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ANTENNA ARRAY FOR AN RFID READER COMPATIBLE WITH 

TRANSPONDERS OPERATING AT DIFFERENT CARRIER FREQUENCIES 

This a continuation-in-part application of Serial No. 10/848,246 filed on May 18, 

5 2004, which is incorporated herein by reference. 

TECHNICAL FIELD 

The present invention relates generally to RFID systems, and more particularly 

to an RFID reader for an RFID system, which has an array of non-interfering antennas 

1 O tuned to different frequencies for communicating with a plurality of RFID transponders 

operating at different carrier frequencies. 

BACKGROUND OF THE INVENTION 

Radio frequency identification (RFID) systems generally consist of one or more 

15 RFID readers and a plurality of RFID transponders, which are commonly termed 

credentials. The RFID transponder is an active or passive radio frequency 

communication device, which is directly attached to or embedded in an article to be 

identified or otherwise characterized by the RFID reader, or which is alternatively 

embedded in a portable substrate, such as a card, keyfob, tag, or the like, carried by 

20 a person or an article to be identified or otherwise characterized by the RFID reader. 

Exemplary RFID systems are disclosed in U.S. Patents 4,730,188 to Milheiser(the '188 

Patent), 5,541,574 to Lowe et al. (the '574 Patent), and 5,347,263 to Carroll et al. (the 

'263 Patent), all of which are incorporated herein by reference. 

A passive RFID transponder is dependent on the host RFID reader as its power 

25 supply. The host RFID reader "excites" or powers up the passive RFID transponder by 

transmitting high voltage excitation signals into the space surrounding the RFID reader, 

which are received by the RFID transponder when it is near, but not necessarily in 

contact with, the RFID reader. The excitation signals from the RFID reader provide the 

operating power for the circuitry of the recipient RFID transponder. In contrast, an 

30 active RFID transponder is not dependent on the RFID reader as its power supply, but 
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is instead powered up by its own internal power source, such as a battery. 

Once the passive or active RFID transponder is powered up, the RFID 

transponder communicates information in a digital format, such as identity data or other 

characterizing data stored in the memory of the RFID transponder, to the RFID reader 

5 and the RFID reader can likewise communicate information back to the RFID 

transponder without the RFID reader and RFID transponder coming in contact with one 

another. The powered up RFID transponder communicates with the RFID reader by 

generating transponder data signals within the circuitry of the RFID transponder and 

transmitting the transponder data signals in the form of electromagnetic waves into the 

10 surrounding space occupied by the RFID reader. The RFID reader contains its own 

circuitry as well as its own reader programming, which are cooperatively designed to 

"read" the data contained in the transponder data signals received from the RFID 

transponder. It is noted that the reader circuitry and programming are typically 

significantly larger and more complex than the RFID transponder due to the expanded 

15 functional requirements of the RFID reader in comparison to the RFID transponder. 

An essential feature of all RFID systems is that all RFID transponders and 

readers of a given system are sufficiently compatible to effectively communicate with 

one another. Compatibility is achieved in part by specifying the carrier frequency at 

which data signals are communicated between the RFID transponders and readers of 

20 the RFID system. There are currently two standard carrier frequencies which have 

been generally accepted for use in RFID systems. RFID systems, which employ RFID 

transponders of the type conventionally termed proximity cards or proximity tags, 

typically communicate by means of data signals at a carrier frequency within a range 

of 100 to 150 kHz. This carrier frequency range is nominally referred to herein as 125 

25 kHz carrier frequency and is deemed low frequency. In contrast, RFID systems 

employing RFID transponders of the type conventionally termed smart cards typically 

communicate by means of data signals at a carrier frequency of 13.56 MHz, which is 

deemed high frequency. The frequency bandwidth available for use around the carrier 

frequency of 13.56 MHz is defined by industry-wide standards such as ISO standards 

30 15693 and 14443. 
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At present, use of RFID transponders operating at the low carrier frequency and 

RFI D transponders operating at the high carrier frequency have proliferated throughout 

the world. Therefore, it is both highly desirable and a significant challenge to develop 

an RFID reader which is compatible with RFID transponders operating at either 

5 accepted carrier frequency and which achieves a level of performance comparable with 

an RFID reader optimized to operate at a single carrier frequency. As such, the present 

invention recognizes a need for an RFID system having one or more RFID readers, 

each of which is capable of communicating with a plurality of RFID transponders, one 

or more of which are operating at a different carrier frequency than the remaining RFID 

10 transponders. 

It is generally an object of the present invention to provide an RFID system 

having one or more RFID readers with multiple carrier frequency communication 

capabilities. It is a more particular object of the present invention to provide such an 

RFID reader with multiple carrier frequency communication capabilities, wherein the 

15 communication range between the RFID reader and the RFID transponders operating 

at different carrier frequencies is not significantly compromised by the expanded 

communication capabilities of the RFID reader. It is a further object of the present 

invention to provide such an RFID reader with multiple carrier frequency communication 

capabilities, which remains relatively compact despite the expanded communication 

20 capabilities of the RFID reader. It is another object of the present invention to provide 

such an RFID reader with multiple carrier frequency communication capabilities, 

wherein reader performance is essentially the same whether the RFID reader is 

communicating with an RFID transponder operating at the low carrier frequency or an 

RFID transponder operating at the high carrier frequency. 

25 These objects and others are accomplished in accordance with the invention 

described hereafter. 

SUMMARY OF THE INVENTION 

The present invention is an antenna array for an RFID reader. The antenna 
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array includes a first reader antenna tuned to operate at a first frequency and a second 

reader antenna tuned to operate at a second frequency different from the first 

frequency. A preferred first frequency is nominally 125 kHz and a preferred second 

frequency is 13.56 MHz. The antenna array preferably further includes a reader 

5 housing containing the first and second reader antennas. 

In accordance with a preferred embodiment, the first and second antennas are 

arranged in an overlapping arrangement. In accordance with an alternate preferred 

embodiment, the first and second antennas are arranged in an opposing magnetic flux 

arrangement. In accordance with an alternate preferred embodiment encompassing 

10 both the overlapping and opposing magnetic flux arrangements simultaneously, the first 

reader antenna has a first area, the second reader antenna has a second area, and the 

first and second reader antennas are arranged relative to one another such that only 

a portion of the first area aligns with only a portion of the second area. In accordance 

with another alternate preferred embodiment encompassing both the overlapping and 

15 opposing magnetic flux arrangements simultaneously, the first and second areas are 

essentially equal and the first and second reader antennas have a parallel orientation 

and are arranged relative to one another such that essentially half of the first area 

aligns with essentially half of the second area. 

Another characterization of the present invention is an RFID reader for an RFID 

20 system. The RFID reader has an antenna array including a first reader antenna tuned 

to operate at a first frequency and a second reader antenna tuned to operate at a 

second frequency different from the first frequency. The RFID reader also has a signal 

generator coupled with the first and second reader antennas. The signal generator is 

preferably an integrated signal generator including integral means for generating 

25 signals for transmission from the first and second reader antennas. Alternatively, the 

signal generator preferably includes a discrete first signal generator coupled with the 

first reader antenna for generating signals for transmission from the first reader antenna 

and a discrete second signal generator coupled with the second reader antenna 

separate from the discrete first signal generator for generating signals for transmission 

30 from the second reader antenna. 
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In accordance with an alternate embodiment, the RFID reader has receiver 

electronics coupled with the first and second reader antennas. The receiver electronics 

is preferably integrated receiver electronics including integral means for conditioning 

signals received by the first and second reader antennas. Alternatively, the receiver 

5 electronics preferably includes discrete first receiver electronics coupled with the first 

reader antenna for conditioning signals received by the first reader antenna and 

discrete second receiver electronics coupled with the second reader antenna separate 

from the discrete first receiver electronics for conditioning signals received by the 

second reader antenna. 

1 O The present invention will be further understood from the drawings and the 

following detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic block diagram of an RFID system including a plurality of 

15 RFID transponders and an RFID reader of the present invention. 

Figures 2A and 2B are a conceptualized top view and side view, respectively, 

of a first antenna arrangement for an antenna array of the present invention having 

utility in the RFID reader of Figure 1. 

Figures 3A and 3B are a conceptualized top view and side view, respectively, 

20 of a second antenna arrangement for an antenna array of the present invention having 

utility in the RFID reader of Figure 1. 

25 

Figures 4A and 4B are a conceptualized top view and side view, respectively, 

of a third antenna arrangement for an antenna array of the present invention having 

utility in the RFID reader of Figure 1. 

Figures SA and 5B are a conceptualized top view and side view, respectively, 

of a fourth antenna arrangement for an antenna array of the present invention having 

utility in the RFID reader of Figure 1. 

Figures 6A and 6B are a conceptualized top view and side view, respectively, 

of a fifth antenna arrangement for an antenna array of the present invention having 
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utility in the RFID reader of Figure 1. 

DESCRIPTION OF PREFERRED EMBODIMENTS 

Referring initially to Figure 1, a conceptualized RFID system is shown and 

5 generally designated 10. The RFID system 10 comprises a first RFID transponder 12a, 

a second RFID transponder 12b, and an RFID reader 14. The RFID reader 14 is a 

preferred embodiment of an RFID reader of the present invention and is described in 

greater detail hereafter. 

The first and second RFID transponders 12a, 12b are passive devices, which 

1 0 are not physically coupled with an electrical power supply. The electrical power 

required to operate the first and second RFID transponders 12a, 12b is indirectly 

supplied to the first and second RFID transponders 12a, 12b by electromagnetic waves, 

which are periodically propagated through open space 16 to the first and second RFID 

transponders 12a, 12b from the RFID reader 14. Communication between the first and 

15 second RFID transponders 12a, 12b and the RFID reader 14 is only possible when the 

first and second RFID transponders 12a, 12b and RFID reader 14 are within a certain 

range of one another, which is dependent on the characteristics of both the RFID 

reader 14 and the first and second RFID transponders 12a, 12b. 

The basic conceptual design of the first and second RFID transponders 12a, 12b 

20 is conventional and is essentially the same for each of the RFID transponders 12a and 

12b. The design is only described below with reference to the first RFID transponder 

12a, but it is understood that the same description applies generally to the second RFID 

transponder 12b as well. Common transponder elements found in both RFID 

transponders 12a, 12b are designated in the drawings by the same root reference 

25 number (e.g., 12). However, particular transponder elements in the first RFID 

transponder 12a are distinguished from their counterparts in the second RFID 

transponder 12b by attaching the suffix "a" to the end of the root reference number if 

the particular transponder element is found in the first RFI D transponder 12a and 

attaching the suffix "b" to the end of the root reference number if the corresponding 
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particular transponder element is found in the second RFID transponder 12b. 

The first RFI D transponder 12a includes an integrated circuit (IC) 18a (also 

termed a transponder chip) and an antenna 20a coupled with the transponder IC 18a. 

The antenna 20a performs both the receiving and transmitting functions of the first 

5 RFI D transponder 12a and as such is termed a dual-function antenna. Although not 

shown, the first RFID transponder 12a can alternatively include two separate antennas, 

i.e., a receiving antenna and a transmitting antenna, rather than the single dual-function

antenna 20a. The two antennas separately perform the receiving and transmitting 

functions of the first RFID transponder 12a. 

10 In addition to the transponder IC 18a and antenna 20a, the first RFID 

transponder 12a preferably includes an external tuning capacitor 22a coupled with the 

transponder IC 18a and antenna 20a. The term ''external" is used herein to designate 

electronic components which are not physically or functionally included within an 

integrated circuit such as the transponder IC 18a. The tuning capacitor 22a, in 

15 cooperation with the antenna 20a, determines the carrier frequency of the first RFID 

transponder 12a. In particular, the practitioner sets the carrier frequency of the first 

RFID transponder 12a by selecting an antenna and tuning capacitor for the first RFID 

transponder 12a, which are tuned to a predetermined carrier frequency. The 

transponder IC 18a is a custom IC or off-the-shelf IC which performs essentially all 

20 remaining functions of the first RFID transponder 12a not encompassed by the antenna 

20a and tuning capacitor 22a, including transponder control functions, data storage 

functions, and any data processing functions required of the first RFID transponder 

12a, such as disclosed in the '188 and '574 Patents. All of the above-recited 

transponder elements 18a, 20a, 22a are embedded in a card 23a. 

25 Although not shown in Figure 1, an RFID transponder, wherein the tuning 

capacitor is omitted has alternate utility to the present invention. The carrier frequency 

of an RFID transponder lacking a tuning capacitor is solely a function of the 

transponder IC and the selected antenna. 

For purposes of illustrating the operation and advantages of the RFI D reader 14 

30 of the present invention, the first RFID transponder 12a is constructed to operate at a 

7 

WAVELYNX EX. 1003, Pg. 12 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



038P0401.P1 

first carrier frequency and the second RFID transponder 12b is constructed to operate 

at a second carrier frequency different from the first carrier frequency. The first and 

second carrier frequencies are typically either one of the two standardized carrier 

frequencies 125 kHz or 13.56 MHz. Thus, for purposes of illustration the first RFID 

5 transponder 12a is termed a proximity card, wherein the antenna 20a and tuning 

capacitor 22a are tuned to a carrier frequency of 125 kHz. The second RFID 

transponder 12b is termed a smart card, wherein the antenna 20b and tuning capacitor 

22b are tuned to a carrier frequency of 13.56 MHz. In many cases, the transponder IC 

18b of the smart card (i.e., the second RFID transponder 12b) has significantly 

10 expanded functional capabilities relative to the transponder IC 18a of the proximity card 

(i.e., the first RFID transponder 12a). 

It is understood that the conceptual circuit design of the RFID transponders 12a, 

12b recited above and shown in Figure 1 is exemplary and is not intended to limit the 

utility of the present invention. In particular, it is understood that the utility of the 

15 present invention is not limited to RFID transponders embedded in cards and/or to 

RFID transponders operating at any specific standard or non-standard carrier 

frequencies. Furthermore, it is understood that the utility of the present invention is not 

limited to any one specific transponder circuit design, but is generally applicable to most 

conventional circuit designs for RFID transponders including the different circuit designs 

20 shown and described in the '188, '574, and '263 Patents. Nor is the utility of the 

present invention limited to passive RFID transponders. It is alternately within the 

scope of the present invention to replace one or more of the passive RFID 

transponders 12a, 12b with one or more active RFID transponders not shown operating 

at the corresponding carrier frequencies. The active RFID transponders are essentially 

25 identical to the passive RFI D transponders 12a, 12b, but additionally contain an internal 

electrical power source, such as a battery, which internally provides the electrical power 

required to operate the active RFID transponder. 

It is still further understood that the utility of the present invention is not limited 

to the present RFID system 10 comprising two RFID transponders 12a, 12b and one 

30 RFID reader 14. In practice, the present invention has utility to RFID systems 
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populated by any number of RFID transponders and/or RFID readers. 

The basic conceptual design of the RFID reader 14 comprises a signal generator 

24 (alternately termed an exciter), receiver electronics 26, a reader microcontroller 28 

(preferably including a reader memory), a reader inpuVoutput (1/0) interface 30, and a 

5 reader power supply 32. The reader 14 further comprises an array of reader antennas, 

namely, a reader low frequency antenna 34 (and optional correspondingly paired 

reader low frequency tuning capacitor 36) and a reader high frequency antenna 38 (and 

optional correspondingly paired reader high frequency tuning capacitor 40). 

The reader power supply 32 derives from a finite electrical power source which 

10 is self-contained (i.e., internal) within the RFID reader 14, such as a relatively small 

portable battery consisting of one or more disposable dry cells or rechargeable cells. 

Alternatively, the reader power supply 32 is hard wired to an essentially infinite remote 

electrical power source, such as an electric utility. 

The signal generator 24 includes conventional electronic components similar to 

15 those disclosed in the '188 Patent and U.S. Patent 6.476,708 to Johnson incorporated 

herein by reference for generating relatively low energy electromagnetic waves termed 

"ring signals" or "detection signals" and for generating relatively high energy 

electromagnetic waves termed "excitation signals". In particular, the signal generator 

24 includes electronic components for generating low frequency detection and 

20 excitation signals having a frequency of 125 kHz and high frequency detection and 

excitation signals having a frequency of 13.56 MHz. 

The signal generator 24 is coupled with the reader low frequency antenna and 

paired low frequency tuning capacitor 34, 36 via a low frequency antenna input lead 42 

to transmit low frequency detection and excitation signals from the signal generator 24 

25 through the open space 16 for reception by the first RFI D transponder 12a, which is 

tuned to 125 kHz. The signal generator 24 is similarly coupled with the reader high 

frequency antenna and paired high frequency tuning capacitor 38, 40 via a high 

frequency antenna input lead 44 to transmit high frequency detection and excitation 

signals from the signal generator 24 through the open space 16 for reception by the 

30 second RFID transponder 12b which is tuned to 13.56 MHz. 
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The antenna input leads 42, 44 are shown to directly connect the reader 

antennas 34, 38 and associated tuning capacitors 36, 40, respectively, to the signal 

generator 24. However, it is understood that coupling the reader antennas 34, 38 and 

associated tuning capacitors 36, 40 with the signal generator 24 via the antenna input 

5 leads 42, 44 further encompasses indirect connections, wherein one or more additional 

intervening electronic components within the purview of the skilled artisan are 

positioned in the paths of the antenna input leads 42, 44, which extend between the 

signal generator 24 and the reader antennas 34, 38 and associated tuning capacitors 

36, 40. 

10 The excitation signals transmitted from the RFI D reader 14 typically have a 

limited range due to size and power constraints of the RFID reader 14. Thus, the RFID 

reader 14 and the RFID transponder 12a or 12b are simultaneously operational only 

when the RFID transponder 12a or 12b is within the range of the RFID reader 14 and, 

more particularly, when the RFID reader 14 and the RFID transponder 12a or 12b are 

15 positioned in relative proximity to one another such that the RFID transponder 12a or 

12b receives excitation signals of sufficient strength and an appropriate frequency from 

the RFID reader 14 to power up the RFID transponder 12a or 12b. 

In most conventional RFID systems, the position of the RFID reader is stationary 

(i.e., constant) relative to the surrounding environment, while the position of the RFID 

20 transponder is portable (i.e., variable) within the surrounding environment. In such 

cases, the user of the RFID system moves the portable RFID transponder into relative 

proximity with the stationary RFID reader to enable simultaneous operation of the both 

the RFID transponder and RFID reader. In some conventional RFID systems, however, 

the position of the RFID reader may be portable relative to the surrounding 

25 environment, while the position of the RFID transponder is either portable or stationary. 

In the case of a portable RFID reader and a stationary RFID transponder, the user 

moves the portable RFID reader into relative proximity with the stationary RFID 

transponder to enable simultaneous operation of the both the RFID transponder and 

RFID reader. In the case of a portable RFID reader and a portable RFID transponder, 

30 the user may move both the portable RFID reader and the portable RFID transponder 

10 
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into relative proximity with one another to enable simultaneous operation of the both 

the RFID transponder and RFID reader. The utility of the present invention is not 

limited to the portability or conversely the lack of portability of either the RFID reader 

14 or the RFID transponders 12a, 12b. 

The signal generator 24 initially operates in a transponder detection mode. The 

transponder detection mode is a reduced power state of operation which is effected by 

periodically drawing reduced electrical current from the reader power supply 32 under 

the direction of the reader microcontroller 28. A reader microcontroller is generally 

defined herein to include substantially any processor sized to fit within a conventional 

10 RFID reader and having sufficient capabilities to perform the desired processing 

functions of the RFID reader. 

The signal generator 24 periodically generates both 125 kHz and 13.56 MHz 

detection signals containing analog data in response to the reduced electrical current. 

The 125 kHz detection signals are periodically transmitted from the RFI D reader 14 on 

15 the reader low frequency antenna 34 and the 13.56 MHz detection signals are 

periodically transmitted from the RFID reader 14 on the reader high frequency antenna 

38. The detection signals are of insufficient strength to power operation of either RFID

transponder 12a, 12b residing in the surrounding open space 16, but nevertheless 

propagate into the open space 16 surrounding the RFID reader 14. Propagated 

20 detection signals returned to the RFID reader 14 via the reader low and/or high 

frequency antennas 34, 38 are monitored and evaluated by the RFID reader 14 when 

operating in the transponder detection mode. 

In accordance with the present embodiment, the monitoring and evaluating 

functionalities are integrated into the reader microcontroller 28, which is preferably a 

25 single-chip device. The reader microcontroller 28 has a first microcontroller input lead 

46 and a second microcontroller input lead 48. The first microcontroller input lead 46 

couples the reader microcontroller 28 with the reader power supply 32. The second 

microcontroller input lead 48 couples the reader microcontroller 28 with the receiver 

electronics 26. The receiver electronics 26 are in turn coupled with the reader low 

30 frequency antenna and paired low frequency tuning capacitor 34, 36 via a low 
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frequency antenna output lead 50 and with the reader high frequency antenna and 

paired high frequency tuning capacitor 38, 40 via a high frequency antenna output lead 

52. 

The antenna output leads 50, 52 are shown to directly connect the reader 

5 antennas 34, 38 and associated tuning capacitors 36, 40, respectively, to the receiver 

electronics 26. However, it is understood that coupling the reader antennas 34, 38 and 

associated tuning capacitors 36, 40 with the receiver electronics 26 via the antenna 

output leads 50, 52 further encompasses indirect connections, wherein one or more 

additional intervening electronic components within the purview of the skilled artisan are 

1 0 positioned in the paths of the antenna output leads 50, 52, which extend between the 

receiver electronics 26 and the reader antennas 34, 38 and associated tuning 

capacitors 36, 40. 

The analog data of the detection signals are converted to digital data and the 

reader microcontroller 28 identifies changes in degree and/or changes in kind within the 

15 digital data. The reader microcontroller 28 recognizes which changes in the digital data 

correspond to changes in one or more selected detection parameters, such as the 

decay rate or voltage of the detection signals. Changes in one or more of the selected 

detection parameters indicates the presence of an RFID transponder 12a or 12b having 

a given frequency in the open space 16. 

20 When the reader microcontroller 28 detects an RFID transponder 12a or 12b, 

the reader microcontroller 28 switches the signal generator 24 from the transponder 

detection mode at the reduced power state to a transponder excitation mode at an 

increased power state of operation. Switching the signal generator 24 to the excitation 

mode terminates periodic generation of the detection signals of the given frequency 

25 and causes the signal generator 24 to draw increased electrical current from the reader 

power supply 32. The increased draw of electrical current in the excitation mode 

enables the signal generator 24 to generate an excitation signal of the given frequency 

under the direction of the reader microcontroller 28. The excitation signal is in the form 

of an electromagnetic wave, which has sufficient strength to power up the RFID 

30 transponder 12a or 12b. 

12 
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The transponder antenna 20a or 20b has an excitation signal reception range 

which is generally several inches when the reader and transponder antennas are 

coaxially aligned. When the RFID transponder 12a or 12b and/or RFID reader 14 is 

moved to a proximal position such that the distance between RFID reader 14 and the 

5 RFID transponder 12a or 12b is within the excitation signal reception range of the 

transponder antenna 20a or 20b, the transponder antenna 20a or 20b receives the 

excitation signal at a sufficient strength to power up the transponder IC 18a or 18b, 

thereby activating the RFID transponder 12a or 12b. 

Upon activation, the transponder IC 18a or 18b generates a communication 

10 signal termed a transponder data signal, which contains readable information (i.e., 

digital data) copied or otherwise derived from the memory of the transponder IC 18a 

or 18b. The transponder data signal is in the form of an electromagnetic wave like the 

excitation signal. It is noted that communication signals of RFID systems (i.e., 

excitation and transponder data signals) are typically termed radio frequency signals. 

15 However, the excitation and transponder data signals of the present invention are not 

limited exclusively to signals having specific frequencies within the narrow "radio 

frequency" range, as "radio frequency" is commonly defined for the radio 

communication industry. The RFID transponder 12a or 12b transmits the transponder 

data signal into the open space 16 of the external environment via the transponder 

20 antenna 20a or 20b. 

Each of the reader antennas 34, 38 acts as a single dual-function antenna, 

which performs both the receiving and transmitting functions of the RFID reader 14. 

In particular, the reader antennas 34, 38 receive the low and high frequency detection 

signals and the low and high frequency transponder data signals, respectively, from the 

25 open space 16 and transmit the low and high frequency detection and excitation signals 

into the open space 16. However, the present invention is not limited to an RFID 

reader with dual-function antennas. The present invention alternately encompasses 

an RFID reader with separate receiving and transmitting antennas, which separately 

perform the transponder data signal and detection signal receiving functions of the 

30 RFID reader and the detection signal and excitation signal transmitting functions of the 
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RFID reader, respectively. In yet another alternative, where an RFID reader is provided 

with separate receiving and transmitting antennas, the reader transmitting antennas are 

capable of being adapted to act as dual-function antennas (i.e., receiving and 

transmitting) only with respect to the detection signals while the reader transmitting and 

5 receiving antennas function separately with respect to the transponder data signals. 

Transponder data signal reading components and their corresponding 

functionality are integrated into the reader microcontroller 28 along with the transponder 

detection components and the components for activating the excitation mode and their 

corresponding functionalities described above. The receiver electronics 26 receive the 

10 low and high frequency transponder data signals for any of a plurality of data rates and 

modulation types, from the reader antennas 34, 38, via the low and high frequency 

antenna output leads 50, 52, respectively. The receiver electronics 26 "condition" the 

low and high frequency transponder data signals, thereby placing the signals containing 

analog and digital data of differing carrier frequencies, data rates and modulation types 

15 as recited above into a form which enables the reader microcontroller 28 to properly 

process the entire range of signals. After conditioning the transponder data signals, the 

receiver electronics 26 conveys the resulting conditioned transponder data signals to 

the reader microcontroller 28 via the second microcontroller input 48. 

The reader microcontroller 28 demodulates the conditioned transponder data 

20 signals in accordance with the respective modulation type of the signal to read the data 

on the signals. The resulting data can then be sent to an external device (not shown), 

such as a central host computer, via the reader 1/0 interface 30. 

