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RADIO FREQUENCY IDENTIFICATION DEVICES, 
REMOTE COMMUNICATION DEVICES, 

WIRELESS COMMUNICATION SYSTEMS, AND 
METHODS OF INDICATING OPERATION 

TECHNICAL FIELD 

[0001] This invention relates to radio frequency identi? 
cation devices, remote communication devices, Wireless 
communication systems, and methods of indicating opera 
tion. 

BACKGROUND OF THE INVENTION 

[0002] Wireless communication Systems including elec 
tronic identi?cation devices, such as radio frequency iden 
ti?cation devices (RFIDs), are knoWn in the art. Such 
devices are typically used for inventory tracking. As large 
numbers of objects are moved in inventory, product manu 
facturing, and merchandising operations, there is a continu 
ous challenge to accurately monitor the location and How of 
objects. Additionally, there is a continuing goal to determine 
the location of objects in an inexpensive and streamlined 
manner. One Way of tracking objects is With an electronic 
identi?cation system. 

[0003] One presently available electronic identi?cation 
system utiliZes a magnetic coupling system. Typically, the 
devices are entirely passive (have no poWer supply), Which 
results in a small and portable package. HoWever, such 
identi?cation systems are only capable of operation over a 
relatively short range, limited by the siZe of a magnetic ?eld 
used to supply poWer to the devices and to communicate 
With the devices. 

[0004] Another type of Wireless communication system is 
an active Wireless electronic identi?cation system. Attention 
is directed toWards commonly assigned US. patent appli 
cation Ser. No. 08/705,043, ?led Aug. 29, 1996, incorpo 
rated herein by reference, and Which describes such active 
systems in detail. 

[0005] These systems include integrated circuit devices 
Which include an active transponder and are intended to be 
af?xed to an object to be monitored. The devices are capable 
of receiving and processing instructions transmitted by an 
interrogator. A device receives the instruction, if Within 
range, then processes the instruction and transmits a 
response, if appropriate. The interrogation signal and the 
responsive signal are typically radio-frequency (RF) signals 
produced by an RF transmitter circuit. Because active 
devices have their oWn poWer sources, such do not need to 
be in close proximity to an interrogator or reader to receive 
poWer via magnetic coupling. Therefore, active transponder 
devices tend to be more suitable for applications requiring 
tracking of a tagged device that may not be in close 
proximity to an interrogator. For example, active transpon 
der devices tend to be more suitable for inventory control or 
tracking. 
[0006] Radio frequency identi?cation devices may be sub 
jected to undesired signals in the ?eld. For example, various 
electronic devices such as radar, microWave ovens, etc. can 
emit spurious radio frequency signals into a communication 
range of a Wireless communication system. The presence of 
such spurious undesired signals can result in rapid consump 
tion of poWer of batteries of radio frequency identi?cation 
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devices. This degrades available poWer of such batteries 
Which could otherWise be used for providing communication 
operations. 

SUMMARY OF THE INVENTION 

[0007] This invention provides radio frequency identi? 
cation devices, remote communication devices, Wireless 
communication systems, and methods of indicating opera 
tion. 

[0008] One aspect of the present invention provides a 
Wireless communication system. The Wireless communica 
tion system includes an interrogator and a radio frequency 
identi?cation device. The interrogator is con?gured to out 
put a forWard link Wireless signal. An exemplary forWard 
link Wireless signal includes an interrogation signal. 

[0009] The radio frequency identi?cation device includes 
communication circuitry con?gured to receive the forWard 
link Wireless signal and a spurious Wireless signal. The radio 
frequency identi?cation device further includes indication 
circuitry coupled With the communication circuitry and 
con?gured to indicate reception of the spurious Wireless 
signal Within the communication circuitry. 

[0010] Exemplary indication circuitry includes circuitry 
operable to emit human perceptible signals. For example, 
indication circuitry can include an indicator comprising a 
light emitting device to emit a visually perceptible signal to 
indicate the reception of spurious Wireless signals. Such 
indication using the indication circuitry can be subsequently 
utiliZed to implement actions to reduce the presence of 
spurious Wireless signals. Other aspects are provided in the 
present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0011] Preferred embodiments of the invention are 
described beloW With reference to the folloWing accompa 
nying draWings. 
[0012] FIG. 1 is an illustrative diagram of an exemplary 
Wireless communication system. 

[0013] FIG. 2 is an isometric vieW of an exemplary 
remote communication device of the Wireless communica 
tion system shoWn in FIG. 1. 

[0014] FIG. 3 is a functional block diagram of exemplary 
internal circuitry of the remote communication device. 

[0015] FIG. 4 is a functional block diagram of exemplary 
internal circuitry of a radio frequency processor of the 
remote communication device. 

[0016] FIG. 5 is a functional block diagram of exemplary 
control circuitry and indication circuitry of the remote 
communication device. 

[0017] FIG. 6 includes graphs Which illustrate ?rst opera 
tions of the control circuitry. 

