.
6A - 6C may be any frequency in the 8-10 MHz band, or may
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be 13.2 MHz, which is another frequency available under FCC
regulations.

The dot-dash line 42 in Fig. 6B indicates the constant
and relatively high interrogation field signal level sensed
via the receiving coil 207 and receiver circuit 202 in the
absence of a marker. The relatively low but steady level
of the sensed field signal, indicated by the solid line 43
in Fig. 6B, is sensed by the receiver circuit 202 when a
marker is present and storing power from the interrogation
field signal. As was the case in the embodiment discussed
in connection with Figs. 5A - 5C, in the embodiment
presently being discussed the marker operates to send a
multi-bit marker identification signal by selectively
short-circuiting its antenna circuit 22. As shown in Fig.
6C, "O" bit periods are produced when the FET 30 is in a
conductive state so as to short-circuit the antenna circuit
22, while "1"-bit periods are produced by maintaining the
FET 30 in a non-conductive state. Of course, as noted
before, the bit polarity can easily be reversed. The bit
period is indicated in Fig. 6C as being equal to a time T,
which need not be the same as the period T shown in Figs.
5A - 5C.

An advantage of the constant field embodiment
described in connection with Figs. 6A - 6C is that there is
considerabie freedom in setting the data rate (bit rate),
since the data rate does not need to be tied to an
interrogation field sweep cycle. On the other hand, the
absence of zero crossings in the sensed field level makeé
it difficult to detect the presence of a marker unless the
marker is sending a bit pattern. Thus, the embodiment
described in connection with Figs. 6A - 6C is not as
readily adaptable to a "one-bit" marker application.

It should be understood that, in a marker which is
operated with a swept-frequency system, the reading out of
data bits should be synchronized with the frequency sweep
cycle. This can be conveniently done by shifting out the
next bit from the memory 28 (Fig. 4A) at a fixed delay (of

less than the sweep period) after power signal is received.

16



10

15

20

25

30

35

WO 97/08669 PCT/US96/13821

It is contemplatedvthat the marker identification
signal may either be permanently stored in the memory 28
(Fig. 4B) upon manufacturing the marker or that the
identification signal may be writable and re-writable in
the memory 28. An arrangement of the control circuit 26
and memory circuit 28 which allows the marker to receive a
programming signal and to store a new marker identification
signal included in the programming signal is shown in Fig.
4C. As indicated in Fig. 4C, the control circuit 26
includes a receiver block 44, a readout control block 46, a
write control block 48 and a power conditioning block 49.

The power conditioning block 49 provides power to the
other components of the control circuit 26 (through
connections which are not shown) and also to the memory
circuit 28.

The receiver block 44 is connected to receive the
interrogation field signal and/or a programming signal via
the antenna circuit 22. The interrogation field signal may
be modulated according to known techniques to provide a
programming signal including a predetermined bit pattern to
indicate that programming of the marker is to be performed,
followed by a bit pattern representing the new marker
identification signal to be stored in the memory 28. The
programming signal may be provided by operating the
detection equipment 9 to modulate the interrogation field
signal so as to produce the programming signal, or may be
provided by dedicated programming signal generating
equipment (not shown). The control circuit 26 may be
arranged so that data is shifted out of the memory 28 in
response to a non-modulated interrogation field signal.
Alternatively, when the detection equipment 9 is to be
operated in its normal mode for detecting markers, the
interrogation field signal may be modulated by a marker
detection bit pattern, different from the bit pattern which
indicates a programming signal. Then, the control circuit
26 responds to the marker detection bit pattern by shifting
out the marker identification signal. 1In either case, upon
receipt of an appropriate interrogation signal via the
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receiver block 44, the readout control block 46, in
response to a signal from the receiver block 44, provides a
signal to the memory 28 to cause the marker identification
signal currently stored in the memory 28 to be shifted out,
bit-by-bit, as previously described in connection with Fig.
4B.