It is understood that the conceptual circuit design of the RFID reader 14 recited 

above and shown in Figure 1 is but one exemplary embodiment of the present invention 

25 and that alternate embodiments exist within the scope of the present invention. For 

example, it is within the purview of the skilled artisan to replace the reader 

microcontroller 28 in whole or in part with one or more alternate electronic components 

which perform some or all of the functions performed by the reader microcontroller 28 

in the above-recited embodiment. It is additionally noted that Figure 1 is merely a 

30 schematic block diagram of the RFID reader 14, wherein the individual elements are 
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depicted conceptually. For example, the signal generator 24 is depicted as a single 

integrated construct coupled with both reader antennas 34, 38. However, it is within 

the scope of the present invention to provide separate discrete signal generators 

dedicated to each reader antenna 34 and 38. The receiver electronics 26 are similarly 

5 depicted as a single integrated construct coupled with both reader antennas 34, 38. 

However, it is within the scope of the present invention to provide separate discrete 

receiver electronics dedicated to each reader antenna 34 and 38. 

The term "reader low frequency antenna assembly" is used herein to designate 

in combination the reader low frequency antenna 34, the low frequency antenna input 

1 0 lead 42, and the low frequency antenna output lead 50. The term "reader high 

frequency antenna assembly" is similarly used herein to designate in combination the 

reader high frequency antenna 38, the high frequency antenna input lead 44, and the 

high frequency antenna output lead 52. The reader antenna 34 or 38 is the portion of 

the antenna assembly which is configured primarily for the function of receiving 

15 transponder data signals and/or transmitting detection and excitation signals. The 

antenna input lead 42 or 44 is the portion of the antenna assembly which is configured 

primarily for the function of coupling the signal generator 24 with the reader antenna 

34 or 38 to convey detection and excitation signals from the signal generator 24 to the 

reader antenna 34 or 38. The antenna output lead 50 or 52 is the portion of the 

20 antenna assembly which is configured primarily for the function of coupling the receiver 

electronics 26 with the reader antenna 34 or 38 to convey transponder data signals 

from the reader antenna 34 or 38 to the receiver electronics 26. 

The reader antenna assemblies are conceptually depicted in Figure 1 as coils, 

each of which includes a reader antenna 34 or 38 configured as a single spiral winding. 

25 However, it is within the scope of the present invention to configure the reader 

antennas 34, 38 in substantially any utilitarian configuration known to the skilled artisan. 

For example, the reader antennas 34, 38 can have a single winding as shown or can 

alternatively have multiple windings. The reader antennas 34, 38 can also have 

substantially any utilitarian shape in addition to a spiral as shown, such as a square, 

30 circle or oval. The reader antennas 34, 38 are conceptually depicted in Figure 1 as 
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being arranged in parallel adjacent to one another. However, alternate more specific 

arrangements of the reader antennas 34, 38 with respect to one another can be 

advantageously selected in accordance with the teaching of the present invention as 

recited below. 

5 Various alternate arrangements of the reader antennas 34, 38, which are within 

the scope of the present invention, are described by way of example below with 

reference to Figures 2-6. For simplicity of illustration, but in no way limiting the present 

invention, each reader antenna 34, 38 is configured in the shape of a square and has 

a single winding. Furthermore, the reader low frequency antenna 34 is depicted by a 

10 solid antenna outline, while the reader high frequency antenna 38 is depicted by a 

dashed antenna outline in Figures 2-6. However, the solid antenna outline can 

alternatively depict the reader high frequency antenna 38, while the dashed antenna 

outline can alternatively depict the reader low frequency antenna 34. 

In general, the reader antennas 34, 38 are preferably operationally positioned 

15 by fixably mounting the reader antennas 34, 38 within a housing 54 (shown in Figure 

1) for the RFID reader 14. The reader housing 54 is an external casing or shell

constructed from a material, such as a rigid plastic, which contains and protects the 

elements of the RFID reader 14, including the reader antennas 34, 38, without 

substantially impairing operation of the RFID reader 14. It is frequently a desirable that 

20 the reader housing 54 be as compact as practically possible. Since the size of the 

reader housing 54 is at least in part a function of the arrangement of the reader 

antennas 34, 38, it is desirable to arrange the reader antennas 34, 38 in a manner 

which enables the reader antennas 34, 38 to be contained within a reader housing 54 

having an acceptable compact size. 

25 Closely positioning the reader antennas 34, 38 within the reader housing 54 

clearly reduces the size requirements of the reader housing 54. However, it has been 

found that closely positioning the reader antennas 34, 38 without regard to their specific 

arrangement can cause interference between the reader antennas 34, 38 which can 

correspondingly diminish the communication range of either reader antenna 34, 38. 

30 An RFID reader typically relies on a resonance effect at a desired operating frequency 
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to maximize the strength of the magnetic field embodying the detection and excitation 

signals, which emanates into open space from the RFID reader. The resonance effect 

is inter a/ia a function of the inductance of the antenna coil and the capacitance of the 

tuning capacitor within the resonant circuit of the RFID reader. When two antenna coils 

5 are closely positioned with respect to one another within an array of multiple antenna 

coils, small capacitances termed "parasitic" or "stray" capacitances are also created 

between the antenna coils. The parasitic or stray capacitances of a given antenna coil 

in combination with the inductance of that antenna coil creates a "self resonance" 

effect, which, if unaccounted for in the antenna coil design, significantly reduces the 

1 0 strength of the magnetic field emanating from either antenna coil, thereby significantly 

reducing the communication range of either antenna coil. 

The self resonance effect is illustrated by the case where two antenna coils are 

positioned in close proximity to one another. When the first antenna coil in combination 

with a first tuning capacitor is driven by a signal generator, a magnetic field is emitted 

15 from the first antenna coil. If at least a portion of this magnetic field passes through the 

proximal second antenna coil, the magnetic field causes electrical activity within the 

second antenna coil resulting from the self resonance of the second antenna coil. In 

the worst case, the second antenna coil is at the same resonant frequency as the first 

antenna coil in combination with the first tuning capacitor, which causes the maximum 

20 amount of energy from the signal generator to be lost into the second antenna coil and 

substantially reduces the communication range of the first antenna coil. 

To illustrate a more specific case of self resonance, the first and second 

antennas are closely positioned and the first antenna coil is a low frequency (125 kHz) 

reader antenna while the second antenna coil is a high frequency (13.56 MHz) reader 

25 antenna. The reader low frequency antenna has an exemplary inductance of 1 

millihenry. Since the square of resonant frequency (in radians) is inversely proportional 

to the product of the inductance and the capacitance, the capacitance of the reader low 

frequency antenna for 13.56 MHz self resonance is about 0.14 picofarads, which is in 

the range of parasitic or stray capacitance. It is extremely difficult to control 

30 capacitances at this level and correspondingly to prevent the self resonance of the 
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reader low frequency antenna at or near 13.56 MHz from interfering with operation of 

the reader high frequency antenna. 

Referring initially to Figures 2A and 2B, the reader antennas 34, 38 are shown 

in an isolation arrangement. The reader antennas 34, 38 have a fixed non-contacting 

5 parallel orientation and each reader antenna 34 or 38 has essentially the same area. 

The reader antennas 34, 38 are sufficiently spaced apart from one another in the both 

vertical and horizontal directions to spatially isolate the reader antennas 34, 38 from 

one another and to avoid significant magnetic flux generated by the other. As such, the 

self resonance effect has little detrimental impact on the communication range of either 

10 the reader low frequency antenna 34 or the reader high frequency antenna 38, and 

correspondingly has little detrimental impact on the performance of the RFID reader. 

Nevertheless, the spatial requirements of the isolation arrangement undesirably 

necessitate a relatively large reader housing. In addition, the user is undesirably 

required to manually position the RFID transponder nearest the reader antenna 34 or 

15 38 which is compatible with that particular RFID transponder to optimize communication 

between the RFID reader and the RFID transponder. 

A preferred antenna arrangement to the isolation arrangement is termed an 

overlapping arrangement. In accordance with the overlapping arrangement, the two 

reader antennas 34, 38 are fixably mounted in such a way that one of the reader 

20 antennas 34 or 38 could be brought into contact with the other reader antenna 38 or 

34 at some point of rotation if the reader antenna 34 or 38 were to be rotated from its 

fixed position about its center of mass. The overlapping arrangement further 

encompasses the case, wherein the reader antennas 34 and 38 could be brought into 

contact with one another at some point of rotation if both fixably mounted reader 

25 antennas 34 and 38 were to be rotated from their respective fixed positions about their 

respective centers of mass. It is noted that the overlapping arrangement does not 

require the input and/or output leads 42, 50 or 44, 52 of the rotated antenna assembly 

to come into contact with the other reader antenna 38 or 34 or with the input and/or 

output leads 44, 52 or 42, 50 of the other antenna assembly. 

30 An alternate preferred antenna arrangement is termed an opposing magnetic 
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flux arrangement. In accordance with the opposing magnetic flux arrangement, the two 

reader antennas 34, 38 are fixably mounted in non-contacting or contacting relation to 

one another, such that significant magnetic flux generated by one reader antenna 34 

or 38 passes through the other reader antenna 38 or 34 in an opposing manner (i.e., 

5 both positive and negative magnetic flux from one reader antenna 34 or 38 passes 

through the other reader antenna 38 or 34). Positive magnetic flux is defined herein 

as magnetic flux which induces a positive voltage across an antenna coil. Negative 

magnetic flux is conversely defined herein as magnetic flux which induces a negative 

voltage across an antenna coil. It is noted that the opposing magnetic flux arrangement 

1 O does not require the positive and negative magnetic fluxes to be of equal magnitude. 

It is further noted that an antenna arrangement can simultaneously satisfy the definition 

of both the overlapping arrangement and opposing magnetic flux arrangement. 

Referring to Figures 3A and 3B, the reader antennas 34, 38 are shown in the 

opposing magnetic flux arrangement. The reader antennas 34, 38 have a fixed non-

15 contacting parallel orientation and the reader low frequency antenna 34 has a larger 

area than the reader high frequency antenna 38. The reader antennas 34, 38 are 

arranged relative to one another such that the area of the reader high frequency 

antenna 38 fits entirely within the area of the reader low frequency antenna 34. The 

magnetic flux generated by the reader high frequency antenna 38 in the negative 

20 direction (i.e., the magnetic flux emanating from the exterior of the reader high 

frequency antenna 38) passes through the reader low frequency antenna 34 and the 

magnetic flux generated by the reader high frequency antenna 38 in the positive 

direction (i.e., the magnetic flux emanating from the interior of the reader high 

frequency antenna 38) also passes through the reader low frequency antenna 34. As 

25 a result, the positive and negative magnetic fluxes generated by the reader high 

frequency antenna 38, which pass through the reader low frequency antenna 34, 

cancel out, summing to essentially zero. Thus, there is essentially no self resonance 

effect on the reader low frequency antenna 34 due to the magnetic flux of the reader 

high frequency antenna 38. 

30 It is noted in the case of Figures 3A and 3B that the converse is not true. Only 
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the magnetic flux generated by the reader low frequency antenna 34 in the positive 

direction (i.e., the magnetic flux emanating from the interior of the reader low frequency 

antenna 34) passes through the reader high frequency antenna 38. As a result, the 

positive and negative magnetic fluxes generated by the reader low frequency antenna 

5 34, which pass through the reader high frequency antenna 38, do not cancel out by 

summing to zero. Thus, there is a self resonance effect on the reader high frequency 

antenna 38 due to the magnetic flux of the reader low frequency antenna 34. 

Referring to Figures 4A and 4B, the reader antennas 34, 38 are shown in the 

overlapping arrangement. The reader antennas 34, 38 have a fixed non-contacting 

1 O parallel orientation and each has essentially the same area. The reader antennas 34, 

38 are arranged relative to one another such that the area of the reader low frequency 

antenna 34 aligns essentially identically with the area of the reader high frequency 

antenna 38. As a result, the reader low frequency antenna 34 could come into contact 

with the reader high frequency antenna 38 if the reader low frequency antenna 34 were 

15 to be rotated about its center of mass. Likewise, the reader high frequency antenna 38 

could come into contact with the reader low frequency antenna 34 if the reader high 

frequency antenna 38 were to be rotated about its center of mass. 

Only the magnetic flux generated by the reader low frequency antenna 34 in the 

positive direction passes through the reader high frequency antenna 38 and similarly 

20 only the magnetic flux generated by the reader high frequency antenna 38 in the 

positive direction passes through the reader low frequency antenna 34. As a result, 

neither the magnetic fluxes generated by the reader low frequency antenna 34, which 

pass through the reader high frequency antenna 38, nor the magnetic fluxes generated 

by the reader high frequency antenna 38, which pass through the reader low frequency 

25 antenna 34, cancel out. Thus, there is a self resonance effect on the reader low 

frequency antenna 34 due to the magnetic flux of the reader high frequency antenna 

38 as well as a self resonance effect on the reader high frequency antenna 38 due to 

the magnetic flux of the reader low frequency antenna 34. 

The antenna arrangements shown in Figures 3A and 3B and Figures 4A and 4B, 

30 respectively, both enable close positioning of the reader antennas 34, 38 and 
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correspondingly enable a compact reader housing. However, as noted, neither 

arrangement is optimal because neither completely avoids energy loss in the reader 

antennas due to self resonance. 

Referring to Figures 5A and 58, the reader antennas 34, 38 are shown again in 

5 the overlapping arrangement. The reader antennas 34, 38 have a fixed non-contacting 

perpendicular orientation and each has essentially the same area. The reader 

antennas 34, 38 are mounted side-by-side, but at right angles to one another. This 

arrangement results in essentially no significant self resonance effect on the reader 

high frequency antenna 38 due to the magnetic flux of the reader low frequency 

10 antenna 34 and similarly essentially no significant self resonance effect on the reader 

low frequency antenna 34 due to the magnetic flux of the reader high frequency 

antenna 38. As such, the self resonance effect has little detrimental impact on the 

communication range of either the reader low frequency antenna 34 or the reader high 

frequency antenna 38, and correspondingly has little detrimental impact on the 

15 performance of the RFID reader. Nevertheless, as in the arrangement of Figures 2A 

and 28, the spatial requirements of the present arrangement undesirably necessitate 

a relatively large reader housing. In addition, the user is undesirably required to 

manually position the RFID transponder nearest the reader antenna 34 or 38 which is 

compatible with that particular RFID transponder to optimize communication between 

20 the RFID reader and the RFID transponder. 

Referring to Figures 6A and 68, the reader antennas 34, 38 are shown in the 

simultaneous overlapping and opposing magnetic flux arrangements. The reader 

antennas 34, 38 have a fixed non-contacting parallel orientation and each has 

essentially the same total area. The reader antennas 34, 38 are arranged relative to 

25 one another such that essentially half the total area of the reader low frequency 

antenna 34 aligns with essentially half the total area of the reader high frequency 

antenna 38. As a result, the reader low frequency antenna 34 could come into contact 

with the reader high frequency antenna 38 if the reader low frequency antenna 34 were 

to be rotated about its center of mass. Likewise, the reader high frequency antenna 38 

30 could come into contact with the reader low frequency antenna 34 if the reader high 
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frequency antenna 38 were to be rotated about its center of mass. 

The same magnitude of magnetic flux generated by the reader low frequency 

antenna 34 in the positive and negative directions passes through the reader high 

frequency antenna 38 and similarly the same magnitude of magnetic flux generated by 

5 the reader high frequency antenna 38 in the positive and negative directions passes 

through the reader low frequency antenna 34. As a result, the magnetic fluxes 

generated by the reader low frequency antenna 34, which pass through the reader high 

frequency antenna 38, and the magnetic fluxes generated by the reader high frequency 

antenna 38, which pass through the reader low frequency antenna 34, cancel out 

10 essentially in their entirety. Thus, there is essentially no self resonance effect on the 

reader low frequency antenna 34 due to the magnetic flux of the reader high frequency 

antenna 38, nor is there essentially any self resonance effect on the reader high 

frequency antenna 38 due to the magnetic flux of the reader low frequency antenna 34. 

As such, the self resonance effect has little detrimental impact on the communication 

15 range of either the reader low frequency antenna 34 or the reader high frequency 

antenna 38, and correspondingly has little detrimental impact on the performance of the 

RFID reader. 

The spatial requirements of the present arrangement of Figures 6A and 6B are 

relatively small, thereby enabling a relatively compact reader housing. In addition, the 

20 areas of the reader antennas 34, 38 are selected such that the area of the overlapping 

reader antennas 34, 38 in combination is comparable to the area of the card 23a (or 

alternatively the card 23b not shown) in which the RFID transponder is embedded. 

Accordingly, the area of the reader housing containing the reader antennas 34, 38 is 

likewise comparable to the area of the card 23a. Therefore, the user need only perform 

25 the relatively simple task of manually positioning the card 23a over the reader housing 

to align the RFID transponder with both reader antennas 34, 38 simultaneously and 

optimize communication between the RFID reader and the RFID transponder. 

The simultaneous overlapping and opposing magnetic flux arrangement of the 

reader antennas 34, 38 shown in Figures 6A and 6B is a specific case of a more 

30 generalized characterization of the simultaneous overlapping and opposing magnetic 
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flux arrangement of the reader antennas 34, 38 within the scope of the present 

invention, wherein the reader low frequency antenna 34 has an overlap area which is 

substantially less than the total area of the reader low frequency antenna 34 and the 

reader high frequency antenna 38 has an overlap area which is substantially less than 

5 the total area of the reader high frequency antenna 38. In other words, the reader low 

frequency antenna 34 and the reader high frequency antenna 38 are arranged relative 

one another such that only a portion of total area of the reader low frequency antenna 

34 aligns with only a portion of the total area of the reader high frequency antenna 38. 

The above-recited generalized characterization of the simultaneous overlapping 

1 0 and opposing magnetic flux arrangement of the reader antennas 34, 38 encompasses 

additional alternate specific antenna arrangements, which are within the scope of the 

present invention, but which are not shown in the drawings. For example, the above­

recited generalized characterization encompasses an alternate specific antenna 

arrangement, wherein each reader antenna 34, 38 has an overlap area which is 

15 substantially less than its respective total area and the total area of each reader 

antenna 34, 38 is substantially different from the other. The above-recited generalized 

characterization further encompasses an alternate specific antenna arrangement, 

wherein each reader antenna 34, 38 has an overlap area which is substantially less 

than its respective total area and the overlap area of the each reader antenna 34, 38 

20 is substantially different from the other. 

The alternate specific antenna arrangements described above may not be as 

effective as the specific antenna arrangement of Figures 6A and 6B in eliminating the 

self resonance effect on the reader low frequency antenna 34 due to the magnetic flux 

of the reader high frequency antenna 38 and/or eliminating the self resonance effect 

25 on the reader high frequency antenna 38 due to the magnetic flux of the reader low 

frequency antenna 34. Nevertheless, the alternate specific antenna arrangements can 

provide a broadly compatible RFID reader having an acceptable degree of 

compactness and satisfactory performance characteristics. 

While the forgoing preferred embodiments of the invention have been described 

30 and shown, it is understood that alternatives and modifications, such as those 
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suggested and others, may be made thereto and fall within the scope of the invention. 
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I claim: 

1. An antenna array for an RFID reader comprising:

a first reader antenna tuned to operate at a first frequency; and 

a second reader antenna tuned to operate at a second frequency different from 

5 said first frequency. 

2. The antenna array of claim 1, wherein said first frequency is nominally 125.

kHz. 

3. The antenna array of claim 1, wherein said second frequency is 13.56 MHz.

4. The antenna array of claim 1, further comprising a reader housing containing

1 0 said first and second antennas. 

5. An antenna array for an RFID reader comprising:

a first reader antenna tuned to operate at a first frequency; and 

a second reader antenna tuned to operate at a second frequency different from 

said first frequency, wherein said first and second antennas are arranged in an 

15 overlapping arrangement. 

6. The antenna array of claim 5, further comprising a reader housing containing

said first and second antennas. 

7. The antenna array of claim 5, wherein said first reader antenna has a first

area, said second reader antenna has a second area, and said first and second reader 

20 antennas are arranged relative one another such that only a portion of said first area 

aligns with only a portion of said second area. 

8. The antenna array of claim 5, wherein said first reader antenna has a first

area, said second reader antenna has a second area essentially equal to said first 

area, and said first and second reader antennas have a parallel orientation and are 

25 arranged relative one another such that essentially half of said first area aligns with 

essentially half of said second area. 

9. An antenna array for an RFID reader comprising:

a first reader antenna tuned to operate at a first frequency; and 

a second reader antenna tuned to operate at a second frequency different from 

30 said first frequency, wherein said first and second antennas are arranged in an 
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opposing magnetic flux arrangement. 

10. The antenna array of claim 9, further comprising a reader housing

containing said first and second antennas. 

11. The antenna array of claim 9, wherein said first reader antenna has a first

5 area, said second reader antenna has a second area, and said first and second reader 

antennas are arranged relative one another such that only a portion of said first area 

aligns with only a portion of said second area. 

12. The antenna array of claim 9, wherein said first reader antenna has a first

area, said second reader antenna has a second area essentially equal to said first 

10 area, and said first and second reader antennas have a parallel orientation and are 

arranged relative one another such that essentially half of said first area aligns with 

essentially half of said second area. 

13. The antenna array of claim 9, wherein said first and second reader antennas

are arranged in an overlapping arrangement simultaneous with said opposing magnetic 

15 flux arrangement. 

20 

14. An RFID reader for an RFID system comprising:

an antenna array including a first reader antenna tuned to operate at a first 

frequency and a second reader antenna tuned to operate at a second frequency 

different from said first frequency; and 

a signal generator coupled with said first and second reader antennas. 

15. The RFID reader of claim 14, wherein said signal generator is an integrated

signal generator including integral means for generating signals for transmission from 

said first and second reader antennas. 

16. The RFID reader of claim 14, wherein said signal generator includes a

25 discrete first signal generator coupled with said first reader antenna for generating 

signals for transmission from said first reader antenna and a discrete second signal 

generator coupled with said second reader antenna separate from said discrete first 

signal generator for generating signals for transmission from said second reader 

antenna. 

30 17. An RFID reader for an RFID system comprising:
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an antenna array including a first reader antenna tuned to operate at a first 

frequency and a second reader antenna tuned to operate at a second frequency 

different from said first frequency; and 

receiver electronics coupled with said first and second reader antennas. 

18. The RFID reader of claim 17, wherein said receiver electronics is integrated

receiver electronics including integral means for conditioning signals received by said 

first and second reader antennas. 

19. The RFID reader of claim 17, wherein said receiver electronics includes

discrete first receiver electronics coupled with said first reader antenna for conditioning 

1 O signals received by said first reader antenna and discrete second receiver electronics 

coupled with said second reader antenna separate from said discrete first receiver 

electronics for conditioning signals received by said second reader antenna. 
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ABSTRACT 

An antenna array is provided for an RFID reader, which includes a first reader 

antenna tuned to operate at a first frequency and a second reader antenna tuned to 

operate at a second frequency different from the first frequency. The first and second 

5 antennas are preferably arranged in an overlapping arrangement or an opposing 

magnetic flux arrangement to reduce the effect of antenna self resonance. 
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�N tOENJIFICATION SYSTEM 

Technical Field 

This invention relates to a non-contact identification system for use 

in particular. although not exclusively, for personnel access control.

Background Art 

It is common for doors or other closures to be secured by an 

electrically operate� lock which can be opened by presenting a token In the 

form of a card or_ key to a reader associated with th'! Jock. The reader' 

verifies that the k�y carries a code which is acceptable to allow opening of 
·,

the door and, if it is acceptable. the reader actuates opening of the door by 

release of the lock.. Commonly the reader end token are of the kind which 

require no contact between them and therefore such a system is commonly 

known as a proximity reading $yster1:1. 

The problem arises with such systems at the present time In ttiet in 

order to allow for reedin� of a token at any time for access control purpoaes

it is necessary to ensure that the reader is continuously powered. Th.is 

means that a significant amount of power is wested during non-operative 

periods. Furthermore It is necessary for current systems of this type to be

hardwired into a mains circuit to ensure that adequate power is supplied for

reliable operation over sustained time periods. 

Disclosure of the invention 

It Is an object of the preaent invention to provide an identification 

system of the abovementioned type which tan be operated by a low voltage 
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on-board power fmpply in such a manner as to substantially reduce the

amount of power used in operatjon. 

Thus, and in accordance with one aspect of the present ;nvention 

therefore there is provided an· identification syst�m comprising an

· identification device �nd a reader; said reader including a power supply, said

reader being normally in a first state in which it generates low power pulses

from said supply, said· reader being switchable into a second state upon

sensing a modifieation to said pulses caused by the i.cJ. devfoe being in

proximity thereto,1 in said second state said reader being capable of

generating sufficient power to read the i.d. device.

With this arrangement It is possible to provide an identification system 

. which can read an l.d. device presented t.o it and yet utrlise a much reduced 

amount of power in operation. A low. voltage power supply can be used. 

Preferably said i.d. device includes a first coupling device and said 

reader includes a second; coupling device, said first and second coupling

··devices being inductively linked when said i.d. device is in proximity to said

reader whereby power from the power supply can be transferred to said

identification device via said Inductively linked coupling devices. Preferably

said first and second coupling devices comprise inductive coil elements
. .

which can be energised by way of an alternating or fluctuating current. Toe

first and/or second coupling devices may form part of a tune� resonant

circuit and in a preferr'-Jd embodiment both said coupling devices form part

of separate such circuit£, one on the i.d. device end and one on the reader.

I 
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With regard to the identific'atian devic<l· this may be a token a�d may

comprise a thin plastics member having electrical circuitry embedded therein 

so as to insulate or shield the circuitry from the environment. Seid circuitry . 

may include rectification circuitry to rectify an incom·ing alternating current, 

a code memory and clock circuitry to control the generation of codes from 

the memory. 

With regard to �e reader, thi:s may be mounted in or adjacent to the 

controlled device 'a11d may be adapted to control operation of the device 

directly or indirectly via actuating means. The reader may include a micro-
'· 

processor to control generation of said low power pulses and to road and 

Interpret incoming codes from said kay and to operate said controlled device 

in accordance therewith. 

With regard to the modification of the low power pulses that are 

detected by the reader, this may C-Ornprise a change in the decaying 

oscillations of a runed circuit in response to successive pulses and the reader 

may detect such change by detecting the difference in number of osciUatlons 

beyond a predetermined threshold. Said reader may detect the difference 

in number of oscillations by compari5on of st.ored oscillation counts between 

; 

successive single or multiple pulses. Alternatively the pulses may be 

integrated over time to provide · a voltage level for comparison with 

successive levels. 