[0018] FIG. 7 includes graphs Which illustrate second 
operations of the control circuitry. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0019] This disclosure of the invention is submitted in 
furtherance of the constitutional purposes of the US. Patent 
LaWs “to promote the progress of science and useful arts” 
(Article 1, Section 8). 
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[0020] Referring to FIG. 1, a Wireless communication 
system 10 is illustrated in accordance With one embodiment 
of the invention. Wireless communication system 10 
includes an interrogator 12 and at least one remote commu 
nication device 14. Typically, numerous remote communi 
cation devices 14 are provided Within Wireless communica 
tion system 10 although only tWo such remote 
communication devices 14 are illustrated in FIG. 1. The 
particular number of remote communication devices 14 
Which are in communication With interrogator 12 may 
change over time. 

[0021] A communication range 11 of the illustrated inter 
rogator 12 is shoWn in FIG. 1. During exemplary object 
monitoring operations, more or less remote communication 
devices 14 can be Within communication range 11 of inter 
rogator 12 as objects or packages are moved about. Inter 
rogator 12 communicates With remote communication 
devices 14 located Within communication range 11. Typi 
cally, there is no communication betWeen multiple remote 
communication devices 14. Instead, remote communication 
devices 14 respectively communicate With interrogator 12. 
As previously mentioned, multiple remote communication 
devices 14 are typically used in the same ?eld of interrogator 
12 (i.e., Within communications range 11 of interrogator 12). 

[0022] In the described embodiment, Wireless communi 
cation system 10 is con?gured as an electronic identi?cation 
system. Other con?gurations of Wireless communication 
system 10 are possible. Remote communication devices 14 
can individually be associated With respective objects 16, 
such as packages in inventory. Wireless communication 
system 10 can also be used in other applications including, 
for example, other identi?cation applications. 

[0023] Remote communication devices 14 individually 
comprise a Wireless identi?cation device in the described 
con?guration. Other con?gurations of remote communica 
tions devices 14 are possible. An exemplary Wireless iden 
ti?cation device is a radio frequency identi?cation device 
(RFID). In the depicted arrangement, remote communica 
tion devices 14 individually include an antenna 18 for 
Wireless or radio frequency transmission by the respective 
remote communication device 14. Remote communication 
devices 14 further individually include an antenna 20 for 
Wireless or radio frequency reception by the respective 
remote communication device 14. In one embodiment, the 
antennas 18, 20 are microstrip antennas. 

[0024] Individual remote communication devices 14 
transmit and receive radio frequency communications to and 
from interrogator 12. An exemplary interrogator is described 
in commonly assigned US. patent application Ser. No. 
08/907,689, ?led Aug. 8, 1997 and incorporated herein by 
reference. Preferably, interrogator 12 includes an antenna 13 
as Well as dedicated transmitting and receiving circuitry. In 
one embodiment, such circuitry is complementary to that 
implemented Within individual remote communication 
devices 14. 

[0025] Radio frequency identi?cation has emerged as a 
viable system for tagging or labeling small to large quanti 
ties of objects 16. In the described con?guration, interroga 
tor 12 and remote communication devices 14 communicate 
via an electromagnetic link, such as via an RF link (e.g., at 
microWave frequencies, in one embodiment), so all trans 
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missions by interrogator 12 are heard simultaneously by all 
remote communication devices 14 Within communication 
range 11. 

[0026] Interrogator 12 transmits forWard link Wireless 
signals 22 individually comprising an interrogation signal or 
command via antenna 13. An exemplary forWard link Wire 
less signal 22 includes a tag identi?er, command, and data. 
The tag identi?er can comprise an identi?er to identify one 
or more of remote communication devices 14 in some 
applications. Typically, the remote communication devices 
14 identi?ed Within tag identi?er process the respective 
command and data. 

[0027] Remote communication devices 14 Within the 
appropriate communication range 11 individually receive 
the incoming interrogation forWard link Wireless signal 22 
via respective antennas 20. Upon receiving Wireless signal 
22, individual ones of remote communication devices 14 can 
respond by generating and transmitting a responsive signal 
or return link communication signal 24 via respective 
antenna 18. The responsive signal 24 typically includes 
information that uniquely identi?es, or labels the particular 
remote communication device 14 that is transmitting. Such 
may operate to identify a respective object 16 With Which the 
responding remote communication device 14 is associated. 
Exemplary objects 16 include packages in inventory, people, 
automobiles, animals, etc. 

[0028] Referring to FIG. 2, remote communication device 
14 can be included in any appropriate packaging or housing 
30. Various methods of manufacturing housings are 
described in commonly assigned US. patent application Ser. 
No. 08/800,037, ?led Feb. 13, 1997, and incorporated herein 
by reference. An exemplary housing 30 includes an ultra 
sonically Welded plastic injection molded case. Housing 30 
is provided about a substrate 31 and at least some of the 
circuitry (described beloW) of remote communication device 
14. Housing 30 can be con?gured as a case about substrate 
31 to enclose most if not all of the internal components of 
remote communication device 14. More speci?cally, cir 
cuitry of remote communication device 14 is provided upon 
substrate 31 in one embodiment. An exemplary substrate 31 
is FR4 board. Circuit components of remote communication 
device 14 may be attached to substrate 31 using pick-and 
place processing techniques. 

