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DUAL BAND WLAN ANTENNA 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a Continuation of U.S. patent 
application Ser. No. 11/519,979 filed on Sep. 12, 2006 which 
claims the benefit of U.S. Provisional Application Ser. No. 
60/771,634, filed on Feb. 9, 2006. The disclosures of the 
above applications are incorporated herein by reference in 
their entirety. 

FIELD 

0002 The present disclosure relates to wireless commu 
nication systems, and more particularly to antennas for 
wireless network devices. 

BACKGROUND 

0003. The background description provided herein is for 
the purpose of generally presenting the context of the 
disclosure. Work of the presently named inventors, to the 
extent it is described in this background section, as well as 
aspects of the description which may not otherwise qualify 
as prior art at the time of filing, are neither expressly nor 
impliedly admitted as prior art against the present disclo 
SUC. 

0004) The I.E.E.E. standards 802.11a, 802.11b, 802.11g, 
802.11n, and 802.16, which are incorporated herein by 
reference in their entirety, define ways for configuring 
wireless networks and wireless devices such as client sta 
tions and access points. Referring now to FIGS. 1A-1B, a 
wireless network device may operate in either an ad-hoc 
mode or an infrastructure mode. In the ad-hoc mode, which 
is shown in FIG. 1A, each client station 10-1, 10-2, ..., and 
10-N (collectively client stations 10) communicates directly 
with other client stations. 

0005. In the infrastructure mode, which is shown in FIG. 
1B, each client station 20-1, 20-2. . . . . and 20-M (collec 
tively client stations 20) communicates with other client 
stations through an access point (AP) 24. The AP 24 may 
provide a connection to a network 26, a server 28, and the 
Internet 30. 

0006 Referring now to FIG. 1C, client stations and APs 
generally include a processor 42, a medium access controller 
(MAC) device 44, a baseband processor (BBP) 46, and a 
radio frequency (RF) transceiver 48. The RF transceiver 48 
transmits and receives signals through the antenna 49. 

0007 Range and throughput (i.e., data rate) of wireless 
devices may vary depending on environmental conditions. 
For example, the throughput may decrease as distance and 
obstructions between a client station and an AP increase. 
Range and throughput may be increased by using multiple 
antennas for data transmission and reception. 

0008 Some wireless devices use multiple antennas in 
diversity configurations. In diversity configurations, how 
ever, only one antenna is utilized at a time for communica 
tion. Consequently, only one set of circuits comprising a RF 
transceiver, a BBP, etc., is generally used for signal pro 
cessing. Thus, effective increase in throughput may be 
marginal. 
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0009. Alternatively, more than one antenna can be uti 
lized when multiple antennas are used in multiple-input 
multiple-output (MIMO) configurations. That is, multiple 
antennas can be utilized simultaneously in MIMO configu 
rations. Specifically, data streams can be transmitted and 
received through multiple antennas simultaneously. A sepa 
rate circuit comprising one RF transceiver, one BBP, etc., 
may be used to process each data stream. That is, an 
independent set of RF transceivers, BBP, etc., may be used 
to process data streams associated with each antenna. Thus, 
antennas may yield higher throughputs in MIMO configu 
rations than in diversity configurations. 

0010) MIMO configurations are generally expressed as 
TxR, where T and R denote number of transmit and receive 
antennas, respectively. Data streams may be affected by 
relative locations of transmitting and receiving antennas. By 
aligning transmitting and receiving antennas relative to one 
another, a receiver can identify transmissions of each trans 
mitting antenna of a transmitter. 

0011 Wireless devices may use different types of anten 
nas. For example, 802.11a-compliant wireless devices use 
single band antennas of 2.4 GHz bandwidth. 802.11g 
compliant wireless devices may use single band antennas of 
5 GHz bandwidth. Additionally, 802.11g-compliant wireless 
devices may use dual band antennas that enable communi 
cation in 2.4 GHz and 5 GHz frequency bands since 
802.11g-compliant devices are 802.11a-compatible. Simi 
larly, 802.11n-compliant wireless devices may use dual band 
antennas that enable the wireless devices to communicate in 
2.4 GHz and 5 GHZ, frequency bands. 

SUMMARY 

0012. An antenna system comprises first, second, and 
third antennas that are arranged on a printed circuit board 
(PCB) and that include an arc-shaped element having a 
concave side and a convex side and a conducting element 
that extends substantially radially from a center of the 
concave side. 

0013 In another feature, the convex side radiates elec 
tromagnetic radiation. 

0014. In another feature, the first, second, and third 
antennas communicate in a single frequency band in a 3x3 
multiple input multiple output (MIMO) configuration. 

0015. In another feature, the first, second, and third 
antennas communicate in a 2.4 GHz frequency band in a 3x3 
multiple input multiple output (MIMO) configuration. 

0016. In another feature, the first, second, and third 
antennas are printed on the PCB. 

0017. In another feature, the convex side of the first 
antenna is adjacent to a first edge of the PCB. The convex 
side of the second antenna is adjacent to a second edge of the 
PCB, wherein the second edge is opposite and substantially 
parallel to the first edge, and wherein tangents drawn at 
centers of the convex sides of the first and second antennas 
are substantially parallel to each other. The convex side of 
the third antenna is adjacent to a third edge of the PCB, 
wherein a tangent drawn at a center of the convex side of the 
third antenna is substantially perpendicular to the tangents 
and the first and second edges. 
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0018. In another feature, the conducting elements of the 
first and second antennas are Substantially collinear and 
extend towards each other. The conducting element of the 
third antenna extends Substantially perpendicularly towards 
a line joining the conducting elements of the first and second 
antennas. 

0019. In another feature, the concave sides of the first and 
second antennas face each other. The conducting elements of 
the first and second antennas are Substantially collinear and 
extend towards each other. The concave side of the third 
antenna faces a line joining the conducting elements of the 
first and second antennas. The conducting element of the 
third antenna extends Substantially perpendicularly towards 
the line. 

0020. In another feature, the conducting elements of the 
first, second, and third antennas communicate with respec 
tive radio frequency (RF) transceivers. 
0021. In another feature, each of the first, second, and 
third antennas further includes a U-shaped element having a 
base portion with a center that communicates with the 
conducting element and two side portions that extend from 
ends of the base portion towards the concave side. 
0022. In another feature, the two side portions and the 
conducting element are Substantially parallel to each other 
and Substantially perpendicular to the base portion. 

0023. In another feature, the convex side of the arc 
shaped element radiates electromagnetic radiation and the 
U-shaped element directs the electromagnetic radiation. 

0024. In another feature, the first, second, and third 
antennas communicate in a dual frequency band in a 3x3 
multiple input multiple output (MIMO) configuration. 

0025. In another feature, the first, second, and third 
antennas communicate in 2.4 GHZ, and 5 GHZ, frequency 
bands in a 3x3 multiple input multiple output (MIMO) 
configuration. 

0026. In another feature, the arc-shaped element commu 
nicates in a 2.4 GHz frequency band and the U-shaped 
element communicates in a 5 GHZ, frequency band. 
0027. In another feature, the PCB comprises a first elec 
trically conducting layer that is adjacent to a first Surface of 
the PCB and a second electrically conducting layer that is 
adjacent to a second surface of the PCB, and wherein the 
first Surface is opposite to the second Surface. 
0028. In another feature, the first electrically conducting 
layer and the first, second, and third antennas are printed on 
the first surface, and wherein the first electrically conducting 
layer is not joined to the first, second, and third antennas. 
0029. In another feature, the first electrically conducting 
layer communicates with the second electrically conducting 
layer via through-holes. 

0030. In another feature, the first and second electrically 
conducting layers include copper. 

0031. In another feature, a wireless network device com 
prises the antenna system. 
0032. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 

Aug. 9, 2007 

0033. In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0034. In another feature, a cellular phone comprises the 
antenna system. 

0035) In still other features, a method comprises arrang 
ing an arc-shaped element of each of first, second, and third 
antennas on a printed circuit board (PCB), wherein the 
arc-shaped element has a concave side and a convex side. 
The method further comprises extending a conducting ele 
ment of each of the first, second, and third antennas Sub 
stantially radially from a center of the concave side of the 
arc-shaped element of each of the first, second, and third 
antennas on the PCB, respectively. 
0036). In another feature, the method further comprises 
radiating electromagnetic radiation from the convex side of 
the arc-shaped element of at least one of the first, second, 
and third antennas. 

0037. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in a single frequency band. 
0038. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in a 2.4 GHz frequency band. 
0039. In another feature, the method further comprises 
printing the first, second, and third antennas on the PCB. 
0040. In another feature, the method further comprises 
arranging the convex side of the first antenna adjacent to a 
first edge of the PCB. The method further comprises arrang 
ing the convex side of the second antenna adjacent to a 
second edge of the PCB, wherein tangents drawn at centers 
of the convex sides of the first and second antennas are 
substantially parallel to each other. The method further 
comprises arranging the first and second edges Substantially 
parallel and opposite to each other. The method further 
comprise arranging the convex side of the third antenna 
adjacent to a third edge of the PCB, wherein a tangent drawn 
at a center of the convex side of the third antenna is 
Substantially perpendicular to the tangents and said first and 
second edges. 
0041. In another feature, the method further comprises 
extending the conducting elements of the first and second 
antennas towards each other, arranging the conducting ele 
ments of the first and second antennas Substantially collinear 
with each other, and extending the conducting element of the 
third antenna Substantially perpendicularly towards a line 
joining the conducting elements of the first and second 
antennas. 

0042. In another feature, the method further comprises 
arranging the concave sides of the first and second antennas 
facing towards each other. The method further comprises 
extending the conducting elements of the first and second 
antennas towards each other. The method further comprises 
arranging the conducting elements of the first and second 
antennas substantially collinear with each other. The method 
further comprises arranging the concave side of the third 
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antenna facing towards a line joining the conducting ele 
ments of the first and second antennas. The method further 
comprises extending the conducting element of the third 
antenna Substantially perpendicularly towards the line. 
0043. In another feature, the method further comprises 
communicating between the conducting elements of the 
first, second, and third antennas and respective radio fre 
quency (RF) transceivers. 
0044) In another feature, the method further comprises 
arranging a base portion of a U-shaped element of each of 
the first, second, and third antennas on the PCB, communi 
cating between a center of the base portion and the con 
ducting element, and extending two side portions of the 
U-shaped element from ends of the base portion towards the 
concave side. 

0045. In another feature, the method further comprises 
arranging the two side portions and the conducting element 
Substantially parallel to each other and Substantially perpen 
dicular to the base portion on the PCB. 
0046. In another feature, the method further comprises 
radiating electromagnetic radiation from the convex side of 
the arc-shaped element and directing the electromagnetic 
radiation with the U-shaped element. 
0047. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in a dual frequency band. 
0.048. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in 2.4 GHZ, and 5 GHZ, frequency bands. 
0049. In another feature, the method further comprises 
communicating in a 2.4 GHz frequency band with the 
arc-shaped element and communicating in a 5 GHZ, fre 
quency band with the U-shaped element. 
0050. In another feature, the method further comprises 
arranging a first electrically conducting layer adjacent to a 
first surface of the PCB, arranging a second surface of the 
PCB opposite to the first Surface, and arranging a second 
electrically conducting layer adjacent to a second Surface of 
the PCB. 

0051. In another feature, the method further comprises 
printing the first electrically conducting layer and the first, 
second, and third antennas on the first Surface, and not 
joining the first electrically conducting layer to the first, 
second, and third antennas. 

0.052 In another feature, the method further comprises 
communicating between the first and second electrically 
conducting layers. 

0053. In another feature, the method further comprises 
providing copper in the first and second electrically con 
ducting layers. 