Preferably, and in accordance with a second aspect of the present 

invention there is provided a reading system comprising a reader and a 
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device to be reed, said reader comprising a tuned circuit, an actuating d.evice 

· arranged periodically to apply an -a�tuating pulse to the tuned circuit to

produce a low power signal-derived from a decaying oscillation in a first

operational state of the reader, and a detection circuit connected to the

tuned circuit to detect modification of the decaying oscillation caused by the

said device when in proximity with the reader and to switch the reader to e

second operational s'tilte in which a higher power signal is produced. The

highar power signal _mev be derived from continuous opor�tion r.f the tuned

circuit or otherwise,.

The second aspect of the Invention may be used in conjunction with 

the first aspect of tho present invention. 

Typicafly the pubes may be at the rate of 10 per second at a duration 

of 2µs, Operating at 3V. this can draw only 5pA current from the power 

.. ·source (roughly 16000 times less than that required for continuau$ duty}. 

The rate of the pulses is chosen only to fulfil· the required $y&tem response 

· time for the particular appllcatton. Preferably the tuned circuit is actuated

or 'ringed' so a& to oscillate far a natural decaying pet"iod (i.e. so that
' '

oscillotions terminetel before the next pulse is applied.

The detection circuit preferably operate$ by counting the number of 

decaying oscillations. 

In so far as·the system is looking onty for a change to the number of 

decaying oscillations, then it is not important what the actuar number is, as 

long as it is stable over time. This attribute can be utilised to reduce the 
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emphasis on producti<>n component toleranceQ and also to allow the system 

to automatically a�j'°'st for the effect of metallic materials which may be 

present or subsequently introduced in proximity with the reader. 1n dle latter 

,respect, the detection circuit can act to determine the number of osr;illations 

or other pa,ameter over a period of time during a period of stabi&ty to arrive 

at a ·normal' count or reference parameter for the panicular environment.

Brief descriptjon of the drawings 

The lnvention.'wiU now be described further by way of example only 
' ' 

, 

and with reference,to the accompanying drawing, the single ftgure of which 

shows one embodiment of identification system according to the preseot 

Invention. 

Best mode of carrying out the jnventjon 

Referring now to the figure, there is shown a key or token 11 and 

". reader 12 adapted to cc:i'ntrol operation of a lock mechanism for a security 

door shown achematically at 13 via an actuuting mechanism 14. 

:The key 11 comprises a thin rectangular plastics plate which can be 

conveniently carried in a persons pocket. The plate Incorporates electronic 

circuitry embedded in the plate uo as to be electrically insulated and 

physically aealed from the environment by the plastics material of the plate. 

The circuitry includes a key inductive coil L2 connected in parallel to a 

capacitive element C2 to form a resonant circuit and at1 integrated circuit 

device U2 which includes rectifying circuitry, a non-volatile code store 

memory �nd clock circuitry to control the genenition of the codes from the 
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memory in operation {not shown).

'The re�der 12 comprises a reader coil L 1 connected in paralleJ to a

capacitor Cl. The output from the coil L 1 is connected to a demodulation 

·circuit U4 and to a threshold detection element U1:8 via a current limit

resistor A 1. The output of the demodulation c ire uit U4 and the threshold

detection element U 1 :8 are connected to inputs 16 and 17 of a

microprocessor 18 ·respectively. The microprocessor is connected to a low

voltage d.c. power suppty integral with the reader and ,is clocked by crystal

19. A firstoutpu� 21 of the microprocessot 18 connects the microprocessor

to the reader coit L 1 via an inverting buffer U1 :A and MOS field effect

transistor M1. Second and third outputs of the microprocessor 22¥ 23

provide the output via the actuating means to Op!rate the lock mechanism

· 13 in a manner to be hereinafter described.

In use, the re�der is normally in a dormant state in whLCh the 

. microprocessor 18 fee� pubes to the reader coil l t at a frequency of one 

2µs :pulse per 100ms via the inverting buffer U1:A Qnd the MOS transistor 

M1. The voltage pulses applied to the gate of the MOSFET M1 cause 

current pulses to be applied to the reader coil L 1 at the same rate. Thus the 

reader coil L 1 radiates pulses of energy for the period that the reader is in its

dormant mode. Thus it will be appreciated that In its dormant mode the 
•1 

reader is consuming a minimum of power due to the fact that short frequent 

low power pulses are being applied to the reader coil L2 as opposed to the 

continuous cutrent or continuous stream of pulses of conventional systems 
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of this type. Thus in the dormant mode the reader coil l 1 1s providing an 

intermittent magn�tic field. 

When a key or token 11 is brought �nto close proximity with the

reader 12, the coil l2 links the intermittent magnetic field generated by the 

reader 12 and this inductive coupling of the two coils L 1 and L2 causes a

modification of the pulses applied to the reader coil l I in the form of a

damping thereof. The .modified pulses are applied via a current limit resistor 
., .. ; 

Rl to a threshold detection i:,lemaot U1 :B which detecl8 that part of the

pulse above a threshold limlt caused by the aforementioned damping and

provides an output to input 17 of the microprocessor 18. If the pulses are 

of sufficisnt amplitude. The output signal applied to the microproces$or in 

these circumstances by the threshold detection element U1 :B ia counted by 

the microprocessor and if the cQunt has changed. causes the

microprocessor to sw1tc� out of its dormant modu and into an activ& mode

io which mode the output field of reader coil l 1 i& made continuous ralher 

than in�ermittent. 

The inductive coupling of the two coils L 1 and L2 when the key OJ 

token 11 is in close proximity tQ the reader 12 also pro\/ides the necessary 

power to drive the circuitry of the integrated circuit device U2 which

provides a signal indicative of the code identifying the key or token 11. or 

p;rson carrying the key or token 11, to the coil L 1 via coil L2 as a

modulation of the pulsas. These modulated pulses are fed back to the 

microprocessor 1 8 via a demodulated circuit to Input 16 of the micro-
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prDCessor in order that the micr()processor can read the code stq!ed on the 

key or token 1 1. The code stored on the key qr token 11 can then be 

compared with a store of acceptable codes in. the microprocessor, .or,, . 

indirectly via a separate store ·of accept.able· codes, and if verirlt.:d as an 

acceptable cpde, the microprocessor 18 wil generate a signal to cause 

actuation of the lock. mechanism 13 and opuning of the door via the 

actuating circuitry 14. 

Furthermore, it will be appreciated that whilst the present invention 

has been described in terms of the operation of a Jock mechanism 13, the 

· key or token 11 and reader system of the tnventi�n can be utlllsed to control

operation of any device which requires to be controlled or operated on

presentation of a suitable authority.

The present invention has a number of advantages over conventional 

1ystems of this type, In so far as, since the reader only uses short pulses, 

the power consumption is significantly reduced and furthermore. since the 

reader includes its own on•board d .c. power supplv or battery which is 

capable of controlling operation of the lock mechanism 13, there is no need 

for the device to be hardwired into a mainA oirouit., rendering it simple and 

convenient to fit the system to all types of existing locks and other 

controlled mechanisms. The token need have no on-board battery since it 

p derives all necessary power from the inductive linkage as described. 

It is of course to be under$tood that the ifwention is not Intended to 

be restricted to the details of the above embodimenl which are described by 

' 

l
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wa.y of example only. 

In order further to minimise power consumption, the �lock 

of the reade� preferably operates at two races - a slow (low 

power) rate duJ."ing the deactuated mode and a higher (higher 

power) rate on "wake up"' . For ex.ample, the slow speed may be 32 

KH:s , and the high speed may be 2. 5 MH&• 
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CLAIMS 

1. An 'identification system comprising an id.entification device (11) and
. 

. 

a reader (12}; said reader (12) includlng•a· power supply, said reader (12} 

being normat1y in a first state in which it generates low power pulses from 

said supply, said .reader (12) being switchable into a second state upon

sensing a modificatio!' to said pulses caused by the i.d. device (11) being in 

proximity thereto, in said second state said reader being capable of

generating sufficient power to reed the i.d. device. 

2. A system acco{d�g to claim 1 charactefised in that preferably said i.d.

device ( 11) includes a first coupling device (L2) and said reader ( 12} includes

a second coupling device (L 1 ), said first and second coupling devices (l 1 ,

L2) being inductively linked when said i.d. device ( 11} is in proximity to said

reader { 1 2) whereby power from the power supply can be transferted to
,,

said ldentification device v.a said inductively linked coupling devices (L 1,

L2). 

3. A system according to c�im 2 characterised in that preferably said

first and second coupling devices (L 1, L2) comprise inductive coil elements 

which can be energised by way of an alternating or fluctuating current. 

4. A system according to claim 3 characterised in that c1t least one of the

first and second coupling devices ·{L 1, L21 form part of a tuned resonant 

circuit. 

5. A system according to claim 4characterised in that both said coupling

devices (L 1, L2) form part of separate such circuits. WAVELYNX EX. 1003, Pg. 55 
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6. A 5\ystem according to any one of claims 1. to 6 characterised in that

the identification device (11 J is a. token whkh comprises a thin plastics 

member having electrical circuitry embedded therein so as to Insulate or 

shield the circuitry from the environment. 

7. A system according to any one of claims 1 to 6 characterised in that

the identification device (11) comprises electrical circuitry including 

rectification circuitry to_ rectify an incoming alternating current. a code

memory and clock circuitry to control the generation of codes from the 

memory. 

8. A system accord.ing to any one of claims 1 to 7 characterised in that

the modifica�ion of the Jow power pulses which are detected by the reader

· comprise a change in the decaying oscillations of a tuned circuit in response

to successive pulses.

0. A system according to claim 8 characterised in that the rvader (12)

detects said change' by detecting the difference ;n number of osciltations 

beyond:a predetennined threshold. 

1 o. A system according to claim 9 characterised in that th(} reader detect& 

the difference in number of oscillations by comparison of stored oscillation 

counts between successive single ocmultiple pulses. 

1 1 . A system according to claim 9 characterised in that the pulses are 

integrated over time to provide a voltage level to, comparison with

successive levels. 

12. A reading system comprising a reader ( 12) and a device ( 11t to be
WAVELYNX EX. 1003, Pg. 56 
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read, said reader (12) c:omprisi'ng a tuned circuit (Ll, Cl). an 

act.uating device (Ul;A,Ml) arranged pe:riod.ically to apply an 

accuacing pulse to the circuit (Ll,Cl) to produce a low power

signal derivecl trom a decaying 05ejllation in a first operatioDal 

state of the reader, and a detection circuit (Ul:B) connected to 

the tuned circuic (Ll,Cl) to detect modification of the decaying 

oscillation caused by the said device when in proximicy w�th the 

reader and to switc� the reader to a second opexational scace in 

which a higher power .. ,ignal is produced capable of poweJ:ing the 

reader (12) and the iden�ification device. 

13. A reading eysc�m according to claim 12 characterised in that

the higher powet' si.gnal. is derived from contin�os C',peration of

the tuned circuic (Ll,Cl).

14. A reading system accoroing co claim i2 co 13 characterised

in that the tuned circuit (L1,CL) is ringed so aa to osci1late

!or a natural decayiRg period before the next pulse is applied.

15. A reading system according to any one of claims 12 to 13

charac::teriaed in that cbe detection circuit:. {Ul :Bl counta the
•. 

ft 

number of decaying oscillations.

16. A reading system acco:cc11ng to any one claims 12 to 15

characteiiaed in that. the detection circuit (Ul :B) derives a

reference parameter for the decaying os�illation and responds to

changes tl'lerein, said refei:-e:nce parameter being derived from

multiple oscillations occurring over a period of �ime during a

period of stability.

17. An identification syst.:em according t.o any one of cla.ims l

to 11 in which the reader (12) comprises a reading system in

accordance with any one of claims 12 to 16.
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system of any one of claims. 1 to 16. 

18. A system according to any one of claims 1 to 11 or 17 when used to

control operation of a door IOck. 

19. A sy:stem substantially as hermbefore descrmed with reference to the

accompanying dt.awings. 
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Intelligent Station Using Multiple RF Antennae and 

Inventory Control System and Method Incorporating Same 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application claims the benefit of priority under 35 

U.S.C. § 11 S(e) of provisional application serial numbers 60/346,388, filed 

January 9, 2002, and 60/350,023, filed on January 23, 2002, the 

disclosures which are incorporated herein in their entireties. 

FIELD OF THE INVENTION 

(00021 The present invention relates generally to the field of 

using multiple RF (radio frequency) antennae in an intelligent station to 

track items tagged with RFID (radio frequency identification) tags. More 

generally, the present invention is directed to an inventory control method 

and system that uses the intelligent station to track and inventory items 

that are tagged with RFID tags. 

BACKGROUND OF THE INVENTION 

(0003] Radio frequency identification (RFID) systems typically 

use one or more reader antennae to send radio frequency (RF) signals to 

items tagged with RFID tags. The use of such RFID tags to identify an 

item or person is well known in the art. In response to the RF signals 

· from a reader antenna, the RFID tags, when excited, produce a

disturbance in the magnetic field (or electric field) that is detected by the

reader antenna. Typically, such tags are passive tags that are excited or

resonate in response to the RF signal from a reader antenna when the

tags are within the detection range of the reader antenna. One example
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of such a RFID system including details of suitable RF antennae is 

described in U.S. Patent No. 6,094,173, the contents of which are 

incorporated herein in their entirety. In order to improve the detection 

range and expand "coverage" it is known to use coplanar antennae that 

are out of phase. One example of such an antenna is provided in US 

Patent No. 6,166,706. 

(0004) The detection range of the RFID systems is typically 

limited by signal strength to short ranges, for example, frequently less 

than about one foot for 13.56 MHz systems. Therefore, portable reader 

units are moved past a group of tagged items in order to detect all the 

tagged items since the tagged items are typically stored in a space 

significantly greater than the detection range of a stationary or fixed 

single reader antenna. Alternately, a large reader antenna with sufficient 

power and range to detect a larger number of tagged items may be used. 

However, such an antenna may be unwieldy and may increase the range 

of the radiated power beyond allowable limits. Furthermore, these reader 

antennae are often located in stores or other locations were space is at a 

premium and it is expensive and inconvenient to use such large reader 

antennae. In another possible solution, multiple small antennae may be 

used but this configuration may be awkward to set up keeping in mind 

that space is often at a premium. 

[0005) However, use of multiple antennae (or components) has 

the drawback that multiple transmission cables are used to connect a 

reader unit to the multiple antennae and/or that the multiple antennae 

cannot be individually controlled when they are all connected by a single 

transmission cable to the reader unit. 

[0006) By way of background, Figure 1 is a block diagram that 

illustrates the basics of a prior art RFID system. A reader unit 100 may 

typically be connected through RS-232 or similar digital communication to 

a terminal 102 such as a computer terminal. The reader unit 100 is 

-2-
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connected by a cable 203 to a reader antenna 200. The reader antenna 

200 typically consists of at least a loop 201 and a tuning circuit 202. 

Although the tuning circuit 202 is shown as a localized part in Figure 1 , 

one skilled in the art would recognize that it might be distributed around 

the loop 201 . The reader antenna 200 in turn communicates by low 

power radio waves 105 with one or more RFID tags 106 that are typically 

associated with items, objects (animate or inanimate) or persons that are 

to be tracked by the RFID system. 

[0007] The transmission cable 203 is typically characterized by 

its impedance, which in a simplified form, is approximately the square 

root of inductance L divided by capacitance C of the transmission cable. 

For coaxial cables, the impedance is commonly 50 or 75 ohms. 

[0008] Generally, the transmission cable 203, antenna loop 201, 

and tuning circuit 202 are connected together in a manner that most 

efficiently utilizes the RF power at a desired frequency, which for a given 

RFID system using a loop antenna, such as antenna 200, is typically a 

"high" frequency such as 13.56 MHz. Another common "low" frequency 

that is often used for RFID systems is 125 kHz. "Ultrahigh" (UHF) 

frequencies such as 900 MHz or 2.45 GHz within the RF range are also 

used with different antenna designs. 

[0009) A system using multiple antennae powered by a single 

reader unit and using a multiplexer switch to alternate between the 

antennae has also been known. Such a system is conceptually 

represented in Figure 2 where two separate antennae 200a and 200b are 

connected to a reader and multiplexer unit 101 through respective 

transmission cables 203a and 203b. The use of multiple antennae 

typically improves the spatial coverage when reading tags, without 

requiring more than one reader unit. The main disadvantage of the 

arrangement disclosed in Figure 2 is the need for a separate transmission 

cable to each of the antennae. Since space is often at a premium, the 
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use of these separate cables is a disadvantage because additional space is 

needed to install or position each of these separate cables. This 

disadvantage is accentuated when more than two antennae are used with 

one reader unit since all of these multiple antennae require separate 

transmission cables. 

SUMMARY OF THE INVENTION 

[001 OJ In one aspect, the present invention provides an 

intelligent station that tracks RFID tags, the intelligent station including: a 

reader unit that transmits and receives RF signals; a first RF antenna 

connected to the reader unit by a first transmission cable through a first 

switch; and one or more additional RF antennae connected to the reader 

unit by the same first transmission cable through one or more additional 

switches. The term "intelligent," as used herein, means that the system 

can, through transmission of radio frequency signals, capture, store, and 

lookup data, and monitor unique identifiers associated with trackable 

items. 

[0011 J In a further aspect, each of the first and one or more 

additional RF antennae includes a loop and a tuning circuit. 

10012) In another aspect of the present invention, the reader unit 

includes a tuning circuit for the first and one or more additional RF 

antennae, with the tuning circuit connected to the first and one or more 

additional RF antennae through the first transmission cable. 

[00131 In another aspect, the present invention includes: a reader 

unit that generates and receives RF signals; and a control unit that is 

operatively connected to the reader unit and to first and one or more 

additional switches, wherein the control unit is configured to selectively 

operate the first and one or more additional switches to connect the 

reader to the first and one or more additional RF antennae, respectively. 

-4-

WAVELYNX EX. 1003, Pg. 68 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



WO 03/061060 PCT/US0J/00554 

The reader unit and the control unit may be separate devices or combined 

in a single unit. 

(0014) In yet another aspect of the present invention, the 

intelligent station further includes a second transmission cable that 

connects the reader unit to auxiliary RF antenna loops, each of the 

auxiliary RF antenna loops arranged proximate to a corresponding one of 

the first and one or more additional RF antennae. The auxiliary antennae 

receive· an unmodulated RF signal that powers up the tags, which are 

normally not powered in the absence of an RF signal. As used herein, 

"unmodulated RF signal" is an RF signal without superimposed data. A 

"modulated RF signal" is an RF signal carrying superimposed data. 

[0015) In a further aspect, the reader unit includes a second 

tuning circuit, proximate to the reader unit, that is connected to the 

auxiliary RF antenna loops through the second transmission cable. The 

second tuning circuit is configured to tune the auxiliary RF antenna loops. 

(0016] In yet another a�pect, the present invention provides a 

second transmission cable that connects the reader unit to the first and 

one or more additional RF antennae through the first and one or more 

additional switches, respectively. The reader unit transmits an 

unmodulated RF signal to the first and one or more additional RF antennae 

through the second transmission cable, and transmits a modulated RF 

signal to the first and one or more additional antennae through the first 

transmission cable. 

(0017) In a further aspect of the present invention, the first 

switch is configured to operate in only three states: a first state such that 

the first switch only transmits the modulated RF signal to the first RF 

antenna; a second state such that the first switch only transmits the 

unmodulated RF signal to the first RF antenna; and a third state such that 

both the modulated RF signal and the unmodulated RF signal bypass the 

. first RF antenna. The second switch includes a multi-pole switch 
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configured to operate in only three states: a first state such that the 

second switch only transmits the modulated RF signal to the associated 

second RF antenna; a second state such that the second switch only 

transmits the unmodulated RF signal to the second associated RF 

antenna; and a third state such that both the modulated RF signal and the 

unmodulated RF signal bypass the associated second RF antenna. Each 

of the switches can be controlled independently of each other, thus, for 

example, the first and second switches may be set to transmit modulated 

and unmodulated signals, respectively, at the same time. In addition, a 

two-pole switch may be used which is configured to operate in one of 

two states (one state being to pass modulated RF signals to the 

associated antenna, and the other state being to pass no signals to the 

associated antenna). 

[0018) In a further aspect, the present invention provides: 

additional RF antennae connected to the reader unit through the same 

first transmission cable; and additi'onal switches arranged between the 

first transmission cable and the additional RF antennae, respectively. 

(0019] In one aspect, an RF transmission cable has a single 

branch serving all antennae, that is antennae are connected to a reader 

unit through a RF transmission cable in a series arrangement. 

(0020) In another aspect, an RF transmission cable has two or 

more branches, each serving one or more antennae, That is, antennae are 

connected to the reader unit through the RF transmission cable in a 

parallel-series arrangement, with each branch on the RF transmission 

cable selectable by use of a switch. 

(0021) In another aspect, intelligent stations contain RF signal 

processing electronics to perform some of the signal processing otherwise 

done by the reader. 

(0022) In yet another aspect, each of the one or more additional 

switches include a PIN type diode. 
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[0023) In another aspect, the present invention provides an 

intelligent inventory control system that uses RFID tags to determine item 

information of items to be inventoried, the intelligent inventory control 

system including one or more intelligent stations. Each intelligent station 

comprises a first RF antenna connected to the reader unit by a first 

transmission cable through a first switch; and one or more additional RF 

antennae connected to the reader unit by the same first transmission 

cable through respective one or more additional switches. The reader unit 

may be located apart from or within one of the intelligent stations. The 

inventory control system further includes an inventory control processing 

unit, connected to a data store, that receives item information from the 

. intelligent station to update inventory information regarding the items to 

be inventoried. 

[0024] In yet another aspect, the present invention provides a 

method of inventory control for items tagged with RFID tags, the method 

including: providing a plurality of intelligent stations, each intelligent 

station including a reader unit that transmits and receives RF signals, a 

first RF antenna connected to the reader unit by a first transmission cable 

through a first switch; and a one or more additional RF antennae 

connected to the reader unit by the same first transmission cable through 

respective one or more additional switches; determining item information 

of items to be inventoried by selectively energizing the first and one or 

more additional RF antennae of each of the intelligent stations to 

determine item information of items that are located on the respective 

intelligent stations; and processing the determined item information to 

update inventory information of the items to be inventoried. 

[0025] In one aspect, each station has its own reader unit. 

However, one reader unit may also serve many stations. 

[0026) In a further aspect of the present invention, the inventory 

control method includes selectively controlling the first and one or more 
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additional switches to energize the first and one or more additional RF 

antennae and detect item information from items with RFI D tags that are 

within range of the respective energized one or more additional RF 

antennae. 

(0027) In a further aspect of the present invention, the inventory 

control method includes software control of the RF power level generated 

by the reader unit. In a preferred embodiment, testing would determine 

how much RF power the reader unit must provide to achieve optimal 

results for each connected antenna, which are positioned at different 

distances along the RF cable. This information would be stored, for 

example, in a look-up table or other equivalent indexed data storing 

means. Thereafter during operation, the power level for each antenna 

would be set based on this predetermined level stored in the look-up 

table, so that antennae at differing distances along the RF transmission 

cable may all operate at essentially equal power. 

[0028] In an alternate embodiment, the power provided to each 

antenna could also depend on additional factors, for example, on the type 

of antenna. Therefore, in the alternate embodiment, both the distance 

and type of the antenna could be used to determine and store the optimal 

power level for a particular antenna. 

[0029] In a further aspect of the present invention, the inventory 

control method includes RF amplifier devices, such as RF filter amplifiers, 

located periodically along the RF transmission cable such as in every Nth 

shelf to boost the RF signal strength. 

[0030] In a further aspect of the present invention, the inventory 

control method includes updating the determined item information of 

items in a data store. 

[0031] In a further aspect, the present invention provides that 

the inventory control method includes, for each intelligent station, 

providing a second transmission cable to connect the reader unit to one or 
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more auxiliary antenna loops arranged proximate to respective ones of the 

first and one or more additional RF antennae, wherein the reader unit 

transmits a modulated RF signal through the first transmission cable and 

transmits an unmodulated RF signal through the second transmission 

cable. 

(0032) In yet another aspect, the inventory control method 

according to the present invention includes providing, for each intelligent 

station, a second transmission cable that connects the reader unit to the 

first and one or more additional RF antennae through first and one or more 

additional switches, respectively, wherein the reader unit transmits an 

unmodulated RF signal to the first and one or more additional RF antennae 

through the second transmission cable, and transmits a modulated RF 

signal to the first and one or more additional RF antennae through the first 

· transmission cable.

[00331 In another aspect the inventory control method of the 

present invention provides, for each intelligent station, configuring the 

first and one or more additional switches to operate in one of only three 

states: a first state that only transmits a modulated RF signal to a 

respective one of the first and one or more additional RF antennae; a 

second state that only transmits an unmodulated RF signal to the 

respective one of the first and one or more additional RF antennae; and a 

third state such that both the modulated RF signal and the unmodulated 

RF signal bypass the respective one of the first and one or more additional 

RF antennae. 

BRIEF DESCRIPTION OF THE DRAWINGS 

(0034) The accompanying drawings, which are incorporated in 

and constitute a part of the specification, illustrate without limitation 

presently preferred embodiments of the invention, and, together with the 

general description given above and the detailed description of the 
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preferred embodiments given below, serve to explain the principles of the 

invention. 

(0035) FIG. 1 is a block diagram illustrating the basics of a prior 

art RFID system. 

(0036) FIG. 2 is a block diagram illustrating a prior art RFID 

system with multiple antennae connected to a reader unit. 

(0037) FIG. 3A is a block diagram illustrating an embodiment of 

an inventory control system that uses intelligent stations in accordance 

with the present invention. 

(0038) FIG. 3B is a block diagram illustrating another 

embodiment of an inventory control system that uses intelligent shelves in 

accordance with the present invention. 

(0039) FIGS. 3C and 3D are flowcharts illustrating processing 

performed by the control unit of the inventory control system according to 

the present invention. 

(0040) FIG. 3E is a block diagram illustrating another 

embodiment of an inventory control system that uses intelligent stations 

in a parallel-series configuration. 

(0041] FIG. 3F is a block diagram illustrating another 

embodiment of an inventory control system that uses intelligent stations 

in another parallel-series configuration. 