When a programming signal is received at the receiver
block 44, the receiver block 44 provides suitable control
signals to the write control block 48 so that the write
control block 48 provides a write enable signal to the
memory 28 and also provides data (preferably in serial
form) so that the new marker identification signal is
stored in the memory 28.

It will be recalled that the marker circuitry
described in connection with Fig. 4B operated to generate a
marker identification signal in the form of disturbances in
the interrogation field signal level by selectively short-
circuiting the antenna circuit 22. However, the present
invention contemplates other arrangements by which the
interrogation field may by selectively disturbed so as to
generate a bit pattern. For example, the coil 14", tuning
capacitor 32 and FET switch 30 may be rearranged as in Fig.
4D. In the arrangement of Fig. 4D, it will be understood
that the FET 30 is normally maintained in a conductive
condition, but is selectively rendered non-conductive in
response to the data signal shifted out from the memory 28.
As a result, the tuning capacitor 32 is selectively remdved
from the antenna circuit, thereby selectively detuning the
antenna circuit in order to produce disturbances in the
interrogation field.

According to another arrangement, shown in Fig. 4E, a
circuit element such as an inductance, capacitance, or
resistance (represented by impedance 50 in Fig. 4E) is
selectively switched into a parallel connection with the
tuning capacitor 32 for the purpose of selectively detuning
the antenna circuit 22.

It is also contemplated to modify the marker
embodiment shown in Fig. 4B by omitting the tuning
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capacitor 32 shown as part of the antenna circuit 22. This
may be done because the coil 14" is arranged to be resonant
without a separate capacitor, or, in the case of a non-
resonant coil, if it is acceptable to forego the
efficiencies provided by a resonant antenna circuit. 1In
the latter case, it is to be understood that single
frequency operation, as shown in Figs. 6A-6C, would be
contemplated. However, it can be expected that selective
shorting of the non-resonant antenna coil in this
embodiment would provide a smaller difference between the
10' and '1' bit field levels than that shown in Figs. 6B
and 6C.

Considering again the swept-frequency embodiment of
the EAS system, as described in connection with Figs. 5a-
5C, it is contemplated to modify this embodiment so that it
is capable of simultaneously receiving marker
identification signals from more than one marker.

According to this modified embodiment, markers are provided
which have mutually different resonant frequencies f,, f,
eeey Fgy, all within the frequency range f;,-f,. When one of
these markers is within the interrogation field, and its
antenna circuit 22 is not short circuited, the receiver
circuit will detect zero crossings in synchronism with the
interrogation signal sweep cycle. Moreover, the point in
time within each sweep cycle at which the zero crossing
takes place will be dependent on the resonant frequency of
the marker.

In other words, considering two markers having the
respective resonant frequencies £ and f_,, with f, < £ <
£, < £, (see Fig. 7A4), it will be appreciated that a marker
response signal 41' (Fig. 7B) resulting from the marker
resonant at fsj will occur earlier in the sweep cycle than
the marker response signal 41" resulting from the marker
resonant at £,. Accordingly, in order for the system to
detect the respective identification signals of two markers
simultaneously present in the interrogation field, the
receiver 202 and/or the control circuit 200 are arranged to

detect not only the presence or absence of zero crossings
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in a given sweep cycle; but also the timing at which the
zero crossing occurs within the sweep cycle. The system
can then distinguish between zero crossings ("1" bits)
asserted by different markers. When two different markers
are present and each asserts a "1" bit during the same
sweep cycle, two zero crossing occur at different times in
the cycle (as illustrated in Fig. 7B) and are separately
detected by the system. In this way, two (or more) markers
can be separately and simultaneously read by the system,
based on the different points in the sweep cycle at which
zero-crossings are detected.

Various changes to the foregoing electronic
surveillance systems and markers may be introduced without
departing from the invention. The particularly preferred
embodiments are thus intended in an illustrative and not
limiting sense. The true spirit and scope of the invention
is set forth in the following claims.
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What is claimed is:

1. An EAS marker responsive to an interrogation field
signal generated by an electronic article surveillance
system, comprising:

a resonant circuit for electrically resonating in
response to said interrogation field signal; and

switch means for selectively short—circuiting said
resonant circuit at times when said resonant circuit is
exposed to said interrogation field signal.