0054. In still other features, an antenna system comprises 
first, second, and third antenna means for communicating 
radio frequency (RF) signals, wherein each of the first, 
second, and third antenna means is arranged on a printed 
circuit board (PCB) and includes arc-shaped means for 
communicating the RF signals, wherein the arc-shaped 
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means has a concave side and a convex side. Each of the 
first, second, and third antenna means includes conducting 
means for communicating with the arc-shaped means, 
wherein the conducting means extends Substantially radially 
from a center of the concave side. 

0055. In another feature, the convex side radiates elec 
tromagnetic radiation. 

0056. In another feature, the first, second, and third 
antenna means communicate in a single frequency band in 
a 3x3 multiple input multiple output (MIMO) configuration. 

0057. In another feature, the first, second, and third 
antenna means communicate in a 2.4 GHz frequency band 
in a 3x3 multiple input multiple output (MIMO) configura 
tion. 

0058. In another feature, the first, second, and third 
antenna means are printed on the PCB. 

0059. In another feature, the convex side of the first 
antenna means is adjacent to a first edge of the PCB. The 
convex side of the second antenna means is adjacent to a 
second edge of the PCB, wherein the second edge is 
opposite and Substantially parallel to the first edge, and 
wherein tangents drawn at centers of the convex sides of the 
first and second antenna means are substantially parallel to 
each other. The convex side of the third antenna means is 
adjacent to a third edge of the PCB, wherein a tangent drawn 
at a center of the convex side of the third antenna means is 
Substantially perpendicular to the tangents and the first and 
second edges. 

0060. In another feature, the conducting means of the first 
and second antenna means are substantially collinear and 
extend towards each other. The conducting means of the 
third antenna means extends Substantially perpendicularly 
towards a line joining the conducting means of the first and 
second antenna means. 

0061. In another feature, the concave sides of the first and 
second antenna means face each other. The conducting 
means of the first and second antenna means are substan 
tially collinear and extend towards each other. The concave 
side of the third antenna means faces a line joining the 
conducting means of the first and second antenna means. 
The conducting means of the third antenna means extends 
substantially perpendicularly towards the line. 

0062. In another feature, the conducting means of the 
first, second, and third antenna means communicate with 
respective radio frequency (RF) transceivers. 

0063. In another feature, each of the first, second, and 
third antenna means further includes U-shaped means for 
communicating the RF signals, wherein the U-shaped means 
has a base portion with a center that communicates with the 
conducting means and two side portions that extend from 
ends of the base portion towards the concave side. 

0064. In another feature, the two side portions and the 
conducting means are substantially parallel to each other and 
Substantially perpendicular to the base portion. 

0065. In another feature, the convex side of the arc 
shaped means radiates electromagnetic radiation and the 
U-shaped means directs the electromagnetic radiation. 
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0066. In another feature, the first, second, and third 
antenna means communicate in a dual frequency band in a 
3x3 multiple input multiple output (MIMO) configuration. 

0067. In another feature, the first, second, and third 
antenna means communicate in 2.4 GHz and 5 GHz fre 
quency bands in a 3x3 multiple input multiple output 
(MIMO) configuration. 
0068. In another feature, the arc-shaped means commu 
nicates in a 2.4 GHz frequency band and the U-shaped 
means communicates in a 5 GHZ, frequency band. 
0069. In another feature, the PCB comprises first and 
second layers of electrically conducting means for commu 
nicating with the first, second, and third antenna means, and 
wherein the first layer is adjacent to a first surface of the PCB 
and the second layer is adjacent to a second Surface of the 
PCB, and wherein the first surface is opposite to the second 
Surface. 

0070. In another feature, the first layer and the first, 
second, and third antenna means are printed on the first 
surface, and wherein the first layer is not joined to the first, 
second, and third antenna means. 

0071. In another feature, the antenna system further com 
prises through-hole means for communicating between the 
first and second layers. 
0072. In another feature, the electrically conducting 
means includes copper. 
0073. In another feature, a wireless network device com 
prises the antenna system. 
0074. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 
0075. In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0076. In another feature, a cellular phone comprises the 
antenna system. 

0077. In still other features, an antenna system comprises 
first, second, and third antennas that are arranged on a 
printed circuit board (PCB) and that include an arc-shaped 
element having a concave side and a convex side and a 
conducting element that extends Substantially radially from 
a center of the concave side. The first, second, and third 
antennas include a U-shaped element having a base portion 
with a center that communicates with the conducting ele 
ment and two side portions that extend from ends of the base 
portion towards the concave side. 
0078. In another feature, the two side portions and the 
conducting element are Substantially parallel to each other 
and Substantially perpendicular to the base portion. 

0079. In another feature, the convex side of the arc 
shaped element radiates electromagnetic radiation and the 
U-shaped element directs the electromagnetic radiation. 

0080. In another feature, the first, second, and third 
antennas communicate in a dual frequency band in a 3x3 
multiple input multiple output (MIMO) configuration. 
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0081. In another feature, the first, second, and third 
antennas communicate in 2.4 GHZ, and 5 GHZ, frequency 
bands in a 3x3 multiple input multiple output (MIMO) 
configuration. 

0082 In another feature, the arc-shaped element commu 
nicates in a 2.4 GHz frequency band and the U-shaped 
element communicates in a 5 GHZ, frequency band. 
0083. In another feature, the first, second, and third 
antennas are printed on the PCB. 
0084. In another feature, the convex side of the first 
antenna is adjacent to a first edge of the PCB. The convex 
side of the second antenna is adjacent to a second edge of the 
PCB, wherein the second edge is opposite and substantially 
parallel to the first edge, and wherein tangents drawn at 
centers of the convex sides of the first and second antennas 
are substantially parallel to each other. The convex side of 
the third antenna is adjacent to a third edge of the PCB, 
wherein a tangent drawn at a center of the convex side of the 
third antenna is substantially perpendicular to the tangents 
and the first and second edges. 
0085. In another feature, the conducting elements of the 

first and second antennas are substantially collinear and 
extend towards each other. The conducting element of the 
third antenna extends Substantially perpendicularly towards 
a line joining the conducting elements of the first and second 
antennas. 

0086). In another feature, the concave sides of the first and 
second antennas face each other. The conducting elements of 
the first and second antennas are Substantially collinear and 
extend towards each other. The concave side of the third 
antenna faces a line joining the conducting elements of the 
first and second antennas. The conducting element of the 
third antenna extends Substantially perpendicularly towards 
the line. 

0087. In another feature, the conducting elements of the 
first, second, and third antennas communicate with respec 
tive radio frequency (RF) transceivers. 
0088. In another feature, the PCB comprises a first elec 
trically conducting layer that is adjacent to a first Surface of 
the PCB and a second electrically conducting layer that is 
adjacent to a conducting surface of the PCB, and wherein the 
first Surface is opposite to the conducting Surface. 
0089. In another feature, the first electrically conducting 
layer and the first, second, and third antennas are printed on 
the first surface, and wherein the first electrically conducting 
layer is not joined to the first, second, and third antennas. 
0090. In another feature, the first electrically conducting 
layer communicates with the second electrically conducting 
layer via through-holes. 

0091. In another feature, the first and second electrically 
conducting layers include copper. 

0092. In another feature, a wireless network device com 
prises the antenna system. 
0093. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 
0094. In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
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device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0.095. In another feature, a cellular phone comprises the 
antenna system. 

0096. Instill other features, a method comprises arranging 
an arc-shaped element of each of first, second, and third 
antennas on a printed circuit board (PCB), wherein the 
arc-shaped element has a concave side and a convex side. 
The method further comprises extending a conducting ele 
ment of each of the first, second, and third antennas Sub 
stantially radially from a center of the concave side of the 
arc-shaped element of each of the first, second, and third 
antennas on the PCB, respectively. The method further 
comprises arranging a base portion of a U-shaped element of 
each one the first, second, and third antennas on the PCB. 
The method further comprises communicating between a 
center of the base portion and the conducting element. The 
method further comprises extending two side portions of the 
U-shaped element from ends of the base portion towards the 
concave side on the PCB. 

0097. In another feature, the method further comprises 
arranging the two side portions and the conducting element 
Substantially parallel to each other and Substantially perpen 
dicular to the base portion on the PCB. 
0098. In another feature, the method further comprises 
radiating electromagnetic radiation from the convex side of 
the arc-shaped element and directing the electromagnetic 
radiation with the U-shaped element. 
0099. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in a dual frequency band. 

0100. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in 2.4 GHZ, and 5 GHZ, frequency bands. 
0101. In another feature, the method further comprises 
communicating in a 2.4 GHz frequency band with the 
arc-shaped element and communicating in a 5 GHZ, fre 
quency band with the U-shaped element. 
0102) In another feature, the method further comprises 
printing the first, second, and third antennas on the PCB. 
0103) In another feature, the method further comprises 
arranging the convex side of the first antenna adjacent to a 
first edge of the PCB and arranging the convex side of the 
second antenna adjacent to a second edge of the PCB, 
wherein tangents drawn at centers of the convex sides of the 
first and second antennas are substantially parallel to each 
other. The method further comprises arranging the first and 
second edges substantially parallel and opposite to each 
other. The method further comprises arranging the convex 
side of the third antenna adjacent to a third edge of the PCB, 
wherein a tangent drawn at a center of the convex side of the 
third antenna is substantially perpendicular to the tangents 
and said first and second edges. 
0104. In another feature, the method further comprises 
extending the conducting elements of the first and second 
antennas towards each other, arranging the conducting ele 
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ments of the first and second antennas Substantially collinear 
with each other, and extending the conducting element of the 
third antenna Substantially perpendicularly towards a line 
joining the conducting elements of the first and second 
antennas. 

0105. In another feature, the method further comprises 
arranging the concave sides of the first and second antennas 
facing towards each other, and extending the conducting 
elements of the first and second antennas towards each other. 
The method further comprises arranging the conducting 
elements of the first and second antennas Substantially 
collinear with each other. The method further comprises 
arranging the concave side of the third antenna facing 
towards a line joining the conducting elements of the first 
and second antennas. The method further comprises extend 
ing the conducting element of the third antenna Substantially 
perpendicularly towards the line. 
0106. In another feature, the method further comprises 
communicating between the conducting elements of the 
first, second, and third antennas and respective radio fre 
quency (RF) transceivers. 
0.107. In another feature, the method further comprises 
arranging a first electrically conducting layer adjacent to a 
first surface of the PCB, arranging a second surface of the 
PCB opposite to the first Surface, and arranging a second 
electrically conducting layer adjacent to a second Surface of 
the PCB. 

0108. In another feature, the method further comprises 
printing the first electrically conducting layer and the first, 
second, and third antennas on the first Surface, and not 
joining the first electrically conducting layer to the first, 
second, and third antennas. 
0.109. In another feature, the method further comprises 
communicating between the first and second electrically 
conducting layers. 

0110. In another feature, the method further comprises 
providing copper in the first and second electrically con 
ducting layers. 
0111. In still other features, an antenna system comprises 

first, second, and third antenna means for communicating 
radio frequency (RF) signals, wherein each of the first, 
second, and third antenna means is arranged on a printed 
circuit board (PCB) and includes arc-shaped means for 
communicating the RF signals, wherein the arc-shaped 
means has a concave side and a convex side. Each of the 
first, second, and third antenna means includes conducting 
means for communicating with the arc-shaped means, 
wherein the conducting means extends Substantially radially 
from a center of the concave side. Each of the first, second, 
and third antenna means includes U-shaped means for 
communicating the RF signals, wherein the U-shaped means 
has a base portion with a center that communicates with the 
conducting means and two side portions that extend from 
ends of the base portion towards the concave side. 
0.112. In another feature, the two side portions and the 
conducting means are substantially parallel to each other and 
Substantially perpendicular to the base portion. 

0113. In another feature, the convex side of the arc 
shaped means radiates electromagnetic radiation and the 
U-shaped means directs the electromagnetic radiation. 
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0114. In another feature, the first, second, and third 
antenna means communicates in a dual frequency band in a 
3x3 multiple input multiple output (MIMO) configuration. 