[0042] FIG. 3G is a block diagram illustrating a tee switch for use 

· in a parallel-series configuration.

(0043] FIG. 3H is a block diagram illustrating an inline switch for 

use in a parallel-series configuration. 

(0044] FIG. 31 is a block diagram illustrating an exemplary 

method of carrying RF and digital communications on one cable. 

(0045] FIG. 3J is a block diagram illustrating a method of using 

switches to minimize undesirable effects of an RF cable extending past a 

selected antenna. 
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[0046) FIG. 4A is a block diagram illustrating one embodiment of 

the present invention showing an RFID system with multiple antennae 

connected to a reader unit. 

[0047) FIG. 4B is a schematic diagram showing a logical switch. 

[0048) FIGS. 5 and 6 are block diagrams showing alternate 

embodiments of the present invention having multiple antennae. 

[0049) FIG. 7 is a block diagram illustrating another embodiment 

of the present invention in which two separate transmission cables 

transmit modulated and unmodulated RF signals to multiple antennae each 

having several loops. 

[0050) FIG. 8 is a block diagram illustrating an alternate 

embodiment in which the modulated and unmodulated RF systems use 

the same antenna loops. 

[0051) FIG. 9A is a schematic diagram of an exemplary switch 

that may be used with the embodiment disclosed in Fig. 8. 

(0052) FIG. 9B is a schematic diagram of another exemplary 

switch that may be used with the embodiment disclosed in Fig. 8. 

(0053) FIG. 1 OA is a circuit diagram of a switch using a PIN 

diode that may be used with various embodiments of the present 

invention. 

[0054) FIG. 1 OB is a circuit diagram showing how an antenna 

may be "detuned." 

(0055) Figure 1 OC is a circuit diagram showing another way that 

an antenna may be "detuned." 

(0056) Figure 1 OD is a circuit diagram showing yet another way 

that an antenna may be "detuned." 

(0057) FIG. 11 A is a diagram illustrating various layouts of reader 

antennae on shelves. 

[0058) FIG. 11 B is a diagram illustrating the use of tags within 

shelves. 
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[0059] FIG. 12 is a diagram illustrating one method of making a 

wire antenna. 

(0060] FIG. 12A-C are diagrams illustrating alternate ways of 

securing the ends of wires on a substrate. 

[00611 FIG. 13 is a diagram illustrating an alternate method of 

making a wire antenna. 

(00621 FIG. 13A is a diagram illustrating various alternate wire 

antenna shapes. 

(0063) FIG. 14 illustrates another method of making a wire 

antenna. 

[00641 FIG. 15 is a diagram that illustrates a device and method 

of applying foil tape ribbons to a web or planar substrate to form a foil 

antenna. 

[0065) FIG. 16 is a diagram illustrating another method of 

depositing conductive pathways on a substrate to form a foil antenna. 

(00661 FIG. 17 is a diagram illustrating a cross section of an 

applicator 2200 for depositing conductive pathways. 

(0067) FIG. 18 is diagram that illustrates a method to lay down a 

simple rectangular conductive pathway using the apparatus shown in 

Figure 15. 

(0068] FIGS. 18A-B illustrate foil strips folded over. 

[00691 FIG. 19 shows an embodiment where a conductive trace 

2300 being laid down overlaps a previous conductive trace. 

[0070] FIG. 20 is a laminated structure containing a foil strip 

antenna. 

[0071] FIG. 21 is a diagram illustrating the use of a milling 

machine to form openings in a substrate. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

· · [00721 Unless otherwise specified, "a" or "an" means one or

more. The present invention provides an intelligent inventory control 

system including one or more intelligent stations that can detect RFID 

tags using multiple antennae. The RFID tags are attached to items to be 

detected or tracked. In certain preferred embodiments discussed herein, 

the intelligent station system is designated as an intelligent "shelf" 

system since the intelligent station system provided by the present 

invention is suitable for tracking ite111s on shelves of stores and 

warehouses for inventory control or other tracking purposes. However, it 

is to be understood that the present invention is not limited to intelligent 

shelf systems since one skilled in the art would recognize its applicability 

to other uses such as, for example, tracking items in closed receptacles, 

other storage volumes, and particular spaces. Examples of such closed 

receptacles or storage volumes include, without limitation, rooms, closets, 

cabinets, cupboards, refrigerators, freezers, pegboards, clothing racks, 

trailers, warehouses, pallets, counters, and other similar enclosures, 

spaces, or racks. It may be used in doors, doorways and other portals, in 

floors or floor mats, or in ceilings. It is also to be understood that the 

intelligent stations may be used in orientations other than the horizontal 

orientation typically associated with a shelf. For example, the intelligent 

shelves may be used in a vertical orientation as, for example, on the wall 

of a container, or the back or side area or surface of a storage volume. 

[0073] For use in clothing racks, various embodiments are 

envisioned including linear or circular racks. For circular racks in 

particular, it is envisioned that two antennas may be used that are 

orthogonally disposed in two vertical planes within the center of the 

circular rack. The antenna may be driven by a single reader but the 

length of their lead-in cables differs, preferably, by ¼ of the RF 
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wavelength, or alternately, a two-way 90 degree power splitter is used 

(e.g. MiniCircuits PSC0-2-13) to put the two antennas 90 degrees out of 

phase. As a consequence the magnetic field orientation set up by the 

two antennas "rotates" once each cycle of the RF wave, so that all RFID 

tags around the circular rack may be read. 

[0074] For use with clothing racks, another embodiment 

provides, on the clothing rack, one or more antenna loops, for example 

positioned or hanging at one or both ends of the rack, or distributed as 

hangers amidst the clothing. If the antenna loops are provided in the form 

of hangers, these may be fabricated by running conductive wire through 

narrow (e.g. ¼ "-3/8" diameter) thermoplastic tubing, then heat-forming 

the tubing to create hanger-shaped antennas. The same method could be 

used to create self-supporting antennas in any shape. 

[0075] A planar antenna can be limited in its ability to read tags 

that are oriented parallel to the magnetic field lines created by the 

antenna. The read range may be extended and tag orientation limitations 

overcome by providing for an RF-powered antenna (antenna connected to 

a reader) and one or more passively coupled antennae that are not 

connected directly to the reader. These passively connected antennae are 

excited or powered through inductive coupling with the powered antenna. 

The passively coupled antenna will have a magnetic field, preferably, 1 80 

degrees out of phase with the actively coupled antenna. Thus the 

orientation of the resulting magnetic field will oscillate, so that RFID tags 

in otherwise unfavorable orientations may still be read. In one 

embodiment, the passively coupled antennas could be provided in the 

shelf itself, for example, with actively powered antennas in the front of 

the shelf and passively coupled antennas in the back of the shelf, with all 

antennas being in the plane of the shelf. Other embodiments include 

having passively coupled antennae in the vertical plane at the ends of 

. shelves or backs of shelves. Other embodiments include using at least 
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one actively powered antenna within an enclosure such as a box, cabinet, 

or passageway, with one or more passively coupled antennae to provide 

better reading range or better flexibility in reading tags that are disposed 

in any orientation. Other embodiments include having passively coupled 

antennae in the vertical plane at the ends of shelves or backs of shelves. 

Other embodiments include for a given shelf having passively coupled 

antennae in the horizontal plane some distance above the shelf, 

preferably just under the next shelf up. 

[0076] In a preferred embodiment, the multiple antennae may be 

put on a self-supporting shelf or may be embedded into a thin mat that 

can be laid on existing store shelves. 

(0077] For example, as shown in the block diagram of Figure 3A, 

independent shelf systems 501 a, 501 b ... 501 n and 502a, 502b ... 502n 

are each provided with multiple antennae 200 that are each connected to 

a reader unit 120 by a transmission cable 222. Each reader unit 120 has 

a controller or control unif 124 that uses a control cable 221 in selecting 

which antenna is active at any time. Between shelves, the cables 221 

and 222 may be interconnected using connectors 526. While the 

embodiment disclosed in Figure 3A shows that each group of shelves has 

an RFID system with a reader unit 120 connected to multiple a�tennae 

200, one skilled in the art would recognize that a single reader unit may 

be configured to connect to multiple antennae on more than one shelf 

that are located proximate to each other, or each shelf may be configured 

to have its own reader unit. 

[0078) The block diagram of Figure 3B shows an alternate 

embodiment where each shelf 503a, 503b ... 503n is provided with 

multiple antennae 200. The multiple antennae 200 are each connected to 

a reader unit 120 by a transmission cable 222. Each reader unit 1 20 has 

a controller 124 to select which antenna is active at any time. This 

controller 1 24 may be a microprocessor. Furthermore, the shelves may 
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have secondary controllers 1 25 that co-operate with the controller 1 24 to 

select antennae. The secondary controllers 125 may be microprocessors 

with sufficient outputs to control all the antennae within the associated 

shelf, as well as controlling output devices 510, such as shelf-edge 

displays, for displaying information such as pricing. The output devices 

51 0 could display information using visible and audible signals as would 

be recognized by those skilled in the art. Using secondary controllers 125 

may reduce the number of wires required in connectors 526 between 

shelves. 

[0079) The control unit 124 may selectively operate any or all 

the switches by sending commands through a digital data communication 

cable 221 , for example by sending a unique address associated with each 

switch, as with would be possible, for example, by using a Dallas 

Semiconductor D52405 "1-Wire®" addressable switch. Each such 

addressable switch provides a single output that may be used for 

switching a single antenna. Preferably the control unit 124 may 

selectively operate any or all the switches by utilizing one or more 

secondary control units 125. For example, the secondary control unit 

125 may be a microprocessor such as a Microchip Technology 

Incorporated PICmicro® Microcontroller, which can provide multiple 

outputs for switching more than one antenna, such as all the antennas in 

proximity to the secondary control unit 1 25. The control unit 1 24 may 

also be a microprocessor such as a MicroChip Technology Incorporated 

PICmicro® Microcontroller. Communications between the control unit 124 

and the secondary control unit 1 25 can be implemented by using digital 

communication signals in accordance with well known communication 

protocols such as RS-232, RS-485 serial protocols, or Ethernet protocols 

or Token Ring networking protocols. Such communications through the 

secondary control unit 1 25 may, in addition to selecting the desired 

antennae, also include commands to operate additional features. 
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Examples of such features include providing displays (for example, light 

LED's) proximate to the antennae, displaying alphanumeric text through 

appropriate visual displays, or outputting audible information in the 

proximity of the antennae. 

[0080) In a preferred embodiment, the intelligent shelf system is 

controlled through the electronic network. A controlling system that 

controls the intelligent shelf system will send command data to the 

control unit 1 24 via RS-232 or similar protocol. These commands include 

but are not limited to instructions for operating reader unit 120, 

instructions for operating the antennae switches, and auxiliary information 

to be displayed by shelves for example with lights, visual displays, or 

sound. The control unit 124 is programmed to interpret these 

commands. If a command is intended for the reader unit 120, the control 

unit 124 passes that command to the reader unit 120. Other commands 

could be for selecting antennae or displaying information, and these 

commands will be processed if necessary by control unit 1 24 to 

determine what data should be passed through digital data 

communication cable 221 to the secondary control units 125. likewise 

the secondary control units 125 can pass data back to the controller 124, 

as can the reader unit 120. The controller 124 then relays result data 

back to the controlling system through the electronic network. The 

inventory control processing unit 550, shown in Figs. 3A and 3B, is one 

· example of such a controlling system. As discussed further herein with

respect to the intelligent shelf system, the electronic network and

controlling system are used interchangeably to depict that the intelligent

shelf system may be controlled by the controlling system connected to

the intelligent shelf system through an electronic network.

[0081] At a minimum, control unit 124 must decide whether a 

command from the electronic network should be sent to reader 120, or 

should be send on the digital communication cable 221 . Also, control 
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unit 124 must relay data it receives from the digital communication cable 

221, and from reader unit 120, back to the electronic network. In the 

minimum configuration for example, the electronic network would for 

example issue a command to read a single antenna. The control unit 124 

would a) set the proper switch for that antenna, b) activate the reader, c) 

receive data back from the reader, d) deactivate the reader, and e) send 

. the data back to the electronic network. 

[0082) Figure 3C is a flowchart illustrating exemplary processing 

of a command signal from a host by the control unit 124. In step 330, 

the control unit 1 24 determines whether there is a command for the 

control unit 124 (it may do so by interrogating a memory location 

periodically). The control unit 1 24 then determines in step 332 whether 

the command was for the reader 120 and, if so, sends the command to 

the reader unit 120 in step 334. If not, in step 336, the control unit 124 

decodes the command and sends appropriate instructions to the 

secondary controller 125. Thereafter, in step 338, the control unit 124 

determines whether a response has been received from the reader unit 

120 if a command had been sent to the reader in step 334. If a response 

has been received, then in step 340, the control unit 124 passes the 

response back to the host. Thereafter, in step 342, the control unit 124 

· determines whether a response has been received from the secondary

control unit 1 25 in response to the instruction sent in step 336. If a

response has been received from the secondary control unit 125 in step

342, the response is interpreted by the control unit 124 and sent to the

host in step 344. Thereafter, the processing control returns to step 330

in which the control unit 124 determines whether there is another

command from the host that needs to be processed.

[0083) The control unit 1 24 may also perform some management 

functions otherwise handled by the electronic network. For example, the 

electronic network might issue a command to find a certain article on the 
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entire shelf system associated with control unit 124. In such a case, the 

control unit would manage a series of tasks such as a) determine how 

many antennae were in its system, b) set the proper switch for the first 

antenna, c) activate the reader, d) receive data back from the reader and 

save it, e) deactivate the reader, f) set the proper switch for the next 

antenna until all the antennae have been activated, g) activate the reader 

until all the antennae have been read. In the preferred embodiment, when 

all antennae had been read, the control unit 124 or the electronic network 

("host" or the "controlling system") would analyze its accumulated data 

and report back only the location(s) of the desired item. 

[0084) Figure 3D is a flowchart illustrating exemplary 

management function processing performed by control unit according to 

the present invention. In step 350, the control unit 124 receives a 

command from a host application that requests a count of the total 

number of antennae controlled by the control unit 124. Therefore, in step 

352; the control unit 124 determines the number of antennae controlled 

directly by the control unit 124. Thereafter, in step 354, the control unit 

. 124 issues a command to the secondary control units 125 to select the 

next antenna on their list and waits for a confirmation from the secondary 

control units 125 in step 356. In steps 358 and 360, a "read" command 

is sent to the reader 120 that awaits and reads the data from the selected 

antenna and sends the data to the host application in step 362. 

Thereafter, the control unit sends a "standby" command to the reader 

120 in step 364 and determines in step 366 whether all the antennae 

have been read. If it is determined that all the antennae have been read in 

step 366, the processing is terminated. Otherwise, the process control 

returns to step 354 so that the control unit 124 can issue a command to 

the secondary control units to select the next antenna on the list that has 

not yet been selected. 
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[0085) An additional advantage of placing the control unit 124 

· between the electronic network and the reader units is that different

types of readers 120 can be used as desired. The commands from the

electronic network to the control unit may be generic and not reader­

specific. For example the electronic network can send to the control unit

a "read antennas" command. The control unit in turn can translate this

command into the appropriate command syntax required by each reader

unit. Likewise the control unit can receive the response syntax from the

reader unit (which may differ based on the type of the reader unit), and

parse it into a generic response back to the electronic network. The

command and response syntax may differ for each type of reader unit

120, but the control unit 124 makes this transparent to the electronic

network.

[0086] The block diagram of Figure 3E shows an alternate 

embodiment where the controller 124 and reader 120 are contained in 

shelf 504a. As would be recognized by those skilled in the art, it is also 

possible for the controller and reader to be apart from any shelf. A 

djgital communication cable 221 connects the controller 124 to 

secondary controllers 1 25, and RF transmission cable 222 connects the 

reader 120 to the antennae 200. The controller 124 may operate a 

branch switch 527 that selects which of the groups of shelves (for 

example 504b-504n, or 505b-505n) will be selected. In Figure 3E, the 

branch switch 527 is used with a "parallel-series" connection method for 

the secondary controllers 1 25 and the antennae connected to the 

secondary controller 125. That is, instead of a controller 124 and reader 

120 operating all of the shelves in single series arrangement, the RF and 

digital communication lines are branched (that is, each of the branches 

are parallel to each other) before continuing on through shelves 504b-

504n in series, and 505b-505n in series. The parallel-series configuration 

in Figure 3E may be advantageous for an aisle of shelves where typically 
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there are approximately four levels of shelves (each of which may be 

connected in parallel), with each level having perhaps 1 0-20 shelf units 

connected in series. In certain situations a parallel-series configuration 

may also be desired from an RF transmission standpoint. For example, if 

an aisle has 4 levels of shelves each with 12 shelf units each having four 

antennae, the parallel-series configuration connects in parallel four groups 

of 48 antennae, while the series-only configuration would have to 

connect in series one group of 192 antennae. The RF transmission cable 

for the series-only configuration might thus become too long for efficient 

operation. 

[0087] The block diagram of Figure 3F shows an alternate 

embodiment where the controller 124 and reader 120 are arranged apart 

from any shelf. Digital ·communication cable 221 connects controller 

124 to the secondary controllers 125, and RF transmission cable 222 

connects the reader 120 to the antennae 200. The controller 124 or 

secondary controller 125 may operate a tee switch 528 that selects 

which of the shelves or groups of shelves (for example 506a, or 507a-

507b) will be selected. The tee switch 528 may be separate from or part 

of a shelf as would be recognized by one skilled in the art. In Figure 3F, 

the tee switch 528 is used with another "parallel-series" connection 

arrangement. That is, instead of a controller 124 and reader 120 

operating all shelves in series, the RF and digital communication lines are 

branched off (that is, connected with a multi-drop or "tee" arrangement 

with each of the branches arranged in parallel) to shelves or groups of 

shelves that are arranged in series. This configuration allows the RF 

signal to be switched by the tee switch 528 into a shelf or group of 

· shelves, or to bypass the shelf or group of shelves. The tee or multi-drop

configuration shown in Figure 3F may be used to reduce the number of

switching elements through which the RF transmission cable passes.

-21-

WAVELYNX EX. 1003, Pg. 85 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



WO 03/061060 PCT/US0J/00554 

(0088) In Figure 3F the portion 221 a of the control cable that 

extends beyond shelf 506a, and the portion 222a of the RF cable extends 

beyond shelf 506a, are outside of the shelf. However, as would be 

recognized by those skilled in the art, these extended portions of the 

cables may also be contained within the shelf. Additional extended 

control cable portions 221 b and additional extended RF cable portions 

222b may be used to connect to more shelves or groups of shelves. 

Likewise, additional shelves (not shown) may be added to groups of 

shelves, for example to shelves 506a-506b as would be apparent to those 

skilled in the art. 

(0089] Figure 3G shows an example tee switch 528 on an 

example shelf 507a. The tee switch contains a switch, for example PIN 

diode 207c. A secondary controller 125 associated with shelf 507a may 

activate PIN diode 207c to allow the RF signal from RF cable 222a into 

shelf 507a, where it may be routed through switches 214 to antennae 

200. The RF energy also may continue along RF cable 222b to optional

additional tee switches, and finally to a terminator 21 5. Thus typically 

there may be two parallel loads on the RF cable 222a - the activated 

antenna and the terminator 21 5. A circuit 217, for example, an isolator 

circuit that is well known to those skilled in the art, may be used to 

match the impedance to reader 120. 

(0090) Figure 3H shows an example inline switch 529 that may 

be used on an exemplary shelf 507a. The inline switch contains a switch, 

for example, a PIN diode 207d. A secondary controller 125 associated 

with shelf 507a may activate pin diode 207d to allow the RF signal from 

the RF cable 222a to continue along RF cable 222b, or deactivate PIN 

diode 207d to prevent the RF signal from continuing along RF cable 222b. 

Preferably, tee switch 528 and inline switch 229 may be used together to 

either route the RF signal to the shelf 507a or to RF cable 222b. With the 

use of one or more inline switches such as inline switch 529, isolator 
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circuit 217 may not be necessary. However, the inline switch 529 may 

result in some RF energy loss. 

(0091] Figure 31 shows an exemplary method of combining the 

RF and digital communication on a single cable. The primary controller 

1 24 sends a digital command 250 intended for the intelligent stations. A 

converter 251 converts the digital data to a superimposed digital signal 

252 that may be superimposed on the RF cable. For example, this 

superimposed digital signal may be at a different frequency than used by 

RFID reader 120. This superimposed digital signal may pass through a 

filter 253, such as the exemplary inductor 253 shown in Figure 31. It 

then is superimposed onto the RF cable. Another filter 254 may be used 

to block the superimposed signal from reaching the RFID reader 120. 

[0092] The combined RF and digital signals pass down cable 

222a to one or more intelligent stations 261, 262, 263, etc. (only 261 

�nd 262 shown in Figure 31). Upon reaching exemplary intelligent station

261, the combined signal may pass through another filter 255, such as an 

inductor sized to block the RF signals from the RFID reader. The 

superimposed digital communication passes through filter 255 and into a 

receiver circuit 256 that retrieves the digital information and passes it to 

secondary controller 125, and optionally to additional secondary 

controllers 260. 

[0093] The secondary controller 1 25 may send information back 

to the primary controller 1 24 through a transmitter circuit 25 7, for 

example operating at a frequency other than the RF frequency of reader 

120, and optionally at a different frequency than used for communicating 

from the primary controller (or control unit) 1 24 to the secondary 

controller (or control unit) 125. Such information may be received by 

receiver circuitry 258, converted to appropriate digital signals 259 and 

returned to the primary controller 124: 
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[00941 A variation on the method for digital communication 

between the primary controller 124 and secondary controller 125 is to 

send digital communications from the primary controller 124 as a series of 

pulses at two or more DC voltages. Preferably, both voltages are high 

enough to power any circuitry associated with the secondary controller 

125, peripherals 510, etc that require DC power. These voltages may be 

sent from digital transmitter circuit 251 , and received by receiver circuitry 

256, which could be a simple voltage comparator circuit. Communication 

from the secondary controller 125 back to the primary controller may be 

provided by having the digital transmit circuitry 257 provide two different 

levels of current draw or load on the communications cable, for example 

by switching in and out a transistor feeding a resistor. Such variations in 

the current draw would then be sensed by the receiver circuit 258 and 

converted into digital data for the primary controller 1 24. 

(0095) Figure 3J illustrates an exemplary method using switches 

to minimize the undesirable effects of an RF cable extending past a 

selected antenna. It will be understood from the preceding descriptions 

that switches may be controlled by the intelligent station system through 

use of secondary controllers (or control unit). Figure 3J shows a reader 

unit 370 connected to a series of antennas 371-377. The series of 

antennae are also denoted as 1 si, 2nd, Nth, etc. . Each antenna has 

associated with it circuitry 380. The circuitry may include a coaxial cable 

381 carrying the RF signal. An RF-carrying center conductor may be 

shorted to the coaxial shield by shunt switch 382, or connected to tuning 

circuitry and thereafter the antenna 371 through a select switch 383. 

The coaxial shield is electrically continuous as denoted by line 384. The 

coaxial shield would typically be grounded. The coaxial center conductor 

is likewise continuous. 

(0096] The distance between successive antennae is, preferably, 

an integer submultiple of a quarter-wavelength of the RF signal. For 
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example, an RF signal at 13.56 MHz travelling through standard coaxial 

cable with polyethylene dielectric has a quarter wavelength of 

approximately 12 feet. Thus, as shown in Figure 3J, a one-foot coaxial 

length between antennae could be used to provide a one-twelve 

submultiple of a quarter wavelength spacing. Other integer submultiples 

are possible, for example a 1.5-foot coaxial length between antennae 

could be used to provide a one-eighth submultiple. 

[0097) To illustrate the method, the Nth antenna 373 could be 

selected by closing select switch 385 to direct the RF signal to antenna 

373. Also, shunt switch 386 is closed to short the RF signal to the

coaxial shield at antenna 375, which is located a quarter wavelength 

further along the RF cable. A short circuit at one-quarter wavelength 

distance along the RF cable is seen as an infinite impedance, and 

minimizes the adverse effects of the RF cable extension past the selected 

antenna. At the end of the series of antennae, there may optionally be 

additional shunting switches as denoted by 378 and 379. 

[0098) In the preferred embodiments, the intelligent station 

system is modular, using inexpensive components to handle data from the 

multiple antennae. Multiple antennae within a shelf may be activated in 

sequence or, optionally, with phase delays to enhance their effectiveness 

as is within the abilities of those skilled in the art. 

[0099) With reference to the figures, Figure 4A is a ·block 

diagram illustrating one embodiment of the present invention that shows 

. an RFID system with multiple antennae 200, 210 (only two shown for 

convenience) connected to a reader unit 120. Therefore, the RFID system 

disclosed herein could be used to implement the intelligent stations 501 a­

n or 502a-n shown in Figure 3A. Figure 4A is not intended to limit the 

present invention since those skilled in the art would recognize various 

modifications, alternatives, and variations thereof. Furthermore, one 

skilled in the art would recognize that the present invention, and its 
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construction and method of operation would apply to transmissions and 

detection at other frequencies also as long as power and regulatory 

requirements are satisfied. The RFID system may comprise a single shelf 

or the multiple antennae may be arranged on proximate shelves and 

connected to a single reader unit using connectors, for e.g., co-axial or 

other connection means. As shown in Figure 4A, a single RF 

transmission cable 222 is used to connect to both the antennae 200 and 

210. The transmission cable 222 terminates in a conventional terminator

215. The reader unit 120 is associated with a control unit 124 but does

not have a multiplexer. Instead the controller 124 is designed to control 

switches 204 and 214 located at the antennae 200 and 210, 

respectively. The control unit 1 24 may also communicate with secondary 

control units 125, for example, located proximate to the antennae. The 

secondary control unit 125 may include microprocessors or addressable 

devices that may cooperate with control unit 124 in selecting the 

· antennae.

[0100] In one embodiment, the switches 204 and 214 are 

connected to the control unit 124 by a separate cable 221. Those skilled 

in the art would recognize that other means, including wireless means, or 

different frequency signals superimposed on the RF signal carried on the 

cable 222, may be used to connect the control unit 1 24 to the switches 

204 and 214. The switches 204, 214 are controlled so that at any time, 

only one of the antennae 200, 210 is connected to the reader unit 120 

through the cable 222. 