2. An EAS marker according to claim 1, further
comprising power storage means for storing electrical energy
induced in said resonant circuit by said interrogation field
signal.

3. An EAS marker according to claim 1, further
comprising data storage means for storing and reading out a
multi-bit data signal, and wherein said switch means is
responsive to said multi-bit data signal read out from said
data storage means and selectively short-circuits said
resonant circuit in accordance with said read-out multi-bit
data signal.

4. An EAS marker according to claim 3, further
comprising receive means for receiving a programming signal
and storing said multi-bit data signal in said data storage
means in accordance with the received programming signal.

5. An EAS marker according to claim 1, wherein said
resonant circuit comprises an inductor and a capacitor, and
both of said inductor and capacitor are provided as circuit
elements formed together on a semiconductor integrated
circuit.

6. An EAS marker according to claim 1, wherein said
resonant circuit includes an inductor and a capacitor and
said EAS marker comprises a semiconductor integrated circuit
and a packaging structﬁre for said integrated circuit, said
capacitor being provided as a circuit element formed on said
integrated circuit and said inductor being provided in the
form of metal traces deposited on said packaging structure.

7. An EAS marker according to claim 1, wherein said

resonant circuit comprises an antenna wire coil.
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8. An electronic article surveillance  systen,

comprising:

generating means for generating an interrogation
field signal; ‘ |

an EAS marker exposed to said interrogation field
signal, the marker including a resonant circuit for
electrically resonating in response to the interrogation
field signal and switch means for selectively short-
circuiting said resonant circuit:; and ‘

detection means for detecting fluctuations in said
interrogation field signal caused by said selective short-
circuiting of said resonant circuit.

9, An electric article surveillance system according
to claim 8, wherein said generating means generates said
interrogation field signal at a substantially constant
predetermined frequency, said resonant circuit of said marker
being resonant at said predetermined frequency.

10. An electronic article surveillance system according
to claim 8, wherein said interrogation field signal generated
by said generating means is swept through a predetermined
frequency range according to a predetermined cyclic pattern,
said resonant circuit of said marker being resonant at a
frequency within said predetermined frequency range.

11. An electronic article surveillance system according
to claim 8, wherein said EAS marker further comprises power
storage means for storing electrical energy induced in said
resonant circuit by said interrogation field signal;

12. An electronic article surveillance system according
to claim 8, wherein said EAS marker further comprises data
storage means for storing and reading out a multi-bit data
signal, said switch means of said marker being responsive to
said multi-bit data signal read out from said data storage
means to selectively short-circuit said resonant circuit in
accordance with said read-out multi-bit data signal.

13. An electronic article surveillance system according
to claim 8, wherein said resonant circuit of said EAS marker
includes an inductor and a capacitor, and both of said
inductor and capacitor are provided as circuit elements
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formed together on a semiconductor integrated circuit.

14. An electronic article surveillance system according
to claim 8, wherein said resonant circuit of said EAS marker
includes an inductor and a capacitor and said EAS marker
includes a semiconductor integrated circuit and a packaging
structure for said integrated circuit, said capacitor being
provided as a circuit element formed on said integrated
circuit and said inductor being provided in the form of metal
traces deposited on said packaging structure.

15. An electronic article surveillance system according
to claim 8, wherein said resonant circuit of said EAS marker
includes an antenna wire coil.

16. An EAS marker, comprising:

a coil for receiving a power signal; _

power storage means for rectifying and storing the
power signal received by said coil; and

signal means for receiving power from said power
storage means and for generating a multi-bit marker
identification signal for identifying said marker;

said coil being tuned so as to be resonant at a
selected frequency not lower than about 1 MHz and not higher
than about 20 MHz.

17. An EAS marker according to claim 16, wherein said
selected frequency is not lower than about 8 Mhz and not
higher than about 10 Mhz.