0115) In another feature, the first, second, and third 
antenna means communicate in 2.4 GHz and 5 GHz fre 
quency bands in a 3x3 multiple input multiple output 
(MIMO) configuration. 

0116. In another feature, the arc-shaped means commu 
nicates in a 2.4 GHz frequency band and the U-shaped 
means communicates in a 5 GHZ, frequency band. 

0117. In another feature, the first, second, and third 
antenna means are printed on the PCB. 

0118. In another feature, the convex side of the first 
antenna means is adjacent to a first edge of the PCB. The 
convex side of the second antenna means is adjacent to a 
second edge of the PCB, wherein the second edge is 
opposite and Substantially parallel to the first edge, and 
wherein tangents drawn at centers of the convex sides of the 
first and second antenna means are substantially parallel to 
each other. The convex side of the third antenna means is 
adjacent to a third edge of the PCB, wherein a tangent drawn 
at a center of the convex side of the third antenna is 
Substantially perpendicular to the tangents and the first and 
second edges. 

0119). In another feature, the conducting means of the first 
and second antenna means are substantially collinear and 
extend towards each other. The conducting means of the 
third antenna means extends Substantially perpendicularly 
towards a line joining the conducting means of the first and 
second antenna means. 

0120 In another feature, the concave sides of the first and 
second antenna means face each other. The conducting 
means of the first and second antenna means are Substan 
tially collinear and extend towards each other. The concave 
side of the third antenna means faces a line joining the 
conducting means of the first and second antenna means. 
The conducting means of the third antenna means extends 
substantially perpendicularly towards the line. 

0121. In another feature, the conducting means of each of 
the first, second, and third antenna means communicates 
with respective radio frequency (RF) transceivers. 

0122) In another feature, the PCB comprises first and 
second layers of electrically conducting means for commu 
nicating with the first, second, and third antenna means, and 
wherein the first layer is adjacent to a first surface of the PCB 
and the second layer is adjacent to a second Surface of the 
PCB, and wherein the first surface is opposite to the second 
Surface. 

0123. In another feature, the first layer and the first, 
second, and third antenna means are printed on the first 
surface, and wherein the first layer is not joined to the first, 
second, and third antenna means. 

0.124. In another feature, the antenna system further com 
prises through-hole means for communicating between the 
first and second layers. 

0125. In another feature, the electrically conducting 
means includes copper. 
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0.126 In another feature, a wireless network device com 
prises the antenna system. 
0127. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 
0128. In another feature, a wireless network device com 
prises the antenna system of wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0129. In another feature, a cellular phone comprises the 
antenna system. 

0.130. In still other features, an antenna system comprises 
a first antenna that is arranged on a printed circuit board 
(PCB) and that includes an arc-shaped element having a 
concave side and a convex side and a conducting element 
that extends substantially radially from a center of the 
concave side. The first antenna includes a U-shaped element 
having a base portion with a center that communicates with 
the conducting element and two side portions that extend 
from ends of the base portion towards the concave side. The 
antenna System further includes second and third antennas 
that are arranged on the PCB and that include an inner ring 
and an outer ring that is concentric to the inner ring. 
0.131. In another feature, the two side portions and the 
conducting element are Substantially parallel to each other 
and substantially perpendicular to the base portion. 
0.132. In another feature, the inner ring has a greater ring 
width than the outer ring, and wherein the ring width is a 
radial distance between an inner circumference and an outer 
circumference of each of the inner ring and the outer ring. 
0133. In another feature, the inner ring communicates 
with the outer ring. 
0.134. In another feature, the concave side faces the 
second and third antennas. The center of the concave side 
and centers of the inner and outer rings of the second and 
third antennas constitute vertices of a triangle. The conduct 
ing element is substantially perpendicular to a line joining 
the centers. The conducting element extends towards a 
mid-point of the line. 
0.135) In another feature, the triangle is one of an isos 
celes triangle and an equilateral triangle. 
0.136. In another feature, the convex side radiates elec 
tromagnetic radiation and the U-shaped element directs the 
electromagnetic radiation. 
0.137 In another feature, the first, second, and third 
antennas communicate in a dual frequency band in a 3x3 
multiple input multiple output (MIMO) configuration. 
0.138. In another feature, the first, second, and third 
antennas communicate in 2.4 GHZ, and 5 GHZ, frequency 
bands in a 3x3 multiple input multiple output (MIMO) 
configuration. 
0.139. In another feature, the arc-shaped element commu 
nicates in a 2.4 GHz frequency band and the U-shaped 
element communicates in a 5 GHZ, frequency band. 
0140. In another feature, the inner ring communicates in 
a 5 GHZ, frequency band and the outer ring communicates in 
a 2.4 GHz frequency band. 
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0141. In another feature, the first antenna is printed on the 
PCB. The second and third antennas are mounted on the 
PCB. 

0142. In another feature, the conducting element of the 
first antenna communicates with a radio frequency (RF) 
transceiver. The second and third antennas communicate 
with respective radio frequency (RF) transceivers. 
0143. In another feature, the PCB comprises a first elec 
trically conducting layer that is adjacent to a first Surface of 
the PCB and a second electrically conducting layer that is 
adjacent to a second surface of the PCB, and wherein the 
first Surface is opposite to the second Surface. 
0144. In another feature, the first electrically conducting 
layer and the first antenna are printed on the first Surface, and 
wherein the first electrically conducting layer is not joined to 
the first antenna. 

0145. In another feature, the second and third antennas 
are mounted on the first electrically conducting layer, and 
wherein the inner rings of the second and third antennas 
communicate with the first electrically conducting layer. 
0146 In another feature, the first electrically conducting 
layer communicates with the second electrically conducting 
layer via through-holes. 

0147 In another feature, the first and second electrically 
conducting layers include copper. 

0148. In another feature, a wireless network device com 
prises the antenna system. 
0149. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 
0150. In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0151. In another feature, a cellular phone comprises the 
antenna system. 

0152. In still other features, a method comprises arrang 
ing an arc-shaped element of a first antenna on a printed 
circuit board (PCB), wherein the arc-shaped element has a 
concave side and a convex side, and extending a conducting 
element of the first antenna substantially radially from a 
center of the concave side on the PCB. The method further 
comprises arranging a base portion of a U-shaped element of 
the first antenna on the PCB, communicating between a 
center of the base portion and the conducting element, and 
extending two side portions of the U-shaped element from 
ends of the base portion towards the concave side. The 
method further comprises arranging an inner ring of each of 
second and third antennas concentrically with an outer ring 
of each of the second and third antennas on the PCB, 
respectively. 

0153. In another feature, the method further comprises 
arranging the two side portions and the conducting element 
substantially perpendicular to the base portion on the PCB. 

0154) In another feature, the method further comprises 
communicating between the inner and outer rings, wherein 
the inner ring has a greater ring width than the outer ring, 
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and wherein the ring width is a radial distance between an 
inner circumference and an outer circumference of each of 
the inner ring and the outer ring. 
0.155. In another feature, the method further comprises 
arranging the concave side facing the second and third 
antennas. The method further comprises arranging the center 
of the concave side and centers of the inner and outer rings 
of the second and third antennas at vertices of a triangle, 
wherein the triangle is one of an isosceles triangle and an 
equilateral triangle. The method further comprises arranging 
the conducting element Substantially perpendicular to a line 
joining the centers. The method further comprises extending 
the conducting element towards a mid-point of the line. 

0.156. In another feature, the method further comprises 
radiating electromagnetic radiation from the convex side of 
the arc-shaped element and directing the electromagnetic 
radiation with the U-shaped element. 
0157. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in a dual frequency band. 

0158. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in 2.4 GHZ, and 5 GHZ, frequency bands. 

0159. In another feature, the method further comprises 
communicating in a 2.4 GHz frequency band with the 
arc-shaped element and communicating in a 5 GHZ, fre 
quency band with the U-shaped element. 

0.160 In another feature, the method further comprises 
communicating in a 2.4 GHz frequency band with the outer 
ring and communicating in a 5 GHZ, frequency band with the 
inner ring. 

0.161 In another feature, the method further comprises 
printing the first antenna on the PCB. The method further 
comprises mounting the second and third antennas on the 
PCB. 

0162. In another feature, the method further comprises 
communicating between the conducting element of the first 
antenna and a radio frequency (RF) transceivers. The 
method further comprises communicating between the sec 
ond and third antennas and respective radio frequency (RF) 
transceivers. 

0163. In another feature, the method further comprises 
arranging a first electrically conducting layer adjacent to a 
first surface of the PCB, arranging a second surface of the 
PCB opposite to the first Surface, and arranging a second 
electrically conducting layer adjacent to a second Surface of 
the PCB. 

0164. In another feature, the method further comprises 
printing the first electrically conducting layer and the first 
antenna on the first Surface, and not joining the first elec 
trically conducting layer to the first antenna. 

0.165. In another feature, the method further comprises 
mounting the second and third antennas on the first electri 
cally conducting layer, and communicating between the first 
electrically conducting layer and the inner rings of the 
second and third antennas. 
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0166 In another feature, the method further comprises 
communicating between the first and second electrically 
conducting layers. 

0167. In another feature, the method further comprises 
providing copper in the first and second electrically con 
ducting layers. 

0168 In still other features, an antenna system comprises 
first antenna means for communicating radio frequency (RF) 
signals, wherein the first antenna means is arranged on a 
printed circuit board (PCB). The first antenna means 
includes arc-shaped means for communicating the RF sig 
nals, wherein the arc-shaped means has a concave side and 
a convex side and conducting means for communicating 
with the arc-shaped means, wherein the conducting means 
extends substantially radially from a center of the concave 
side. The first antenna means includes and U-shaped means 
for communicating the RF signals, wherein the U-shaped 
means has a base portion with a center that communicates 
with the conducting means and two side portions that extend 
from ends of the base portion towards the concave side. The 
antenna system further comprises second and third antenna 
means for communicating the RF signals, wherein each of 
the second and third antenna means is arranged on the PCB 
and includes inner ring means for communicating the RF 
signals and outer ring means for communicating the RF 
signals, and wherein the inner and outer ring means are 
concentric. 

0169. In another feature, the two side portions and the 
conducting means are substantially parallel to each other and 
Substantially perpendicular to the base portion. 
0170 In another feature, the inner ring means has a 
greater ring width than the outer ring means, and wherein the 
ring width is a radial distance between an inner circumfer 
ence and an outer circumference of each of the inner and 
outer ring means. 
0171 In another feature, the inner ring means commu 
nicates with the outer ring means. 
0172 In another feature, the concave side faces the 
second and third antenna means. The center of the concave 
side and centers of the inner and outer rings of the second 
and third antenna means constitute vertices of a triangle. The 
conducting means is substantially perpendicular to a line 
joining the centers. The conducting means extends towards 
a mid-point of the line. 
0173. In another feature, the triangle is one of an isos 
celes triangle and an equilateral triangle. 
0.174. In another feature, the convex side radiates elec 
tromagnetic radiation and the U-shaped means directs the 
electromagnetic radiation. 

0175. In another feature, the first, second, and third 
antenna means communicate in a dual frequency band in a 
3x3 multiple input multiple output (MIMO) configuration. 

0176). In another feature, the first, second, and third 
antenna means communicate in 2.4 GHz and 5 GHz fre 
quency bands in a 3x3 multiple input multiple output 
(MIMO) configuration. 

0177. In another feature, the arc-shaped means commu 
nicates in a 2.4 GHz frequency band and the U-shaped 
means communicates in a 5 GHZ, frequency band. 
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0.178 In another feature, the inner ring means commu 
nicates in a 5 GHZ frequency band and the outer ring means 
communicates in a 2.4 GHz frequency band. 
0179. In another feature, the first antenna means is 
printed on the PCB. The second and third antenna means are 
mounted on the PCB. 