(0101] Figure 48 is a schematic diagram showing a logical 

switch 204 that toggles between an open (dotted line) and a closed 

position, which powers the antenna. Such a logical switch may be used 

with the embodiment discussed with respect to Figure 4A. 

[0102] Figure 5 is another embodiment of the present invention 

that is similar to the embodiment discussed above with respect to Figure 
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4A, except that the antennae 200 are all identical, as shown in Figure 5. 

Therefore, the tuning circuits 202 may all be identical, which simplifies 

antenna fabrication. Therefore, the reader unit 120 is connected by 

transmission cable 222 and switches 204 and 214 to respective multiple 

identical antennae 200. 

(0103) Figure 6 is block diagram of an alternate embodiment that 

shows a benefit when the multiple antennae 200 are identical. Portions 

of the tuning circuitry 202 may be moved back to a common tuning 

circuit 213 at or proximate the reader unit 120 itself. Therefore, the 

reader unit 120 is connected to the multiple antennae 200 through a 

common tuning circuit 213 that is provided at the reader unit 120. As 

would be recognized by those skilled in the art, a main tuning circuit 202 

or 212 may still be provided for each antenna 200. 

(0104) Figure 7 is a block diagram illustrating another 

embodiment of the present invention in which two separate transmission 

cables 222 and 230 transmit modulated and unmodulated RF signals, 

respectively, to multiple antenna configurations each of which include 

antenna loops 201 and 231 . Associated with the reader unit 1 30 is a 

control unit 134. The reader unit 130 is designed so that a RF signal can 

be split to allow an unmodulated RF signal to be transmitted through a 

separate cable 230 and through a tuning circuit 232 into antenna loops 

231 that are associated with the RF antennae 201. Each of the RF 

antennae 201 is associated with respective antenna loops 231 . As 

before, the reader unit 1 30 also generates a modulated RF signal that is 

transmitted through the tuning circuit 212 and the transmission cable 222 

to the multiple antennae 201 . Respective switches 204 and 214 connect 

the respective antennae 201 to the transmission cable 222 and also 

connect the respective antenna loops 231 to the transmission cable 230. 

(0105) In one embodiment, the unmodulated RF system, 

including the tuning circuit 232, the cable 230, and the antenna loops 
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231 may all be powered continuously. In contrast, the reader antenna 

data loops 201 may only be turned on one at a time by suitably 

controlling the switches 204 and 214. Because the loops 231 can be 

powered continuously, there is no start-up time required for RFID tags to 

charge up during data transfer. Such a system could advantageously be 

used in situations where the RFID tags need to be frequently read. 

Furthermore, this embodiment also allows handheld reader units to read 

the tags at any time because the tags are always powered in view of the 

continuous powering of the unmodulated RF system. The unmodulated 

cable 230 has a terminator 216 at the end of the cable 230. In this 

context, it should be understood that the term "continuous" power may 

include a percentage duty cycle if required by legal or other limits. 

Alternatively, the unmodulated RF system can be activated just prior to 

activating the modulated RF system for each antenna. 

(0106] Figure 8 is another embodiment that is similar to the 

embodiment discussed above with respect to Figure 7. In this 

embodiment, the modulated RF signal through cable 222 and the 

unmodulated RF signal through cable 230 are routed through the same 

antennae 201. The switches 204 and 214 are preferably configured so 

that the modulated RF signal 222, or unmodulated RF signal 230, or 

neither signal, is routed into a given antenna 201. That is, the switches 

204 and 214 are designed so that they can only operate in three states: 

(I) a first state in which only the modulated RF signal is transmitted to an 

antenna 201; (II) a second state in which only the unmodulated RF signal 

· is transmitted to the antenna 201; and (Ill) a third state in which both the

modulated RF signal and the unmodulated RF signal bypass the antenna

201.

[0107] Such a switching operation can be implemented with 

groups of single or multi-pole RF switches. In operation, this embodiment 

allows for an antenna 201 to be inactive until just before its turn to be 
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231 may all be powered continuously. In contrast, the reader antenna 

data loops 201 may only be turned on one at a time by suitably 

controlling the switches 204 and 214. Because the loops 231 can be 

powered continuously, there is no start-up time required for RFID tags to 

charge up during data transfer. Such a system could advantageously be 

used in situations where the RFID tags need to be frequently read. 

Furthermore, this embodiment also allows handheld reader units to read 

the tags at any time because the tags are always powered in view of the 

. continuous powering of the unmodulated RF system. The unmodulated 

cable 230 has a terminator 216 at the end of the cable 230. In this 

context, it should be understood that the term "continuous" power may 

include a percentage duty cycle if required by legal or other limits. 

Alternatively, the unmodulated RF system can be activated just prior to 

activating the modulated RF system for each antenna. 

[0 106] Figure 8 is another embodiment that is similar to the 

embodiment discussed above with respect to Figure 7. In this 

embodiment, the modulated RF signal through cable 222 and the 

unmodulated RF signal through cable 230 are routed through the same 

antennae 201 . The switches 204 and 214 are preferably configured so 

that the modulated RF signal 222, or unmodulated RF signal 230, or 

neither signal, is routed into a given antenna 201. That is, the switches 

204 and 214 are designed so that they can only operate iri three states: 

(I) a first state in which only the modulated RF signal is transmitted to an

antenna 201; (II) a second state in which only the unmodulated RF signal 

is transmitted to the antenna 201; and (Ill) a third state in which both the 

modulated RF signal and the unmodulated RF signal bypass the antenna 

201. 

(0107) Such a switching operation can be implemented with 

groups of single or multi-pole RF switches. In operation, this embodiment 

allows for an antenna 201 to be inactive until just before its turn to be 
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polled. At that point, the unmodulated RF signal can be switched into the 

antenna 201 through the tuning circuit 232, the transmission cable 230 

and the appropriate switch 204, 214 to "warm up" the nearby RFID tags. 

Thereafter, the modulated RF signal is switched into that antenna 201 

through the tuning circuit 212, the cable 222, and the appropriate switch 

204, 214 to efficiently acquire data from the RFID tags that have just 

· been warmed up.

[0108) Figure 9A is a simplified schematic diagram of a switch 

205 that may be used, for example, with the embodiment discussed with 

respect to Figure 8. Figure 9A is not intended to limit the present 

invention since those skilled in the art would recognize various 

modifications, variations, and alternatives thereon. When switch 205A is 

thrown to the left to connect one pole of antenna loop 201 onto the 

center conductor of modulated RF signal coaxial cable 222, with the other 

pole connected to the shield of the same cable, the modulated RF signal is 

transmitted to the antenna 201. If switch 205A is thrown to the right, 

the signal in the modulated cable 222 continues on to another antenna. 

Switch 205B is shown thrown to the right, so that the unmodulated RF 

signal continues on toward another antenna. If switch 2058 is thrown to 

the left, the unmodulated RF signal will be passed through the antenna 

201. If both switches A and Bare thrown to the right, both signals will

bypass the antenna which will be completely inactive. Switch 205 is 

designed so that switches 205A and 2058 cannot both be thrown to the 

left. 

[0109] Figure 98 is a simplified schematic diagram of an 

alternative switch 205C that may be used, for example, with the 

embodiment discussed with respect to Figure 8. This diagram shows that 

the common (or ground) wire may not need to be switched, and that a 

switch may be branched off of the RF cable instead of being directly inline 

with the cable. When switch 205C is thrown to the left, it connects one 
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pole of antenna loop 201 onto the center conductor of modulated RF 

signal coaxial cable 222, with the other pole connected to the shield of 

the same cable, so the modulated RF signal is transmitted to the antenna 

201. If switch 205C is thrown to the center, the unmodulated RF signal

230 will be passed through the antenna 201. If switch 205C is thrown

to the right, neither RF signal will enter the antenna which will be

completely inactive. Note in the case of switch 205C that the RF signals

also continue down their respective cables, past the antenna 201,

regardless of the switch 205C setting.

[011 OJ Figure 1 OA shows a circuit diagram for a RF switch that 

may be used, for example, as switch 204 or 214 discussed earlier herein 

with respect to various embodiments of the present invention. Figure 

1 OA is not intended to limit the present invention since those skilled in the 

art would recognize various modifications, variations, and alternatives 

thereof. As shown, the RF switch utilizes a PIN IP-type, I-type, N-type) 

diode 207 (for example, Microsemi part number 900-6228) which acts in 

a similar way to a regular PN diode except that it is able to block a RF 

signal when the switch contact is open. When the switch contact is 

closed, the PIN diode 207 becomes forward biased and conducts the RF 

signal. The control signal used to select the antenna may also be 

superimposed (not shown) on the RF signal that is used to read the RFID 

tags. Such a control signal could be separated from the RF signal by a 

band pass filter and then go on to an addressable switch, which 

selectively activates the RF switch utilizing a PIN diode. In Figure 1 QA, 

the control signal is provided on separate wiring instead of using the RF 

signal cable. While superimposing the control signal on the RF signal 

cable may require fewer conductors and/or connectors between antennae 

or between intelligent stations, it requires additional electronic 

components to separate the signals at each antenna. Thus it may be 

more efficient to have separate wiring for the control signal. 
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[0111 J Figure 1 OB illustrates a circuit diagram for detuning an 

antenna so that, if the antenna is not selected for activation, it will not 

resonate when a nearby antenna is selected. If the antenna is not 

selected, then the PIN diode 207a shorts out tuning capacitor 211 a, and 

thereby changes the frequency of the antenna so that it will not be active 

at the frequency used to operate the antenna to read the RFID tags. 

[0112) Using a PIN diode such as 207a to short out tuning 

capacitors and detune an antenna means that PIN diode 207a may be run 

under power for significant lengths of time. This may generate heat and 

waste power. Therefore the system may be designed to only detune 

antennae that are immediately adjacent to the antenna currently being 

read. Which antennae are adjacent may be determined by several 

methods. For example, this may be specified during design, or found by 

observation after assembly, or may be determined with the RFID reader 

during operation as described further herein. 

(0113] Figure 1 OC shows another circuit diagram where a PIN 

diode 207b is used to tune the loop. Here the loop is in tune when PIN 

diode 207b is energized. Therefore, the PIN diode 207b is not required to 

remain on while the loop is not being read. This may save power and 

reduce heat generation. 

[0114) While the examples here include use of PIN diodes for the 

switching and detuning functions, other electronic components such as, 

for example,FET (field effect transistor) or MESFET (metal-semiconductor 

FET) devices may also be used as would be recognized by those skilled in 

the art. 

[0115) Figure 1 OD shows another circuit diagram where a 

switch, for example field effect transistor (FET) 208, within the resonant 

part of the circuit is used to detune the loop. Here the loop is in tune 

when FET 208 is deenergized, and detuned when FET 208 is energized. 

In the energized state, the FET 208 draws little power. Furthermore, in 
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this position within the circuit, when the FET 208 is energized it 

sufficiently detunes the loop antenna so that RF tends not to enter the 

tuning circuit. Therefore it may not be necessary to provide a separate 

FET or PIN diode to select the loop. 

(0116) Figure 1 OB illustrates one aspect of the present invention 

that variable capacitors (for example, variable capacitors 211 a-c shown in 

Figure 1 OB) may be used to tune the antenna, that is, to cause it to 

resonate at the same frequency as the RF signal from a reader unit. As 

the surroundings of the antenna may influence the tuning, any structure 

enclosing the tuning circuit is preferably designed to keep the adjustable 

components accessible from the outside, for example, by locating them at 

an edge of the structure (such as a shelf edge) or by providing access 

holes for tuning devices (such as servo-controlled screwdrivers). 

(0117) Furthermore, since tuning an antenna can be a trial and 

error process and time-consuming, it is desirable to permit the tuning to 

be done automatically. According to one aspect of the present invention, 

this is accomplished by providing an automatic tuning unit (not shown) 

that would temporarily attach computer-controlled servo-driven 

screwdrivers to adjustment screws associated with the adjustable 

capacitors. To achieve optimal tuning, the automatic tuning unit (which 

may include a computer or other suitably programmed microprocessor) 

would receive feedback from a conductive connection to the antenna 

being tuned, or from an RFID reader that would detect which tags were 

identified from an array of tags in a predetermined or known spatial 

(preferably two or three-dimensional) arrangement. The tuning unit, 

based on a set of rules, experimentally developed or developed from 

experience, would manipulate the adjustment screws to achieve optimal 

tuning. Alternatively, the controller or secondary controller may adjust 

the tuning of each antenna by electronic adjustment, for example by 

remotely setting adjustable voltage-controlled capacitors within the tuning 
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circuit. This method would minimize the need for using mechanical or 

servo controlled adjustments for tuning. Voltage-controlled capacitors in 

the tuning circuit could also be used to detune antennae so they would 

not resonate when they were not selected for reading. 

(0118] In one embodiment, RFID tags may be placed within the 

shelf itself, preferably one or more situated within the read range of each 

individual antenna. These RFID tags provide for each antenna a known 

response when that antenna is read during a self-test mode. Thus, 

whether or not the shelf supported any RFID-tagged items, there would 

always be at least one self-test RFID ta� that should be found in range of

the antenna. If such RFID tags were not found, the control unit 124 or 

secondary control unit 125 may institute a self-tuning process. If after 

self tuning the self-test RFID tags could still not be read, then a message 

could be sent to the electronic network indicating the need for shelf 

maintenance. Instead of placing the self-test RFID tags within the shelf, 

they could also be placed elsewhere in range of the antennae, for example 

on the rear or side wall of a shelf. 

[0119] Figure 11 A is diagram illustrating alternate antenna loop 

configurations within a single shelf unit. Shelf 300 contains a single 

antenna loop 301 . Shelf 310 contains antenna loops 311 and 312. With 

more than one loop within a shelf, there arise multiple operating modes. 

For example, loop 311 could be active, or loop 312 could be active, or 

both loops could be active or inactive at the same time. The present 

invention contemplates that both loops could be active simultaneously 

with a phase difference in their input RF signal. Such as phase difference 

can be introduced by various electronic means well known to those skilled 

in the art. For example, a phase difference can be introduced by using a 

different length coaxial cable to feed one antenna loop as compared with 

the other. 
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[0120) As seen in Figure 11 A, shelf 320 contains four antenna 

loops 321-324. This is shown as an example, since there may be more 

or less than four antenna loops, and other configurations may be used as 

would be recognized by those skilled in the art based on the disclosure 

herein. The four loops 321-324 can be activated in different 

combinations, for instance loops 321 and 322, 321 and 323, or 321 and 

324 can be simultaneously activated. In particular, if a pair of loops is 

active, with a phase difference between the active loops, the RF field 

vector may be shifted in order to better read antenna tags that are in 

different physical orientations. Therefore, use of phased antenna loops 

may provide better "coverage" for reading tags, when compared to non­

phased loops. 

[0 121 J Figure 11 B illustrates a top view of several shelves 

400,410,420,430,440, and 450 supported upon a fixture 460. Each 

shelf has, by way of example, four antennae. For example shelf 41 0 

contains antennae 411-414. Furthermore within each shelf and 

proximate to each of the antennae are one or more RFID tags. In Figure 

11 B there are four tags per antennae, the tags being designated a-d. 

Tags within the shelf are useful for a variety of functions. A smaller or 

greater number of tags may be used as would be recognized by those 

skilled in the art. 

[0122) For example, if antenna 411 is turned on at a relatively 

low power, it should be able to read tag 411 c, which is located, for 

example, approximately in the center of antenna 411 . Of course, one of 

skill in the art would recognize that depending on the antenna and tag 

design, at low power, tags at locations closer to the antenna conductor 

may be used since they would be read more readily. Thus tag 411 c may 

be used to test whether antenna 411 is functioning properly. If the 

power is increased antenna 411 should also be able to read tags 411 a, b, 

and d, which are located near the periphery of antenna 411. By varying 
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the power during a diagnostic or self-check mode, the system should be 

able to determine how much power is required for antenna 411 to 

function effectively. Shelf tags may be arranged at several distances from 

the center of each antenna in order to provide this information. 

[0123] As the power to antenna 411 is increased, it may 

eventually be able to read shelf tag 41 2b associated with the adjacent 

antenna 412. The system may thus determine that antenna 411 and 412 

are adjacent. This information may then be used by the system to 

determine which adjacent antenna may need to be detuned when a given 

antenna is operating. The fact that antennae 411 and 412 are adjacent 

could already have been established when shelf 410 was fabricated. 

However, when several shelves are placed adjacently in a retail store, it 

may not be possible or convenient to determine in advance which shelves 

are to be adjacent. The shelf tags may be used to establish which 

shelves or antennae are adjacent after the system is assembled. 

[0124] For example, antenna 411 operated at normal power may 

also detect shelf tag 404d associated with adjacent antenna 404 on 

adjacent shelf 400, whose adjacent position may not have been 

established prior to shelf placement, and shelf tag 441 a associated with 

adjacent antenna 441 on the adjacent shelf 440 on the opposite side of 

the gondola (or a common support structure for shelves), whose adjacent 

position may not have been established prior to shelf placement. 

(0125] It is may be designed that antenna 411 operated at 

normal power or slightly higher power may be able to read further into 

adjacent antenna areas, for example reading shelf tags 404c, 41 2c, and 

· 441 c. Thus the functionality described herein may be achieved using only

a single shelf tag in the center of each antenna.

[0126) Although shelf tags may be useful for the purposes 

described above, they may slow the system response by increasing the 

number of tags to be read. It may therefore be a desirable option to use 
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for the shelf tag unique ID serial numbers a specific range of serial 

numbers that may be directed by the system to a "quiet" mode, that is, 

. not to respond during normal operation, but only to respond during 

diagnostic or setup operations. 

(01271 One or more antennae may be contained or hidden within 

each shelf. The antenna loops may be made using conductive materials. 

These conductive materials may include metallic conductors such as 

metal wire or foil. The conductive material may also be strips of mesh or 

screen. In one embodiment, the antenna loops may be made of copper 

foil approximately 0.002" thick and 0.5" wide. These loops may be 

contained within a thin laminate material such as a decorative laminate 

that is applied to the surface of a supporting shelf material. The loops 

may also be laminated within glass. The loops may also be adhered to 

the exterior of a laminated material, glass, or other supporting structure. 

If additional load bearing support or stiffness is desired, such supporting 

shelf material may be any material capable of supporting the shelf 

contents, or providing structural rigidity, as would be recognized by those 

skilled in the art. Examples of such materials include wood, plastic, rigid 

plastic foam, glass, fiberglass, or paperboard that is corrugated or 

otherwise designed to provide stability. An RF-blocking material may be 

applied to or incorporated into the bottom surface of the shelf, if desired, 

to prevent detecting RFID tags that may be under instead of the target 

tags above the shelf. It is to be understood that the intelligent station 

herein described as a shelf could also be used in a vertical or other 

angular orientation and the RF blocking material would then be applied in 

an appropriate orientation to better isolate target tags intended to be read 

from other adjacent tags. 

(0128) An RF-blocking material applied to or incorporated into 

the bottom surface of the shelf, or present in any underlying metal 

support such as an existing metal shelf, will substantially prevent RF 
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energy from going "below" the shelf. Alternatively, an RF blocking 

material may also be incorporated within the interior of a shelf. This is an 

advantage if it is desired that the shelf sense only tagged items on 

(above) the shelf. However, a consequence of such an RF-blocking 

material (whether deliberately provided in the shelf construction, or 

coincidentally present as a pre-existing shelf structure) is that while nearly 

completely restricting the RF energy below the shelf, the RF-blocking 

material under the shelf also reduces the "read range" above the shelf. 

To compensate for this otherwise reduced read range, a layer of 

compensating material may be provided just below the antenna loops 

(that is near the top of the shelf structure). Such a material would be 

non-conductive and have a high magnetic permeability. Examples are 

Magnum Magnetics RubberSteel™ or a flexible ferrite magnetic sheet 

having a high in-plane magnetic permeability. Such an in-plane magnetic 

permeability is achieved by using an isotropic ferrite sheet, not a 

conventional anisotropic ferrite sheet whose permeability by design is 

normal to the sheet. The presence of a layer of this compensating 

material between the antenna and the RF-blocking material, enables 

higher flux density between the antenna and the RF-blocking material. 

Consequently the flux density can be higher above the shelf, thus giving 

better sensing range ("read range") for a given shelf thickness. 

(0129) The antenna loops, laminated within or attached 

externally to thin supporting materials, may be disposed in a non-planar 

form, for example, as curved panels that may be used in certain display 

cases, beside some clothing racks, or for tunnel readers that may be used 

at a checkout stand, etc. 

(0130) The examples herein discuss loop antennas, which are 

typically used for readers operating at RF frequencies such as 13.56 MHz. 

It is possible that items within the intelligent station may contain tags 

operating at other widely different frequencies, such as 915 MHz, 2.45 
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GHz, or 125 kHz. The intelligent station may be configured to read these 

or other frequencies, by providing suitable antennae, for example multiple 

loop antennae for 125 kHz, and dipole antennae for 915 MHz or 2.45 

GHz. Antennae within the intelligent station may be provided for one or 

several of these frequencies. Each antenna would preferably have its 

own separate switch and tuning circuit. All intelligent stations would 

share a single common RF cable, and a single common control cable. 

Intelligent stations may be constructed so that all areas on each intelligent 

station may read all desired frequencies (that is each area is served by 

multiple antennae), or different areas on a given intelligent station may be 

provided with specific antennae for a specific frequency. Intelligent 

stations operating at different frequencies could all be interconnected. An 

intelligent station operating at more than one frequency would require a 

so-call "agile reader" unit that can be configured operate at more than one 

frequency. 

[O 131] In the preferred embodiments, the antenna loops 

discussed in present application may be placed, for example, upon shelves 

so they would be placed underneath products by being incorporated into 

mats that are placed on shelves. The loops are thus encapsulated in an 

appropriate rigid or flexible substrate well known to those skilled in the 

art. Examples of suitable substrate material include a laminated structural 

material, silicone rubber, urethane rubber, fiberglass, plastic, or other 

similar material that protect the antenna loops and provide some physical 

offset to prevent electromagnetic interference in case the antennae are 

placed on metal shelves, walls, or surfaces. 

(0132) The encapsulation material or the shelves may be 

provided with holes or grommets for hanging on vertical surfaces such as 

the backs of shelves. In an alternate embodiment, the encapsulation 

material also may be provided with a pressure sensitive adhesive to help 

attach to a desired surface. The "front" or "shelf" edge of the 
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encapsulation may also be provided with low power light emitting or other 

. display devices that may be turned on by the reader unit or a sequencer 

unit such as a secondary controller unit within the shelf so that activity of 

particular display devices may be visually coordinated with the activities 

of correspondingly positioned reader antennae. Alternatively or in 

addition, the display devices may also be used to display additional 

information such as pricing or discounts. 

[0133) Besides the ability to read RFID tags, the intelligent 

station may have additional "peripheral" devices that may communicate 

information through the digital data cable. For example, the intelligent 

station system would provide a digital data communication highway for 

add-on or peripheral attachment devices including but not limited to 

computer terminals, display devices, modems, bar code readers, 

temperature sensors, locking devices for enclosed or tethered 

merchandise, etc. The digital data communication highway may be 

incorporated into the wiring system that sends digital control and data 

information between controller 124 and secondary controllers 125, or it 

may be one or more separate digital data communication highways that 

are made up of wiring that runs through and connects between the 

stations, with the stations provided with ports through which to connect 

the add-on or peripheral devices. The digital data communication 

highway facilitates the transmission of data in both directions between 

the intelligent stations system (including the controller 124 and secondary 

controller 125) and the electronic network. Electrical power may also be 

provided for the add-on or peripheral devices through wires that run 

through the stations. 

(0134) It should be understood that, whether or not add-on or 

peripheral devices are used, electrical power other than RF power may be 

. used by the stations, for example direct current (DC) used by the 

secondary controller 125, and by the switches and tuning electronics. 
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Such electrical power may be provided by one or more dedicated wires, or 

it may be incorporated into the digital communication highway or with an 

RF cable. 

[0135) As an example, an RF cable may comprise two 

conductors, for example in a coaxial cable, the center conductor and the 

sheath conductor. The RF cable carries an RF signal. A DC voltage may 

be superimposed on the RF signal, in the same RF cable, to provide DC 

power to intelligent stations. If the DC voltage, for instance 18 volts DC, 

is higher than needed for some devices in the intelligent station (for 

instance 5 volts DC), a voltage regulator may be used to decrease the 

voltage to within usable limits. 

[0136] As a further example, digital communications may be 

carried on the same RF cable. For instance, the DC voltage superimposed 

on the RF cable may be switched between two DC levels (for example 18 

volts DC and 12 volts DC) to accomplish non-RF digital communications 

on the RF cable Therefore, a primary controller may send information to 

secondary controllers by using such digital communications. 

[0 137] As a further example, a secondary controller may send 

information to a primary controller in digital form over an RF cable by 

switching on and off an electrical load to thereby drain current from the 

RF cable. This in turn may be sensed at the primary controller. The use 

of voltage level and the use of load level may be done simultaneously to 

achieve two-way digital non-RF communication through the RF cable. 

[0138] As another example, in the shelf embodiment, another 

device that may advantageously be incorporated into the shelf is a plug-in 

bar code reader that could interface to the secondary control unit 125. 

When the shelf was being stocked, the bar code reader could be used to 

scan the packages being placed on the shelf. The bar code data would 

then be sent back to the electronic network along with the unique RFID 

tag serial number. If the product identity defined by the bar code was not 
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previously associated with the unique RFID tag serial number, the 

association would now be completed within the data store. Otherwise 

the bar code scan could serve as a verification of the data store 

information. The use of the bar code device would further enable the 

shelf to provide benefits even during staged introduction of RFID tagged 

merchandise. By comparing the number of items stocked onto the shelf 

(as identified by the bar code scanner in conjunction with a simple 

numeric keypad), against the number of same items sold (as determined 

by existing scanners at the checkout line) it could be determined 

approximately how much merchandise remained on the shelf, and 

whether restocking was necessary. Likewise barcode scanning at the 

shelf itself could be utilized to provide current pricing information retrieved 

from the electronic network and displayed through alphanumeric displays 

at the shelf. 

(0139] In another embodiment, the shelf or intelligent station 

may be provided with environmental sensors, to monitor or measure, for 

example, temperature, humidity, light, or other environmental parameters 

or factors. Since the system is able to determine what items are on the 

shelf, the system could keep track of the environment for each item and 

provide a warning if environmental conditions were out of limits for 

specific types of items. Separate limits could be defined for each group 

of items. 