18. An EAS marker according to claim 16, wherein said
power storage means includes a storage capacitor.

19. An EAS marker according to claim 18, wherein said
coil is tuned by means of a tuning capacitor.

20. An EAS marker according to claim 19, wherein said
coil, said storage capacitor, said tuning capacitor and said
signal means are all formed as circuit elements on a single
semiconductor integrated circuit.

21. An electronic article surveillance systen,
comprising:

generating means for transmitting a power signal;
an EAS marker including a coil for receiving the
power signal, power storage means for rectifying and storing
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the power signal received by said coil, and signal means for
receiving power from -said power storage means and for
generating a multi-bit marker identification signal for
identifying said marker, said coil being tuned so as to be
resonant at a selected frequency not lower than about 1 Mhz
and not higher than about 20 Mhz; and

detection means for receiving and detecting said
multi-bit marker identification signal generated by said
signal means of said EAS marker.

22. An EAS marker, comprising:

a coil for receiving a power signal:;

" a tuning capacitor, connected across said coil, for
tuning said coil so that said coil is resonant at a selected
frequency;

a diode connected to said coil for rectifying said
power signal received by said coil; |

a storage capacitor connected to said diode for
storing said rectified power signal;

data means connected to said storage capacitor for
receiving power therefrom, said data means for storing and
reading out multi-bit marker identification data; and

switch means, connected to said coil, for receiving
the multi-bit marker identification data read out from said
data means and for responding to the received identification
data by selectively preventing said coil from receiving said
power signal.

23. An EAS marker according to claim 22, wherein said
switch means is connected across said coil and selectively
prevents said coil from receiving said power signal by
selectively short-circuiting said coil.

24. An EAS marker according to claim 22, further
comprising receive means for receiving a programming signal
and storing said multi-bit marker identification data in said
data means in accordance with said programming signal.

25. An electric article surveillance system,
comprising:

generating means for transmitting a power signal;
an EAS marker including a coil for receiving the
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power signal, a tuning capacitor connected across said coil
for tuning said coil so that said coil is resonant at a
selected frequency, a diode connected to said coil for
rectifying said power signal received by said coil, a storage
capacitor connected to said diode for storing said rectified
power signal, data means connected to said storage capacitor
for receiving power from said storage capacitor, said data
means for storing and reading out multi-bit marker
identification data, and switch means connected to said coil
for receiving the multi-bit marker identification data read
out from said data means and for responding to the received
identification data by selectively preventing said coil from
receiving said power signal; and

detection means for sensing times when said switch
means prevents said coil from receiving said power signal.

26. An EAS marker responsive to an interrogation field
signal generated by an electronic article surveillance
system, comprising: '

a resonant circuit for electrically resonating at
a predetermined resonant frequency in response to said
interrogation field signal; and v

switch means for selectively changing a resonance
characteristic of said resonant circuit at times when said
resonant circuit is exposed to said interrogation field
signal.

27. An EAS marker according to claim 26, wherein said
switch means includes means for selectively shifting the
resonant frequency of said resonant circuit.

28. An EAS marker according to claim 26, wherein said
switch means includes means for selectively short-circuiting
said resonant circuit.

29. An electronic article surveillance systen,
comprising:

generating means for generating an inﬁerrogation
field signal;

an EAS marker exposed to said interrogation field
signal, the marker including a resonant circuit for
electrically resonating at a predetermined resonant frequency
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in response to said interrogation field signal and switch
means for selectively changing a resonance characteristic of
said resonant circuit; and

detection means for detecting fluctuations in said
interrogation field signal caused by said selective changing
of the resonance characteristic of said resonant circuit.

30. A semiconductor integrated circuit for use in an
EAS marker, comprising a substrate and a plurality of circuit
elements formed on said substrate, said circuit elements
including a coil for receiving a power signal and a power
storage circuit for rectifying and storing the power signal
received by said coil.

31. A semiconductor integrated circuit according to
claim 29, wherein said plurality of circuit elements formed
on said substrate further includes a data storage circuit
which receives power from said power storage circuit and
stores and reads out a multi-bit marker identification signal
for identifying the EAS marker.