0180. In another feature, the conducting means of the first 
antenna means communicates with a radio frequency (RF) 
transceiver. The second and third antenna means communi 
cate with respective radio frequency (RF) transceivers. 
0181. In another feature, the PCB comprises first and 
second layers of electrically conducting means for commu 
nicating with the first, second, and third antenna means, and 
wherein the first layer is adjacent to a first surface of the PCB 
and the second layer is adjacent to a second Surface of the 
PCB, and wherein the first surface is opposite to the second 
Surface. 

0182. In another feature, the first layer and the first 
antenna means are printed on the first Surface, and wherein 
the first layer is not joined to the first antenna means. 
0183 In another feature, the second and third antenna 
means are mounted on the first layer, and wherein the inner 
ring means of the second and third antenna means commu 
nicate with the first layer. 
0.184 In another feature, the antenna system further com 
prises through-hole means for communicating between the 
first and second layers. 
0185. In another feature, the electrically conducting 
means includes copper. 
0186. In another feature, a wireless network device com 
prises the antenna system. 
0187. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 
0188 In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0189 In another feature, a cellular phone comprises the 
antenna system. 

0190. In still other features, an antenna system comprises 
first, second, and third antennas that are arranged on a 
printed circuit board (PCB) and that include an inner ring 
and an outer ring that is concentric to the inner ring. 
0191 In another feature, centers of the inner and outer 
rings of the first, second, and third antennas constitute 
vertices of a triangle. The triangle is one of an isosceles 
triangle and an equilateral triangle. 

0.192 In another feature, the inner ring has a greater ring 
width than the outer ring, and wherein the ring width is a 
radial distance between an inner circumference and an outer 
circumference of each of the inner ring and the outer ring. 
The inner ring communicates with the outer ring. 
0193 In another feature, the first, second, and third 
antennas communicate in a dual frequency band in a 3x3 
multiple input multiple output (MIMO) configuration. 
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0194 In another feature, the first, second, and third 
antennas communicate in 2.4 GHZ, and 5 GHZ, frequency 
bands in a 3x3 multiple input multiple output (MIMO) 
configuration. 

0.195. In another feature, the inner ring communicates in 
a 5 GHZ, frequency band and the outer ring communicates in 
a 2.4 GHz frequency band. 
0196. In another feature, the first, second, and third 
antennas are mounted on the PCB. 

0197). In another feature, the first, second, and third 
antennas communicate with a respective radio frequency 
(RF) transceiver. 
0198 In another feature, the PCB comprises a first elec 
trically conducting layer that is adjacent to a first Surface of 
the PCB and a second electrically conducting layer that is 
adjacent to a second surface of the PCB, and wherein the 
first Surface is opposite to the second Surface. 
0199. In another feature, the first, second, and third 
antennas are mounted on the first electrically conducting 
layer, and wherein the inner rings of the first, second, and 
third antennas communicate with the first electrically con 
ducting layer. 
0200. In another feature, the first electrically conducting 
layer communicates with the second electrically conducting 
layer via through-holes. 

0201 In another feature, the first and second electrically 
conducting layers include copper. 

0202) In another feature, a wireless network device com 
prises the antenna system. 
0203. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 
0204. In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0205. In another feature, a cellular phone comprises the 
antenna system. 

0206. In still other features, a method comprises arrang 
ing an inner ring of each of first, second, and third antennas 
on a printed circuit board (PCB), and arranging an outer ring 
of each of the first, second, and third antennas concentrically 
with the inner ring of the first, second, and third antennas on 
the PCB, respectively. 
0207. In another feature, centers of the inner and outer 
rings of the first, second, and third antennas constitute 
vertices of a triangle. 
0208. In another feature, the method further comprises 
arranging the centers on vertices of one of an isosceles 
triangle and an equilateral triangle. 

0209. In another feature, the method further comprises 
communicating between the inner and outer rings, wherein 
the inner ring has a greater ring width than the outer ring, 
and wherein the ring width is a radial distance between an 
inner circumference and an outer circumference of each of 
the inner ring and the outer ring. 
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0210. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in a dual frequency band. 
0211. In another feature, the method further comprises 
configuring the first, second, and third antennas in a 3x3 
multiple input multiple output (MIMO) configuration and 
communicating in 2.4 GHZ, and 5 GHZ, frequency bands. 
0212. In another feature, the method further comprises 
communicating in a 2.4 GHz frequency band with the outer 
ring and communicating in a 5 GHZ, frequency band with the 
inner ring. 
0213. In another feature, the method further comprises 
mounting the first, second, and third antennas on the PCB. 
0214. In another feature, the method further comprises 
communicating between the first, second, and third antennas 
and respective radio frequency (RF) transceivers. 
0215. In another feature, the method further comprises 
arranging a first electrically conducting layer adjacent to a 
first surface of the PCB, arranging a second surface of the 
PCB opposite to the first Surface, and arranging a second 
electrically conducting layer adjacent to said second Surface 
of the PCB. 

0216) In another feature, the method further comprises 
mounting the first, second, and third antennas on the first 
electrically conducting layer, and communicating between 
the first electrically conducting layer and the inner rings of 
the first, second, and third antennas. 
0217. In another feature, the method further comprises 
communicating between the first and second electrically 
conducting layers. 
0218. In another feature, the method further comprises 
providing copper in the first and second electrically con 
ducting layers. 
0219. In still other features, an antenna system comprises 

first, second, and third antenna means for communicating 
radio frequency (RF) signals, wherein each of the first, 
second, and third antenna means is arranged on a printed 
circuit board (PCB) and includes inner ring means for 
communicating the RF signals and outer ring means for 
communicating the RF signals, wherein the inner and outer 
ring means are concentric. 
0220. In another feature, centers of the inner and outer 
ring means of the first, second, and third antenna means 
constitute vertices of a triangle. The triangle is one of an 
isosceles triangle and an equilateral triangle. 
0221) In another feature, the inner ring means has a 
greater ring width than the outer ring means, and wherein the 
ring width is a radial distance between an inner circumfer 
ence and an outer circumference of each of the inner and 
outer ring means. The inner ring means communicates with 
the outer ring means. 
0222. In another feature, the first, second, and third 
antenna means communicate in a dual frequency band in a 
3x3 multiple input multiple output (MIMO) configuration. 
0223) In another feature, the first, second, and third 
antenna means communicate in 2.4 GHz and 5 GHz fre 
quency bands in a 3x3 multiple input multiple output 
(MIMO) configuration. 
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0224. In another feature, the inner ring means commu 
nicates in a 5 GHZ frequency band and the outer ring means 
communicates in a 2.4 GHz frequency band. 
0225. In another feature, the first, second, and third 
antenna means are mounted on the PCB. 

0226. In another feature, the first, second, and third 
antenna means communicate with a respective radio fre 
quency (RF) transceiver. 
0227. In another feature, the PCB comprises first and 
second layers of electrically conducting means for commu 
nicating with the first, second, and third antenna means, and 
wherein the first layer is adjacent to a first surface of the PCB 
and the second layer is adjacent to a second Surface of the 
PCB, and wherein the first surface is opposite to the second 
Surface. 

0228. In another feature, the first, second, and third 
antenna means are mounted on the first layer, and wherein 
the inner ring means of each of the first, second, and third 
antenna means communicates with the first layer. 
0229. In another feature, the antenna system further com 
prises through-hole means for communicating between the 
first and second layers. 
0230. In another feature, the electrically conducting 
means includes copper. 

0231. In another feature, a wireless network device com 
prises the antenna system. 

0232. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 

0233. In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0234. In another feature, a cellular phone comprises the 
antenna system. 

0235. In still other features, an antenna system comprises 
first and second antennas that are arranged on a printed 
circuit board (PCB) and that include an arc-shaped element 
having a concave side and a convex side and a conducting 
element that extends substantially radially from a center of 
the concave side. The first and second antennas include a 
U-shaped element having a base portion with a center that 
communicates with the conducting element and two side 
portions that extend from ends of the base portion towards 
the concave side. The antenna system further comprises 
third and fourth antennas that are arranged on the PCB and 
that include an inner ring and an outer ring that is concentric 
to the inner ring. 

0236. In another feature, the two side portions and the 
conducting element are Substantially parallel to each other 
and Substantially perpendicular to the base portion. 

0237. In another feature, the inner ring has a greater ring 
width than the outer ring, and wherein the ring width is a 
radial distance between an inner circumference and an outer 
circumference of each of the inner ring and the outer ring. 
The inner ring communicates with the outer ring. 
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0238. In another feature, the concave sides of the arc 
shaped elements of the first and second antennas face the 
third and fourth antennas. A first line joining the centers of 
the concave sides is Substantially parallel to a second line 
joining centers of the inner and outer rings of the third and 
fourth antennas. The conducting elements of the first and 
second antennas are Substantially perpendicular to the first 
and second lines. 

0239). In another feature, the centers of the concave sides 
of the first and second antennas and centers of the inner and 
outer rings of the third and fourth antennas constitute 
vertices of a rectangle. 

0240. In another feature, the convex side of the arc 
shaped element radiates electromagnetic radiation and the 
U-shaped element directs the electromagnetic radiation. 

0241. In another feature, the first, second, third, and 
fourth antennas communicate in a dual frequency band in a 
4x4 multiple input multiple output (MIMO) configuration. 

0242. In another feature, the first, second, third, and 
fourth antennas communicate in 2.4 GHz and 5 GHz fre 
quency bands in a 4x4 multiple input multiple output 
(MIMO) configuration. 

0243 In another feature, the arc-shaped element commu 
nicates in a 2.4 GHz frequency band and the U-shaped 
element communicates in a 5 GHZ, frequency band. 

0244. In another feature, the inner ring communicates in 
a 5 GHZ, frequency band and the outer ring communicates in 
a 2.4 GHz frequency band. 

0245. In another feature, the first and second antennas are 
printed on the PCB. The third and fourth antennas are 
mounted on the PCB. 

0246. In another feature, the conducting elements of the 
first and second antennas communicate with respective radio 
frequency (RF) transceivers. The third and fourth antennas 
communicate with respective radio frequency (RF) trans 
ceivers. 

0247. In another feature, the PCB comprises a first elec 
trically conducting layer that is adjacent to a first Surface of 
the PCB and a second electrically conducting layer that is 
adjacent to a second surface of the PCB, and wherein the 
first Surface is opposite to the second Surface. 
0248. In another feature, the first electrically conducting 
layer and the first and second antennas are printed on the first 
Surface, and wherein the first electrically conducting layer is 
not joined to the first and second antennas. 

0249. In another feature, the third and fourth antennas are 
mounted on the first electrically conducting layer, and 
wherein the inner rings of the third and fourth antennas 
communicate with the first electrically conducting layer. 

0250). In another feature, the first electrically conducting 
layer communicates with the second electrically conducting 
layer via through-holes. 

0251. In another feature, the first and second electrically 
conducting layers include copper. 

0252) In another feature, a wireless network device com 
prises the antenna system. 
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0253) In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 

0254. In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0255 In another feature, a cellular phone comprises the 
antenna system. 

0256 In still other features, a method comprises arrang 
ing an arc-shaped element of each of first and second 
antennas on a printed circuit board (PCB), wherein the 
arc-shaped element has a concave side and a convex side, 
and extending a conducting element of each of the first and 
second antennas Substantially radially from a center of the 
concave side of the arc-shaped element of each of the first 
and second antennas on the PCB, respectively. The method 
further comprises arranging a base portion of a U-shaped 
element of each of the first and second antennas on the PCB, 
communicating between a center of the base portion and the 
conducting element, and extending two side portions of the 
U-shaped element from ends of the base portion towards the 
concave side on the PCB. The method further comprises 
arranging an inner ring of each one third and fourth antennas 
concentrically with an outer ring of each of the third and 
fourth antennas on the PCB, respectively. 

