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DETAILED DESCRIPTION COMMUNICATION CIRCUIT WITH SINGLE 
ELEMENT ANTENNA FOR 

MULTI - FREQUENCY APPLICATIONS 

BACKGROUND 

[ 0001 ] A reader is a device that can be used to commu 
nicate with credential devices ( e.g. , cards , fobs , tags , 
phones , etc. ) in access control systems , credential systems , 
and other systems . The reader may read data from the 
credential and the reader may write data to the credential . 
[ 0002 ] Generally , the credential device is an active or 
passive radio frequency ( RF ) communication device that can 
wirelessly communicate with various devices in the system 
( e.g. , readers , access control devices , etc. ) . Passive creden 
tial devices rely on another device to supply power to the 
passive credential device by virtue of an excitation signal , 
whereas active credential devices supply their own power . 
Common passive credential devices include proximity 
cards , which communicate via data signals transmitted at a 
nominal carrier frequency of 125 kHz , and smartcards , 
which communicate via data signals transmitted at a nomi 
nal carrier frequency of 13.56 MHz . 

SUMMARY 

[ 0003 ] One embodiment is a unique system , components , 
and methods for a single element antenna . Other embodi 
ments include apparatuses , systems , devices , hardware , 
methods , and combinations for a single element antenna . 
This summary is not intended to identify key or essential 
features of the claimed subject matter , nor is it intended to 
be used as an aid in limiting the scope of the claimed subject 
matter . Further embodiments , forms , objects , features , 
advantages , aspects , and benefits shall become apparent 
from the following description and drawings . 

[ 0012 ] Although the concepts of the present disclosure are 
susceptible to various modifications and alternative forms , 
specific embodiments have been shown by way of example 
in the drawings and will be described herein in detail . It 
should be understood , however , that there is no intent to 
limit the concepts of the present disclosure to the particular 
forms disclosed , but on the contrary , the intention is to cover 
all modifications , equivalents , and alternatives consistent 
with the present disclosure and the appended claims . 
[ 0013 ] References in the specification to " one embodi 
ment , " " an embodiment , " " an illustrative embodiment , " etc. , 
indicate that the embodiment described may include a 
particular feature , structure , or characteristic , but every 
embodiment may or may not necessarily include that par 
ticular feature , structure , or characteristic . Moreover , such 
phrases are not necessarily referring to the same embodi 
ment . It should further be appreciated that although refer 
ence to a “ preferred ” component or feature may indicate the 
desirability of a particular component or feature with respect 
to an embodiment , the disclosure is not so limiting with 
respect to other embodiments , which may omit such a 
component or feature . Further , when a particular feature , 
structure , or characteristic is described in connection with an 
embodiment , it is submitted that it is within the knowledge 
of one skilled in the art to implement such feature , structure , 
or characteristic in connection with other embodiments 
whether or not explicitly described . Additionally , it should 
be appreciated that items included in a list in the form of “ at 
least one of A , B , and C ” can mean ( A ) ; ( B ) ; ( C ) ; ( A and B ) ; 
( B and C ) ; ( A and C ) ; or ( A , B , and C ) . Similarly , items 
listed in the form of “ at least one of A , B , or C ” can mean 
( A ) ; ( B ) ; ( C ) ; ( A and B ) ; ( B and C ) ; ( A and C ) ; or ( A , B , and 
C ) . Further , with respect to the claims , the use of words and 
phrases such as “ a , ” “ an , ” “ at least one , ” and / or “ at least one 
portion ” should not be interpreted so as to be limiting to only 
one such element unless specifically stated to the contrary , 
and the use of phrases such as “ at least a portion ” and / or “ a 
portion " should be interpreted as encompassing both 
embodiments including only a portion of such element and 
embodiments including the entirety of such element unless 
specifically stated to the contrary . 
[ 0014 ] The disclosed embodiments may , in some cases , be 
implemented in hardware , firmware , software , or a combi 
nation thereof . The disclosed embodiments may also be 
implemented as instructions carried by or stored on one or 
more transitory or non - transitory machine - readable ( e.g. , 
computer - readable ) storage media , which may be read and 
executed by one or more processors . A machine - readable 
storage medium may be embodied as any storage device , 
mechanism , or other physical structure for storing or trans 
mitting information in a form readable by a machine ( e.g. , 
a volatile or non - volatile memory , a media disc , or other 
media device ) . 
[ 0015 ] In the drawings , some structural or method features 
may be shown in specific arrangements and / or orderings . 
However , it should be appreciated that such specific arrange 
ments and / or orderings may not be required . Rather , in some 
embodiments , such features may be arranged in a different 
manner and / or order than shown in the illustrative figures 
unless indicated to the contrary . Additionally , the inclusion 
of a structural or method feature in a particular figure is not 
meant to imply that such feature is required in all embodi 