[01401 One or more proximity sensors, for example, infrared 

sensors or capacitive sensors, may be located on the shelf to detect the 

presence of a shopper and determine whether to increase the reading 

frequency at that shelf in order to give the shopper rapid feedback when 

an item is moved from the shelf. The means of detecting a shopper would 

be located at the front edge of the shelf, where they would not be 

obstructed by merchandise. Infrared or capacitive sensors could sense 

the presence of a shopper by detecting body heat from the shopper, or a 
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change in local capacitance due to the shopper being in front of the shelf, 

or the shopper's hand or arm, or merchandise, moving near the front of 

the shelf. Other means of detecting the presence of a shopper could 

include visible or infrared light sensors along the front edge of the shelf to 

detect the shadow of a hand or arm reaching for merchandise on the 

shelf. The light source in this case could be ambient visible light, or 

visible or IR light from sources located below the next higher shelf, or 

from sources overhead or on the ceiling of the store. Store security 

cameras could also be used to detect the presence of shoppers and to 

direct the intelligent station to increase reading frequency. Likewise, 

audible/visual signals or displays or can be activated when a shopper is 

sensed and for some time thereafter rather than being activated at all 

times in order to conserve power and component life. Likewise 

information regarding the proximity of a shopper to the shelf could be 

relayed back to the electronic network to help analyze shopper traffic 

patterns, or length of time spent at a particular shelf. The shopper 

location data could also be fed to store security systems for use in 

conjunction with scanning patterns of store surveillance cameras. 

[0141] Likewise the shelf data relayed back to the electronic 

network can be used to determine if an unusually large number of items 

are suddenly removed from the shelf. If this occurs, a security camera 

can be directed at the shelf to take a picture of the shopper who removed 

the items. If the items are not paid for when the shopper leaves the 

store, appropriate action can be taken to stop the theft. 

[01421 Another device that may be incorporated into the shelf is 

a Hall effect or other similar proximity type sensor to detect movement of 

tags or presence of a shopper. This information may be used similarly to 

that described in the preceding description regarding an infrared sensor. 

(0143] Another use of the shelf would be to detect the presence 

of "customer tags" associated with shoppers, that could be usei:l to help 
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shoppers find predetermined merchandise items, such as the correct size 

of clothing items, whereby visual or audible indicators on the shelf could 

be activated to direct the shopper toward the desired items. Also the 

"customer tag" when placed on a shelf where a desired item was out of 

stock, could be used to give the customer a "rain check" and or discount 

on the item when it came back into stock, or information about the item 

being in the stock room, at another store, or on order. This could be 

useful to track when a shopper did not purchase an item because it was 

out of stock. 

(0144) Another use of the shelf would be to provide 

"feedforward" information to predict when more cashiers would be 

required at the checkout lanes, or when more stockers were required. 

This could, for example, be done by monitoring the amount of 

merchandise being removed from shelves, and thereby deducing the 

volume of merchandise that would be arriving at the checkout lanes. The 

storekeeper or store manager thereby could schedule the checkout or 

restocking personnel to optimize how their time is spent, help schedule 

break time, etc. 

[O 145) Another use of the shelf could be to detect the presence 

of a "stocking tag" or "employee tag," or a pushbutton or keyed input 

sequence, to alert the system that the shelf is stocked completely and the 

database is made aware that the current stock level is the full or target 

level. This method could be used when item stocking patterns were 

changed, to update the target level. 

[O 146) The shelf system could be used to suggest, for all shelves 

covered by the system, based on the price, traffic, and shelf space, the 

most optimal stocking pattern, which may involve changing the target 

inventory for all items. Calculating such a stocking pattern would require 

knowledge of how many of each SKU item would fit on a given shelf 

area, and how much shelf area was covered by each shelf antenna. 
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[01471 In one aspect of the present invention, it would be 

advantageous for the shelf system to know the physical location of each 

shelf, which may not necessarily be obvious even from unique Ethernet or 

RS-485 addresses or other networking addresses. Therefore, the present 

invention contemplates incorporating a GPS transducer into each shelf. A 

more practical solution may be to, instead, provide a portable GPS unit 

that could be plugged into a USB port (or other similar compatible port) on 

each shelf, when the shelf was assembled, to identify its location. For 

example, a GPS unit could be combined with the servomechanical tuning 

unit used to set up the shelf after its installation. 

[0148] Alternately, a GPS unit with a programmable RFID tag 

could be placed upon a shelf and communicate back to the main 

controller, through the RFID system, what the coordinates of the shelf 

are. One way of accomplishing this would to use a GPS system 

connected to a specialized RFID tag having additional storage blocks for 

information besides its unique serial number. Such a tag would use an 

integrated circuit with connections to its tag antenna also to 

communication circuitry to receive data from an outside source, such as 

the GPS system. The GPS system could be configured to write the 

spatial coordinates in the additional storage blocks. A known serial 

number or numbers could be used in the specialized RFID tag, and the 

RFID system, upon detecting such a specialized RFID tag could interrogate 

the tag to determine the stored spatial coordinates and associate then 

with the shelf and antenna that was being read. 

[0149) The antenna shape need not be confined to single-loop 

antennae. A single loop antenna is a form factor that may typically be 

used with high RFID frequencies such as 13.56 MHz. A multi-loop 

antenna 1 21 5 may be used at a lower frequency such as 1 25 kHz, or to 

permit lower current operation at high frequencies such as 13.56 MHz. 

The use of lower current antennae may permit using lower power 
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switching components. Forming multi-loop antenna may require antenna 

components such as the wire in the loops to be in close proximity to one 

another, and therefore the wire may preferably be insulated. 

[0150] Tuning components associated with the RFID antennae, 

for example, rotary trim capacitors or capacitor banks, may require access 

during use. Suitable access may be provided, for example in a shelf 

embodiment, by providing removable cover devices, or holes in the shelf 

[0 151] For attaching conductive antenna materials onto 

supporting laminate or other structures, a variety of methods may be 

utilized. For example, a metal foil may be laid down onto a substrate in 

web form (such as a web of paperboard) or planar form (such as a sheet 

of paperboard, sheet of laminate, wood or plastic board, etc.) by an 

automated machine using two or three dimension positioning mechanisms 

to feed the foil from a reel onto the substrate in the desired antenna 

pattern. 

[0152] If the supporting material is wood, a milling machine may 

be used to form grooves into which conductive wire may be secured in 

order to form antenna loops. The same method may be used if the 

supporting material is plastic, or, a heated pattern may be pressed into 

the plastic to form grooves in which conductive wire may be secured. A 

plastic substrate may be molded with grooves to hold wire conductors, or 

the plastic substrate may be molded with a repeating rectilinear pattern of 

perpendicular grooves that permit forming antenna loops in a large 

number of patterns. In any of these methods, holes may be drilled, 

punched, or molded for securing the ends of the antenna wires. These 

holes may extend through the substrate to become accessible for 

connection or insertion into tuning circuits used to tune the antenna 

loops. 

[0153) Another method of forming antenna loops is to wrap the 

conductive wire around a series of pins similar to a loom, then invert the 
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loom and press the conductors onto a substrate. The substrate may be 

precoated with adhesive to hold the conductors when the loom is 

removed. Alternately the substrate may be soft enough to allow the 

conductors to be pressed into the surface of the substrate. Alternately 

the substrate may be a thermoplastic and the conductors may be 

preheated so that they partly melt the substrate on contact and become 

embedded in it's the surface of the substrate. The pins used on the loom 

to form the antenna loops may optionally be spring-loaded so that when 

the loom is pressing the conductors onto the substrate, the pins may 

optionally retract into the loom. 

[01541 In more detail, Figure 12 shows one method of making a 

wire antenna. Figure 12 is not intended to limit the present invention 

since one skilled in the art would recognize various modifications, 

alternatives, and variations. A substrate 1100 is provided, such as a 

wood, plastic, rubber, high density foam, or similar material. Grooves 

1110 are provided in the substrate, typically in a grid pattern. These 

grooves may be made by machining, molding such as by hot or cold­

pressing or injecting molding, casting, hot branding (for example with 

wood), etc. Pressing methods may use platen (stamping) or rotary 

devices. Preferably holes 1130 are provided at intersection points in the 

grooves, by the same methods or by drilling or punching. A large part of 

the area on substrate 1100 is still occupied by the areas 11 20 between 

grooves. Thus the substrate 1100 still has an essentially planar upper 

surface, so that loads may be borne by the surface and a covering, film, 

laminate, or veneer may be applied to provide a planar finished surface. 

The areas 1120 are also known to be unoccupied by antenna wires, and 

these areas may be provided by casting, drilling, punching, etc. with holes 

to accommodate screws or bolts to attach to other structures. The holes 

may also be used for attachments such as pegboard or display hooks, or 
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through holes for wiring, ventilation, sound from loudspeakers, placement 

of small lights, etc. 

[0155] Antenna loop 1200 is shown that has been formed by 

placing or pressing wire of a suitable diameter into some of the grooves 

1110. The ends 1201 of the antenna loop are held in place by securing 

them into holes 1130. The holes can be entirely through substrate 1100, 

so that they may be connected to circuitry on the other side of the 

substrate. Likewise antenna loop 1210 is shown being formed, with wire 

end 1 211 already secured in one hole and wire end 1 21 2 shown ready to 

. be secured into another hole. 

[01561 Besides simply pressing bare wire through the holes to 

secure the ends, the wire may be precut to the needed length, and the 

ends fitted with grommets 1140, buttons, or other mechanical devices 

that fit into holes 1130. These grommets may be soldered onto the wire 

for better conductivity. As an alternative to inserting them into holes 

1130, the grommets may be slightly larger diameter than the width of the 

grooves 1110, so that the grommets will only fit at points where two 

grooves intersect, as shown in Figure 1 2A. Alternately during forming of 

the groove pattern, the intersection points may be made larger than the 

groove widths as shown in Figure 12B, to hold a larger grommet 1141. 

The grommets may be bar shaped ( 1142) or tee shaped ( 1143) to fit in 

the intersection points as shown in Figure 12C. They may also be cross­

shaped. They may be fitted with pins to protrude down into or through 

substrate 1100, or to extend upward out of substrate 1100. The pins 

may fit into sockets on, or holes in, the circuit boards. The grommets 

(e.g. 1140 or 1141) may be hollow to accept other wiring or pins. They 

may incorporate externally threaded pins or internally threaded holes. The 

grommets likewise may incorporate internal or external barbs or spring­

loaded parts to hold them in place or to assist in connecting to external 
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circuitry. The antenna wires attached to the grommets may also be 

secured by barbs. 

[01571 The substrate 1100 may be provided with recesses (not 

shown) in which to position circuitry (not shown), and such circuitry 

installed before or after the wires, and the wires attached to the circuitry 

by soldering or use of grommets, barbs, etc. 

[0158) Instead of the grooves 1110 forming a regular grid or 

criss-cross pattern, which allows for multiple antenna patterns to be 

created, the grooves can instead be provided in "custom" form to 

comprise only the grooves desired for the actual antennae to be produced. 

Figure 13 shows such an embodiment. The grooves, for example 1 220 

and 1230, can be formed by the same methods described above, as can 

the holes 1221 and 1231 . 

[0159] Since the grooves and holes hold the wire securely, the 

wire may be easily inserted by hand into the substrate, or the process 

m�y be mechanized. After all desired antennae have been formed in the 

substrate, any open grooves may be filled with plastic or any other 

suitable material. A covering laminate, film, or other layer may then be 

applied on top of the substrate. This covering may be an injection-molded 

layer of material, or melt-cast layer, or liquid cast layer that cures by 

chemical reaction or heat (such as an epoxy material or silicone 

compound), or evaporation (such as a latex material). 

(0160] The combined substrate and covering then comprise an 

antenna mat. Depending on the materials, the antenna mat may be 

flexible or rigid. The antenna mat may also be attached to a planar or 

. non-planar supporting material such as a wood, plastic, fiberglass, etc. 

board. 

(0161] The antenna shape need not be confined to single-loop 

antennae. Figure 13A shows single loop antennae 1200 and 1210, a form 

factor that might typically be used with mid range RFID frequencies such 
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as 13.56 MHz. Also shown is a multi-loop antenna 1215 that might 

typically be used with a lower frequency such as 125 kHz. Forming 

multi-loop antenna 1 21 5 may require the wire loops to be in close 

proximity to one another, and therefore the wire may preferably be 

insulated. It may be desired to have a wire crossover 1216 as shown, or 

no crossover as denoted by dotted line 121 7. The distance between 

grooves may have to be narrower for multi-loop antennae. Also shown is 

the shape of a dipole antenna 1218 that might typically be used with 

higher frequencies such as 915 MHz or 2.45 GHz. The ends 1219 shown 

for the dipole antenna are bent to denote a method for holding these 

otherwise loose ends by inserting the ends into holes in the substrate 

during fabrication. 

[0162) In the embodiment of Figures 12 and 13, the grooves are 

created before the antenna wires are set in place. A different 

embodiment is shown in Figure 1 4. An upper plate 1 300 is provided 

which has a pattern of holes 1301 for holding pins 1302. The pins may 

be threaded and the holes tapped so that the pins may be secured by 

screwing them into the holes. Thus the number and placement of the 

pins may be varied. 

(0163] A lower plate 1310 is provided with matching holes 

1 311 . When the plates 1300 and 131 0 are brought together as shown 

at arrow "A", pins 1 302 protrude through holes 1 311 . Pins 1 302 may 

then be used to define the corners of wire antennae that are wound 

around the pins under the lower plate 1310. For example antenna 1240 

is formed using pins to hold the wire at three corners. At the fourth 

corner, the two wire ends 1241 are inserted up through open holes 1311 

in the lower plate 1310. Another example antenna 1250 is formed using 

pins at all four corners. Grommets 1251 attached to the ends of the wire 

loop are held over two additional pins. Instead of securing the wire ends 

within the plate area, they may also extend beyond the plate as shown by 

-49-

WAVELYNX EX. 1003, Pg. 114 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



WO 03/061060 PCT/US0J/00554 

the dotted lines at 1252. In this case the wire ends would be secured by 

other means (not shown). 

(0164] The combined assembly 1330 of upper plate 1300 and 

lower plate 1310 with attached pins, wires, grommets, etc. is then 

inverted over substrate 1320 as shown by arrow "B". The antennae 

1240 and 1 250 are transferred onto the substrate 1320 by one or more 

of the following or similar methods. 

[0165) a) An adhesive coating or film is applied to the substrate

1320. The combined assembly 1330 is lowered onto the substrate 1320, 

and lower plate 1 310 is pressed against the substrate. The antennae 

1240 and 1250 adhere to the adhesive. If upper plate 1300 is lifted 

slightly during the pressing step, the pins 1 302 will not penetrate the 

substrate 1320. If upper plate 1300 is also kept under downward 

pressure, the pins 1302 will make holes in the substrate 1320. Any 

grommets 1251 will be pressed into the substrate. After the adhesive 

set, the combined assembly 1330 is lifted, leaving the antenna pattern 

attached to substrate 1320. 

(0166] b) Method (a) may be used, with sufficient pressure to

force the antenna wires partly or completely below the surface of the 

substrate 1320. This method could be used, for example, with a high 

density foam substrate 1320 which requires minimal force to press the 

wires below the surface. 

(0167] c) Method (b) may be used, with the wires 1240 and

1250 and grommets 1251 heated to a temperature above the softening 

point of substrate 1320, so that on contact and pressure, the substrate is 

softened or melted slightly to accept the wires and grommets. One 

method of heating the wires is to pass an electric current through them 

before or during pressing against the substrate. The upper plate 1 300 

may be released during the pressing step so that the pins 1302 retract 

and do not penetrate into substrate 1320. 
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[0168) d) The substrate instead of being a solid material 1320 

may at this point be cast onto the wires by liquid casting of chemical, 

thermal, evaporative or otherwise setting material, or by injection 

molding, of a material to the lower surface of lower plate 1310. 

[O 1691 Lower plate 1310 and pins 1 302 may be precoated with 

a release agent to prevent sticking. Such a release agent would be 

applied before the wires are attached, so that release agent is not applied 

to the wires. Also, lower plate 1310 may be a non-stick material, for 

example Teflon or coated with Teflon or a similar non-stick material. If an 

injection molding is used, lower plate 1 310 may be cooled by internal 

passageways to speed up cooling of the injection-molded material. 

[0170] After these steps, the antennae 1240 and 1250 may be 

attached to circuitry using wire ends 1241 or 1252, or grommets 1251. 

(0171] In all embodiments, it is understood that the wires may be 

bare (except at crossovers) or insulated. The cross section of the wires 

may be a solid cylinder as is typically the case with wire, but it may also 

be square, rectangular, oval, U shaped or channel shaped, vee-shaped, 

etc. The main requirement of the wire is that regardless of shape it must 

be conductive and must have a shape and cross-sectional stiffness that 

promotes its being held in the grooves. The wire may be single conductor 

(typically known as "solid" conductor), or multistrand. It may be twisted 

or woven. It may be coaxial cable, in which case the external braid would 

be used as the active conductor for the RF signal. 

[0 17 21 Figure 1 5 is a diagram that illustrates a device and 

method of applying foil tape ribbons to a web or planar substrate to form 

foil antennas according to the present invention. Such foil antennae have 

several uses, for example, they may be used as transceivers or readers for 

communicating with RFID tags in RFID systems that may be used for 

inventory control. Figure 1 5 is not intended to limit the present invention 

since one skilled in the art would recognize v,arious modifications,
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alternatives, and variations. A substrate 2100 is provided. This may be 

in web form, as shown, in which case traction rollers 211 0 or other 

means may be provided to move the web. In the example shown in 

Figure 1 5, such movement would be discontinuous. The web 2100 

would be indexed forward a distance, then stopped while one or more 

conductive pathways were deposited onto substrate 2100. Once the 

conductive pathways had been deposited on substrate 2100, the web 

would be indexed forward again and the cycle repeated. 

[0173] A support plate 2120 is provided under the substrate. 

This support plate 21 20 may incorporate a vacuum hold-down system 

(not shown) to temporarily fix the substrate 21 00 to the support plate 

2120. The support plate 2120 itself may also be movable in the X and Y 

directions to assist in the process of depositing conductive pathways. 

[0174] An applicator means 2200 is provided for depositing the 

conductive pathways 2300. This applicator 2200 will be described in 

more detail later. An x-y stage 2400 is provided for moving applicator 

2200. The x-y stage may include a frame 2401, a positioning means 

2402 that moves in the principal substrate axis ("x" or "machine" 

direction), and a second positioning means 2403 that moves in a 

perpendicular axis ("y" or "cross" direction.) A rotational positioning 

means 2404 may be provided to turn the applicator 2200 in any angle 

relative to substrate 2100, to facilitate the operation of applicator 2200. 

It is anticipated that the substrate 2100 movement and the applicator 

2200 movement will be automated by computer means that control 

motors driving traction rollers 2110, and positioning means 2402, 2403, 

and 2404, in addition to more controls within applicator 2200. 

[0175] In Figure 15 the x and y positioning means 2402 and 

2403 are shown as rack and pinion gearing, but could include other 

means such as cables, linear motors, stepping motors, or other means 

that can achieve fairly repeatable positioning. 
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[0176) Figure 16 shows another method of depositing 

conductive pathways on a substrate to a form foil antenna. Support 

member 2500 extends across the substrate and holds two or more 

stationary positioning means 2501 that in turn support applicators 2200. 

The stationary positioning means 2501 can be moved by hand across the 

support member 2500, then fixed in place for example with a 

thumbscrew. Enough stationary positioning means 2501 with applicators 

2200 are provided to lay down along the machine direction (x) as many 

lengthwise conductive pathways 2301, 2302 as needed. In the example 

shown, lengthwise conductive pathway 2302 is provided with a skipped 

area 2303 that will be used for connection to external circuitry. 

[0177) Support member 2510 extends across the substrate and 

holds a traversing means 2511 that in turns supports another applicator 

2200. Traversing means 2511 can move on demand across the substrate 

in the cross direction (y) to deposit crossways conductive pathways 2304 

and 2305 that connect the lengthwise conductive pathways 2301, 2302. 

(01781 Operation according to Figure 16 is therefore as follows: 

The substrate 2100 is moved forward by traction rollers 2110 (or by 

movement of support plate 2120). Meanwhile the applicators 2200 

attached to stationary positioning means 2501 deposit on demand 

lengthwise conductive pathways 2301 , 2302 that may contain skipped 

areas 2303. 

[0179) At the appropriate times, the substrate 2100 movement 

is paused so that the applicator 2200 attached to traversing means 251 1 

can deposit crosswise conductive pathways 2304, 2305. The pause in 

the X direction movement of substrate 2100 may occur in the middle of 

the process of depositing one or more of the lengthwise conductive 

pathways 2301, 2302. Alternately, for depositing the crosswise 

conductive pathways 2304, 2305, applicator 2200 may be fixed in 
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position and the Y direction movement provided by movement of support 

plate 2120. 

(0180] The decision of whether to move substrate 2100 in web 

form or in sheet form will depend on several factors. The substrate may 

be available in roll form advantageous to web handling, or in cut form 

· advantageous to sheet handling. Some substrates may not be flexible

enough for handling in web form, for example thick sheet substrates or

substrates that have been partly or completely laminated and are no

longer flexible.

(0181] The decision of which applicator system to use will also 

be made based on several factors. The single head applicator design of 

Figure 15 minimizes the number of applicators, but slightly complicates 

the applicator positioning. It may be slightly slower than a multiple 

applicator design. However, it is quite flexible in terms of making 

customized products, since every conductive pathway may be 

customized. The multiple applicator system of Figure 16 simplifies the 

positioning of the applicators, and may improve speed for long production 

runs of single designs. 

[0 182] Instead of moving the applicators as in Figures 15 and 

16, the substrate itself could be moved in the x-y plane to help create the 

conductive pathways. This would typically require more floor space than 

when moving the applicators, and it would be complex if the substrate 

was in roll form. 

[O 183) Figure 1 7 shows a cross section of an applicator 2200 for 

depositing conductive pathways. Figure 17 is not intended to limit the 

invention since one skilled in the art would recognize various 

modifications, alternatives, and variations. As shown in the embodiment 

of Figure 1 7, the applicator 2200 would move to the right relative to 

substrate 2100. A supply roll 2210 provides a continuous conductive 

strip 2211 through a pair of feed rolls 2212 that are computer controlled 
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to provide the continuous strip 2211 only when demanded. The strip 

2211 goes into a chute 2213 and past a cutter 2214 that is computer 

controlled and may be turned at any angle to provide angled cuts if 

desired. The strip 2211 continues forward and out of the applicator 

2200, at which point an optional release liner 2215 can be removed and 

wound around roller 2216 to be taken up onto tension winding roll 221 7. 

(0184] A second, optional supply roll 2220 provides a continuous 

insulating strip 2221 through a pair of feed rolls 2222 that are computer 

controlled to provide the insulating strip 2221 only when demanded. The 

strip 2221 goes into a chute 2223 and past a cutter 2224 that is 

computer controlled. The strip 2221 continues forward and out of the 

applicator 2200, at which point an optional release liner 2225 can be 

removed and wound around roller 2226 to be taken up onto tension 

winding roll 2227. 

(01851 A pressure device 2230 is provided to push the strips 

2211 and /or 2221 onto the substrate 2100. The pressure device may 

be a wheel or roll as shown, or a sliding member, or a reciprocating 

clamping means. The pressure device 2230 may be heated to help set an 

adhesive integral to strips 2211 or 2221, or provided externally as 

described later. The pressure device 2230 may be patterned or knurled, 

for example to help press the strips 2211 or 2221 onto the substrate 

2100, or even to slightly crimp the strips 2211 or 2221 into the material 

of the substrate 2100. This might remove the need for adhesive, at least 

in sheet-fed operations. It is also envisioned that strip 2211 may be 

perforated with holes to improve the adhesion of resin between layers of 

substrate in the final laminate, even in the areas where the strip 2211 

exists. 

(0186) A hole punch 2240 is provided to perforate the substrate 

2100 on demand to create openings through which electrical connections 

may be made to the conductive strip 2211 . Preferably the hole punch 
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2240 is provided with an internal vacuum connection to remove the 

waste substrate material created during a hole punching operation. 

(0187) An adhesive dispenser 2250 is provided to dispense glue 

2252 through needle 2251, in order to hold strip 2211 or 2221 to the 

substrate. Preferably the adhesive is a rapid set material such as a hot 

melt glue, heat set glue, or epoxy. This adhesive is deposited on demand 

under computer control to be present under the strip 2211 or 2221 , but 

not deposited if no strip is deposited in a given area. Any adhesive that 

may be used should not degas when pressed at high temperature, 

otherwise the integrity of the laminate may be compromised. 

[0188) The conductive strip 2211 or insulating strip 2221 may 

also be provided with their own adhesive layers to attach it to the 

substrate 2100. 

[O 189) The adhesive used to attach the strips 2211 and 2221 to 

substrate 2100 would typically be non-conductive, since conductive 

adhesives are more expensive. However, it will be necessary in some 

places to electrically join parts of the conductive pathway 2300, and for 

this a conductive adhesive or material would be required. For simplicity it 

might be decided to use conductive strip 2211 with an integral 

conductive adhesive, but this would be expensive. Another solution is to 

provide within the applicator 2200 a reservoir 2260 of conductive 

adhesive to be applied through needle 2261 in droplet form 2262. A drop 

2262 of the conductive adhesive could be applied on top of a previous 

segment of conductive trace 2300, just before starting the next segment 

on top of the previous segment. The action of pressing means 2230, 

with heat and pressure, would then electrically join the two segments. 

The conductive adhesive drop 2262 could be a drop of metal solder in 

either a low melting form, or in suspension (either form would be remelted 

by the pressure means 2230). 
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[0190] Figure 18 illustrates a method using the apparatus shown 

in Figure 1 5 to lay down a simple rectangular conductive pathway. The 

steps are as follows 

[0191] Substrate 21 00 is indexed forward in the x direction by 

rollers 2110. 

(0192) Using X positioning means 2402 and y positioning means 

2403, the applicator 2200 is moved to point "a" and "h" where the hole 

punch 2240 makes two holes in the substrate 2100. 