0257. In another feature, the method further comprises 
arranging the two side portions and the conducting element 
Substantially parallel to each other and Substantially perpen 
dicular to the base portion on the PCB. 

0258. In another feature, the method further comprises 
communicating between the inner and outer rings, wherein 
the inner ring has a greater ring width than the outer ring, 
and wherein the ring width is a radial distance between an 
inner circumference and an outer circumference of each of 
the inner ring and the outer ring. 

0259. In another feature, the method further comprises 
arranging the conducting element of the first antenna Sub 
stantially perpendicular to a line joining centers of the inner 
and outer rings of the third and fourth antennas, arranging 
the conducting element of the second antenna Substantially 
perpendicular to the line, and extending the conducting 
elements of the first and second antennas towards the line. 

0260. In another feature, the method further comprises 
arranging the centers of the concave sides of the first and 
second antennas and center of the inner and outer rings of 
the third and fourth antennas on vertices of a rectangle. 

0261. In another feature, the method further comprises 
radiating electromagnetic radiation from the convex side of 
the arc-shaped element and directing the electromagnetic 
radiation with the U-shaped element. 

0262. In another feature, the method further comprises 
configuring the first, second, third, and fourth antennas in a 
4x4 multiple input multiple output (MIMO) configuration 
and communicating in a dual frequency band. 

0263. In another feature, the method further comprises 
communicating in a 2.4 GHz frequency band with the 
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arc-shaped element and communicating in a 5 GHZ, fre 
quency band with the U-shaped element. 
0264. In another feature, the method further comprises 
communicating in a 2.4 GHz frequency band with the outer 
ring and communicating in a 5 GHZ, frequency band with the 
inner ring. 
0265. In another feature, the method further comprises 
printing the first and second antennas on the PCB. The 
method further comprises mounting the third and fourth 
antennas on the PCB. 

0266. In another feature, the method further comprises 
communicating between each of the conducting elements of 
the first and second antennas and respective radio frequency 
(RF) transceivers. 
0267 In another feature, the method further comprises 
communicating between each of the third and fourth anten 
nas and respective radio frequency (RF) transceivers. 
0268. In another feature, the method further comprises 
arranging a first electrically conducting layer adjacent to a 
first surface of the PCB and a second electrically conducting 
layer adjacent to a second surface of the PCB, wherein the 
first Surface is opposite to the second Surface. 
0269. In another feature, the method further comprises 
printing the first electrically conducting layer and the first 
and second antennas on the first Surface, and not joining the 
first electrically conducting layer to the first and second 
antennas. 

0270. In another feature, the method further comprises 
mounting the third and fourth antennas on the first electri 
cally conducting layer, and communicating between the first 
electrically conducting layer and the inner rings of the third 
and fourth antennas. 

0271 In another feature, the method further comprises 
communicating between the first and second electrically 
conducting layers. 
0272. In another feature, the method further comprises 
providing copper in the first and second electrically con 
ducting layers. 
0273. In still other features, an antenna system comprises 

first and second antenna means for communicating radio 
frequency (RF) signals, wherein each of the first and second 
antenna means is arranged on a printed circuit board (PCB). 
Each of the first and second antenna means includes arc 
shaped means for radiating the RF signals, wherein the 
arc-shaped means has a concave side and a convex side and 
conducting means for communicating with the arc-shaped 
means, wherein the conducting means extends Substantially 
radially from a center of the concave side. Each of the first 
and second antenna means includes U-shaped means for 
communicating the RF signals, wherein the U-shaped means 
has a base portion with a center that communicates with the 
conducting means and two side portions that extend from 
ends of the base portion towards the concave side. The 
antenna System further comprises third and fourth antenna 
means for communicating the RF signals, wherein each of 
the third and fourth antenna means is arranged on the PCB 
and includes inner ring means for communicating the RF 
signals and outer ring means for communicating the RF 
signals, and wherein the inner and outer ring means are 
concentric. 
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0274. In another feature, the two side portions and the 
conducting element are Substantially parallel to each other 
and Substantially perpendicular to the base portion. 

0275. In another feature, the inner ring means has a 
greater ring width than the outer ring means, and wherein the 
ring width is a radial distance between an inner circumfer 
ence and an outer circumference of each of the inner ring 
means and outer ring means. The inner ring means commu 
nicates with the outer ring means. 

0276. In another feature, the concave sides of the arc 
shaped means of the first and second antenna means face the 
third and fourth antenna means. A first line joining the 
centers of the concave sides is Substantially parallel to a 
second line joining centers of the inner and outer ring means 
of the third and fourth antenna means. The conducting 
means of the first and second antenna means are Substan 
tially perpendicular to the first and second lines. 

0277. In another feature, the centers of the concave sides 
of the first and second antenna means and the centers of the 
inner and outer ring means of the third and fourth antenna 
means constitute vertices of a rectangle. 

0278 In another feature, the convex side of the arc 
shaped means radiates electromagnetic radiation and the 
U-shaped means directs the electromagnetic radiation. 

0279. In another feature, the first, second, third, and 
fourth antenna means communicate in a dual frequency band 
in a 4x4 multiple input multiple output (MIMO) configura 
tion. 

0280. In another feature, the first, second, third, and 
fourth antenna means communicate in 2.4 GHz and 5 GHz 
frequency bands in a 4x4 multiple input multiple output 
(MIMO) configuration. 

0281. In another feature, the arc-shaped means commu 
nicates in a 2.4 GHz frequency band and the U-shaped 
means communicates in a 5 GHZ, frequency band. 

0282. In another feature, the inner ring means commu 
nicates in a 5 GHZ frequency band and the outer ring means 
communicates in a 2.4 GHz frequency band. 

0283. In another feature, the first and second antenna 
means are printed on the PCB. The third and fourth antenna 
means are mounted on the PCB. 

0284. In another feature, the conducting means of the first 
and second antenna means communicate with respective 
radio frequency (RF) transceivers. The third and fourth 
antenna means communicate with respective radio fre 
quency (RF) transceivers. 

0285) In another feature, the PCB comprises first and 
second layers of electrically conducting means for commu 
nicating with the first, second, third, and fourth antenna 
means, and wherein the first layer is adjacent to a first 
surface of the PCB and the second layer is adjacent to a 
second surface of the PCB, and wherein the first surface is 
opposite to the second Surface. 

0286. In another feature, the first layer and the first and 
second antenna means are printed on the first Surface, and 
wherein the first layer is not joined to the first and second 
antenna means. 
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0287. In another feature, the third and fourth antenna 
means are mounted on the first layer, and wherein the inner 
ring means of the third and fourth antenna means commu 
nicate with the first layer. 
0288. In another feature, the antenna system further com 
prises through-hole means for communicating between the 
first and second layers. 
0289. In another feature, the electrically conducting 
means includes copper. 
0290. In another feature, a wireless network device com 
prises the antenna system. 
0291. In another feature, a device comprises the antenna 
system wherein the device is compliant with Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 
0292. In another feature, a wireless network device com 
prises the antenna system wherein the wireless network 
device operates in a wireless fidelity local area network and 
complies with at least one of IEEE 802.11a, 802.11b, 
802.11g, 802.11n, and 802.16 standards. 
0293. In another feature, a cellular phone comprises the 
antenna system. 

0294 Further areas of applicability of the present disclo 
sure will become apparent from the detailed description 
provided hereinafter. It should be understood that the 
detailed description and specific examples, while indicating 
the preferred embodiment of the disclosure, are intended for 
purposes of illustration only and are not intended to limit the 
Scope of the disclosure. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0295) The present disclosure will become more fully 
understood from the detailed description and the accompa 
nying drawings, wherein: 
0296 FIG. 1A is a block diagram of an exemplary 
wireless network operating in an ad-hoc mode according to 
the prior art; 
0297 FIG. 1B is a block diagram of an exemplary 
wireless network operating in an infrastructure mode 
according to the prior art; 
0298 FIG. 1C is an exemplary block diagram of a 
wireless network device according to the prior art; 
0299 FIG. 2A shows a 3x3 single band antenna system 
printed on a printed circuit board (PCB) according to the 
present disclosure; 
0300 FIG. 2B shows a single band antenna used in the 
antenna system of FIG. 2A according to the present disclo 
Sure; 

0301 FIG. 2C shows an inner ground layer in the PCB of 
FIG. 2A; 

0302 FIG. 2D is a cross-sectional view of the PCB of 
FIG. 2A showing different layers of the PCB; 
0303 FIG. 2E is a cross-sectional view of a via-hole (i.e., 
a through-hole) in the PCB of FIG. 2A; 
0304 FIG. 3A shows a 3x3 dual band antenna system 
printed on a printed circuit board (PCB) according to the 
present disclosure; 
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0305 FIG. 3B shows a dual band antenna used in the 
antenna system of FIG. 3A according to the present disclo 
Sure; 

0306 FIG. 3C shows a single band antenna used as an 
element of the dual band antenna of FIG. 3B according to the 
present disclosure; 

0307 FIG. 3D shows an element of the dual band antenna 
of FIG. 3B according to the present disclosure; 
0308 FIG.3E shows exemplary triangular shapes etched 
on a dual band antenna of FIG. 3B when the dual band 
antenna is printed on a PCB according to the present 
disclosure; 

0309 FIG. 4A shows an antenna system comprising a 
dual band antenna of FIG. 3B printed on a PCB and two ring 
antennas mounted on the PCB according to the present 
disclosure; 

0310 FIG. 4B shows geometry of a ring antenna used in 
the antenna system of FIG. 4A according to the present 
disclosure; 

0311 FIG. 4C is a mechanical drawing showing exem 
plary physical specifications of the two ring antennas used in 
the antenna system of FIG. 4A according to the present 
disclosure; 

0312 FIG. 4D is a mechanical drawing showing top view 
and exemplary physical specifications of a left ring antenna 
used in the antenna system of FIG. 4A according to the 
present disclosure; 
0313 FIG. 4E is a mechanical drawing showing top view 
of a right ring antenna used in the antenna system of FIG. 4A 
according to the present disclosure; 
0314 FIG. 4F is a mechanical drawing showing right 
side view and exemplary physical specifications of the ring 
antennas used in the antenna system of FIG. 4A according 
to the present disclosure; 
0315 FIG. 4G is a mechanical drawing showing front 
side view and exemplary physical specifications of the ring 
antennas used in the antenna system of FIG. 4A according 
to the present disclosure; 
0316 FIG. 4H is a mechanical drawing showing a front 
side view of the ring antennas mounted on a PCB in the 
antenna system of FIG. 4A according to the present disclo 
Sure; 

0317 FIG. 4I shows an inner ground layer in the PCB of 
FIG. 4A; 

0318 FIG. 4J is a cross-sectional view of the PCB of 
FIG. 4A showing different layers of the PCB; 

0319 FIG. 4K is a cross-sectional view of a via-hole (i.e., 
a through-hole) in the PCB of FIG. 4A; 
0320 FIG. 5 is a graph of return loss versus frequency for 
the antennas in the antenna system of FIG. 4A according to 
the present disclosure; 
0321 FIG. 6A shows a radiation pattern of the printed 
dual band antenna when communicating in 2.4 GHz fre 
quency band in the antenna system of FIG. 4A according to 
the present disclosure; 
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0322 FIG. 6B shows a radiation pattern of the right ring 
antenna when communicating in 2.4 GHz frequency band in 
the antenna system of FIG. 4A according to the present 
disclosure; 
0323 FIG. 6C shows a radiation pattern of the left ring 
antenna when communicating in 2.4 GHz frequency band in 
the antenna system of FIG. 4A according to the present 
disclosure; 
0324 FIG. 7A shows a radiation pattern of the printed 
dual band antenna when communicating in 5 GHZ, frequency 
band in the antenna system of FIG. 4A according to the 
present disclosure; 
0325 FIG. 7B shows a radiation pattern of the right ring 
antenna when communicating in 5 GHZ, frequency band in 
the antenna system of FIG. 4A according to the present 
disclosure; 
0326 FIG. 7C shows a radiation pattern of the left ring 
antenna when communicating in 5 GHZ, frequency band in 
the antenna system of FIG. 4A according to the present 
disclosure; 
0327 FIG. 8A shows an antenna system comprising three 
ring antennas mounted on a PCB according to the present 
disclosure; 
0328 FIG. 8B shows an inner ground layer in the PCB of 
FIG. 8A: 