BRIEF DESCRIPTION OF THE DRAWINGS 

[ 0004 ] The concepts described herein are illustrative by 
way of example and not by way of limitation in the accom 
panying figures . For simplicity and clarity of illustration , 
elements illustrated in the figures are not necessarily drawn 
to scale . Where considered appropriate , references labels 
have been repeated among the figures to indicate corre 
sponding or analogous elements . 
[ 0005 ] FIG . 1 is a simplified block diagram of at least one 
embodiment of a system for multi - frequency communica 
tion ; 
[ 0006 ] FIG . 2 is a simplified block diagram of at least one 
embodiment of a computing system ; 
[ 0007 ] FIGS . 3-5 are simplified diagrams of at least one 
embodiment of the communication circuit of FIG . 1 ; 
[ 0008 ] FIGS . 6-8 illustrate various embodiments of the 
single element antenna of FIG . 5 ; 
[ 0009 ] FIG . 9 is a simplified diagram of at least one 
embodiment of the high - frequency ( HF ) transceiver circuit 
of FIGS . 3-5 ; 
[ 0010 ] FIG . 10 is a simplified block diagram of at least one 
embodiment of the low - frequency ( LF ) transceiver circuit of 
FIGS . 3-5 ; and 
[ 0011 ] FIGS . 11 and 12 are simplified diagrams of other 
embodiments of the communication circuit of FIG . 1 . 
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ments and , in some embodiments , may not be included or 
may be combined with other features . 
[ 0016 ] Referring now to FIG . 1 , in the illustrative embodi 
ment , a system 100 for multi - frequency communication 
includes a radio frequency ( RF ) reader 102 and one or more 
passive RF devices 104. Additionally , in some embodi 
ments , the system 100 may include one or more active RF 
devices 106. In particular , the illustrative passive RF devices 
104 include a proximity card 108 and a smartcard 110 ; 
however , it should be appreciated that the system 100 may 
include additional and / or alternative passive RF devices 104 
in other embodiments . As described in detail below , the RF 
reader 102 includes a communication circuit 112 having a 
single element antenna 302 that enables communication 
with RF - capable devices over multiple different carrier 
frequencies . For example , in the illustrative embodiment , 
the RF reader 102 is capable of wirelessly communicating 
with the proximity card 108 using the single element 
antenna 302 via RF signals at a nominal carrier frequency of 
125 kHz ( e.g. , within the range of approximately 100-150 
kHz ) and wirelessly communicating with the smartcard 110 
using the single element antenna 302 via RF signals at a 
nominal carrier frequency of 13.56 MHz . 
[ 0017 ] A single element antenna is one continuous con 
ductor without interference ( or minimal interference ) from 
other components such as , but not limited to , passive com 
ponents , integrated circuits ( ICs ) , or switches . The one 
continuous conductor may include a stub or resonant stub . 
Furthermore , the one continuous conductor may include one 
or more conducting mediums such as a copper wire and / or 
a printed circuit board ( PCB ) trace , and may include differ 
ent gauges of wire or trace widths . 
[ 0018 ] It should be appreciated that the RF reader 102 may 
be embodied as any device suitable for including the com 
munication circuit 112 for wireless RF communication with 
other devices ( e.g. , passive RF devices 104 and / or active RF 
devices 106 ) based on the techniques and mechanisms 
described herein . For example , in some embodiments , the 
RF reader 102 may be embodied as an enrollment reader , 
reader / writer device , access control device , kiosk , and / or 
other suitable device . In embodiments in which the RF 
reader 102 is embodied as an access control device , the 
access control device may be configured to control access 
through one or more corresponding passageways ( e.g. , via a 
lock mechanism such as a deadbolt , latch bolt , lever , and / or 
other mechanism adapted to move between a locked and 
unlocked state ) . However , it should be appreciated that the 
access control device may be embodied as another type of 
access control device in other embodiments . In some 
embodiments , the RF reader 102 may be embodied as one or 
more computing devices similar to the computing device 
200 described below in reference to FIG . 2. For example , in 
the illustrative embodiment , the RF reader 102 includes a 
processing device 202 and a memory 206 having stored 
thereon operating logic 208 for execution by the processing 
device 202 for operation of the RF reader 102. Further , in 
embodiments including an active RF device , the active RF 
device may be embodied as a computing device similar to 
the computing device 200 of FIG . 2 . 
[ 0019 ] Referring now to FIG . 2 , a simplified block dia 
gram of at least one embodiment of a computing device 200 
is shown . The illustrative computing device 200 depicts at 
least one embodiment of a RF reader that may be utilized in 
connection with the RF reader 102 illustrated in FIG . 1 . 

Depending on the particular embodiment , the computing 
device 200 may be embodied as a reader device , enrollment 
device , credential device , access control device , server , 
desktop computer , laptop computer , tablet computer , note 
book , netbook , UltrabookTM , mobile computing device , 
cellular phone , smartphone , wearable computing device , 
personal digital assistant , Internet of Things ( IoT ) device , 
control panel , processing system , router , gateway , and / or 
any other computing , processing , and / or communication 
device capable of performing the functions described herein . 
[ 0020 ] The computing device 200 includes a processing 
device 202 that executes algorithms and / or processes data in 
accordance with operating logic 208 , an input / output device 
204 that enables communication between the computing 
device 200 and one or more external devices 210 , and 
memory 206 which stores , for example , data received from 
the external device 210 via the input / output device 204 . 
[ 0021 ] The input / output device 204 allows the computing 
device 200 to communicate with the external device 210 . 
For example , the input / output device 204 may include a 
transceiver , a network adapter , a network card , an interface , 
one or more communication ports ( e.g. , a USB port , serial 
port , parallel port , an analog port , a digital port , VGA , DVI , 
HDMI , FireWire , CAT 5 , or any other type of communica 
tion port or interface ) , and / or other communication circuitry . 
Communication circuitry of the computing device 200 may 
be configured to use any one or more communication 
technologies ( e.g. , wireless or wired communications ) and 
associated protocols ( e.g. , Ethernet , Bluetooth® , Wi - Fi® , 
WiMAX , etc. ) to effect such communication depending on 
the particular computing device 200. The input / output 
device 204 may include hardware , software , and / or firmware 
suitable for performing the techniques described herein . 
[ 0022 ] The external device 210 may be any type of device 
that allows data to be inputted or outputted from the com 
puting device 200. For example , in various embodiments , 
the external device 210 may be embodied as the RF reader 
102 , one or more of the passive RF devices 104 , and / or one 
or more of the active RF devices 106. Further , in some 
embodiments , the external device 210 may be embodied as 
another computing device , switch , diagnostic tool , control 
ler , printer , display , alarm , peripheral device ( e.g. , keyboard , 
mouse , touch screen display , etc. ) , and / or any other com 
puting , processing , and / or communication device capable of 
performing the functions described herein . Furthermore , in 
some embodiments , it should be appreciated that the exter 
nal device 210 may be integrated into the computing device 
200 . 
[ 0023 ] The processing device 202 may be embodied as 
any type of processor ( s ) capable of performing the functions 
described herein . In particular , the processing device 202 
may be embodied as one or more single or multi - core 
processors , microcontrollers , or other processor or process 
ing / controlling circuits . For example , in some embodiments , 
the processing device 202 may include or be embodied as an 
arithmetic logic unit ( ALU ) , central processing unit ( CPU ) , 
digital signal processor ( DSP ) , and / or another suitable pro 
cessor ( s ) . The processing device 202 may be a program 
mable type , a dedicated hardwired state machine , or a 
combination thereof . Processing devices 202 with multiple 
processing units may utilize distributed , pipelined , and / or 
parallel processing in various embodiments . Further , the 
processing device 202 may be dedicated to performance of 
just the operations described herein , or may be utilized in 
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one or more additional applications . In the illustrative 
embodiment , the processing device 202 is of a program 
mable variety that executes algorithms and / or processes data 
in accordance with operating logic 208 as defined by pro 
gramming instructions ( such as software or firmware ) stored 
in memory 206. Additionally or alternatively , the operating 
logic 208 for processing device 202 may be at least partially 
defined by hardwired logic or other hardware . Further , the 
processing device 202 may include one or more components 
of any type suitable to process the signals received from 
input / output device 204 or from other components or 
devices and to provide desired output signals . Such compo 
nents may include digital circuitry , analog circuitry , or a 
combination thereof . 
[ 0024 ] The memory 206 may be of one or more types of 
non - transitory computer - readable media , such as a solid 
state memory , electromagnetic memory , optical memory , or 
a combination thereof . Furthermore , the memory 206 may 
be volatile and / or nonvolatile and , in some embodiments , 
some or all of the memory 206 may be of a portable variety , 
such as a disk , tape , memory stick , cartridge , and / or other 
suitable portable memory . In operation , the memory 206 
may store various data and software used during operation 
of the computing device 200 such as operating systems , 
applications , programs , libraries , and drivers . It should be 
appreciated that the memory 206 may store data that is 
manipulated by the operating logic 208 of processing device 
202 , such as , for example , data representative of signals 
received from and / or sent to the input / output device 204 in 
addition to or in lieu of storing programming instructions 
defining operating logic 208. As shown in FIG . 2 , the 
memory 206 may be included with the processing device 
202 and / or coupled to the processing device 202 depending 
on the particular embodiment . For example , in some 
embodiments , the processing device 202 , the memory 206 , 
and / or other components of the computing device 200 may 
form a portion of a system - on - a - chip ( SoC ) and be incor 
porated on a single integrated circuit chip . 
[ 0025 ] In some embodiments , various components of the 
computing device 200 ( e.g. , the processing device 202 and 
the memory 206 ) may be communicatively coupled via an 
input / output subsystem , which may be embodied as circuitry 
and / or components to facilitate input / output operations with 
the processing device 202 , the memory 206 , and other 
components of the computing device 200. For example , the 
input / output subsystem may be embodied as , or otherwise 
include , memory controller hubs , input / output control hubs , 
firmware devices , communication links ( i.e. , point - to - point 
links , bus links , wires , cables , light guides , printed circuit 
board traces , etc. ) and / or other components and subsystems 
to facilitate the input / output operations . 
[ 0026 ] The computing device 200 may include other or 
additional components , such as those commonly found in a 
typical computing device ( e.g. , various input / output devices 
and / or other components ) , in other embodiments . It should 
be further appreciated that one or more of the components of 
the computing device 200 described herein may be distrib 
uted across multiple computing devices . In other words , the 
techniques described herein may be employed by a com 
puting system that includes one or more computing devices . Additionally , although only a single processing device 202 , 
I / O device 204 , and memory 206 are illustratively shown in 
FIG . 2 , it should be appreciated that a particular computing 
device 200 may include multiple processing devices 202 , 