[0029] FIG. 2 shoWs but one embodiment of remote 
communication device 14 in the form of a card or badge 
including housing 30 of plastic or other suitable material. In 
one embodiment, a face of housing 30 has visual identi? 
cation features such as graphics, text, information found on 
identi?cation or credit cards, etc. (not shoWn). Housing 30 
can also be formed as a miniature housing encasing the 
internal circuitry and poWer supply 16 to de?ne a tag Which 
can be supported by object 16 (e.g., hung from an object, 
af?xed to an object, etc.). Other forms of housings 30 are 
employed in alternative embodiments. 

[0030] In the illustrated embodiment, remote communica 
tion device 14 includes communication circuitry 32, a poWer 
source 34, control circuitry 35 and indication circuitry 36. 
Communication circuitry 32 is de?ned by a small outline 
integrated circuit (SOIC) as described in the above-incor 
porated patent application Ser. No. 08/705,043, ?led Aug. 
29, 1996. Exemplary communication circuitry 32 is avail 
able from Micron Communications Inc., 3176 S. Denver 
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Way, Boise, Id. 83705 under the trademark Microstamp 
Engine and having designations MSEM256X10SG, 
MT59RC256R1FG-5. Other embodiments of communica 
tion circuitry 32 are possible. PoWer source 34 is connected 
to supply poWer to communication circuitry 32, control 
circuitry 35 and 17 indication circuitry 36. 

[0031] In one embodiment, poWer source 34 comprises 
one or more batteries. Individual batteries can take any 

suitable form. Preferably, the battery type Will be selected 
depending on Weight, siZe, and life requirements for a 
particular application. In one embodiment, a suitable battery 
is a thin pro?le button-type cell forming a small, thin energy 
cell more commonly utiliZed in Watches and small electronic 
devices requiring a thin pro?le. A conventional button-type 
cell has a pair of electrodes, an anode formed by one face 
and a cathode formed by an opposite face. In an alternative 
embodiment, poWer source 34 comprises a series connected 
pair of button type cells. In other alternative embodiments, 
other types of suitable poWer source are employed. Suitable 
batteries of poWer source 34 individually include a 3 Volt 
battery having designation CR2016 available from Eveready 
Battery Co. TWo such batteries can be coupled in series for 
a 6 Volt output of poWer source 34 in one embodiment. 

[0032] In the described arrangement, communication cir 
cuitry 32 is coupled With substrate 31 and is con?gured to at 
least one of receive Wireless signals and communicate 
Wireless signals. Exemplary received and communicated 
Wireless signals comprise radio frequency signals as previ 
ously described. In one embodiment, communication cir 
cuitry 32 comprises transponder circuitry con?gured to 
output the reply or return link Wireless identi?cation signal 
24 responsive to the reception of forWard link Wireless 
interrogation signal 22 generated Within interrogator 12. 

[0033] Control circuitry 35 is coupled With communica 
tion circuitry 32 and indication circuitry 36. In the described 
embodiment, indication circuitry 36 includes an indicator 38 
to indicate operation of remote communication device 14. 
Remote communication device 14 can be con?gured such 
that indication circuitry 36 indicates reception of signals as 
described beloW. Indication circuitry 36 may also be con 
?gured to indicate other operations. 

[0034] Exemplary additional indication operations of 
remote communication device 12 are described in a com 

monly assigned US. Patent Application entitled “Radio 
Frequency Identi?cation Devices, Wireless Communication 
Systems, Communication Methods, Methods of Forming a 
Radio Frequency Identi?cation Device, Methods of Testing 
Wireless Communication Operations, and Methods of 
Determining a Communication Range”, naming Mark T. 
Van Horn, David K. Ovard and Scott T. Trosper as inventors, 
?led the same day as the present application, having attorney 
docket number MI40-187, and incorporated herein by ref 
erence, and in a commonly assigned US. Patent Application 
entitled “Radio Frequency Identi?cation Devices, Remote 
Communication Devices, Identi?cation Systems, Commu 
nication Methods, and Identi?cation Methods”, naming 
Scott T. Trosper as inventor, ?led the same day as the present 
application, having attorney docket number MI40-197, and 
incorporated herein by reference. 

[0035] Indication circuitry 36 includes indicator 38 con 
?gured to emit a human perceptible signal to indicate 
reception of signals Within remote communication device 14 
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in accordance With a preferred con?guration. In the 
described embodiment, indicator 38 is con?gured to visually 
indicate operation of remote communication device 14. In 
particular, indicator 38 can include at least one light emitting 
device, such as a light emitting diode (LED), to emit a 
visually perceptible signal to humans. Indication circuitry 36 
can also include other indicators 38 for indicating operation 
of remote communication device 14. Another exemplary 
con?guration of indicator 38 includes an audible device, 
such as a buZZer. Indicator 38 can have other con?gurations. 