(0193] Using X positioning means 2402, the applicator 2200 is 

positioned to point "b". 

[0194) The applicator 2200 moved by X positioning means 

2402, uses internal devices 2210-2217 to lay down a conductive 

pathway 2300 from points "b" to "c. 
11 

During this operation, cutter 2214 

cuts the strip 2211 at a precisely determined moment so that the 

conductive pathway 2300 ends at point "c." Note that the beginning of 

the conductive strip 2300, at point "b," slightly overlaps the hole 

punched at "a. 11 

[01951 X positioning means 2402 is used to move the 

conductive adhesive applicator 2261 to point "c", where a drop of 

conductive adhesive 2262 is placed on the end of the conductive 

pathway 2300. 

[0196) Rotational positioning means 2404 rotates the applicator 

2200 by 90 degrees so that it can run in the cross direction Y. 

[0197) X and Y positioning means 2402 and 2403 are used to 

place the applicator 2200 to point "c." 

[0198) The applicator 2200 moved by Y positioning means 

2403, uses internal devices 2210-2217 to lay down a conductive 

pathway 2300 from points "c" to "d." During this operation, cutter 2214 

cuts the strip 2211 at a precisely determined moment so that the 

conductive pathway 2300 ends at point "d." 
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(0199) Y positioning means 2403 is used to move the conductive 

adhesive applicator 2261 to point "d", where a drop of conductive 

adhesive 2262 is placed on the new end of the conductive pathway 

2300. 

[0200] Rotational positioning means 2404 rotates the applicator 

2200 by 90 degrees so that it can run in the machine direction X. 

[0201 J X and Y positioning means 2402 and 2403 are used to 

place the applicator 2200 to point "d." 

(0202) The applicator 2200 moved by x positioning means 2402, 

uses internal devices 2210-2217 to lay down a conductive pathway 2300 

from points "d" to "e." During this operation, cutter 2214 cuts the strip 

2211 at a precisely determined moment so that the conductive pathway 

2300 ends at point "e." 

[0203) X positioning means 2403 is used to move the 

conductive adhesive applicator 2261 to point "e", where a drop of 

conductive adhesive 2262 is placed on the new end of the conductive 

pathway 2300. 

[0204) Rotational positioning means 2404 rotates the applicator 

2200 by 90 degrees so that it can run in the cross direction Y. 

[0205] X and Y positioning means 2402 and 2403 are used to 

place the applicator 2200 to point "e" 

(0206] The applicator 2200 moved by y positioning means 2403, 

. uses internal devices 2210-2217 to lay down a conductive pathway 2300 

from points "e" to "f." During this operation, cutter 2214 cuts the strip 

2211 at a precisely determined moment so that the conductive pathway 

2300 ends at point "f." 

[0207) Y positioning means 2403 is used to move the conductive 

adhesive applicator 2261 to point "f", where a drop of conductive 

adhesive 2262 is placed on the new end of the conductive pathway 

2300. 
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(0208) Rotational positioning means 2404 rotates the applicator 

2200 by 90 degrees so that it can run in the machine direction X. 

(0209] X and Y positioning means 2402 and 2403 are used to 

place the applicator 2200 to point "f." 

[0210] The applicator 2200 moved by x positioning means 2402, 

uses internal devices 221 0-221 7 to lay down a conductive pathway 2300 

from points "f" to "g." This last portion of the pathway 2300 is not yet 

completed in Figure 18. During this operation, cutter 2214 cuts the strip 

2211 at a precisely determined moment so that the conductive pathway 

2300 will end at point "g." Note that the end of the conductive pathway 

2300, at point "g", will slightly overlap the second hole punched at point 

"h .. " 

[0211 J Steps 2-20 are repeated for each conductive trace 2300 

to be applied to substrate 2100 on the exposed area of the substrate. 

Then the substrate is indexed forward again starting with step 1 . 

[0212) Instead of forming the conductive trace 2300 by 

connecting separate pieces of the foil strip 2211 , the conductive trace 

2300 may be formed from a continuous strip 2211 . Instead of using 

cutter 2214 to cut the foil 2211 between segments at each corner, the 

strip 2211 may be automatically folded over. For example, this may be 

· done by turning rotary positioning means 2404 through a 90 degree turn

and pressing down on the folded corner so that the trace 2300 lays flat at

the corner.

[0213) Figure 1 SA shows the result. The folded corner will have 

a maximum of three overlapping thicknesses of foil. Figure 18B shows 

the result if the foil is at the same time twisted 1 80 degrees to invert the 

tape. (This would require another positioning means, not shown. 

Inverting the tape may be undesirable if the tape has an adhesive coating, 

since the adhesive will now be facing away from the substrate). The 

folded corner will have a maximum of two overlapping thicknesses of foil. 
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(0214) Figure 19 shows an embodiment where a conductive 

trace 2300 being laid down overlaps a previous conductive trace. 

[0215) Before the overlapping segments of the second 

conductive trace 2300 are laid down, strips "I" and "J" of non-conductive 

film are laid down over the first trace, using applicator 2200. These 

insulating strips "I" and "J" prevent electrical contact between the 

separate conductive loops that are formed by the conductive trace 2300. 

In similar manner, "cross-over" circuitry can be laid down. 

[0216) It is anticipated that the substrate 21 00 with conductive 

traces 2300, whether in sheet or web form, may be incorporated into a 

laminated structure that may be used in a shelf, panel, enclosure, spaces, 

or other form. An example of such a laminated structure is shown in 

Figure 20. The substrate 2100, which may be a paper or paperboard 

material, is joined with additional plies 2600 and 2601 of similar or 

dissimilar materials, for example saturating Kraft paperboard soaked in 

resin, and formed under heat and pressure into a laminate 2610. Usually 

the outer ply or plies 2601 on the first surface opposite from the 

substrate 2100 would be a decorative material that would for the 

"outside" of the resulting product. Depending on the orientation of the 

outer substrate layer 2100, this laminate 2610 contains on its second 

surface, or just inside that surface, the conductive traces 2300 already 

described. The laminate 2610 may then be glued onto a heavier 

supporting member 2620, such as a board made of wood, plastic, particle 

board, corrugated cardboard, Westvaco Core-board, or similar. The 

surface of laminate 2610 that is proximal to the conductive traces 2300 

is preferably glued to the supporting member 2620. Thus the full 

thickness of the laminate 2610 protects the conductive traces 2300 from 

abrasion during use of the resulting combined structure 2630, formed of 

laminate 2610 and supporting member 2620. 
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(02171 A conductive or metallic backplane 2625 may optionally 

be applied to the bottom of the shelf to block RF energy from going below 

the shelf, thus making the shelf operate with approximately the same RF 

behavior regardless whether or not it was supported by metal brackets or 

placed upon an existing metal shelf. 

[0218] Figure 21 shows how, before the supporting member 

2620 is glued to the laminate 2610, it is preferable to place inside the 

supporting member 2620 one or more electronic circuits that 

. communicate with the conductive traces 2300, either by the latter being 

directly exposed, or through the perforations already described. To 

accommodate electronic circuits recesses may be milled into the surface 

of the supporting member 2620. A numerically controlled milling machine 

head 2700 could be used in a positioning system similar in design to the 

system shown in Figure 15 for laying down the conductive traces 2300, 

and could be run by a same or similar computer control system that 

would control the location and depth of recesses. For example, at the 

edge of the supporting member 2620 is shown recess 2631 for 

accommodating an external connector 2632. Within supporting member 

2620 is shown recess 2633 for containing electronic circuitry 2634 such 

as switching and tuning circuitry. Spanning supporting member 2620 is 

shown recess 2635 for containing wires or cables to connect the circuitry 

components. The electronic circuitry 2634 may incorporate spring loaded 

coils 2637 or fingers 2638 to make contact with the conductive traces 

2300 on substrate 2100 that is part of laminate 2610 to be attached to 

support member 2620. Said electrical contact could be by pressure, by 

conductive adhesive or paste, or by solder melted during the lamination 

process. The milling head 2700 may be used to make grooves 2639 for 

access of tuning tools such as small screwdrivers for adjusting trim 

capacitors within circuitry 2634. 
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(0219) Tuning components within circuitry 2634, for example 

rotary trim capacitors (not shown) may require access after assembly, 

which can be provided through openings such as holes 2611 drilled 

through laminate 2610 in Figure 20 , or holes 2612 drilled through 

supporting member 2620 in Figs. 20 and 21 . 

(0220) Figs. 3A and 3B are block diagrams illustrating a preferred 

embodiment of an inventory control system that uses intelligent shelves in 

accordance with the present invention. As shown in Figure 3A, each of 

the several intelligent shelves 501 a-501 n and 502a-502n provided 

according to the present invention have multiple antennae 200 connected 

to a reader unit 120 through a single transmission cable 222. The reader 

units 1 20 controls the activation of the connected antennae 200 either 

sequentially, or simultaneously with a phase difference, to determine item 

information from RFID tags associated with respective items being 

inventoried. Therefore, the reader units 120 are able to extract inventory 

related information for each of the RFID tagged items stored in the 

respective shelves. For simplicity, Figure 3A shows only two groups of 

shelves, each group having its own reader unit, the groups being 501 a-

501 n and 502a-502n respectively. However, one.skilled in the art would 

recognize that many such groups of shelves could be a part of an 

inventory control system provided by the present invention. For example, 

all the shelves in one or more warehouses could be grouped to provide 

hundreds or even thousands of groups of shelves that could be connected 

together to form an inventory control system as provided by the present 

invention. 

[0221) It should be understood that while the preferred 

embodiment of the inventory control system and method utilizes a 

multiple antenna RFID detection system with a single transmission cable 

222 corresponding to the embodiment of Figure 6, all the other 

embodiments of the multiple antenna RFID system disclosed herein may 
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also be used with the inventory control system and method according to 

the present invention. Therefore, for example, the RFID detection 

systems disclosed in Figs. 7 and 8 may also be used with the inventory 

control system and method of the present invention. In such 

embodiments, for example, the unmodulated RF system may be used first 

to warm up the tags before the modulated RF system is used to extract 

the inventory related data from the RFID tags. 

(0222] As shown in Figure 3A, the item information data 

collected by the reader units 120 from each of the intelligent shelves 

501 a-501 n and 502a-502n is transmitted to an inventory control 

processing unit 550. The inventory control processing unit 550 is 

typically configured to receive item information from the intelligent 

shelves 501 a-501 n and 502a-502n. The inventory control processing 

unit 550 is typically connected to the intelligent shelves over an electronic 

network 525 and is also associated with an appropriate data store 555 

that stores inventory related data including reference tables and also 

program code and configuration information relevant to inventory control 

. or warehousing. The inventory control processing unit 550 is also 

programmed and configured to perform inventory control functions that 

well known to those skilled in the art. For example, some of the 

functions performed by an inventory control (or warehousing) unit include: 

storing and tracking quantities of inventoried items on hand, daily 

movements or sales of various items, tracking positions or locations of 

various items, etc. 

(0223] In operation, the inventory control system would 

determine item information from the intelligent shelves 501 a-501 n and 

502a-502n that are connected to the inventory control processing unit 

550 through an electronic network 525. In one embodiment, the various 

intelligent shelves 501a-501 n and 502a-502n would be under the control 

of inventory control processing unit 550 that would determine when the 
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reader units 1 20 would poll the antennae 200 to determine item 

information of items to be inventoried. In an alternate embodiment, the 

reader units 1 20 may be programmed to periodically poll the connected 

multiple antennae for item information and then transmit the determined 

item information to the inventory control processing unit using a reverse 

"push" model of data transmission. In a further embodiment, the polling 

and data transmission of item information by the reader units 1 20 may be 

event driven, for example, triggered by a periodic replenishment of 

inventoried items on the intelligent shelves. In each case, the reader unit 

120 would selectively energize the multiple antennae connected to it to 

determine item information from the RFID tags associated with the items 

to be inventoried. 

[0224) Once the item information is received from the reader 

units 120 of the intelligent shelves 501 a-501 n and 502a-502n of the 

present invention, the inventory control processing unit 550 processes the 

received item information using programmed logic, code, and data at the 

inventory control processing unit 550 and at the associated data store 

555. The processed item information is then typically stored at the data

store 555 for future use in the inventory control system and method qf 

the present invention. 

[0225) One skilled in the art would recognize that inventory 

control processing unit 550 could be implemented on a general purpose 

computer system connected to an electronic network 525, such as a 

computer network. The computer network can also be a public network, 

such as the Internet or Metropolitan Area Network (MAN), or other private 

network, such as a corporate Local Area Network (LAN) or Wide Area 

Network (WAN), or even a virtual private network. A computer system 

includes a central processing unit (CPU) connected to a system memory. 

The system memory typically contains an operating system, a BIOS 

driver, and application programs. In addition, the computer system 
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contains input devices such as a mouse and a keyboard, and output 

devices such as a printer and a display monitor. 

(0226) The computer system generally includes a 

communications interface, such as an Ethernet card, to communicate to 

the electronic network 525. Other computer systems may also be 

connected to the electronic network 525. One skilled in the art would 

recognize that the above system describes the typical components of a 

computer system connected to an electronic network. It should be 

appreciated that many other similar configurations are within the abilities 

of one skilled in the art and all of these configurations could be used with 

the methods and systems of the present invention. Furthermore, it should 

be recognized that the computer system and network disclosed herein can 

be programmed and configured as an inventory control processing unit to 

perform inventory control related functions that are well known to those 

skilled in the art. 

[0227] In addition, one skilled in the art would recognize that the 

"computer" implemented invention described herein may include 

components that are not computers per se but also include devices such 

as Internet appliances and Programmable Logic Controllers (PLCs) that 

may be used to provide one or more of the functionalities discussed 

herein. Furthermore, while "electronic" networks are generically used to 

refer to the communications network connecting the processing sites of 

the present invention, one skilled in the art would recognize that such 

networks could be implemented using optical or other equivalent 

technologies. Likewise, it is also to be understood that the present 

invention utilizes known security measures for transmission of electronic 

data across networks. Therefore, encryption, authentication, verification, 

and other security measures for transmission of electronic data across 

both public and private networks are provided, where necessary, using 

techniques that are well known to those skilled in the art. 
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(0228) Other embodiments of the invention will be apparent to 

those skilled in the art from a consideration of the specification and the 

practice of the invention disclosed herein. It is intended that the 

specification be considered as exemplary only, with the true scope and 

spirit of the invention being indicated by the following claims. 
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WHAT IS CLAIMED IS: 

1 . An intelligent station that tracks RFID tags, the intelligent 

station comprising: 

a reader unit that transmits and receives RF signals; 

a first RF antenna connected to the reader unit by a first 

transmission cable through a first switch; and 

one or more additional RF antennae connected to the reader unit by 

the same first transmission cable through one or more respective 

additional switches. 

2. The intelligent station according to claim 1, further

comprising: 

a control unit that is operatively connected to the reader unit and to 

the first and one or more additional switches, wherein the control unit 

generates a control signal that selectively operates the first and one or 

more additional switches. 

3. The intelligent station according to claim 1, further

comprising: respective tuning circuits for the first and one or more 

additional RF antennae each tuning circuit operatively connected to a 

respective antennae through a switch in communication with the first 

transmission cable, and further operatively connected to the reader unit 

through the first transmission cable. 

4. The intelligent station according to claim 3, further

comprising: 

a control unit that is operatively connected to the reader unit and to 

first and one or more additional switches, wherein the control unit is 

configured to selectively operate the first and one or more additional 
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switches to connect the tuning circuits to the first and one or more 

additional RF antennae, respectively. 

5. The intelligent station according to claim 1, further

comprising: 

a second transmission cable that connects the reader unit to one or 

more auxiliary RF antenna loops, arranged proximate to the first RF 

antenna and one or more additional RF antennae, respectively. 

6. The intelligent station according to claim 1, wherein each of

the first and one or more additional switches comprise one of a PIN type 

diode, a field effect transistor (FET) or a metal-semiconductor FET. 

7. The intelligent station according to claim 2, wherein RF and

control signals are transmitted along the same first transmission cable. 

8. The intelligent station according to claim 2, wherein signals

from the control unit to operate the first and one or more additional 

switches are sent along wiring other than the first transmission cable. 

9. An intelligent station system that tracks RFI D tags

comprising: 

a reader unit that transmits and receives RF signals; and 

a first intelligent station that comprises: 

a first RF antenna connected to the reader unit by a first 

transmission cable through a first switch; and 

one or more additional RF antennae connected to the reader 

unit by the same first transmission cable through respective one or more 

additional switches. 
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10. The intelligent station system according to claim 9, further

comprising a control unit that is operatively connected to the reader unit 

and to the first and one or more additional switches, wherein the control 

unit generates a control signal that selectively operates the first and one 

or more additional switches. 

11. The intelligent station system according to claim 9, wherein

the first intelligent station further comprises a control unit that is 

operatively connected to the reader unit and to the first and one or more 

additional switches, wherein the control unit generates a control signal 

that selectively operates the first and one or more additional switches. 

12. The intelligent station system according to claim 11, further

comprising: 

a second or more additional intelligent stations, each of the second 

or more additional intelligent stations comprising a secondary control unit 

that communicates with and is controlled by said control unit. 

13. The intelligent station system according to claim 9, wherein

said reader unit is arranged on said first intelligent station. 

14. The intelligent station system according to claim 9, further

comprising: 

a control unit that is operatively connected to the reader unit and to 

the first and one or more additional switches, wherein the control unit 

generates a control signal that selectively operates the first and one or 

more additional switches. 
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15. The intelligent station system according to claim 11, wherein

signals from the control unit are routed to distributed secondary control 

units that in turn operate the first and one or more additional switches. 

1 6. The intelligent station system according to claim 12, wherein 

the one or more additional associated antennae with associated selector 

switches are connected in a series arrangement. 

1 7. The intelligent station system according to claim 12, wherein 

the one or more additional associated antennae with associated selector 

switches are connected in a parallel-series arrangement. 

18. The intelligent station system according to claim 12, wherein

the first transmission cable comprises an RF cable, and wherein a bypass 

switch is provided between the RF cable and an intelligent station to 

either allow an RF signal to enter the intelligent station, or to prevent an 

RF signal from the entering the intelligent station. 

19. The intelligent station system according to claim 12, wherein

the first transmission cable comprises an RF cable, and wherein an inline 

switch is provided in the RF cable to either allow an RF signal to continue 

along the RF cable or to prevent the RF signal from continuing along the 

RF cable. 

20. The intelligent station system according to claim 15, wherein

signals from the control unit to distributed secondary control units include 

address information to determine which switches are selected. 

21 . The intelligent station system according to claim 9, wherein 

the switches of non-selected antennae alter their associated tuning thus 
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causing them to have a resonant frequency substantially different from 

the RF signal. 

22. The intelligent station system according to claim 21, wherein

the switches of non-selected antennae are only used to alter their tuning 

when the non-selected antennae are adjacent to a selected antenna. 

23. The intelligent station system according to claim 9, wherein

each antennae are associated with an adjustable tuning circuit that are 

arranged to be accessible for adjustment. 

24. The intelligent station system according to claim 9, further

comprising: a tuning circuit associated with each antenna; and 

a tuning adjustment system that automatically performs servo 

adjustments of variable tuning components, based on feedback 

information from an associated antenna, said feedback being provided 

through a conductive electrical connection to the antenna or through 

communication with the reader unit. 

25. The intelligent station system according to claim 9, further

comprising: a tuning circuit associated with each antenna; and 

a tuning adjustment system that automatically performs electronic 

adjustments of variable tuning components, based on feedback 

information from the associated antenna. 

26. The intelligent station system according to claim 25, wherein

the variable tuning components comprise one or more voltage controlled 

capacitors. 
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27. The intelligent station system according to claim 9, further

comprising a tuning adjustment system that automatically performs servo 

adjustments of variable tuning components, based on feedback 

information from a reader unit attached to the associated antenna, the 

feedback information indicative of how the associated antenna is able to 

read a plurality of RFID tags each positioned uniquely in a predetermined 

spatial pattern proximate to the associated antenna. 

28. The intelligent station system according to claim 9, further

comprising: 

one or more passive antennae associated with one or more of the 

RF antennae such that the passive antennae are powered through 

inductive coupling by the associated RF antennae when the associated RF 

antennae are powered. 

29. The intelligent station system according to claim 28, wherein

the passive antennae and the associated RF antennae are provided on a 

shelf. 

30. The intelligent station system according to claim 29, wherein

the passive antennae are provided at a back end of the shelf while the 

associated RF antennae are provided at a front end of the shelf. 

31. The intelligent station system according to claim 10, wherein

the first intelligent station further comprises a self-test RFID tag within 

range of each of the RF antennae. 

32. The intelligent station system according to claim 31, wherein

if any of the RF antennae do not detect the self-test RFID tag, the control 

unit performs a tunin'g process for that RF antennae, 
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wherein if the self-test RFID tag is still not detected after 

completing of the tuning process, the control unit generates a message to 

an electronic network. 

33. The intelligent station system according to claim 31, wherein

each intelligent station comprises at least one self-test RFID tag within 

range of each RF antenna, and an RF antenna during a testing step 

detects the self-test RFID tags within adjacent RF antennae and thus 

determines which other RF antennae or which other intelligent stations 

are adjacent. 

34. The intelligent station system according to claim 33, wherein

the adjacency information is used to determine which other RF antennae 

are to be detuned when an RF antenna is selected for reading. 

35. The intelligent station system according to claim 31, wherein

the self-test RFID tag is instructed to respond during a self-test and 

instructed not to respond during normal operation of the system. 

36. The intelligent station system according to claim 9, wherein

the first intelligent station furthE:!r comprises: 

one or more second RF antennae that operate at frequencies 

different from the first and one or more additional RF antennae, the one or 

more second RF antennae connected to the reader unit by the same first 

transmission cable through respective one or more second switches, 

wherein the reader unit is configured to selectively operate at 

different frequencies. 

37. The intelligent station system according to claim 9, wherein

the intelligent stations internally contain signal processing circuits to 
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perform at least a part of the signal processing otherwise performed by 

the reader unit. 

38. The intelligent station system according to claim 9, wherein

the first transmission cable comprises an RF cable having a RF amplifier 

device incorporated therein. 

39. The intelligent station system according to claim 9, wherein

the intelligent station and/or RF antennae are incorporated into doors, 

portals, floors, floor mats, or ceilings. 

40. The intelligent station system according to claim 9, wherein

the RF antennae is fabricated by running a conductor through 

thermoplastic tubing and heat-forming the tubing. 

41 . The intelligent station system according to claim 26, wherein 

the voltage controlled capacitors are used to tune or detune the antennae. 

42. The intelligent station system according to claim 9, wherein

the first transmission cable comprises an RF bus and the reader unit is 

connected to the RF bus, wherein the intelligent station system further 

comprises: 

a plurality of RF antennae connected at spacings along the RF bus 

of approximately an integer sub-multiple of a quarter wavelength of the 

RF signal; 

respective select switches that selectably connect each of the RF 

antennae to the RF bus; 

respective shunting switches that selectably connect each of the 

RF antennae to the RF ground, 
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wherein each of the RF antennae can be activated on demand by 

closing its associated select switch to allow RF energy to enter the 

antenna while at the same time closing a shunting switch that is located a 

quarter-wavelength further along the RF bus. 

43. The intelligent station system according to claim 42, wherein

the select switches and the shunting switches comprise PIN diodes or 

MESFET diodes. 

44. The intelligent station system according to claim 42, wherein

the RF antennae are connected within the intelligent unit. 

45. The intelligent station system according to claim 42, further

comprising: 

a quarter wavelength of end cable extending beyond the last 

antenna on the RF bus; 

additional addressable shunt switches arranged along the end cable 

and spaced apart from each other by the same distance as the antennae 

are spaced apart on the RF bus. 

46. The intelligent station system according to claim 42, further

comprising: 

electronic components, arranged beyond the last antenna on the RF 

bus, to simulate a quarter wavelength of the RF bus. 

4 7. The intelligent station system according to c)aim 15, wherein 

signals from the control unit to distributed secondary control units include 

information to be output visually or by sound in the immediate vicinity of 

selected antennae. 
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48. An intelligent station system that tracks RFID tags

comprising: 

a reader unit that transmits and receives RF signals; 

a first intelligent station comprising: 

a first RF antenna connected to the reader unit by a first 

transmission cable through a first switch; 

one or more additional RF antennae connected to the reader 

unit by the same first transmission cable through respective one or more 

additional switches, 

wherein the antennae are incorporated into structure 

associated with the intelligent station. 

49. The intelligent station system according to claim 48, wherein

the intelligent station structure comprises a shelf or panel and an RF­

blocking material is applied to an opposite face of the shelf or panel from 

the face proximate to the antennae. 

50. The intelligent station system according to claim 48, wherein

the intelligent station structure further comprises individual shelf or panel 

units that are interconnected with connectors comprising an RF cable, a 

data cable, and a power cable. 

51. The intelligent station system according to claim 48, wherein

the intelligent station structure further comprises individual shelf or panel 

units that are interconnected with connectors comprising an RF cable 

carrying RF signals with superimposed direct current (DC) power. 

52. The intelligent station system according to claim 48, wherein

the intelligent station structure further comprises individual shelf or panel 
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units that are interconnected with connectors comprising an RF cable 

carrying RF signals with superimposed data other than the RFID signals. 

53. The intelligent station system according to claim 48, wherein

the intelligent station structure comprises individual shelf or panel units 

that are interconnected with connectors comprising an RF cable carrying 

RF signals at the RFID reader frequency with superimposed data in a 

frequency range other than the RFID reader frequency. 

54. The intelligent station system according to claim 52, wherein

the superimposed non-RF digital communications are transmitted by 

. varying a superimposed DC voltage. 

55. The intelligent station system according to claim 52, wherein

the superimposed non-RF digital communications are transmitted by 

varying a superimposed DC current drain. 

56. The intelligent station system according to claim 48, wherein

the intelligent station structure comprises a shelf or panel and a non­

conductiv� layer having high magnetic permeability is provided between 

the antennae and the shelf or panel to increase the magnetic flux for 

detecting target RFID tags. 

57. The intelligent station system according to claim 48, wherein

the intelligent station structure comprises shelves, and wherein the 

intelligent station system further comprises passively coupled antennae 

that are located in a vertical plane at the end of the shelves or backs of 

the shelves. 
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58. The intelligent station system according to claim 48, wherein

the intelligent station structure comprises shelves, and wherein the 

intelligent station system further comprises passively coupled antennae 

that are located in a horizontal plane at a distance above the shelf. 