I / O devices 204 , and / or memories 206 in other embodi 
ments . Further , in some embodiments , more than one exter 
nal device 210 may be in communication with the comput 
ing device 200 . 
[ 0027 ] Referring back to FIG . 1 , it should further be 
appreciated that the illustrative RF reader 102 includes the 
communication circuit 112. As indicated above , the com 
munication circuit 112 of the RF reader 102 includes the 
single element antenna 302 and enables communication with 
RF - capable devices over multiple different carrier frequen 
cies . In some embodiments , the communication circuit 112 
may be embodied as ( or include the entirety or a portion of ) 
the communication circuit 300 of FIGS . 3-5 , the communi 
cation circuit 1000 of FIG . 10 , or the communication circuit 
1100 of FIG . 11 . 
[ 0028 ] The active RF device ( s ) 106 may be embodied as 
any non - passive device capable of communicating with the 
RF reader 102 via RF signals ( e.g. , a self - powered RF 
communication device ) and otherwise performing the func 
tions described herein . For example , each of the active RF 
device ( s ) 106 may be embodied as a computing device 
similar to the computing device 200 described above in 
reference to FIG . 2. In particular , in some embodiments , one 
or more of the active RF device ( s ) 106 may be embodied as 
a mobile computing device such as a laptop computer , tablet 
computer , notebook , netbook , UltrabookTM cellular phone , 
smartphone , wearable computing device , personal digital 
assistant , Internet of Things ( IoT ) device and / or another 
mobile computing device capable of performing the func 
tions described herein . 
[ 0029 ] As indicated above , the proximity card 108 is a 
passive RF device capable of wirelessly communicating 
with the RF reader 102 at a nominal carrier frequency of 125 
kHz . As such , in the illustrative embodiment , the proximity 
card 108 is not physically coupled to a power supply ; 
instead , the proximity card 108 is powered by virtue of 
electromagnetic waves i.e. , excitation signals ) transmitted 
by the RF reader 102 when the RF reader 102 is within a 
certain range of the proximity card 108. As shown in FIG . 
1 , the illustrative proximity card 108 includes an integrated 
circuit 114 electrically coupled to one or more antennas 116 . 
Although the proximity card 108 may include additional 
and / or alternative components , those components are omit 
ted herein for clarity of the description . When the RF reader 
102 is within a sufficient distance of the proximity card 108 , 
the integrated circuit 114 is powered by virtue of excitation 
signals received by the proximity card 108. The integrated 
circuit 114 includes a memory including various instructions 
and data ( e.g. , one or more unique identifiers associated with 
the proximity card 108 or user thereof ) and a processor that , 
when powered , is capable of processing the instructions 
stored on the memory , for example , to read data from the 
memory , write data to the memory , and / or communicate 
with the RF reader 102 via the antenna ( s ) 116 . 
[ 0030 ] The smartcard 110 is a passive RF device capable 
of wirelessly communicating with the RF reader 102 at a 
nominal frequency of 13.56 MHz . Similar to the proximity 
card 108 , the smartcard 110 is not physically coupled to a 
power supply and , therefore , must be powered by virtue of 
electromagnetic waves transmitted by the RF reader 102 
when the RF reader 102 is within a sufficient distance to 
provide such excitation signals . Additionally , the illustrative 
smartcard 110 includes an integrated circuit 118 that is 
electrically coupled to one or more antennas 120. In some 
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embodiments , the integrated circuit 118 and the antenna ( s ) 
120 of the smartcard 110 may be similar to the integrated 
circuit 114 and the antenna ( s ) 116 of the proximity card 108 . 
As such , the description of the integrated circuit 114 and the 
antenna ( s ) 116 is equally applicable to the corresponding 
components of the smartcard 110 and has not been repeated 
herein for clarity of the description . In some embodiments , 
it should be appreciated that the smartcard 110 may include 
additional functionality relative to the proximity card 108 . 
For example , in some embodiments , after the initial provi 
sioning of the proximity card 108 , the proximity card 108 
may provide read - only access to the data stored thereon , 
whereas the smartcard 110 may provide read - write access to 
the data stored thereon . Additionally , although the proximity 
card 108 and the smartcard 110 are described herein as 
“ cards , ” it should be appreciated that the proximity card 108 
and / or the smartcard 110 may be in any physical form 
suitable for performing the functions described herein . For 
example , in various embodiments , the proximity card 108 
and / or the smartcard 110 may be embodied as a tag , fob , pin , 
or other suitable device . In some embodiments , the card 108 , 
110 may be integrated into another physical device / mecha 
nism . 
[ 0031 ] Although only one RF reader 102 , one active RF 
device 106 , one proximity card 108 , and one smartcard 110 
are shown in the illustrative embodiment of FIG . 1 , the 
system 100 may include multiple RF readers 102 , active RF 
devices 106 , proximity cards 108 , and / or smartcards 110 in 
other embodiments . For example , a particular RF reader 102 
may be configured to communicate with myriad other RF 
devices 104 , 106. Further , it should be appreciated that , in 
various embodiments , the system 100 may include any 
number and type of passive RF devices 104 . 
[ 0032 ] In some embodiments , it should be appreciated that 
the communication circuit 112 of the RF reader 102 may 
embodied as the communication circuit 300 illustrated in 
FIGS . 3-5 . Referring now to FIGS . 3-5 , the illustrative 
communication circuit 300 includes a single element 
antenna 302 , a processor 304 , a high - frequency ( HF ) trans 
ceiver circuit 306 , and a low - frequency ( LF ) transceiver 
circuit 308. As described herein , the high - frequency trans 
ceiver circuit 306 enables wireless communication with RF 
devices 104 , 106 over a high frequency carrier frequency . In 
particular , in the illustrative embodiment , the high - fre 
quency transceiver circuit 306 enables wireless RF commu 
nication with the smartcard 110 over a high frequency 
carrier frequency that is nominally 13.56 MHz . Further , the 
low - frequency transceiver circuit 308 enables wireless com 
munication with RF devices 104 , 106 over a low frequency 
carrier frequency . In particular , in the illustrative embodi 
ment , the low - frequency transceiver circuit 308 enables 
wireless RF communication with the proximity card 108 
over a low frequency carrier frequency that is nominally 125 
kHz . 
[ 0033 ] The illustrative communication circuit 300 further 
includes signal - limiting circuits 310 , 312 , 314. Although the 
signal - limiting circuits 310 , 312 , 314 of the communication 
circuit 300 are depicted as switches , it should be appreciated 
that one or more of the signal - limiting circuits 310 , 312 , 314 
may be embodied as another type of signal - limiting circuit . 
For example , in various embodiments , the signal - limiting 
circuits 310 , 312 , 314 may be embodied as electrical 
switches , electromechanical switches , solid state switches , 
electromechanical relays , solid state relays , transistors , 