[0036] Preferably, remote communication device 14 is 
con?gured such that indicator 38 of indication circuitry 36 
outWardly emits the human perceptible signal or otherWise 
indicates operation outside of housing 30. For example, 
indicator 38 may extend through housing 30 as shoWn and 
is externally visible. In the depicted arrangement, housing 
30 is provided about substrate 31 and internal circuitry With 
indication circuitry 36 at least partially outWardly exposed 
as illustrated. 

[0037] Referring to FIG. 3, communication circuitry 32 of 
remote communication device 14 implemented as a single 
die in accordance With the described embodiment includes a 
radio frequency (RF) processor 41, a memory 44, and a 
microprocessor 46. The depicted radio frequency processor 
41 includes a transmitter 40 and a receiver 42. Micropro 
cessor 46 is coupled to transmitter 40, receiver 42, and 
memory 44 as is described in US. patent application Ser. 
No. 08/705,043. ForWard link Wireless signals 22 are 
received Within antenna 20 and applied to receiver 42. In one 
con?guration, transmitter 40 is con?gured to reply via 
antenna 18 using backscatter communications. ForWard link 
Wireless signals 22 can be speci?c to individual remote 
communication devices 14, or intended to apply to some or 
all remote communication devices 14 Within communication 
range 11. 

[0038] Microprocessor 46 is con?gured to process the 
signals received by receiver 42. Responsive to the content of 
a received forWard link Wireless signal 22, microprocessor 
46 can formulate return link Wireless signal 24 Which is 
applied to transmitter 40. Transmitter 40 operates to output 
return link Wireless signals 24 using antenna 18. As previ 
ously described, transmitter 40 may be con?gured for back 
scatter communications. For example, antenna 18 can be 
con?gured as a dipole antenna and transmitter 40 can 
selectively short halves of the dipole antenna con?guration 
to selectively re?ect a continuous Wave signal generated by 
interrogator 12. 

[0039] Referring to FIG. 4, additional details of radio 
frequency processor 41 are described. For example, RF 
processor 41 of communication circuitry 32 additionally 
includes a Wake up timer circuit 43 and a spread spectrum 
processing circuit 45. In one embodiment, remote commu 
nication devices 14 individually sWitch betWeen a “sleep” 
mode of operation, and a higher poWer mode of operation 
referred to as a “Wake” mode. Such sWitching is utiliZed to 
conserve energy and extend the life of poWer source 34 
during periods of time When no forWard link Wireless signals 
22 are received by remote communication devices 14. 

[0040] According to one embodiment, sWitching betWeen 
the sleep mode and the Wake mode is implemented using the 
Wake up timer circuitry 43. During ideal operation condi 
tions, remote communication device 14 enters the sleep 
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mode When no forward link Wireless signals 22 are detected 
from interrogator 12. Thereafter, remote communication 
device 14 monitors for the presence of forWard link Wireless 
signals 22 during the sleep mode. 

[0041] In one con?guration, Wake up timer 43 periodically 
asserts a WAKEUP signal every 16 ms using timing circuitry 
(not shoWn). The WAKEUP signal is applied to micropro 
cessor 46 and receiver 42. Microprocessor 46 monitors for 
the presence of a forWard link Wireless signal 22 via receiver 
42 responsive to the WAKEUP signal. Remote communi 
cation device 14 remains in the sleep mode responsive to no 
forWard link Wireless signal 22 being present. 

[0042] Alternatively, remote communication device 14 
enters a Wake mode responsive to the presence of a forWard 
link Wireless signal 22 Within receiver 42. The forWard link 
Wireless signal 22 is subsequently analyZed and return link 
Wireless signal 24 (of FIG. 1) may be generated if appro 
priate. Thereafter, remote communication device 14 contin 
ues to monitor for the presence of forWard link Wireless 
signals 22 (of FIG. 1) and may enter the sleep mode again 
to conserve poWer if none are detected. 

[0043] Spread spectrum processing circuit 40 is included 
in communication circuitry 32 in the described embodiment. 
In this con?guration, signals transmitted and received by 
interrogator 12 and signals transmitted and received by 
remote communication device 14 are modulated spread 
spectrum signals. Such modulation techniques are advanta 
geous Where there are multiple users, as is the case With the 
preferred radio frequency identi?cation Wireless communi 
cation system 10 of the present invention including plural 
remote communication devices 14. 

[0044] The spread spectrum modulation technique of the 
illustrated embodiment is advantageous because the forWard 
link Wireless signal 22 and return link Wireless signal 24 can 
be individually distinguished from other spurious signals 
(e.g., radar, microWave ovens, etc.) operating at similar 
frequencies. The spread spectrum signals transmitted by 
interrogator 12 and remote communication device 14 are 
pseudo-random and have noise-like properties When com 
pared With the command or reply signals. The illustrated 
embodiment employs direct sequence spread spectrum 
(DSSS) modulation. Other modulation schemes or tech 
niques are possible. 