32. A semiconductor integrated ‘circuit according to
claim 31, wherein said plurality of circuit elements formed
on said substrate further includes a switch circuit connected
across said coil for selectively short-circuiting said coil
in accordance with the multi-bit marker identification signal
read out from the data storage circuit; _

33. A semiconductor integrated circuit according to
claim 32, wherein said switch includes a field effect
transistor.

34. A semiconductor integrated circuit according to
claim 30, wherein said coil is tuned so as to be resonant at
a selected frequency not lower than about 1 MHz and not
higher than about 20 MHz.

35. A semiconductor integrated circuit according to
claim 34, wherein said selected frequency is not lower than
about 8 MHz and not higher than about 10 MHz.

36. A semiconductor integrated circuit according to
claim 30, wherein said power storage circuit includes a
storage capacitor and a diode connected between said coil and
said storage capacitor.
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37. An electronic article surveillance systen,
comprising:

generating means for generating an interrogation field
signal that is swept through a predetermined frequency range
according to a predetermined cyclic pattern;

first and second EAS markers simultaneously exposed to
said interrogation field; the first marker including a first
resonant circuit for electrically resonating at a first
predetermined frequency within said predetermined frequency
range, first data storage means for storing and reading out
a first multi-bit data signal, and first switch means
responsive to said first multi-bit data signal read out from
said first data  storage means for selectively changing a
resonance characteristic of said first resonant circuit in
accordance with said read out first multi-bit data signél;
the second marker including a second resonant circuit for
electrically resonating at a second predetermined frequency
within said predetermined frequency range but different from
said first predetermined frequency, a second data storage
means for storing and reading out a second multi-bit data
signal, and second switch means responsive to said second
multi-bit data signal read out from said second data storage
means for selectively changing a resonance characteristic of
said second resonant circuit in accordance with said read out
second multi-bit data signal; and

detecting means for receiving the first and second
multi-bit data signals by detecting respective fluctuations
in said interrogation field signal caused by the selective
changing of the resonant characteristics of the first and
second resonant circuits.

38. An electronic-article surveillance system according
to claim 37, wherein said first switch means is arranged to
selectively short-circuit said first resonant circuit and
said second switch means is arranged to selectively short-
circuit said second resonant circuit.

39. An electronic article surveillance system according
to claim 37, wherein the first EAS marker includes a first

power storage means for storing electrical energy induced in
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said first resonant circuit by said interrogation field
signal and the second EAS marker includes a second power
storage means for storing electrical energy induced in said
second resonant circuit by said interrogation field signal.

40. An electronic article surveillance system according
to claim 37, wherein said second multi-bit data signal is
different from said first multi-bit data signal.

41. An EAS marker responsive to an interrogation field
signal generated by an electronic article surveillance
system, comprising:

a coil for receiving said interrogation field
signal; and

switch means for selectively short-circuiting said
coil at times when said coil is exposed to the interrogation
field signal.

42. An EAS marker according to claim 41, further
comprising power storage means for storing electrical energy
induced in said coil by said interrogation field signal.

43. An EAS marker according to claim 41, further
comprising data storage means for storing and reading out a
multi-bit data signal, and wherein said switch means is
responsive to said multi-bit data signal read out from said
data storage means and selectively short-circuits said coil
in accordance with said read-out multi-bit data signal.

44. An EAS marker according to claim 41, further
comprising a capacitor connected in parallel with said coil
to form a circuit that is resonant at a predetermined
frequency. '

45. A method of responding to an interrogation field
signal generated by an electronic article surveillance
system, comprising the steps of:

providing an EAS marker having a resonant circuit
that electronically resonates at a predetermined resonant
frequency in response to said interrogation field signal; and

selectively changing a resonance characteristic of
said resonant circuit at times when said resonant circuit is
exposed to said interrogation field signal.

46. A method according to claim 45, wherein said
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changing step includes selectively shifting the resonant
frequency of said resonant circuit.