active filters , passive filters ( e.g. , circuits including resistors , 
capacitors , and / or inductors ) , and / or other signal - limiting 
circuits capable of performing the functions described 
herein . 
[ 0034 ] In the illustrative embodiment , it should be appre 
ciated that the single element antenna 302 is embodied as a 
single continuous conductor having two portions 316 , 318 . 
The first portion 316 is defined between a first node 320 and 
a second node 322 , and the second portion 318 is defined 
between the second node 322 and a third node 324. As 
shown , the illustrative high - frequency transceiver circuit 
306 has electrical terminals 326 , 328 , and the low - frequency 
transceiver circuit 308 has electrical terminals 330 , 332 . 
Further , in the illustrative embodiment , the signal - limiting 
circuit 310 is coupled to the first node 320 and the terminals 
326 , 330 ; the signal - limiting circuit 312 is coupled to the 
second node 322 and the terminal 328 ; and the signal 
limiting circuit 314 is coupled to the third node 324 and the 
terminal 332. More specifically , in some embodiments , the 
signal - limiting circuit 310 may be “ switched ” between a 
state in which the first node 320 is electrically coupled to the 
terminal 326 and a state in which the first node 320 is 
electrically coupled to the terminal 330. Further , in some 
embodiments , the signal - limiting circuit 312 may be 
" switched ” between a state in which the second node 322 is 
decoupled from the terminal 328 ( e.g. , an open state ) and a 
state in which the second node 322 is electrically coupled to 
the terminal 328 ( e.g. , a closed state ) . Additionally , in some 
embodiments , the signal - limiting circuit 314 may be 
" switched ” between a state in which the third node 324 is 
decoupled from the terminal 332 ( e.g. , an open state ) and a 
state in which the third node 324 is electrically coupled to 
the terminal 332 ( e.g. , a closed state ) . 
[ 0035 ] As shown , the illustrative communication circuit 
300 further includes the processor 304 , which is communi 
catively coupled to the high - frequency transceiver circuit 
306 , the low - frequency transceiver circuit 308 , and the 
signal - limiting circuits 310 , 312 , 314 for control thereof . In 
particular , the processor 304 is communicatively coupled to 
the high - frequency transceiver circuit 306 via an electrical 
connection 334 and is communicatively coupled to the 
low - frequency transceiver circuit 308 via an electrical con 
nection 336. Additionally , the processor 304 is communica 
tively coupled to the signal - limiting circuits 310 , 312 , 314 
via electrical connections 338 , 340 , 342 , respectively . It 
should be appreciated that the electrical connections 334 , 
336 , 338 , 340 , 342 may be embodied as any type of 
electrical connections that allow the processor 304 to com 
municate with the corresponding circuits and otherwise 
perform the functions described herein . For example , in 
some embodiments , the electrical connections 334 , 336 may 
be embodied as digital control connections that allow the 
processor 304 to interact with the high - frequency transceiver 
circuit 306 and the low - frequency transceiver circuit 308 via 
a SPI interface . Further , in some embodiments , the electrical 
connections 338 , 340 , 342 may be embodied as general 
purpose input / output ( GPIO ) connections that allow the 
processor 304 to interact with the signal - limiting circuits 
310 , 312 , 314 ( e.g. , electrical switches ) . 
[ 0036 ] It should be appreciated that the processor 304 may 
be embodied as any processor or processing device suitable 
for performing the functions described herein . For example , 
in some embodiments , the processor 304 may be embodied 
as a processing device similar to the processing device 202 