[0045] Wireless communication system 10 may be sub 
jected to spurious Wireless signals during communication 
operations. Such spurious Wireless signals can include radar 
signals, signals from microWave ovens, etc. operating at 
similar frequencies. Accordingly, during moments in time 
When remote communication 14 is operating in the sleep 
mode, some spurious signals may be received Within the 
approximate frequency range of communications (e.g., 2.4 
GHZ) of Wireless communication system 10. 

[0046] More speci?cally, once the WAKEUP signal is 
asserted by Wake up timer 43, microprocessor 46 analyZes 
Wireless signals received by antenna 20 and receiver 42. 
Such received Wireless signals can include undesired spu 
rious Wireless signals as Well as desired forWard link Wire 
less signals 22. Accordingly, microprocessor 46 processes 
the received Wireless signals to distinguish spurious Wireless 
signals from forWard link Wireless signals 22. 

[0047] In the described embodiment, microprocessor 46 
searches for a pseudo-random sequence Within the received 
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Wireless signals. Wake up timer circuit 43 asserts the 
WAKEUP signal during the modulation processing (e.g., 
searching for an appropriate pseudo-random sequence). Sig 
nals containing appropriate pseudo-random sequences com 
prise forWard link Wireless signals 22 as identi?ed by 
microprocessor 46 While spurious Wireless signals Will also 
be identi?ed and may be discarded. Thereafter, micropro 
cessor 46 processes forWard link Wireless signals 22 (e.g., 
processes identi?ers and commands, etc.). Additionally, 
microprocessor 46 can enter the sleep mode folloWing the 
detection of spurious Wireless signals. The additional pro 
cessing of such spurious signals to determine Whether an 
appropriate pseudo-random sequence is present consumes 
additional poWer thereby depleting poWer source 34. 

[0048] Referring again to FIG. 3, it is bene?cial to indi 
cate the reception of spurious signals Within remote com 
munication device 14 Which may lead to a shortened life of 
poWer source 34. Once it is realiZed such spurious signals 
are present, steps may be taken to eliminate or minimiZe the 
presence of such spurious signals. 

[0049] Indication circuitry 36 coupled With communica 
tion circuitry 32 is preferably con?gured to output an 
indication signal to indicate reception of such spurious 
signals Within communication circuitry 32. As previously 
mentioned, indication circuitry 36 may be con?gured to emit 
a human perceptible signal to indicate the reception of 
spurious signals. More speci?cally, indicator 38 (shoWn in 
FIG. 2) can comprise a light-emitting device con?gured to 
emit a signal Which is visible to humans to indicate the 
reception of spurious signals. 
[0050] Communication circuitry 32 periodically monitors 
for the reception of Wireless signals via antenna 20 and 
receiver 42. A periodic assertion of the WAKEUP signal by 
Wake up timer 43 implements such periodic monitoring 
operations. Microprocessor 46 is con?gured to process 
signals outputted from spread spectrum processing circuitry 
45 to determine Whether appropriate pseudo-random 
sequences are present, and thus Whether the received signals 
comprise spurious signals or forWard link Wireless signals 
22. 

[0051] The WAKEUP signal is asserted during such pro 
cessing of received Wireless signals. Control circuitry 35 is 
coupled With communication circuitry 32 and is con?gured 
to monitor the WAKEUP signal. More speci?cally, control 
circuitry 35 generates a control signal responsive to the 
WAKEUP signal being asserted for a predetermined period 
of time. 

[0052] Indication circuitry 36 is coupled With control 
circuitry 35 and is con?gured to indicate the reception of 
Wireless signals using indicator 38 responsive to the control 
signal being asserted by control circuitry 35. Such indication 
by indication circuitry 36 can be utiliZed to indicate the 
presence of spurious signals. 

[0053] In effect, control circuitry 35 controls the indica 
tion by indication circuitry 36 responsive to the WAKEUP 
signal from communication circuitry 32 being asserted for a 
predetermined period of time as described in further detail 
beloW. Communication circuitry 32 maintains the assertion 
of the WAKEUP signal during the processing of received 
Wireless signals. Indication circuitry 36 indicates mainte 
nance of the WAKEUP signal in the asserted state folloWing 
such assertion for a predetermined length of time. 
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[0054] Referring to FIG. 5, one con?guration of control 
circuitry 35 and indication circuitry 36 is illustrated. The 
depicted control circuitry 35 includes a latch 50, plural 
resistors 52, 54 and capacitor 56 arranged as shoWn. Indi 
cation circuitry 36 includes a resistor 62 coupled With 
indicator 38 in the illustrated arrangement. Resistor 52 is a 
10 k9 resistor, resistor 54 is a 100 kQ resistor and capacitor 
56 is a 1,000 pF capacitor in the described con?guration of 
control circuitry 35. Resistor 62 is a 10 k9 potentiometer 
and indicator 38 is a light emitting diode (LED) in the 
depicted con?guration of indication circuitry 36. 