47. A method according to claim 45, wherein said
changing step includes selectively short-circuiting said
resonant circuit. .

48. A method of responding to an interrogation field
signal generated by an electronic article surveillance
system, comprising the steps of:

providing an EAS marker having a coil for receiving
said interrogation field signal; and

selectively short-circuiting said coil at times
when said coil is receiving said interrogation field signal.

49. A method of operating an electronic article
surveillance system, comprising the steps of:

generating an interrogation field signal;

exposing to said interrogation field signal an EAS
marker having a resonant circuit for electrically resonating
in response to the interrogation field signal;

selectively changing a resonance characteristic of
said resonant circuit; and

detecting fluctuations in said interrogation field
signal caused by said selective changing of the resonance
characteristic of said resonant circuit.

50. A method according to claim 49, wherein said
selective changing of the resonance characteristic of said
resonant circuit is performed in accordance with a multi-bit
data signal stored in said marker.

51. A method according to claim 49, wherein said
changing step includes selectively shifting the resonant
frequency of said resonant circuit.

52. A method according to claim 49, wherein said
changing step includes selectively short-circuiting said
resonant circuit.

53. A method of operating an electronic article
surveillance system, comprising the steps of:

generating an interrogation field signal;
exposing to said interrogation field signal an EAS
marker having a coil for receiving said interrogation field
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signal; v ,
selectively short-circuiting said coil; and
detecting fluctuations in said interrogation field
signal caused by said selective short-circuiting of said
5 coil. _

54. A method according to claim 53, wherein said
selective short-circuiting of said coil is performed in
accordance with a multi-bit data signal stored in said
marker.

10

30



PCT/US96/13821

WO 97/08669

175

£ 9/

Sl

—

01| L

™~

o—"

HOL1VOIIaNI

q ~—¢02

1inddId

J—

g 9/4 7 -

43A1303Y

-

202

1100
ONIAI3O3Y

g—"

202

N
w_.ﬂ vi—~ _
o “
_
|
21—~ |
o 1
o_\
/ O/
- 11N2410 1INJY¥id
TTOHLNOD Tl ONIZIOY3ANI
002~ _om
Y

=2

902~
10D
ONILVOOHYILNI



PCT/US96/13821

WO 97/08669

2/%

ve 9/

02
110 |
vLva

OS—~—| HOLIMS

AMOW3W | 7081NOD

B 3ovHOLS | _

93M0d 4IMOd g3IM0d

82 92 Do

VNN3LNV

2Ol




PCT/US96/13821

WO 97/08669

35

Je 9/4

(82 AHOW3W

WOoud)

—

vivad

os—~ £ |z

(o]

(

7

NI ¥43M0d

(82 AHOW3NW
Wod4d)

viva

ae 9/

A4

| ot "9/
1no
viva J0Y1NOD

Wl - vwa JOYLINOD|

| - 318VYN3 JLim | bbb

JLIHM W
’ .n_w.wzwm;on_
8t 03y
AYOWIANW WOXN
ﬁwv
. vwva M0¥INOD|
T 1N0 14IHS | | Ltnoav3y|
Q2 — B ¥3mod
43MOd .
92— 6v~
g 9/4

viva C

i— —

” _ “ Wl

BV e 3
AHOW3NW [108LNOD _ H...\ 9 | \_ | Hl.\ _

| e | |

J 7 __ o _L“ A »



PCT/US96/13821

4/5

w A
= S
S e S
N e N
L] - .
G C— S
% W o0, O _LI
& o
3 o=
o
[T
| A
wih w w
= = =
= - o T

N \\HU Q s ] Y
\V!IIIIT 5 N i Lt 5 1IWI\H||.|M.. ———
N T [N R

. (@]
/ m M\I‘.ﬂv m e w«lulll.ll.l
SN A . N —

14\‘ ———

l\n llllll - ———

/ _ -

——C- 1 ] o O O

WO 97/08669

FREQUENCY

FIELD
LEVEL
FIELD
LEVEL

FlG. 5C



WO 97/08669 PCT/US96/13821

5/5
fs
FREQUENCY
> TIME
FlG. 64
HELD‘ 42
LEVEL |l —m— oo —_—
/43
0 = TIME
FIG. 68
01 0 0 1 1 0 1
FIELD
LEVEL
oL—— > TIME

0 T' 27" 3T 47" S5T' 6T' 7T' 8T

FIG. 6C



INTERNATIONAL SEARCH REPORT

International application No.