be 
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described above in reference to FIG . 2. In particular , the 
processor 304 may be embodied as , or otherwise include , a 
microprocessor , microcontroller , arithmetic logic unit , cen 
tral processing unit , digital signal processor , and / or other 
suitable processor . The processor 304 and the connections 
334 , 336 , 338 , 340 , 342 have been omitted from FIGS . 4-5 
for clarity of the description . 
[ 0037 ] As shown in reference to FIGS . 3-5 , the illustrative 
processor 304 is configured to control the signal - limiting 
circuits 310 , 312 , 314 to selectively couple the high - fre 
quency transceiver circuit 306 and the low - frequency trans 
ceiver circuit 308 to the single element antenna 302 for 
communication with remote devices via the corresponding 
carrier frequency . As shown in FIG . 4 , in a first mode of 
operation , the processor 304 controls the signal - limiting 
circuits 310 , 312 , 314 to electrically couple / connect the 
high - frequency transceiver circuit 306 to the single element 
antenna 302 and decouple / disconnect the low - frequency 
transceiver circuit 308 from the single element antenna 302 . 
Accordingly , in the first mode of operation , the processor 
304 is configured to power and received data from RF 
devices 104 , 106 ( e.g. , the smartcard 110 ) over the high 
frequency carrier frequency ( e.g. , 13.56 MHz ) . In the first 
mode of operation in which the high - frequency transceiver 
circuit 306 is electrically coupled to the single element 
antenna 302 for communication over the high frequency 
carrier frequency , it should be appreciated that the portion 
318 of the single element antenna 302 exhibits one or more 
electromagnetic characteristics of a resonant stub ( i.e. , the 
portion 318 acts as a passive RF component / element ) , which 
are filtered by the high - frequency transceiver circuit 306. As 
shown in FIG . 5 , in a second mode of operation , the 
processor 304 controls the signal - limiting circuits 310 , 312 , 
314 to electrically couple / connect the low - frequency trans 
ceiver circuit 308 to the single element antenna 302 and 
decouple / disconnect the high - frequency transceiver circuit 
306 from the single element antenna 302. Accordingly , in the 
second mode of operation , the processor 304 is configured 
to power and received data from RF devices 104 , 106 ( e.g. , 
the proximity card 108 ) over the low frequency carrier 
frequency ( e.g. , 125 kHz ) . 
[ 0038 ] More specifically , in the first mode of operation in 
which communication via the high - frequency transceiver 
circuit 306 is enabled , the signal - limiting circuit 310 is in the 
state in which the first node 320 is electrically coupled to the 
terminal 326 , the signal - limiting circuit 312 is in the state in 
which the second node 322 is electrically coupled to the 
terminal 328 , and the signal - limiting circuit 314 is in the 
state in which the third node 324 is decoupled from the 
terminal 332. In the second mode of operation in which 
communication via the low - frequency transceiver circuit 
308 is enabled , the signal - limiting circuit 310 is in the state 
in which the first node 320 is electrically coupled to the 
terminal 330 , the signal - limiting circuit 314 is in the state in 
which the third node 324 is electrically coupled to the 
terminal 332 , and the signal - limiting circuit 312 is in the 
state in which the second node 322 is decoupled from the 
terminal 328 . 
[ 0039 ] It should be appreciated that the single element 
antenna 302 may be embodied as any type of antenna having 
a single shared conductive element suitable for performing 
the functions described herein and otherwise consistent with 
the description . For example , in the illustrative embodiment , 
the single element antenna 302 is embodied as a coil antenna 

and , in some embodiments , the single element antenna 302 
may be structured such that its coils are physically posi 
tioned , partially or entirely , on the same shared plane as one 
another ( e.g. , printed on or integrated within a PCB sub 
strate , a flex PCB , and / or another suitable substrate ) . In such 
embodiments , it should be appreciated that the portion 316 
of the single element antenna 302 is embodied as first 
portion of coils and the portion 318 is embodied as a second 
portion of coils . As such , in the first mode of operation , the 
first portion of coils is used for transmitting and receiving 
wireless communication using the high - frequency trans 
ceiver circuit 306 and the second portion of coils has one or 
more electromagnetic characteristics of a resonant stub , 
which may be accounted for by the high - frequency trans 
ceiver circuit 306. In the second mode of operation , both the 
first portion and the second portion of coils are used for 
transmitting and receiving wireless communication using 
the low - frequency transceiver circuit 308 . 
[ 0040 ] In various embodiments , the single element 
antenna 302 may be embodied as the single element coil 
antenna 600 of FIG . 6 , the single element coil antenna 700 
of FIG . 7 , or the single element coil antenna 800 of FIG . 8 . 
As illustrated by the illustrative antennas 600 , 700 , 800 , it 
should be appreciated that each of the first portion 316 and 
the second portion 318 of the single element antenna 302 
may include any number of conductive coils , and the diam 
eter ( s ) and spacing of the coils may vary depending on the 
particular embodiment . For example , in some embodiments , 
the first coil portion 316 may be a conductive coil portion of 
a first diameter having a first number of windings , and the 
second coil portion 318 may be a conductive coil portion of 
a second diameter having a second number of windings . The 
first diameter may be the same or different from the second 
diameter and / or the first number may be the same or 
different from the second number depending on the particu 
lar embodiment . In some embodiments , in order to achieve 
the needed inductance for low frequency communication , 
the second portion of coils includes many windings ( e.g. , 
greater than one hundred windings ) . Further , it should be 
appreciated that in order to integrate the coil characteristics 
into a PCB , for example , the trace size , space size , layer 
stack , and / or antenna pattern may vary depending on the 
particular embodiment . 
[ 0041 ] Referring back to FIG . 3 , it should be appreciated 
that the high - frequency transceiver circuit 306 and the 
low - frequency transceiver circuit 308 may be embodied as 
any circuits suitable for performing the functions described 
herein . For example , in some embodiments , the high - fre 
quency transceiver circuit 306 and / or the low - frequency 
transceiver circuit 308 may be embodied as or otherwise 
include an integrated circuit . For example , in the illustrative 
embodiment , the high - frequency transceiver circuit 306 may 
be embodied as or otherwise include a CLRC663 integrated 
circuit manufactured by NXP Semiconductors N.V. of Eind 
hoven , Netherlands . In particular , in some embodiments , the 
high - frequency transceiver circuit 306 may be embodied as 
a high - frequency transceiver circuit similar to the high 
frequency transceiver circuit 900 of FIG . 9 . 
[ 0042 ] Referring now to FIG . 9 , the illustrative high 
frequency transceiver circuit 900 includes a CLRC663 inte 
grated circuit 902 , an electromagnetic compatibility ( EMC ) 
filter 904 , and a matching circuit 906. The CLRC663 inte 
grated circuit 902 may perform the various processing 
functions described above in reference to the high - frequency 
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transceiver circuit 306 ( e.g. , facilitating communication with 
a smartcard 110 over the high - frequency carrier frequency ) . 
Although the integrated circuit 902 is described herein as 
being embodied as the CLRC663 integrated circuit 902 , it 
should be appreciated that the integrated circuit 902 may be 
embodied as another suitable integrated circuit or processor 
in other embodiments . The EMC filter 904 may reduce or 
eliminate the transfer of electromagnetic noise throughout 
and / or to / from the circuit 900. The matching circuit 906 may 
serve as an impedance matching circuit that functions to 
ensure the source and load impedances match to thereby 
maximize power transfer . Although the illustrative matching 
circuit 906 leverages capacitors to perform the matching , it 
should be appreciated that the matching circuit 906 may 
additionally or alternatively include inductors and / or other 
circuit elements in other embodiments . Further , it should be 
appreciated that the high - frequency transceiver circuit 900 
may include additional or alternative components in various 
embodiments . 
[ 0043 ] In some embodiments , the low - frequency trans 
ceiver circuit 308 may be embodied as a low - frequency 
transceiver circuit similar to the low - frequency transceiver 
circuit 1000 of FIG . 10. Referring now to FIG . 10 , the 
illustrative low - frequency transceiver circuit 1000 includes 
a processor pulse width modulator ( PWM ) 1002 , a coil 
driver 1004 , one or more active bandpass filters 1006 , and 
one or more processor input capture timers 1008. The 
processor PWM 1002 generates a pulse width modulated 
signal that is converted into a low frequency analog signal 
( e.g. , 125 kHz ) by the coil driver 1004 for transmission to 
the corresponding RF device 104 , 106 via the single element 
antenna 302. Upon receiving a signal via the single element 
antenna 302 in the low frequency mode , the active bandpass 
filter ( s ) 1006 filters the received signal , which is passed to 
the processor input capture timer ( s ) 1008 for further pro 
cessing . In order to perform the corresponding functions , it 
should be appreciated that the low - frequency transceiver 
circuit 1000 and / or components thereof may include one or 
more components not illustrated in FIG . 10 for simplicity . 
For example , in some embodiments , the coil driver 1004 
may include one or more transistors ( e.g. , MOSFETs ) , 
inductors , and / or tuning devices ( e.g. , capacitors ) and / or the 
active bandpass filter ( s ) 1006 may include one or more 
discrete components and / or operational amplifiers . 
[ 0044 ] Referring now to FIG . 11 , it should be appreciated 
that , in some embodiments , one or more of the signal 
limiting circuits 310 , 312 , 314 may be embodied as , or 
replaced by , filter circuits . In particular , in the illustrative 
embodiment , the signal - limiting circuit 310 may include 
filter circuits 1102 , 1104 , the signal - limiting circuit 312 may 
include a filter circuit 1106 , and the signal - limiting circuit 
314 may include a filter circuit 1108. More specifically , the 
filter circuit 1102 may be electrically coupled to the first 
node 320 and the terminal 330 of the low - frequency trans 
ceiver circuit 308 , the filter circuit 1104 may be electrically 
coupled to the first node 320 and the terminal 326 of the 
high - frequency transceiver circuit 306 , the filter circuit 1106 
may be electrically coupled to the second node 322 and the 
high - frequency transceiver circuit 306 , and the filter circuit 
1108 may be electrically coupled to the third node 324 and 
the low - frequency transceiver circuit 308. Depending on the 
particular embodiment , each of the filter circuits 1102 , 1104 , 
1106 , 1108 may be embodied as one or more lowpass filters , 
highpass filters , and / or bandpass filters configured to block / 