59. The intelligent station system according to claim 48, wherein

the antennae are incorporated into or on a thin and/or flexible mat 

associated with the intelligent station structure. 

60. An intelligent shelf system that tracks RFID tags comprising:

a reader unit that transmits and receives RF signals; and 

a first intelligent station that comprises: 

a first RF antenna connected to the reader unit by a first 

transmission cable through a first switch; and 

one or more additional RF antennae connected to the reader 

unit by the same first transmission cable through respective one or more 

additional switches, 

wherein the antennae are incorporated into decorative 

laminate materials associated with the shelf. 

61. The intelligent shelf system according to claim 60, wherein

the laminate materials containing antennae are applied to one face of a 

corrugated paperboard core to form the shelf or a panel for the shelf. 

62. An inventory control system that tracks inventories of items

with RFID tags, the inventory control system comprising: 

a) one or more reader units;

b) one or more intelligent stations each of which is connected to at

least one reader unit, each of the intelligent stations tracks RFID tags to 
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determine item information of items to be inventoried, each intelligent 

station comprising: 

a first RF antenna connected to the reader unit by a first 

transmission cable through a first switch; and 

one or more additional RF antennae connected to the reader 

unit by the same first transmission cable through one or more additional 

switches, respectively, and 

c) an inventory control processing unit, connected to a data store,

that receives item information from the intelligent stations to update 

inventory information regarding the items to be inventoried. 

63. The inventory control system according to claim 62, wherein

at least one of the intelligent stations is attached on a horizontal surface 

of a shelf. 

64. The inventory control system according to claim 62, wherein

at least one of the intelligent stations is on a vertical or angular surface of 

a shelf. 

65. The inventory control system according to claim 62, wherein

. the intelligent stations are provided on one or more of a shelf, a storage 

area, a chamber, a room, a warehouse, a trailer, a counter, a safe, a 

refrigerator, a freezer, or a rack. 

66. The inventory control system according to claim 62, wherein

the intelligent stations are provided with locking devices for access 

control, said locking devices controlled by the inventory control system. 

67. The inventory control system according to claim 62, wherein

the intelligent stations further comprise: 
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a plug-in bar code scanner to scan bar codes and provide bar coded 

item information that is correlated and stored with item information 

determined by the intelligent stations from RFID tags. 

68. The inventory control system according to claim 62, wherein

the intelligent stations further comprise: 

a plug-in global positioning sensor (GPS) to provide information 

about the location of the intelligent station that is stored with information 

about items associated with the intelligent station. 

69. The inventory control system according to claim 62, further

comprising a proximity sensor to detect proximity of a person or an 

object, 

wherein the intelligent stations determine item information or 

activate auxiliary displays or perform other actions in response to the 

proximity sensor detecting the presence of a person or an object. 

70. The inventory control system according to claim 62, further

comprising an environmental sensor to measure temperature, humidity, or 

light at the intelligent station, 

wherein the inventory control system records with a merchandise 

item information comprising an environmental condition. 

71 . The inventory control system according to claim 62, wherein 

one or more antennae are selected in combination for reading. 

72. The inventory control system according to claim 62, wherein

the removal of a large number of items, when detected by the intelligent 

stations, causes the inventory control system to generate an alert. 
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73. The inventory control system according to claim 62, further

comprising a customer RFID tag associated with a customer, wherein the 

inventory control system associates the customer RFID tag with the 

customer and when detecting the customer RFID tag generates an action 

responsive to detecting the customer RFID tag. 

7 4. The inventory control system according to claim 62, wherein 

the inventory control processing unit processes RFID tag activity to 

generate an alert to adjust staffing levels based on the processed RFID 

tag activity. 

75. The inventory control system according to claim 62, further

comprising an employee RFID tag associated with an employee, wherein 

the inventory control processing unit associates the employee RFID tag 

with the employee, and when detecting the employee RFID tag generates 

an action responsive to detecting the employee RFID tag. 

76. The inventory control system according to claim 62, wherein

the inventory control processing unit processes RFID tag activity to 

determine an optimal stocking pattern based on the processed RFID tag 

activity. 

77. A method of inventory control for items tagged with RFID

. tags, the method comprising the steps of: 

providing one or more reader units and one or more intelligent 

stations each of which is connected to at least one reader unit, each of 

the intelligent stations tracks RFID tags to determine item information of 

items to be inventoried, each intelligent station comprising: 

a first RF antenna connected to the reader unit by a first 

transmission cable through a first switch; and 
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one or more additional RF antennae connected to the reader 

unit by the same first transmission cable through one or more additional 

switches, respectively; 

determining item information of items to be inventoried by 

selectively energizing the first and one or more additional RF antennae of 

each of the intelligent stations to determine item information of items that 

are located on the respective intelligent stations; and 

processing the determined item information to update inventory 

information of the items to be inventoried. 

78. The method of inventory control according to claim 77,

wherein more than one intelligent station is connected to a reader unit. 

79. The method of inventory control according to claim 77,

wherein the step of determining item information comprises selectively 

controlling the first and one or more additional switches to energize the 

first and one or more additional RF antennae, respectively, and detect 

item information of items with RFID tags that are within range of the 

respective energized first and one or more additional RF antennae. 

80. The method of inventory control according to claim 77,

wherein the step of processing the determined item information comprises 

updating the determined item information in a data store. 

81. The inventory control method according to claim 77, wherein

the step of providing one or more intelligent stations further comprises, 

for each intelligent station, providing a second transmission cable that 

connects the reader unit to the first and one or more additional RF 

antennae through first and one or more additional switches, respectively, 
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wherein the reader unit transmits an unmodulated RF signal ta the 

first and one or more additional RF antennae through the second 

transmission cable, and transmits a modulated RF signal ta the first and 

one or more additional RF antennae through the first transmission cable. 

82. The inventory control method according to claim 81, wherein

the step of providing one or more intelligent stations comprises, for each 

intelligent station, configuring the first and one or more additional 

switches to operate in one of only three states, a first state that only 

transmits a modulated RF signal to a respective one of the first or one or 

more additional RF antennae, a second state that only transmits an 

unmodulated RF signal to the one of the respective first or one or more 

additional RF antennae, and a third state such that both the modulated RF 

signal and the unmodulated RF signal bypass the respective one of the 

first or one or more additional RF antennae. 

83. An inventory control method according to claim 77, further

comprising the steps of: 

for each reader unit, determining optimal RF power to be provided 

to read RF antennae connected to that reader unit; 

storing the determined optimal RF power for each reader unit in a 

data storage means; and 

using the stored optimal RF power for a reader unit when 

selectively energizing the RF antennae connected to that reader unit to 

determine item information of items located on the intelligent stations 

connected to that reader unit. 

84. The inventory control method according to claim 83, wherein

the data storage means comprise a look-up table. 

-83-

WAVELYNX EX. 1003, Pg. 148 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



WO !)3/061060 PCT/US0J/00554 

85. An intelligent shelf system that tracks RFID tags comprising:

a reader unit that transmits and receives RF signals; and

a first intelligent station that comprises:

a first RF antenna connected to the reader unit by a first 

transmission cable through a first switch; and 

one or more additional RF antennae connected to the reader 

unit by the same first transmission cable through respective one or more 

additional switches, 

wherein the intelligent station is arranged on a circular rack. 

86. The intelligent shelf system according to claim 85, wherein

two RF antennae are orthogonally disposed in two vertical planes within 

the center of the circular rack. 

87. The intelligent shelf system according to claim 86, wherein

the two RF antennae are connected to the reader unit with the length of 

the lead-in cables from the reader unit to the two RF antennae differing by 

¼ of the RF wavelength. 

88. The intelligent shelf system according to claim 86, wherein

the two RF antennae are connected through a two-way 90 degree power 

splitter. 

89. The intelligent shelf system according to claim 85, wherein

the RF antennae are designed as hangers and are arranged or provided on 

different portions of the circular rack. 

90. An intelligent station system that tracks RFID tags

comprising: 

two or more reader units that transmit and receive RF signals; 
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two or more intelligent stations each connected to one of the two 

or more reader units, the intelligent stations comprising: 

a first RF antenna connected to the one of the two or more 

reader units by a first transmission cable through a first switch; and 

one or more additional RF antennae connected to the reader 

. unit by the same first transmission cable through respective one or more 

additional switches; and 

a control unit connected to the two or more reader units, 

wherein the control unit transmits command signals to the reader 

units in different formats that are recognizable by the respective reader 

units, and the control unit parses received data in different formats from 

the respective reader units. 

91 . The intelligent station system according to claim 90, wherein 

the control unit is connected to an electronic network, and wherein the 

control unit receives a command signal in common format from the 

electronic network and translates the received command signal to the 

different formats recognizable by the respective reader units, and 

wherein the control unit translates the received data in different 

formats from the respective reader units into a common format for 

transmission to the electronic network. 

92. A method of making a radio frequency antenna comprising

the steps of: 

providing a substrate with grooves for receiving conductors and 

holes for receiving the end of the conductors, wherein the grooves are 

formed by molding or stamping; 

inserting wire conductors into some or all of the grooves to form 

loops, dipoles, or other antenna shapes; and 
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connecting the ends of the wire conductors to electronic circuits to 

form the radio frequency antenna. 

93. The method of claim 92, wherein the grooves and holes are

formed in a rectilinear grid pattern that allows a large variety of antenna 

patterns to be generated on the substrate. 

94. The method of claim 92, wherein the grooves and holes are

formed in a specific pattern that allows a specific antenna pattern to be 

generated on the antenna. 

95. A method of making a radio frequency antenna comprising

the steps of: 

providing a fixture having a plurality of holes, said holes arranged to 

receive pins that define the corners or endpoints of one or more antenna 

patterns, or to receive the ends of antenna wires; 

temporarily attaching a wire to the fixture by inserting wire ends 

into holes or attaching wire ends to devices that fit over the pins, and 

wrapping the wire between its ends around other pins to form an antenna 

shaped wire; 

transferring the antenna shaped wire onto a substrate material; and 

securing the antenna shaped wire on the substrate material. 

96. An apparatus for depositing one or more conductive

pathways onto a planar substrate to form foil antennas, comprising the 

steps of: 

a supply source of conductive strip or ribbon material; 

an applicator, connected to the supply source, that can be 

positioned and moved over the plane of the substrate and applies the 

conductive strip or ribbon material to the substrate; and 
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a controller that automatically moves and positions the applicator 

over the substrate and controls the feed of the conductive strip or ribbon 

material. 

-87-

WAVELYNX EX. 1003, Pg. 152 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



2
0

1
 

An
te

nn
a 

20
0 

lo
o
p

 

� �
10

6 
lU:!JI

 
- T

a g

T
un

in
g 

ci
rc

ui
t 

20
3 

ca
bl

e 

F
IG

URE
 1

 

P
R

IO
R

AR
T

 

1
0

0
 

R
ea

de
r 

....
 

w � 

R
S
-2

3
2
 

10
2 

Te
rm

in
al

 

�
 

0
 

0
 

�
 

0'\
 

....
 

0
 

0'\
 

0
 

"0
 

("'.)
 

g 00
 

0
 

�
 

0
 

UI
 

UI
 � 

WAVELYNX EX. 1003, Pg. 153 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



2
0
0
a 

· A
n
te

n
n

a

2
0
0
b

 

"-
-

-

A
n

te
n
n
a 

tu
ni

ng
 

ci
rc

ui
t 

1
1
3

 

F
IG

URE
2

 

P
RI

O
R

A
R

T
 

R
ea

de
r 

an
d

 
M

u
lt

ip
le

x
er

 

R
S
-2

3
2
 

T
er

m
in

al
 

1
0

1
 

�
 

�
 

""
 

10
2
 

�
 

0
 

0
 

�
 

0\
 

....
 

0
 

0\
 

0
 

"'0
 

n
 g r:,,
 

0
 

�
 

0
 

U\
 

U\
 

""
 

WAVELYNX EX. 1003, Pg. 154 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



20
0 

I 
l

L
]

_7
 

2
2
2
 

2
2
1
 

2
2
2
 

2
2
1
 

F
IG

URE
 3

A
 

5
0
2
n
 

r---
20

0 
r---

20
0\

50
2b

 
\ 5

5
0
 

..
 -

••
••

••
-

-
<II

 
I
 

') 
I

5
2
6
 

r---
20

0 /
 

22
?

 

2
0
0
 

7
 L
 

I 
) 

I 
--

2
2
1
 

5
2
6
 

\ 
50

1b
 

�
�

---)
 '

5
2
6
 

2
2
1
 

5
2
6
 

E
L

E
C

T
R

O
N

IC
 N

E
T

W
O

RK
 

IN
V

E
N

T
O

R
Y

 C
O

N
T

R
O

L
 

P
R

O
C

E
S
S

IN
G

 U
N

IT
 

D
A

T
A

 

S
T

O
R

E
 

r---
20

0 
r-

20
0 

e
n

-,
_
 

, _
_ ,

 '
--

--
--

-,
 ,

 __
_ 

r-"i
-

/
L
 

:;,,
 

/
 

55
5 

I 

\
\

 ._____.
 
I 

' 

-
v

u
 

12
0 

�
 �

 
0

 
0

 

;g
 

0\
 

....
 

0
 

0'\
 

0
 

"'d
 

(".)
 

g
 

VJ
 

0
 

;g
 

0
 

UI
 

UI
 

�
 

WAVELYNX EX. 1003, Pg. 155 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



\
 \

 \
 

5
1
0

 
5

1
0

 

c
20

0 
r-

20
0 

r
2o

y
,)5 o3 n 

,.....__
 ?0

0 
_

 "
""

\ 
50

3b
 

I 
I 

\ 
\ 

: 
I 

/
 

i i 

\
 

--
--

--
--

--
--

'I
 \

' 
I 
' 

,' 
-

\'-
--

--
--

--
-�

--
--

--
--

--
--

,,
1·
,_
,-c:
-

I\
 

./
 

'\.
 

,_

22
2 

2
2
1
 

52
6 

F
IG

URE
3

B
 

5
5
0

 

12
5 

52
6 

EL
EC

TR
O

N
IC

 N
ET

W
O

RK
 

INV
EN

TO
R

Y
 

C
O

N
TR

O
L 

PR
O

C
ES

SI
N

G
 UN

IT
 

DA
TA

 
ST

O
RE

 

5
1
0

 

.,.,
 

� .,.,

5
5
 

�
 

0
 

e
 

�
 

e-.
 

....
 

e
 

e-.
 

e
 

.,,
 

("'j
 

�
 

i::::
 

r:r.,
 

e
 

�
 

e
 

(A
 

(A
 

.,.,
 

WAVELYNX EX. 1003, Pg. 156 
WaveLynx Technologies v. ASSA Abloy, IPR2023-00730



WO 03/061060 
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Fig. 3D 
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Application/Control Number: 11/016,576 
Art Unit: 2612 

DETAILED ACTION 

Claim Rejections- 35 USC§ 102 

Page 2 

1. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the

basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless -

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for
patent by another filed in the United States before the invention by the applicant for patent, except that an
international application filed under the treaty defined in section 35 l (a) shall have the effects for purposes of this
subsection ofan application filed in the United States only if the international application designated the United
States and was published under Article 21(2) of such treaty in the English language.

2. Claims 1, 2 and 4-19 are rejected under 35 U.S.C. 102(e) as being anticipated by Brand

(US Pat. 6,750,771 Bl). 

In reference to claims 1, 14, 17, Brand discloses a) the claimed first reader antenna tuned to 

operate at a first frequency, which is met by at least one antenna 313 ofreader 110 producing a 

freque�cy of 8 MHz (col. 4, lines 19-40), and b) the claimed second reader antenna tuned to 

operate at a second :frequency different from the first frequency, which is met by at least one 

other antenna 313 ofreader 110 producing a :frequency of 125 kHz ( col. 4, lines 19-40). 

In reference to claim 2, Brand discloses the claimed first :frequency is nominally 125 kHz, 

which is met by at least one other antenna 313 of reader 110 producing a frequency of 125 kHz 

( col. 4, lines 19-40). 
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In reference to· claim 4, Brand discloses the claimed reader housing containing the first and 

second antennas, which is met by at least two antennas of the eleven antennas provided by 

reader 110 (col. 4, lines 19-40). 

In reference to claims 5, 7, 11, Brand discloses the claimed first reader antenna tuned to operate 

at a first frequency; and a second reader antenna tuned to operate at a second frequency 

different from the first frequency, wherein the first and �econd antennas are arranged in an 

overlapping arrangement, which is met by reader 110 having 11 antennas 313 producing 

different frequencies to read nearby tag devices (col. 4, lines 19-40). The antennas produce 

field strengths such that the oriented antennas overlap with the peaks generated by the nearby 

antennas such that there are no null areas ( col. 6, lines 4-27). 

In reference to claim 6, Brand discloses the claimed reader housing containing the first and 

second antennas, which is met by at least two antennas of the eleven antennas provided by 

reader 110 ( col. 4, lines 19-40). 

In reference to claims 8, 12, Brand discloses the claimed first reader antenna has a first area, the 

second reader antenna has a second area essentially equal to the first area, and the first and 

second reader antennas have a parallel orientation and are arranged relative one another such 

that essentially half of the first area aligns with essentially half of the second area, which is met 

by the example wherein tag 106 is mounted on the pallet 102 so that the antenna 108 is oriented 

parallel to the side of the pallet 102 adjacent to the tag (col. 3, lines 12-25). 
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In reference to claims 9, 13, Brand discloses the claimed a first reader antenna tuned to operate 

at a first frequency; and a second reader antenna tuned to operate at a second :frequency 

different from the first frequency, wherein the first and second antennas are arranged in an 

opposing magnetic flux arrangement, which is met by reader 110 having 11 antennas 313 

producing different frequencies to read nearby tag devices ( col. 4, lines 19-40). The field 

strength of the orthogonal vector component of an antenna array has a peak located above each 

antenna 313 with a null between each antenna 313. Interleaving the two arrays causes the nulls 

of one array to cover the peaks of the other. This coverage allows the magnetic flux path to be 

defined for each antenna and the pattern to be indefinitely repeated across the width of the 

conveyor 100 without impacting the field pattern from individual antennas ( col. 5, lines 62-67; 

col. 6, lines 1-3). 

In reference to claim 10, Brand discloses the claimed reader housing containing the first and 

second antennas, which is met by at least two antennas of the eleven antennas provided by 

reader 110 ( col. 4, lines 19-40). 

In reference to claims 15, 18, Brand discloses the claimed signal generator is an integrated 

signal generator including integral means for generating signals for transmission from the first 

and second reader antennas, which is met by the reader 110 is an integrated assembly having 

self-contained electronics and an antenna 210 (col. 3, lines 26-34). 
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In reference to claims 16, 19, Brand discloses the claimed signal generator includes a discrete 

first signal generator. coupled with the frrst reader antenna for generating signals for 

transmission from the first reader antenna and a discrete second signal generator coupled with 

the second reader antenna separate from the discrete first signal generator for generating signals 

for transmission from the second reader antenna, which is met by each antenna rod 314 has its 

own modulation detector (in the antenna driver circuit 312) and behaves independently from the 

other antenna rods (col. 7, lines 25-35). 

Claim Rejections-35 USC§ 103 

3. The following is a quotatjon of 35 U.S.C. 103(a) which forms the basis for all

· obviousness rejections set forth in this Office action:

(a) A,patent may not be obtained though the invention is not identically disclosed or described as set forth in
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are
such that the subject matter as a whole would have been obvious at the time the invention was made to a person
having ordinary skill in the art to which the subject matter pertains. Patentability shall not be negatived by the
manner in which the invention was made.

4. Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Brand ..

In reference to claim 3, although Brand does not specifically disclose the claimed second 

frequency is 13.56 MHz, he does disclose that at least one of the 11 antennas 313 of reader 110 

may produce a frequency of 8 MHz (col. 4, lines 19-40). Since Brand discloses a plurality of 

antennas of a reading device that emit different frequencies while seeking a response for tag 

devices and one of the frequencies being 8 MHz, it would have been obvious to one of ordinary 

skill in the art at the time of the invention to use any frequency that will ensure that the tags 

within the area will be read. 
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5. The prior art of record and not relied upon is considered pertinent to the applicant's

Page 6 

disclosure as follows. Lee (US Pat. 6,903,656 Bl), Ueno et al. (US Pat. 6,946,950 Bl), Wilson, 

III (US Pat. 7,071,791 Bl), Roesner (US Pat. 7,119,664 B2), Bridgelall et al. (US Pat. 

7,119,738 B2) and Chung (US Pat. 7,158,030 B2), which disclose tag interrogating systems. 

6. Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Davetta W. Goins whose telephone number is 571-272-2957. 

The examiner can normally be reached on Mon-Fri with every other Fri. off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 

supervisor, Daniel Wu can be reached on 571-272-2964. The fax phone number for the 

organization where this application or proceeding is assigned is 571-273-8300. 
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Information regarding the status of an application may be obtained from the Patent 

Application Information Retrieval (PAIR) system. Status information for published applications 

may be obtained from either Private PAIR or Public PAIR Status information for unpublished 

applications is available through Private PAIR only. For more information about the PAIR 

system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 

system, contact the Electronic Business Center (BBC) at 866-217-9197 (toll-free). If you would 

like assistance from a USPTO Customer Service Representative or access to the automated 

information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 

f;JJ;� 
D.W.G.
January 6, 2007

Davetta W. Goins 
Primary Examiner 
Art Unit 2612 
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The following listing of claims replaces all prior versions and listings of claims in the 

application: 

Listing of Claims: 

Claim 1 (currently amended): An antenna array for an RFID reader comprising: 

a first reader antenna tuned to operate at a first carrier frequency enabling data 

communication with a first transponder transmitting data signals at said first carrier 

frequency:and 

a second reader antenna tuned to operate at a second carrier frequency different 

from said first carrier frequency enabling data communication with a second transponder 

transmitting data signals at said second carrier frequency. 

Claim 2 ( currently amended): The antenna array of claim 1, wherein said first carrier 

frequency is nominally 125 kHz. 

Claim 3 ( currently amended): The antenna array of claim 1, wherein said second 

carrier frequency is 13.56 MHz. 

Claim 4 (original): The antenna array of claim 1, further comprising a reader 

housing containing said first and second antennas. 

Claim 5 (currently amended): An antenna array for an RFID reader comprising: 

a first reader antenna tuned to operate at a first carrier frequency enabling data 

communication with a first transponder transmitting data signals at said first carrier 

frequency:and 

a second reader antenna tuned to operate at a second carrier frequency different 

from said first carrier frequency enabling data communication with a second transponder 

transmitting data signals at said second carrier frequency, wherein said first and second 

antennas are arranged in an overlapping arrangement. 

Claim 6 (original): The antenna array of claim 5, further comprising a reader 

housing containing said first and second antennas. 

Claim 7 (original): The antenna array of claim 5, wherein said first reader antenna 
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has a first area, said second reader antenna has a second area, and said first and second 

reader antennas are arranged relative one another such that only a portion of said first 

area aligns with only a portion of said second area. 

Claim 8 (original): The antenna array of claim 5, wherein said first reader antenna 

has a first area, said second reader antenna has a second area essentially equal to said 

first area, and said first and second reader antennas have a parallel orientation and are 

arranged relative one another such that essentially half of said first area aligns with 

essentially half of said second area. 

Claim 9 (currently amended): An antenna array for an RFID reader comprising: 

a first reader antenna tuned to operate at a first carrier frequency enabling data 

communication with a first transponder transmitting data signals at said first carrier 

frequency: and 

a second reader antenna tuned to operate at a second carrier frequency different 

from said first carrier frequency enabling data communication with a second transponder 

transmitting data signals at said second carrier frequency, wherein said first and second 

antennas are arranged in an opposing magnetic flux arrangement. 

Claim 10 (original): The antenna array of claim 9, further comprising a reader 

housing containing said first and second antennas. 

Claim 11 (original): The antenna array of claim 9, wherein said first reader antenna 

has a first area, said second reader antenna has a second area, and said first and second 

reader antennas are arranged relative one another such that only a portion of said first 

area aligns with only a portion of said second area. 

Claim 12 ( original): The antenna array of claim 9, wherein said first reader antenna 

has a first area, said second reader antenna has a second area essentially equal to said 

first area, and said first and second reader antennas have a parallel orientation and are 

arranged relative one another such that essentially half of said first area aligns with 

essentially half of said second area. 

Claim 13 (original): The antenna array of claim 9, wherein said first and second 
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reader antennas are arranged in an overlapping arrangement simultaneous with said 

opposing magnetic flux arrangement. 

Claim 14 (currently amended): An RFID reader for an RFID system comprising: 

an antenna array including a first reader antenna tuned to operate at a first carrier 

frequency enabling data communication with a first transponder transmitting data signals 

at said first carrier frequency and a second reader antenna tuned to operate at a second 

carrier frequency different from said first carrier frequency enabling data communication 

with a second transponder transmitting data signals at said second carrier frequency: and 

a signal generator coupled with said first and second reader antennas. 

Claim 15 (original): The RFID reader of claim 14, wherein said signal generator is 

an integrated signal generator including integral means for generating signals for 

transmission from said first and second reader antennas. 

Claim 16 {original): The RFID reader of claim 14, wherein said signal generator 

includes a discrete first signal generator coupled with said first reader antenna for 

generating signals for transmission from said first reader antenna and a discrete second 

signal generator coupled with said second reader antenna separate from said discrete first 

signal generator for generating signals for transmission from said second reader antenna. 

Claim 17 (currently amended): An RFID reader for an RFID system comprising: 

an antenna array including a first reader antenna tuned to operate at a first carrier 

frequency enabling data communication with a first transponder transmitting data signals 

at said first carrier frequency and a second reader antenna tuned to operate at a second 

carrier frequency different from said first carrier frequency enabling data communication 

with a second transponder transmitting data signals at said second carrier frequency; and 

receiver electronics coupled with said first and second reader antennas. 

Claim 18 (original): The RFID reader of claim 17, wherein said receiver electronics 

is integrated receiver electronics including integral means for conditioning signals received 

by said first and second reader antennas. 

Claim 19 (original): The RFID reader of claim 17, wherein said receiver electronics 
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