[0055] Latch 50 comprises a D-type positive edge trig 
gered ?ip-?op With clear and preset in the described con 
?guration. A suitable latch 50 has designation 74HC74 and 
is available from Texas Instruments. As shoWn, a D input pin 
2, a preset (PRE) input pin 4 and a VDD input pin 14 all of 
latch 50 are individually coupled With a VDD supply of 
poWer source 34. 

[0056] The WAKEUP signal asserted Within communica 
tion circuitry 32 is applied to control circuitry 35. A clear 
(CLR) pin 1 and clock (CLK) pin 3 of latch 50 are coupled 
With a pin 2 of communication circuitry 32 Which outputs 
the WAKEUP signal. The depicted control circuitry 35 
comprises a ?lter con?gured to selectively remove the 
WAKEUP signal if it is asserted for less than a predeter 
mined period of time before application to indication cir 
cuitry 36. 

[0057] The WAKEUP signal is typically asserted for 
approximately 25 ps in the described embodiment if no 
Wireless signals are received Within receiver 42. The asser 
tion of the WAKEUP signal by communication for 25 us 
circuitry 32 does not inject a rising edge to latch 50. Thus, 
the Q output of latch 50 remains in a logic loW state and 
indicator 38 is not illuminated. 

[0058] HoWever, during the reception of Wireless signals 
(e.g., forWard link Wireless signals 22 and spurious Wireless 
signals) the WAKEUP signal is typically asserted for an 
eXtended period of time corresponding to processing of the 
received signals using microprocessor 46. The WAKEUP 
signal may be asserted for approximately 0.5 ms-3 ms 
responsive to a Wireless signal being received via antenna 20 
and receiver 42 in the described embodiment. Such assertion 
is longer than a predetermined length of time as determined 
by resistor 54 and capacitor 56 in the depicted arrangement 
and a rising edge is applied to the clock input of latch 50. 
Such results in the Q output of latch 50 going to a logic high 
state and the illumination of LED indicator 38. 

[0059] Accordingly, control circuitry 35 and indication 
circuitry 36 indicate the presence of Wireless signals includ 
ing spurious signals Within remote communication device 
14. Further, control circuitry 35 operates to selectively ?lter 
signals outputted from communication circuitry 32 Which 
are shorter in duration than a predetermined length of time. 

[0060] Referring to FIG. 6, graphs 70, 74 are depicted 
Which illustrate the operation of control circuitry 35 Wherein 
no Wireless signals are received Within remote communica 
tion device 14. Voltage is represented in the vertical direc 
tion in graphs 70, 74 and time is represented in the horiZontal 
direction in graphs 70, 74. Graph 70 illustrates the clear 
(CLR) signal applied to latch 50 as represented by line 72. 
Graph 74 represents the clock (CLK) signal applied to latch 
50 as represented by line 76. 
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[0061] At a moment in time 71 Within graph 70, the clear 
signal is asserted corresponding to the periodic assertion of 
the WAKEUP signal from communication circuitry 32. As 
illustrated in graph 74, the clock signal has a slight dip as 
represented by line 76 corresponding to the assertion of the 
WAKEUP signal subsequent to moment in time 71. HoW 
ever, the slight dip at moment in time 71 of the clock signal 
is insufficient to provide a positive edge to trigger latch 50. 
Accordingly, the Q output of latch 50 stays at a logic loW 
state and control circuitry 35 operates as a ?lter. 

[0062] Referring to FIG. 7, plural graphs 80, 84 are 
shoWn. Voltage is represented in the vertical direction in 
graphs 80, 84 and time is represented in the horiZontal 
direction in graphs 80, 84. The clear (CLR) signal applied to 
latch 50 is represented by line 82 and the clock (CLK) signal 
applied to latch 50 is represented by line 86. Graphs 80, 84 
represent a situation Wherein a Wireless signal is received 
Within antenna 20 and receiver 42. 

[0063] At a moment in time 81, the WAKEUP signal 
outputted from communication circuitry 32 is asserted for an 
eXtended length of time corresponding to processing of the 
received Wireless signal by microprocessor 46. As repre 
sented by line 86, the clock signal falls beloW a threshold 83 
responsive to the WAKEUP signal being asserted for at least 
the predetermined length of time. 

[0064] As further represented by line 86, the clock signal 
dropping beloW the threshold 83 is suf?cient to provide a 
rising edge to the clock input to trigger latch 50. Accord 
ingly, the Q output of latch 50 goes to a logic high state and 
the LED indicator 38 is illuminated Within the depicted 
indication circuitry 36 to indicate the reception of a Wireless 
signal Within remote communication device 14. 