limit signals consistent with the techniques described herein . 
Further , each of the filter circuits 1102 , 1104 , 1106 , 1108 
may be embodied as an active or passive filter . As such , in 
embodiments in which each of the filter circuits 1102 , 1104 , 
1106 , 1108 is embodied as a passive filter , it should be 
appreciated that the control circuit 1100 may eliminate the 
need for logic control ( e.g. , by the processor 304 ) . For 
example , in some embodiments , a passive filter may be 
embodied as a filter with a cutoff frequency such that signals 
are preventing from entering the high - frequency transceiver 
circuit 306 from the low - frequency transceiver circuit 308 
and / or preventing from entering the low - frequency trans 
ceiver circuit 308 from the high - frequency transceiver cir 
cuit 306 . 
[ 0045 ] Referring now to FIG . 12 , in some embodiments , 
the signal - limiting circuits 310 , 312 , 314 may be omitted 
from the communication circuit 1200. For example , in some 
embodiments , the high - frequency transceiver circuit 306 
and the low - frequency transceiver circuit 308 may include 
high impedance modes such that additional “ switching ” 
and / or filtering are unnecessary . Accordingly , in the illus 
trative embodiment of FIG . 12 , the high - frequency trans 
ceiver circuit 306 is electrically coupled directly to the first 
node 320 and the second node 322 , and the low - frequency 
transceiver circuit 308 is electrically coupled directly to the 
first node 320 and the third node 324 . 
[ 0046 ] According to one aspect , a communication circuit 
may include a single element antenna , a high - frequency 
transceiver circuit , a low - frequency transceiver circuit , a 
first switch , a second switch , and a third switch . The single 
antenna may include a first node , a second node , and a third 
node , wherein a first portion of the single element antenna 
is defined between the first node and the second node and a 
second portion of the single element antenna is defined 
between the second node and the third node . The high 
frequency transceiver circuit may have a first terminal and a 
second terminal , and wherein the high - frequency transceiver 
circuit enables wireless communication with a first transpon 
der over a high frequency carrier frequency . The low 
frequency transceiver circuit may have a third terminal and 
a fourth terminal , and wherein the low - frequency transceiver 
circuit enables wireless communication with a second tran 
sponder over a low frequency carrier frequency . The first 
switch electrically may be coupled to the first node and 
configured to be switched between a first state in which the 
first node is electrically coupled to the first terminal and a 
second state in which the first node is electrically coupled to 
the third terminal . The second switch may be electrically 
coupled to the second node and configured to be switched 
between an open state and a short state in which the second 
node is electrically coupled to the second terminal . The third 
switch may be electrically coupled to the third node and 
configured to be switched between an open state and a short 
state in which the third node is electrically coupled to the 
fourth terminal . 
[ 0047 ] In some embodiments , communication over the 
high - frequency transceiver circuit may be enabled when the 
first switch is in the first state and the second switch is in the 
short state , and communication over the low - frequency 
transceiver circuit may be enabled when the first switch is in 
the second state and the third switch is in the short state . In 
some embodiments , the first portion of the single element 
antenna may include a first conductive coil of a first diameter 
and the second portion of the single element antenna may 
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include a second conductive coil of a second diameter 
different from the first diameter . In some embodiments , the 
first portion of the single element antenna may include a first 
conductive coil having a first number of windings and the 
second portion of the single element antenna may include a 
second conductive coil having a second number of windings 
different from the first number . In some embodiments , the 
high - frequency transceiver circuit may account for resonant 
stub properties of the second portion of the single element 
antenna . In some embodiments , the low frequency carrier 
frequency is nominally 125 kHz . In some embodiments , the 
high frequency carrier frequency is nominally 13.56 MHz . 
[ 0048 ] In some embodiments , the communication circuit 
may further include a control circuit configured to control 
the first switch , the second switch , and the third switch . 
Further , the control circuit may switch the first switch to the 
first state , the second switch to the short state , and the third 
switch to the open state for communication with the first 
transponder over the high frequency carrier frequency via 
the high - frequency transceiver circuit , and the control circuit 
may switch the first switch to the second state , the second 
switch to the open state , and the third switch to the short 
state for communication with the second transponder over 
the low frequency carrier frequency via the low - frequency 
transceiver circuit . In some embodiments , the control circuit 
includes a microcontroller . In some embodiments , the low 
frequency transceiver circuit may be disconnected from the 
single element antenna during communication over the high 
frequency carrier frequency , and the high - frequency trans 
ceiver circuit may be disconnected from the single element 
antenna during communication over the low frequency 
carrier frequency . In some embodiments , each of the first 
switch , the second switch , and the third switch comprises 
one of a relay , a transistor , or a solid state relay . 
[ 0049 ] According to another aspect , a communication 
circuit may include a single element antenna , a plurality of 
signal - limiting circuits , a high - frequency transceiver circuit , 
and a low - frequency transceiver circuit . The high - frequency 
transceiver circuit may be adapted to be selectively coupled 
to the single element antenna via the plurality of signal 
limiting circuits and tuned to operate at a high frequency 
carrier frequency , and the low - frequency transceiver circuit 
may be adapted to be selectively coupled to the single 
element antenna via the plurality of signal - limiting circuits 
and tuned to operate at a low frequency carrier frequency . 
[ 0050 ] In some embodiments , the communication circuit 
may further include a processor and a memory comprising 
a plurality of instructions stored thereon that , in response to 
execution by the processor , causes the communication cir 
cuit to control the plurality of signal - limiting circuits to 
couple the high - frequency transceiver circuit to the single 
element antenna and decouple the low - frequency transceiver 
circuit from the single element antenna for communication 
at the high frequency carrier frequency during a first mode 
of operation , and control the plurality of signal - limiting 
circuits to couple the low - frequency transceiver circuit to the 
single element antenna and decouple the high - frequency 
transceiver circuit from the single element antenna for 
communication at the low frequency carrier frequency dur 
ing a second mode of operation . 
[ 0051 ] In some embodiments , the single element antenna 
may include a resonant stub when the high - frequency trans 
ceiver circuit is coupled to the single element antenna and 
the low - frequency transceiver circuit is decoupled from the 