0329 FIG. 8C is a cross-sectional view of the PCB of 
FIG. 8A showing different layers of the PCB; 
0330 FIG. 8D is a cross-sectional view of a via-hole (i.e., 
a through-hole) in the PCB of FIG. 8A: 
0331 FIG. 9A shows an antenna system comprising two 
dual band antennas printed on a PCB and two ring antennas 
mounted on the PCB according to the present disclosure; 
0332 FIG.9B shows an inner ground layer in the PCB of 
FIG.9A; 

0333 FIG. 9C is a cross-sectional view of the PCB of 
FIG. 9A showing different layers of the PCB; 
0334 FIG.9D is a cross-sectional view of a via-hole (i.e., 
a through-hole) in the PCB of FIG. 9A; 
0335 FIG. 10A is a functional block diagram of a high 
definition television; 

0336 FIG. 10B is a functional block diagram of a vehicle 
control system; 

0337 FIG. 10C is a functional block diagram of a cellular 
phone; 

0338 FIG. 10D is a functional block diagram of a set top 
box; and 

0339 FIG. 10E is a functional block diagram of a media 
player. 

DETAILED DESCRIPTION 

0340. The following description is merely exemplary in 
nature and is in no way intended to limit the present 
disclosure, its application, or uses. For purposes of clarity, 
the same reference numbers will be used in the drawings to 
identify similar elements. As used herein, the term module, 
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circuit and/or device refers to an Application Specific Inte 
grated Circuit (ASIC), an electronic circuit, a processor 
(shared, dedicated, or group) and memory that execute one 
or more software or firmware programs, a combinational 
logic circuit, and/or other Suitable components that provide 
the described functionality. As used herein, the phrase at 
least one of A, B, and C should be construed to mean a 
logical (A or B or C), using a non-exclusive logical or. It 
should be understood that steps within a method may be 
executed in different order without altering the principles of 
the present disclosure. 
0341 Physical dimensions of a wireless device generally 
limit the number of antennas that can be installed in a 
multi-input multi-output (MIMO) configuration. Some 
antennas can be implemented by printing (i.e., etching) the 
antennas on printed circuit boards (PCBs). Antennas that 
cannot be implemented in the PCBs may be mounted on the 
PCBs. Whether antennas are implemented by printing on 
PCBs, mounting on PCBs, or by a combination of both, 
geometry and alignment of one antenna relative to another 
may determine isolation among antennas. High isolation 
among antennas may improve throughput rates of wireless 
devices. 

0342 Referring now to FIGS. 2A-2E, a 3x3 single band 
antenna system 100 comprising three single band antennas 
is printed on a PCB 102. A first single band antenna 104-1, 
a second single band antenna 104-2, and a third single band 
antenna 104-3 (collectively single band antennas 104) are 
arranged in a 3x3 MIMO configuration on the PCB 102 as 
shown in FIG. 2A. The single band antennas 104 commu 
nicate in a 2.4 GHz frequency band. 
0343 Each of the single band antennas 104 comprises 
two elements as shown in FIG. 2B. A first element 106 is 
arc-shaped. The first element 106 has a convex side 106-1 
and a concave side 106-2. The first element 106 radiates 
electromagnetic radiation from the convex side 106-1. A 
conducting element 108 extends radially from a center of the 
concave side 106-2 and is perpendicular to a tangent 106-3 
drawn at a center of the convex side 106-1. 

0344) The conducting element 108 has a first end 108-1 
and a second end 108-2. The first end 108-1 is joined to the 
center of the concave side 106-2 of the first element 106. The 
conducting element 108 is perpendicular to the tangent 
106-3. The second end 108-2 is connected to a radio 
frequency (RF) transceiver (not shown) by an electrical 
connection 108-3. The electrical connection 108-3 is etched 
on the PCB 102. 

0345 The single band antennas 104 are located on the 
PCB 102 as follows. The conducting elements 108 of the 
single band antennas 104-2 and 104-3 are collinear. The 
second end 108-2 of the conducting element 108 of the 
single band antenna 104-2 forms a first vertex of a triangle. 
The second end 108-2 of the conducting element 108 of the 
single band antenna 104-3 forms a second vertex of the 
triangle. A line joining the first vertex and the second vertex 
forms a base of the triangle. The triangle may be an isosceles 
or an equilateral triangle. 

0346) The convex sides 106-1 of the first elements 106 of 
the single band antennas 104-2 and 104-3 are opposite and 
face away from each other. Specifically, the convex side 
106-1 of the first element 106 of the single band antenna 
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104-2 is adjacent to a first edge 102-1 of the PCB 102. The 
convex side 106-1 of the first element 106 of the single band 
antenna 104-3 is adjacent to a second edge 102-2 of the PCB 
102. The first edge 102-1 is opposite and parallel to the 
second edge 102-2. 
0347 A tangent 106-3 drawn at the center of the convex 
side 106-1 of the first element 106 of the single band antenna 
104-2 is parallel to a tangent 106-3 drawn at the center of the 
convex side 106-1 of the first element 106 of the single band 
antenna 104-3. The first vertex, the second vertex, the center 
of the concave side 106-2 of the single band antenna 104-2, 
and the center of the concave side 106-2 of the single band 
antenna 104-3 are collinear. 

0348 The conducting element 108 of the single band 
antenna 104-1 is perpendicular to the conducting elements 
108 of the single band antennas 104-2 and 104-3. The 
second end 108-2 of the conducting element 108 of the 
single band antenna 104-1 forms a third vertex of the 
triangle. The first element 106 of the single band antenna 
104-1 is adjacent to a third edge 102-3 of the PCB 102. A 
tangent 106-3 drawn at the center of the convex side 106-1 
of the first element 106 of the single band antenna 104-1 is 
parallel to the base of the triangle and perpendicular to the 
tangents 106-3 drawn at centers of convex sides 106-1 of the 
first elements 106 of the single band antennas 104-2 and 
104-3. 

0349 The single band antennas 104 are printed on a top 
surface 102-5 of the PCB 102 as shown in FIG. 2A. A layer 
of copper adjacent to the top surface 102-5 forms a top or an 
outer ground layer 102-4. Additionally, a layer of copper 
adjacent to a surface that is opposite to the top surface 102-5 
forms a bottom or an inner ground layer 102-6 as shown in 
FIG. 2C. The top surface 102-5 separates and insulates the 
top ground layer 102-4 from the bottom ground layer 102-6 
as shown in FIG. 2D. The top and bottom ground layers are 
connected by via-holes or through holes 102-7 as shown in 
FIG. 2E. Although copper is shown as an example, other 
electrically conducting materials may be used. 
0350 Referring now to FIGS. 3A-3E, a 3x3 dual band 
antenna system 101 comprising three dual band antennas is 
printed on the PCB 102. A first dual band antenna 110-1, a 
second dual band antenna 110-2, and a third dual band 
antenna 110-3 (collectively dual band antennas 110) are 
arranged in a 3x3 MIMO configuration on the PCB 102 as 
shown in FIG. 3A. The dual band antennas 110 communi 
cate in 2.4 GHz and 5 GHZ, frequency bands. 
0351 Each of the dual band antennas 110 comprises one 
of the single band antennas 104 of the 3x3 single band 
antenna system 100 and a third element 112 as shown in 
FIGS. 3B-3D. Thus, each of the dual band antennas 110 
comprises the first element 106, the conducting element 108, 
and the third element 112. 

0352. In each of the dual band antennas 110, the first 
element 106 communicates in the 2.4 GHz frequency band. 
The third element 112 communicates in the 5 GHz band. The 
first element 106 radiates electromagnetic radiation from the 
convex side 106-1. The third element 112 directs the elec 
tromagnetic radiation radiated by the convex side 106-1. 
0353. The conducting element 108 is connected to the 

first element 106 and to a RF transceiver (not shown) in the 
same manner as in the single band antennas 104 of the 
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antenna system 100. The first elements 106 and the con 
ducting elements 108 of the dual band antennas 110 are 
printed on the PCB 102 in the same manner as in the antenna 
system 100. 
0354 Additionally, the third elements 112 of the dual 
band antennas 110 are located and printed on the PCB 102 
as follows. The third element 112 comprises three compo 
nents as shown in FIG. 3D. Each of the three components 
has two ends. A first component 114 is perpendicular to the 
conducting element 108. A center of the first component 114 
is joined to the conducting element 108 at a right angle near 
the second end 108-2. A second component 116 and a third 
component 118 are parallel to the conducting element 108. 
A length of the second component 116 is equal to a length 
of the third component 118 and is less than a length of the 
first component 114. 
0355) A first end 114-1 of the first component 114 is 
joined to a first end 116-1 of the second component 116 at 
a right angle. A second end 114-2 of the first component 114 
is joined to a first end 118-1 of the third component 118 at 
a right angle. A second end 116-2 of the second component 
116 and a second end 118-2 of the third component 118 point 
towards the concave side 106-2 of the first element 106. That 
is, a second end 116-2 of the second component 116 and a 
second end 118-2 of the third component 118 point away 
from the second end 108-2 of the conducting element 108. 
Thus, the third element 112 may be referred to as a U-shaped 
element comprising a base portion 114 and two side portions 
116 and 118. 

0356. The third element 112 and the conducting element 
108 comprise areas 120 that may be etched on the PCB 102 
as shown in FIG. 3E. The shape of the areas 120 can be that 
of a triangle as shown or any other shape Such as a square, 
a rectangle, a circle, a hexagon, etc. The areas 120 may 
increase gain of the dual band antennas 110. The areas 120 
may be arranged adjacent to one another along the lengths 
of the conducting elements 108 and the three components of 
the third elements 112 of the dual band antennas 110. 

0357 The dual band antennas 110 are printed on a top 
surface 102-5 of the PCB 102 as shown in FIG. 3A. A layer 
of copper adjacent to the top surface 102-5 forms a top or an 
outer ground layer 102-4. Additionally, a layer of copper 
adjacent to a surface that is opposite to the top surface 102-5 
forms a bottom or an inner ground layer 102-6 as shown in 
FIG. 2C. The top surface 102-5 separates and insulates the 
top ground layer 102-4 from the bottom ground layer 102-6 
as shown in FIG. 2D. The top and bottom ground layers are 
connected by via-holes or through holes 102-7 as shown in 
FIG. 2E. Although copper is shown as an example, other 
electrically conducting materials may be used. 
0358 Referring now to FIGS. 4A-4K, a 3x3 dual band 
antenna system 150 comprising ring antennas includes a 
dual band antenna 110-1, a first ring antenna 152-1, and a 
second ring antenna 152-2. The first ring antenna 152-1 and 
the second ring antenna 152-2 (collectively ring antennas 
152) are also dual band antennas. The dual band antenna 
110-1 and the ring antennas 152 are arranged in a 3x3 
MIMO configuration on a PCB 154 as shown in FIG. 4A. 
The dual band antenna 110-1 is printed on the PCB 154. The 
ring antennas 152 are not printed on the PCB 154. Instead, 
the ring antennas 152 are mounted on the PCB 154. Printing 
and mounting is shown by two different shading patterns. 
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0359 The dual band antenna 110-1 communicates in 2.4 
GHz and 5 GHz frequency bands. The elements and com 
ponents of the dual band antenna 110-1 are identical to the 
elements and components of the dual band antenna 110-1 in 
the 3x3 dual band antenna system 101. The dual band 
antenna 110-1 is located adjacent to an edge 154-3 of the 
PCB 154 in the same manner as the dual band antenna 110-1 
is located adjacent to the edge 102-3 of the PCB 102 in the 
3x3 dual band antenna system 101. The dual band antenna 
110-1 is connected to a RF transceiver (not shown) by an 
electrical connection 108-3. The electrical connection 108-3 
is etched on the PCB 154. 