[0065] In compliance With the statute, the invention has 
been described in language more or less speci?c as to 
structural and methodical features. It is to be understood, 
hoWever, that the invention is not limited to the speci?c 
features shoWn and described, since the means herein dis 
closed comprise preferred forms of putting the invention 
into effect. The invention is, therefore, claimed in any of its 
forms or modi?cations Within the proper scope of the 
appended claims appropriately interpreted in accordance 
With the doctrine of equivalents. 

1. A radio frequency identi?cation device comprising: 

a substrate; 

communication circuitry coupled With the substrate and 
con?gured to receive Wireless signals including spuri 
ous signals; and 

indication circuitry coupled With the communication cir 
cuitry and con?gured to output an indication signal to 
indicate reception of the spurious signals Within the 
communication circuitry. 

2. The radio frequency identi?cation device according to 
claim 1 Wherein the indication circuitry is con?gured to emit 
a human perceptible signal to indicate the reception. 

3. The radio frequency identi?cation device according to 
claim 1 Wherein the indication circuitry includes a light 
emitting device con?gured to emit a human visible signal to 
indicate the reception. 
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4. The radio frequency identi?cation device according to 
claim 1 Wherein the communication circuitry is con?gured 
to periodically monitor for the reception of Wireless signals. 

5. The radio frequency identi?cation device according to 
claim 1 Wherein the control circuitry comprises a latch. 

6. The radio frequency identi?cation device according to 
claim 1 Wherein the communication circuitry is con?gured 
to search for a pseudo-random sequence of individual 
received Wireless signals. 

7. A remote communication device comprising: 

a substrate; 

communication circuitry coupled With the substrate and 
con?gured to receive a Wireless signal, to process the 
Wireless signal, and to assert a ?rst signal during the 
processing of the Wireless signal; 

control circuitry coupled With the communication cir 
cuitry and con?gured to monitor the ?rst signal, and to 
selectively generate a second signal responsive to the 
?rst signal being asserted for a predetermined period of 
time; and 

indication circuitry coupled With the control circuitry and 
con?gured to indicate reception of the Wireless signal 
responsive to the second signal. 

8. The remote communication device according to claim 
7 Wherein the indication circuitry is con?gured to emit a 
human perceptible signal to indicate the reception. 

9. The remote communication device according to claim 
7 Wherein the communication circuitry is con?gured to 
periodically monitor for the reception of a Wireless signal. 

10. The remote communication device according to claim 
7 Wherein the indication circuitry is con?gured to indicate 
the reception of the Wireless signal including a spurious 
signal. 

11. The remote communication device according to claim 
7 Wherein the control circuitry comprises a ?lter con?gured 
to selectively remove the ?rst signal if it is asserted for less 
than the predetermined period of time. 

12. The remote communication device according to claim 
7 Wherein the communication circuitry comprises radio 
frequency identi?cation device circuitry. 

13. The remote communication device according to claim 
7 Wherein the control circuitry comprises a latch. 

14. A radio frequency identi?cation device comprising: 

a substrate; 

communication circuitry coupled With the substrate and 
con?gured to receive Wireless signals including spuri 
ous signals, to process at least some of the received 
Wireless signals, and to assert signals responsive to the 
processing of the Wireless signals received Within the 
communication circuitry; and 

indication circuitry coupled With the communication cir 
cuitry and con?gured to emit human perceptible signals 
indicating reception of the spurious signals responsive 
to the assertion of the signals by the communication 
circuitry. 

15. The radio frequency identi?cation device according to 
claim 14 Wherein the indication circuitry is con?gured to 
emit human visible signals to indicate the reception. 

16. The radio frequency identi?cation device according to 
claim 14 Wherein the communication circuitry is con?gured 
to periodically monitor for the reception of Wireless signals. 
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17. The radio frequency identi?cation device according to 
claim 14 further comprising control circuitry con?gured to 
control the outputting of the human perceptible signals 
responsive to the signals from the communication circuitry 
being asserted for a predetermined period of time. 

18. A Wireless communication system comprising: 

an interrogator con?gured to output a forWard link Wire 
less signal; and 

a radio frequency identi?cation device including: 

communication circuitry con?gured to receive the for 
Ward link Wireless signal and a spurious Wireless 
signal; and 

indication circuitry coupled With the communication 
circuitry and con?gured to indicate reception of the 
spurious Wireless signal Within the communication 
circuitry. 

19. The Wireless communication system according to 
claim 18 Wherein the indication circuitry is con?gured to 
emit a human perceptible signal to indicate the reception. 

20. The Wireless communication system according to 
claim 18 Wherein the indication circuitry includes a light 
emitting device con?gured to emit a human visible signal to 
indicate the reception. 

21. Amethod of indicating operation of a radio frequency 
identi?cation device comprising: 

providing a radio frequency identi?cation device includ 
ing communication circuitry and indication circuitry; 

receiving Wireless signals including spurious signals 
using the communication circuitry; and 

emitting human perceptible signals using the indication 
circuitry to indicate the receiving spurious signals. 