single element antenna , and the high - frequency transceiver 
circuit may filter one or more electromagnetic characteristics 
of the resonant stub . In some embodiments , the communi 
cation circuit may be configured to power and receive data 
from a smartcard during the first mode of operation . In some 
embodiments , the communication circuit may be configured 
to power and receive data from a proximity card during the 
second mode of operation . In some embodiments , the low 
frequency carrier frequency is nominally 125 kHz . In some 
embodiments , the high frequency carrier frequency is nomi 
nally 13.56 MHz . 
[ 0052 ] According to yet another aspect , a communication 
circuit for multi - frequency communication may include a 
single element antenna , a high - frequency transceiver circuit , 
and a low - frequency transceiver circuit . The single element 
antenna may include a plurality of coils , wherein the plu 
rality of coils consists of a first portion of coils and a second 
portion of coils . The high - frequency transceiver circuit may 
be adapted to be selectively coupled to the single element 
antenna in a first mode of operation of the communication 
circuit in which wireless communication with a first RF 
communication device at a high frequency carrier frequency 
via the single element antenna is enabled . The low - fre 
quency transceiver circuit may be adapted to be selectively 
coupled to the single element antenna in a second mode of 
operation of the communication circuit in which wireless 
communication with a second RF communication device at 
a low frequency carrier frequency via the single element 
antenna is enabled . In the first mode of operation , the first 
portion of coils may be used for transmitting and receiving 
the wireless communication with the first RF communica 
tion device and the second portion of coils may have one or 
more electromagnetic characteristics of a resonant stub . In 
the second mode of operation , the first portion of coils and 
the second portion of coils may be used for transmitting and 
receiving the wireless communication with the second RF 
communication device . In some embodiments , the high 
frequency transceiver circuit may enable wireless commu 
nication with a smartcard at a nominal carrier frequency of 
13.56 MHz , and the low - frequency transceiver circuit may 
enable wireless communication with a proximity card at a 
nominal carrier frequency of 125 kHz . 

1-20 . ( canceled ) 
21. A communication circuit , comprising : 
a single element antenna ; 
a plurality of signal - limiting circuits ; 
a high - frequency transceiver circuit adapted to be selec 

tively coupled to the single element antenna via the 
plurality of signal - limiting circuits and tuned to operate 
at a high frequency carrier frequency ; and 

a low - frequency transceiver circuit adapted to be selec 
tively coupled to the single element antenna via the 
plurality of signal - limiting circuits and tuned to operate 
at a low frequency carrier frequency ; 

wherein the single element antenna includes a resonant 
stub when the high - frequency transceiver circuit is 
coupled to the single element antenna and the low 
frequency transceiver circuit is decoupled from the 
single element antenna ; and 

wherein one or more electromagnetic characteristics of 
the resonant stub are filtered by the high - frequency 
transceiver circuit when the high - frequency transceiver 
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circuit is coupled to the single element antenna and the 
low - frequency transceiver circuit is decoupled from the 
single element antenna . 

22. The communication circuit of claim 21 , further com 
prising : 

a processor ; and 
a memory comprising a plurality of instructions stored 

thereon that , in response to execution by the processor , 
causes the communication circuit to ( i ) control the 
plurality of signal - limiting circuits to couple the high 
frequency transceiver circuit to the single element 
antenna and decouple the low - frequency transceiver 
circuit from the single element antenna for communi 
cation at the high frequency carrier frequency during a 
first mode of operation , and ( ii ) control the plurality of 
signal - limiting circuits to couple the low - frequency 
transceiver circuit to the single element antenna and 
decouple the high - frequency transceiver circuit from 
the single element antenna for communication at the 
low frequency carrier frequency during a second mode 
of operation . 

23. The communication circuit of claim 21 , wherein the 
resonant stub acts as a component of the high - frequency 
transceiver circuit . 

24. The communication circuit of claim 21 , wherein the 
communication circuit is configured to power and receive 
data from a smartcard during the first mode of operation ; and 

wherein the high frequency carrier frequency is nominally 
13.56 MHz . 

25. The communication circuit of claim 21 , wherein 
communication circuit is configured to power and receive 
data from a proximity card during the second mode of 
operation ; and 

wherein the low frequency carrier frequency is nominally 
125 kHz . 