0360 The ring antennas 152 communicate in 2.4 GHz 
and 5 GHz frequency bands. The ring antennas 152 are 
connected to respective RF transceivers (not shown) by 
electrical connections 108-4. The electrical connections 
108-4 are connected to the ring antennas 152 at locations 
identified by numbers 153-4. The electrical connections 
108-4 may or may not be etched on the PCB 154. The 
electrical connections 108-4 may comprise insulated con 
ductors. 

0361 Each of the ring antennas 152 comprises two 
concentric rings as shown in FIG. 4B. An inner ring 156 
communicates in the 5 GHZ frequency band. An outer ring 
158 communicates in the 2.4 GHz frequency band. The inner 
ring 156 is wider than the outer ring 158. That is, a ring 
width R1 of the inner ring 156 is greater than the ring width 
R2 of the outer ring 158, where a ring width is a radial 
distance between an inner circumference and an outer cir 
cumference of a ring. 
0362. In the first ring antenna 152-1, the inner ring 156 is 
joined to the outer ring 158 at a location identified by the 
number 153-1. In the second ring antenna 152-2, the inner 
ring 156 is joined to the outer ring 158 at a location identified 
by the number 153-2. Detailed mechanical specifications 
and views of the ring antennas 152 are shown in FIGS. 
4C-4H. 

0363) The ring antennas 152 are located on the PCB 154 
as follows. A center of the first ring antenna 152-1 forms a 
first vertex of a triangle. A center of the second ring antenna 
152-2 forms a second vertex of the triangle. A line joining 
the first vertex and the second vertex forms a base of the 
triangle. The second end 108-2 of the conducting element 
108 of the dual band antenna 110-1 forms a third vertex of 
the triangle. The conducting element 108 is perpendicular to 
the base of the triangle. The triangle may be an isosceles or 
an equilateral triangle. 

0364 The ring antennas 152 are located on opposite sides 
of the conducting element 108 of the dual band antenna 
110-1. The outer ring 158 of the first ring antenna 152-1 is 
adjacent to a first edge 154-1 of the PCB 154. The outer ring 
158 of the second ring antenna 152-2 is adjacent to a second 
edge 154-2 of the PCB 154. The first edge 154-1 is opposite 
and parallel to the second edge 154-2. FIG. 4H shows the 
ring antennas 152 as viewed along the edge 154-3 of the 
PCB 154. 

0365. The dual band antenna 110-1 is printed on a top 
surface 154-5 of the PCB 154 as shown in FIG. 4A. The ring 
antennas 152 are mounted on the top surface 154-5. A layer 
of copper adjacent to the top surface 154-5 forms a top or an 
outer ground layer 154-4. Additionally, a layer of copper 
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adjacent to a surface that is opposite to the top surface 154-5 
forms a bottom or an inner ground layer 154-6 as shown in 
FIG. 4I. The top surface 154-5 separates and insulates the 
top ground layer 154-4 from the bottom ground layer 154-6 
as shown in FIG. 4.J. The top and bottom ground layers are 
connected by via-holes or through-holes 102-7 as shown in 
FIG. 4K. Although copper is shown as an example, other 
electrically conducting materials may be used. The inner 
ring 156 of each ring antenna 152 is connected to the top 
ground layer at locations identified by numbers 153-5 in 
FIG. 4A. 

0366 FIG. 5 shows return losses of the dual band antenna 
110-1, the first ring antenna 152-1, and the second ring 
antenna 152-2 when communicating in the antenna system 
150. FIGS. 6A-6C show radiation patterns of the dual band 
antenna 110-1, the first ring antenna 152-1, and the second 
ring antenna 152-2, respectively, when communicating in 
the 2.4 GHz frequency band. FIGS. 7A-7C show radiation 
patterns of the dual band antenna 110-1, the first ring 
antenna 152-1, and the second ring antenna 152-2, respec 
tively, when communicating in the 5 GHZ frequency band. 

0367 Referring now to FIGS. 8A-8D, a 3x3 dual band 
antenna system 151 comprising ring antennas includes a first 
ring antenna 152-1, a second ring antenna 152-2, and a third 
ring antenna 152-3 (collectively ring antennas 152). The ring 
antennas 152 are dual band antennas and are arranged in a 
3x3 MIMO configuration on a PCB 155 as shown in FIG. 
8A. The ring antennas 152 are identical. The ring antennas 
152 are identical to the ring antennas 152 in the 3x3 dual 
band antenna system 150. 
0368. The ring antennas 152 are not printed on the PCB 
155. Instead, the ring antennas 152 are mounted on the PCB 
155. The ring antennas 152 communicate in 2.4 GHz and 5 
GHz frequency bands. The ring antennas 152 are connected 
to respective RF transceivers (not shown) by electrical 
connections 108-4. The electrical connections 108-4 are 
connected to the ring antennas 152 at locations identified by 
numbers 153-4. The electrical connections 108-4 may or 
may not be etched on the PCB 155. The electrical connec 
tions 108-4 may comprise insulated conductors. 
0369. The ring antennas 152 are located on the PCB 155 
as follows. Centers of the ring antennas 152 form vertices of 
a triangle. The triangle may be an isosceles or an equilateral 
triangle. The first ring antenna 152-1 is located adjacent to 
an edge 155-1 of the PCB 155. The second ring antenna 
152-2 is located adjacent to an edge 155-2 of the PCB 155. 
The edge 155-1 is parallel to the edge 155-2. 

0370. The third ring antenna 152-3 is identical to the ring 
antennas 152-1 and 152-2. The third ring antenna 152-3 is 
located adjacent to a third edge 155-3 of the PCB 155. A 
tangent drawn (not shown) to the edge 155-3 is perpendicu 
lar to edges 155-1 and 155-2. The tangent is parallel to a line 
joining the center of the first ring antenna 152-1 and the 
center of the second ring antenna 152-2. 
0371 The ring antennas 152 are mounted on a top surface 
155-5 of the PCB 155 as shown in FIG. 8A. A layer of 
copper adjacent to the top surface 155-5 forms a top or an 
outer ground layer 155-4. Additionally, a layer of copper 
adjacent to a surface that is opposite to the top surface 155-5 
forms a bottom or an inner ground layer 155-6 as shown in 
FIG. 8B. The top surface 155-5 separates and insulates the 
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top ground layer 155-4 from the bottom ground layer 155-6 
as shown in FIG. 8C. The top and bottom ground layers are 
connected by via-holes or through-holes 102-7 as shown in 
FIG. 8D. Although copper is shown as an example, other 
electrically conducting materials may be used. The inner 
ring 156 of each ring antenna 152 is connected to the top 
ground layer at locations identified by numbers 153-5 in 
FIG. 8A. 

0372 Referring now to FIGS. 9A-9D, a 4x4 dual band 
antenna system 160 comprising two ring antennas is shown. 
The antenna system 160 includes a first dual band antenna 
111-1 and a second dual band antenna 111-2 (collectively 
dual band antennas 111). Additionally, the antenna system 
160 includes a first ring antenna 152-1 and a second ring 
antenna 152-2 (collectively ring antennas 152). The ring 
antennas 152 are also dual band antennas. 

0373 The dual band antennas 111 and the ring antennas 
152 are arranged in a 4x4 MIMO configuration on a PCB 
161. The dual band antennas 111 are printed on the PCB 161. 
The ring antennas 152 are not printed on the PCB 161. 
Instead, the ring antennas 152 are mounted on the PCB 161. 
Printing and mounting is indicated by two different shading 
patterns. 

0374. The dual band antennas 111 are identical and 
communicate in 2.4 GHz and 5 GHz frequency bands. The 
elements and components of the dual band antennas 111 are 
identical to the elements and components of the dual band 
antenna 110-1 in the 3x3 dual band antenna system 101. The 
dual band antennas 111 are connected to respective RF 
transceivers (not shown) by electrical connections 108-3. 
The electrical connections 108-3 are etched on the PCB 161. 

0375. The ring antennas 152 are identical and commu 
nicate in 2.4 GHz and 5 GHz frequency bands. The ring 
antennas 152 are identical to the ring antennas 152 in the 
3x3 dual band antenna system 150. The ring antennas 152 
are connected to respective RF transceivers (not shown) by 
electrical connections 108-4. The electrical connections 
108-4 are connected to the ring antennas 152 at locations 
identified by numbers 153-4. The electrical connections 
108-4 may or may not be etched on the PCB 161. The 
electrical connections 108-4 may comprise insulated con 
ductors. 

0376) The dual band antennas 111 are located on the PCB 
161 as follows. The convex sides 106-1 of the dual band 
antennas 111 are adjacent to an edge 161-3 of the PCB 161. 
The conducting elements 108 of the dual band antennas 111 
are parallel. 

0377 The ring antennas 152 are located on the PCB 161 
as follows. The first ring antenna 152-1 is adjacent to edge 
161-1 of the PCB 161. The second ring antenna 152-2 is 
adjacent to edge 161-2 of the PCB 161. Edges 161-1 and 
161-2 are parallel. Edge 161-3 is perpendicular to edges 
161-1 and 161-2. 

0378. A line joining centers of the ring antennas 152 is 
perpendicular to the conducting elements 108 of the dual 
band antennas 111 and parallel to tangents drawn (not 
shown) at centers of the convex sides 106-1 of the dual band 
antennas 111. A line joining the center of the convex side 
106-1 of the first dual band antenna 111-1 and the center of 
the first ring antenna 152-1 is parallel to a line joining the 
center of the convex side 106-1 of the second dual band 
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antenna 111-2 and the center of the second ring antenna 
152-2. Centers of the convex sides 106-1 (or concave sides 
106-2) and centers of the ring antennas 152 form a rectangle 
when joined by Straight lines (not shown). 

0379 The dual band antennas 111 are printed on a top 
surface 161-5 of the PCB 161 as shown in FIG.9A. The ring 
antennas 152 are mounted on the top surface 161-5. A layer 
of copper on the top surface 161-5 forms a top or an outer 
ground layer 161-4. Additionally, a layer of copper adjacent 
to a surface that is opposite to the top surface 161-5 forms 
a bottom or an inner ground layer 161-6 as shown in FIG. 
9B. The top surface 161-5 separates and insulates the top 
ground layer 161-4 from the bottom ground layer 161-6 as 
shown in FIG. 9C. The top and bottom ground layers are 
connected by via-holes or through-holes 102-7 as shown in 
FIG. 9D. Although copper is shown as an example, other 
electrically conducting materials may be used. The inner 
ring 156 of each ring antenna 152 is connected to the top 
ground layer at locations identified by numbers 153-5 in 
FIG. 9A. 

0380. The dual band antenna systems 101, 150, 151, and 
160 (hereinafter dual band antenna systems) may be imple 
mented on PCBs of client cards of network devices. Spe 
cifically, the dual band antenna systems may be imple 
mented on PCBs used in access points and client stations. 
0381. The dual band antenna systems may be imple 
mented in devices that are compliant with the Worldwide 
Interoperability for Microwave Access (WiMAX) standard. 
The WiMAX standard, as set forth in “Stage 2 Verification 
And Validation Draft dated Apr. 24, 2006, is incorporated 
herein by reference in its entirety. Additionally, the dual 
band antenna systems may be implemented in devices that 
operate in wireless fidelity networks and in cellular phones. 
0382 Referring now to FIGS. 10A-10E, various exem 
plary implementations of the dual band antenna systems are 
shown. Referring now to FIG. 10A, the dual band antenna 
systems can be implemented in a WLAN interface 429 in a 
high definition television (HDTV) 420. The HDTV 420 
receives HDTV input signals in either a wired or wireless 
format and generates HDTV output signals for a display 
426. In some implementations, signal processing circuit 
and/or control circuit 422 and/or other circuits (not shown) 
of the HDTV 420 may process data, perform coding and/or 
encryption, perform calculations, format data and/or per 
form any other type of HDTV processing that may be 
required. 