22. The method according to claim 21 Wherein the emit 
ting includes emitting human visible signals. 

23. The method according to claim 21 further comprising 
processing the Wireless signals using the communication 
circuitry and the emitting is responsive to the processing. 

24. The method according to claim 23 Wherein the pro 
cessing comprises searching for pseudo-random sequences 
of the Wireless signals. 

25. Amethod of indicating operation of a radio frequency 
identi?cation device comprising: 

providing a radio frequency identi?cation device; 

receiving Wireless signals including spurious signals 
Within the radio frequency identi?cation device; 

processing the Wireless signals after the receiving using 
the radio frequency identi?cation device; and 

indicating the receiving of spurious signals using the radio 
frequency identi?cation device. 

26. The method according to claim 25 Wherein the indi 
cating includes emitting a human perceptible signal. 

27. The method according to claim 25 Wherein the indi 
cating includes emitting a human visible signal. 

28. The method according to claim 25 Wherein the indi 
cating is responsive to the processing occurring for a pre 
determined period of time. 

29. The method according to claim 25 Wherein the pro 
cessing comprises searching for pseudo-random sequences 
of the Wireless signals. 



US 2001/0048363 A1 

30. A method of indicating operation of a remote com 
munication device comprising: 

providing a remote communication device; 

receiving a Wireless signal Within the remote communi 
cation device; 

processing the Wireless signal after the receiving using the 
remote communication device; 

asserting a signal during the processing using the remote 
communication device; and 

indicating the receiving using the remote communication 
device responsive to the asserting occurring for a 
predetermined period of time. 

31. The method according to claim 30 Wherein the indi 
cating includes emitting a human perceptible signal. 

32. The method according to claim 30 Wherein the indi 
cating includes emitting a human visible signal. 

33. The method according to claim 30 further comprising 
periodically asserting the signal. 

34. The method according to claim 30 further comprising 
?ltering the asserted signal. 

35. The method according to claim 30 Wherein the receiv 
ing includes receiving the Wireless signal including a spu 
rious signal and the indicating includes indicating the receiv 
ing the spurious signal. 

36. The method according to claim 30 Wherein the pro 
viding includes providing a radio frequency identi?cation 
device. 

37. A method of indicating operation of a remote com 
munication device comprising: 

providing a remote communication device; 

receiving a Wireless signal Within the remote communi 
cation device; 

asserting a signal to monitor for the presence of the 
Wireless signal Within the remote communication 
device; 

processing the Wireless signal using the remote commu 
nication device; 

maintaining the asserting during the processing; and 

indicating the maintaining using the remote communica 
tion device. 

38. The method according to claim 37 Wherein the indi 
cating includes emitting a human perceptible signal. 

39. The method according to claim 37 Wherein the indi 
cating includes emitting a human visible signal. 

40. The method according to claim 37 further comprising 
periodically asserting the signal. 

41. The method according to claim 37 further comprising 
?ltering the asserted signal. 

42. The method according to claim 37 Wherein the receiv 
ing includes receiving the Wireless signal including a spu 
rious signal and the indicating includes indicating the receiv 
ing the spurious signal. 
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43. The method according to claim 37 Wherein the pro 
viding includes providing a radio frequency identi?cation 
device. 

44. A method of indicating operation of a Wireless com 
munication system comprising: 

providing an interrogator and a radio frequency identi? 
cation device; 

outputting a forWard link Wireless signal using the inter 
rogator; 

receiving the forWard link Wireless signal Within the radio 
frequency identi?cation device; 

receiving spurious Wireless signals Within the radio fre 
quency identi?cation device; and 

indicating the receiving of the spurious Wireless signals 
using the radio frequency identi?cation device. 

45. The method according to claim 44 Wherein the indi 
cating includes emitting a human perceptible signal. 

46. The method according to claim 44 Wherein the indi 
cating includes emitting a human visible signal. 

47. The method according to claim 44 further comprising 
processing the forWard link Wireless signal and the spurious 
Wireless signal and the indicating being responsive to the 
processing. 

48. A method of indicating operation of a Wireless com 
munication system comprising: 

providing an interrogator and a radio frequency identi? 
cation device; 

outputting a forWard link Wireless signal using the inter 
rogator; 

receiving the forWard link Wireless signal Within the radio 
frequency identi?cation device; 

receiving a spurious Wireless signal Within the radio 
frequency identi?cation device; 

asserting plural periodic signals to monitor for the pres 
ence of the forWard link Wireless signal Within the radio 
frequency identi?cation device; 

processing the received forWard link Wireless signal and 
the received spurious Wireless signal using the radio 
frequency identi?cation device after the respective 
assertings; 

maintaining the asserting of an individual one of the 
periodic signals during the processing; 

?ltering the asserted signals to remove asserted signals 
Which are asserted for less than a predetermined length 
of time; and 

emitting a human visible signal using the radio frequency 
identi?cation device indicating the receiving of the 
spurious Wireless signal after the ?ltering. 