26. A communication circuit for multi - frequency commu 
nication , the communication circuit comprising : 

a single element antenna including a plurality of coils , 
wherein the plurality of coils consists of a first portion 
of coils defined between a first node and a second node 
and a second portion of coils defined between the 
second node and a third node ; 

a plurality of signal - limiting circuits including a first 
signal - limiting circuit , a second signal - limiting circuit , 
and a third signal - limiting circuit ; 

a high - frequency transceiver circuit having a first terminal 
and a second terminal and adapted to be selectively 
coupled to the single element antenna , via the plurality 
of signal - limiting circuits , in a first mode of operation 
of the communication circuit in which wireless com 
munication with a first RF communication device at a 
high frequency carrier frequency via the single element 
antenna is enabled ; and 

a low - frequency transceiver circuit having a third terminal 
and a fourth terminal and adapted to be selectively 
coupled to the single element antenna , via the plurality 
of signal - limiting circuits , in a second mode of opera 
tion of the communication circuit in which wireless 
communication with a second RF communication 
device at a low frequency carrier frequency via the 
single element antenna is enabled ; 

wherein , in the first mode of operation , the first portion of 
coils is used for transmitting and receiving the wireless 
communication with the first RF communication 

device and the second portion of coils has one or more 
electromagnetic characteristics of a resonant stub ; 

wherein , in the second mode of operation , the first portion 
of coils and the second portion of coils are used for 
transmitting and receiving the wireless communication 
with the second RF communication device ; 

wherein the first signal - limiting circuit is electrically 
coupled to the first node and configured to transition 
between a state in which the first node is electrically 
coupled to the third terminal and a state in which the 
first node is electrically coupled to the first terminal ; 

wherein the second signal - limiting circuit is electrically 
coupled to the second node and configured to transition 
between a state in which the second node is electrically 
coupled to the second terminal and a state in which the 
second node is electrically decoupled from the second 
terminal ; and 

wherein the third signal - limiting circuit electrically is 
coupled to the third node and configured to transition 
between a state in which the third node is electrically 
coupled to the fourth terminal and a state in which the 
third node is electrically decoupled from the fourth 
terminal . 

27. The communication circuit of claim 26 , wherein the 
high - frequency transceiver circuit enables wireless commu 
nication with a smartcard at a nominal carrier frequency of 
13.56 MHz ; and 
wherein the low - frequency transceiver circuit enables 

wireless communication with a proximity card at a 
nominal carrier frequency of 125 kHz . 

28. The communication circuit of claim 26 , wherein , in 
the first mode of operation , the first signal - limiting circuit 
electrically couples the first node to the first terminal and the 
second signal - limiting circuit electrically couples the second 
node to the second terminal ; and 

wherein , in the second mode of operation , the first signal 
limiting circuit electrically couples the first node to the 
third terminal and the third signal - limiting circuit elec 
trically couples the third node to the fourth terminal . 

29. The communication circuit of claim 28 , wherein , in 
the first mode of operation , the third signal - limiting circuit 
electrically decouples the third node from the fourth termi 
nal ; and 

wherein , in the second mode of operation , the second 
signal - limiting circuit electrically decouples the second 
node from the second terminal . 

30. The communication circuit of claim 26 , further com 
prising : 

a processor ; and 
a memory comprising a plurality of instructions stored 

thereon that , in response to execution by the processor , 
causes the communication circuit to ( i ) control the 
plurality of signal - limiting circuits to couple the high 
frequency transceiver circuit to the single element 
antenna and decouple the low - frequency transceiver 
circuit from the single element antenna for communi 
cation at the high frequency carrier frequency during 
the first mode of operation , and ( ii ) control the plurality 
of signal - limiting circuits to couple the low - frequency 
transceiver circuit to the single element antenna and 
decouple the high - frequency transceiver circuit from 
the single element antenna for communication at the 
low frequency carrier frequency during the second 
mode of operation . 
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31. A communication circuit , comprising : 
a single element antenna including a plurality of coils , 
wherein the plurality of coils consists of a first portion 
of coils defined between a first node and a second node 
and a second portion of coils defined between the 
second node and a third node ; 

a plurality of filter circuits including a first filter circuit , a 
second filter circuit , a third filter circuit , and a fourth 
filter circuit ; 

a high - frequency transceiver circuit having a first terminal 
electrically coupled to the second filter circuit and a 
second terminal electrically coupled to the third filter 
circuit and configured to operate in a first mode of 
operation of the communication circuit in which wire 
less communication with a first RF communication 
device at a high frequency carrier frequency via the 
single element antenna is enabled ; and 

a low - frequency transceiver circuit having a third terminal 
electrically coupled to the first filter circuit and a fourth 
terminal electrically coupled to the fourth filter circuit 
and configured to operate in a second mode of opera 
tion of the communication circuit in which wireless 
communication with a second RF communication 
device at a low frequency carrier frequency via the 
single element antenna is enabled ; 

wherein , in the first mode of operation , the first portion of 
coils is used for transmitting and receiving the wireless 
communication with the first RF communication 
device ; and 

wherein , in the second mode of operation , the first portion 
of coils and the second portion of coils are used for 
transmitting and receiving the wireless communication 
with the second RF communication device . 

32. The communication circuit of claim 31 , wherein the 
plurality of filter circuits comprises at least one of a lowpass 
filter , a highpass filter , or a bandpass filter . 

33. The communication circuit of claim 31 , wherein each 
of the first filter circuit , the second filter circuit , the third 
filter circuit , and the fourth filter circuit comprises a passive 
filter . 

34. The communication circuit of claim 31 , wherein the 
plurality of filter circuits is configured to prevent signals 
from entering the high - frequency transceiver circuit from 
the low - frequency transceiver circuit . 

35. The communication circuit of claim 34 , wherein the 
plurality of filter circuits is configured to prevent signals 
from entering the low - frequency transceiver circuit from the 
high - frequency transceiver circuit . 

36. The communication circuit of claim 34 , wherein the 
plurality of filter circuits comprises at least one filter with a 
cutoff frequency that prevents signals from entering the 
high - frequency transceiver circuit from the low - frequency 
transceiver circuit . 

37. The communication circuit of claim 31 , wherein the 
high - frequency transceiver circuit enables wireless commu 
nication with a smartcard at a nominal carrier frequency of 
13.56 MHz . 

38. The communication circuit of claim 37 , wherein the 
low - frequency transceiver circuit enables wireless commu 
nication with a proximity card at a nominal carrier frequency 
of 125 kHz . 

39. The communication circuit of claim 31 , wherein the 
plurality of filter circuits comprises at least one active filter . 

40. The communication circuit of claim 31 , further com 
prising : 

a processor ; and 
a memory comprising a plurality of instructions stored 

thereon that , in response to execution by the processor , 
causes the communication circuit to ( i ) control the 
plurality of filter circuits to activate the high - frequency 
transceiver circuit for communication via the single 
element antenna at the high frequency carrier frequency 
during the first mode of operation , and ( ii ) control the 
plurality of filter circuits to activate the low - frequency 
transceiver circuit for communication via the single 
element antenna at the low frequency carrier frequency 
during the second mode of operation . 