0383. The HDTV 420 may communicate with mass data 
storage 427 that stores data in a nonvolatile manner Such as 
optical and/or magnetic storage devices including hard disk 
drives (HDDs) and digital versatile disk (DVD) drives. The 
HDD may be a mini HDD that includes one or more platters 
having a diameter that is Smaller than approximately 1.8". 
The HDTV 420 may be connected to memory 428 such as 
RAM, ROM, low latency nonvolatile memory such as flash 
memory and/or other Suitable electronic data storage. The 
HDTV 420 also may support connections with a WLAN via 
the WLAN interface 429. 

0384 Referring now to FIG. 10B, the dual band antenna 
systems may be implemented in a WLAN interface 448 in 
a control system of a vehicle 430. In some implementations, 
a powertrain control system 432 receives inputs from one or 
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more sensors such as temperature sensors, pressure sensors, 
rotational sensors, airflow sensors and/or any other Suitable 
sensors and/or generates one or more output control signals 
Such as engine operating parameters, transmission operating 
parameters, and/or other control signals. 
0385) The control system 440 may likewise receive sig 
nals from input sensors 442 and/or output control signals to 
one or more output devices 444. In some implementations, 
the control system 440 may be part of an anti-lock braking 
system (ABS), a navigation system, a telematics system, a 
vehicle telematics system, a lane departure system, an 
adaptive cruise control system, a vehicle entertainment 
system such as a stereo, DVD, compact disc and the like. 
Still other implementations are contemplated. 
0386 The powertrain control system 432 may commu 
nicate with mass data storage 446 that stores data in a 
nonvolatile manner. The mass data storage 446 may include 
optical and/or magnetic storage devices such as hard disk 
drives (HDDs) and/or DVD drives. The HDD may be a mini 
HDD that includes one or more platters having a diameter 
that is smaller than approximately 1.8". The powertrain 
control system 432 may be connected to memory 447 such 
as RAM, ROM, low latency nonvolatile memory such as 
flash memory and/or other suitable electronic data storage. 
The powertrain control system 432 also may support con 
nections with a WLAN via the WLAN interface 448. The 
control system 440 may also include mass data storage, 
memory and/or a WLAN interface (all not shown). 
0387 Referring now to FIG. 10C, the dual band antenna 
systems can be implemented in a WLAN interface 468 of a 
cellular phone 450 that may include a cellular antenna 451. 
In some implementations, the cellular phone 450 includes a 
microphone 456, an audio output 458 such as a speaker 
and/or audio output jack, a display 460 and/or an input 
device 462 Such as a keypad, pointing device, Voice actua 
tion and/or other input device. The signal processing and/or 
control circuits 452 and/or other circuits (not shown) in the 
cellular phone 450 may process data, perform coding and/or 
encryption, perform calculations, format data and/or per 
form other cellular phone functions. 
0388. The cellular phone 450 may communicate with 
mass data storage 464 that stores data in a nonvolatile 
manner Such as optical and/or magnetic storage devices Such 
as hard disk drives (HDDs) and/or DVD drives. The HDD 
may be a mini HDD that includes one or more platters 
having a diameter that is Smaller than approximately 1.8". 
The cellular phone 450 may be connected to memory 466 
such as RAM, ROM, low latency nonvolatile memory such 
as flash memory and/or other suitable electronic data stor 
age. The cellular phone 450 also may support connections 
with a WLAN via the WLAN interface 468. 

0389 Referring now to FIG. 10D, the dual band antenna 
systems can be implemented in a WLAN interface 496 of a 
set top box 480. The set top box 480 receives signals from 
a source Such as a broadband source and outputs standard 
and/or high definition audio/video signals Suitable for a 
display 488 such as a television and/or a monitor and/or 
other video and/or audio output devices. The signal process 
ing and/or control circuits 484 and/or other circuits (not 
shown) of the set top box 480 may process data, perform 
coding and/or encryption, perform calculations, format data 
and/or perform any other set top box function. 
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0390 The set top box 480 may communicate with mass 
data storage 490 that stores data in a nonvolatile manner. The 
mass data storage 490 may include optical and/or magnetic 
storage devices such as hard disk drives (HDDs) and/or 
DVD drives. The HDD may be a mini HDD that includes 
one or more platters having a diameter that is Smaller than 
approximately 1.8". The set top box 480 may be connected 
to memory 494 such as RAM, ROM, low latency nonvola 
tile memory such as flash memory and/or other suitable 
electronic data storage. The set top box 480 also may support 
connections with a WLAN via the WLAN interface 496. 

0391 Referring now to FIG. 10E, the dual band antenna 
systems can be implemented in a WLAN interface 516 of a 
media player 500. In some implementations, the media 
player 500 includes a display 507 and/or a user input 508 
Such as a keypad, touchpad and the like. In some imple 
mentations, the media player 500 may employ a graphical 
user interface (GUI) that typically employs menus, drop 
down menus, icons and/or a point-and-click interface via the 
display 507 and/or user input 508. The media player 500 
further includes an audio output 509 such as a speaker and/or 
audio output jack. The signal processing and/or control 
circuits 504 and/or other circuits (not shown) of the media 
player 500 may process data, perform coding and/or encryp 
tion, perform calculations, format data and/or perform any 
other media player function. 
0392 The media player 500 may communicate with mass 
data storage 510 that stores data such as compressed audio 
and/or video content in a nonvolatile manner. In some 
implementations, the compressed audio files include files 
that are compliant with MP3 format or other suitable com 
pressed audio and/or video formats. The mass data storage 
may include optical and/or magnetic storage devices such as 
hard disk drives (HDDs) and/or DVD drives. The HDD may 
be a mini HDD that includes one or more platters having a 
diameter that is smaller than approximately 1.8". The media 
player 500 may be connected to memory 514 such as RAM, 
ROM, low latency nonvolatile memory such as flash 
memory and/or other Suitable electronic data storage. The 
media player 500 also may support connections with a 
WLAN via the WLAN interface 516. Still other implemen 
tations in addition to those described above are contem 
plated. 

0393 Those skilled in the art can now appreciate from 
the foregoing description that the broad teachings of the 
disclosure can be implemented in a variety of forms. There 
fore, while this disclosure includes particular examples, the 
true scope of the disclosure should not be so limited since 
other modifications will become apparent to the skilled 
practitioner upon a study of the drawings, the specification 
and the following claims. 

What is claimed is: 
1. An antenna system, comprising: 
first, second, and third antennas that are arranged on a 

printed circuit board (PCB) and that include: 
an inner ring; and 
an outer ring that is concentric to said inner ring. 
2. The antenna system of claim 1 wherein centers of said 

inner and outer rings of said first, second, and third antennas 
constitute vertices of a triangle. 
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3. The antenna system of claim 2 wherein said triangle is 
one of an isosceles triangle and an equilateral triangle. 

4. The antenna system of claim 1 wherein said inner ring 
has a greater ring width than said outer ring, and wherein 
said ring width is a radial distance between an inner cir 
cumference and an outer circumference of each of said inner 
ring and said outer ring. 

5. The antenna system of claim 1 wherein said inner ring 
communicates with said outer ring. 

6. The antenna system of claim 1 wherein said first, 
second, and third antennas communicate in a dual frequency 
band in a 3x3 multiple input multiple output (MIMO) 
configuration. 

7. The antenna system of claim 1 wherein said first, 
second, and third antennas communicate in 2.4 GHZ, and 5 
GHz frequency bands in a 3x3 multiple input multiple 
output (MIMO) configuration. 

8. The antenna system of claim 1 wherein said inner ring 
communicates in a 5 GHZ, frequency band and said outer 
ring communicates in a 2.4 GHz frequency band. 

9. The antenna system of claim 1 wherein said first, 
second, and third antennas are mounted on said PCB. 

10. The antenna system of claim 1 wherein said first, 
second, and third antennas communicate with a respective 
radio frequency (RF) transceiver. 

11. The antenna system of claim 1 wherein said PCB 
comprises a first electrically conducting layer that is adja 
cent to a first surface of said PCB and a second electrically 
conducting layer that is adjacent to a second surface of said 
PCB, and wherein said first surface is opposite to said 
second Surface. 

12. The antenna system of claim 11 wherein said first, 
second, and third antennas are mounted on said first elec 
trically conducting layer, and wherein said inner rings of 
said first, second, and third antennas communicate with said 
first electrically conducting layer. 

13. The antenna system of claim 11 wherein said first 
electrically conducting layer communicates with said sec 
ond electrically conducting layer via through-holes. 

14. The antenna system of claim 11 wherein said first and 
second electrically conducting layers include copper. 

15. A wireless network device comprising the antenna 
system of claim 1. 

16. A device comprising the antenna system of claim 1 
wherein the device is compliant with Worldwide Interoper 
ability for Microwave Access (WiMAX) standard. 

17. A wireless network device comprising the antenna 
system of claim 1 wherein the wireless network device 
operates in a wireless fidelity local area network and com 
plies with at least one of IEEE 802.11a, 802.11b, 802.11g, 
802.11n, and 802.16 standards. 

18. A cellular phone comprising the antenna system of 
claim 1. 

19. A method, comprising: 
arranging an inner ring of each of first, second, and third 

antennas on a printed circuit board (PCB); and 
arranging an outer ring of each of said first, second, and 

third antennas concentrically with said inner ring of 
said first, second, and third antennas on said PCB, 
respectively. 

20. The method of claim 19 wherein centers of said inner 
and outer rings of said first, second, and third antennas 
constitute vertices of a triangle. 
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21. The method of claim 20 further comprising arranging 
said centers on vertices of one of an isosceles triangle and an 
equilateral triangle. 

22. The method of claim 19 further comprising commu 
nicating between said inner and outer rings, wherein said 
inner ring has a greater ring width than said outer ring, and 
wherein said ring width is a radial distance between an inner 
circumference and an outer circumference of each of said 
inner ring and said outer ring. 

23. The method of claim 19 further comprising config 
uring said first, second, and third antennas in a 3x3 multiple 
input multiple output (MIMO) configuration and communi 
cating in a dual frequency band. 

24. The method of claim 19 further comprising config 
uring said first, second, and third antennas in a 3x3 multiple 
input multiple output (MIMO) configuration and communi 
cating in 2.4 GHz and 5 GHz frequency bands. 

25. The method of claim 19 further comprising commu 
nicating in a 2.4 GHz frequency band with said outer ring 
and communicating in a 5 GHZ, frequency band with said 
inner ring. 

26. The method of claim 19 further comprising mounting 
said first, second, and third antennas on said PCB. 
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27. The method of claim 19 further comprising commu 
nicating between said first, second, and third antennas and 
respective radio frequency (RF) transceivers. 

28. The method of claim 19 further comprising: 
arranging a first electrically conducting layer adjacent to 

a first surface of said PCB; 
arranging a second Surface of said PCB opposite to said 

first Surface; and 
arranging a second electrically conducting layer adjacent 

to said second surface of said PCB. 
29. The method of claim 28 further comprising mounting 

said first, second, and third antennas on said first electrically 
conducting layer, and communicating between said first 
electrically conducting layer and said inner rings of said 
first, second, and third antennas. 

30. The method of claim 28 further comprising commu 
nicating between said first and second electrically conduct 
ing layers. 

31. The method of claim 28 further comprising providing 
copper in said first and second electrically conducting lay 
CS. 