PCT/US96/13821
A.  CLASSIFICATION OF SUBJECT MATTER
IPC(6) : GO8B 13/14; GO6F 7/04; GO7D 7/00; GO1S 13/00, 13/74, 13/08
US CL :340/572, 825.54, 825.3, 825.31, 825.34,; 342/41, 44, 51
According to International Patent Classification (IPC) or to both national classification and IPC
B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed

u.s. :

340/572, 825.54, 825.3, 825.31, 825.34; 342/41, 44,

by classification symbols)
51

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C.  DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US, A, 5,105,190 (KIP ET AL.) 14 April 1992, Figs. 1-4 and| 1-25, 28-29,
= corresponding disclosure. 32-36, 41-44,
Y 47-48, 50 and
52-54.

X US, A, 5,446,447 (CARNEY ET AL.) 29 August 1995, Figs.| 26-27, 30-31,
- 1, 3, 6-7, 14 and 19 and corresponding disclosure. 37, 39-40, 45-
Y 46, 49 and 51
Y US, A, 5,103,222 (HOGEN ESCH ET AL.) 07 April 1992, 4 and 24

Figs. 1-2 and corresponding disclosure.
Y US, A, 4,686,517 (FOCKENS) 11 August 1987, "sweeper{ 10

4" of the figures.

Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited d T later d published afier the i | filing date or pnonly
A® N e " 1 state of the art which is not dered date and not in conflict with the appl but cited to und
mlll i 8 ol IC which 18 consxie inct k or ‘h IIM rl M ‘he nv m
0 beptnofplmcuhr relevance princip cory underlying fhe tmven
o . . . . . . d of particular rel ; the claimed invention cannot be
E carlier d cat published on or afier the international filing date considered novcl or cannot be oomndered to involve an inventive step
L document which may ﬂmw: doubts on pnon(y claim(s) or which is when the document is taken alone
cited to blish the ion date of or other oy N f C . the claimed i R L be
ial reason ified o ; the canno!
*pee (as specified) id ive an slep when the documenl is
"0 d ferring 10 an oral disclosure, use, exhibition or other combined wnh one or more other such d such
means being obvious to & person skilled in the art
"p* d blished prior to the i I filing date but later than =g document member of the same patent family
the pnonty date claimed ro

Date of the actual completion of the international search

21 SEPTEMBER 1996

Date of mailing of the international search report

Name and mailing address of the ISA/US
Commissioner of Patents and Trademarks
Box PCT
Washington, D.C. 20231

Facsimile No.  (703) 305-3230

11 0CT 1996
Wy

uthorized officer
eBcnjamin C.Lee '\ iG‘\;"
lephone No. (703) 308-6735

Form PCT/ISA/210 (second sheet)(July 1992)%




INTERNATIONAL SEARCH REPORT International application No.

PCT/US96/13821
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US, A, 4,533,988 (DALY ET AL.) 06 August 1985, Figs. 1 and 1-54
5 and corresponding disclosure.
A US, A, 4,196,418 (KIP ET AL.) 01 April 1980, Figs. 1-2 and 4-6 | 1-54
and corresponding disclosure.
A US, A, 4,364,043 (COLE ET AL.) 14 December 1982, Figs. 15 1-54
and 17 and corresponding disclosure.
A US, A, 4,333,072 (BEIGEL) 01 June 1982, Fig. 2 and 1-54
corresponding disclosure.
A US, A, 5,021,767 (FOCKENS ET AL.) 04 June 1991, Figs. 1-3 1-54
and related disclosure.
Form PCT/ISA/210 (continuation of second sheet)(July 1992)«



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

