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(57) ABSTRACT 
A system that incorporates the Subject disclosure may 
include, for example, a circuit for measuring from a near field 
sensor a first signal representing radiated energy from an 
antenna structure, measuring from a probe a second signal 
Supplied to the antenna structure, determining a phase differ 
ential from a first phase of the first signal and a second phase 
of the second signal, detecting a frequency offset of the 
antenna structure based on the phase differential, and adjust 
ing an operating frequency of the antenna structure to miti 
gate the frequency offset. Other embodiments are disclosed. 
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ANTENNASTRUCTURES AND METHODS 
THEREOF 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. The present application claims the benefit of priority 
to U.S. Provisional Application No. 61/896.233 filed on Oct. 
28, 2013, which is hereby incorporated herein by reference in 
its entirety. 
0002 The present application claims the benefit of priority 
to U.S. Provisional Application No. 61/932,831 filed on Jan. 
29, 2014, which is hereby incorporated herein by reference in 
its entirety. 
0003. The present application claims the benefit of priority 
to U.S. Provisional Application No. 61/941,888 filed on Feb. 
19, 2014, which is hereby incorporated herein by reference in 
its entirety. 

FIELD OF THE DISCLOSURE 

0004. The present disclosure relates generally to antenna 
structures and methods thereof for determining a frequency 
offset based on a phase measurement. 

BACKGROUND 

0005. It is common for communications devices to have 
multiple antennas that are packaged close together (e.g., less 
than a quarter of a wavelength apart) and that can operate 
simultaneously within the same frequency band. Common 
examples of Such communications devices include portable 
communications products such as cellular handsets, personal 
digital assistants (PDAs), and wireless networking devices or 
data cards for personal computers (PCs). Many system archi 
tectures (such as Multiple Input Multiple Output (MIMO)) 
and standard protocols for mobile wireless communications 
devices (such as 802.11n for wireless LAN, and 3G and 4G 
data communications such as 802.16e (WiMAX), HSDPA, 
1xEVDO, and LTE) may require multiple antennas operating 
simultaneously. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0006 Reference will now be made to the accompanying 
drawings, which are not necessarily drawn to scale, and 
wherein: 
0007 FIG. 1A illustrates an antenna structure with two 
parallel dipoles; 
0008 FIG. 1B illustrates current flow resulting from exci 
tation of one dipole in the antenna structure of FIG. 1A: 
0009 FIG. 1C illustrates a model corresponding to the 
antenna structure of FIG. 1A: 
0010 FIG. 1D is a graph illustrating scattering parameters 
for the FIG. 1C antenna structure; 
0011 FIG. 1E is a graph illustrating the current ratios for 
the FIG. 1C antenna structure; 
0012 FIG. 1F is a graph illustrating gain patterns for the 
FIG. 1C antenna structure; 
0013 FIG. 1G is a graph illustrating envelope correlation 
for the FIG. 1C antenna structure; 
0014 FIG. 2A illustrates an antenna structure with two 
parallel dipoles connected by connecting elements in accor 
dance with one or more embodiments of the disclosure; 
0015 FIG. 2B illustrates a model corresponding to the 
antenna structure of FIG. 2A; 

Apr. 30, 2015 

0016 FIG. 2C is a graph illustrating scattering parameters 
for the FIG. 2B antenna structure; 
0017 FIG. 2D is a graph illustrating scattering parameters 
for the FIG. 2B antenna structure with lumped element 
impedance matching at both ports; 
0018 FIG. 2E is a graph illustrating the current ratios for 
the FIG. 2B antenna structure; 
0019 FIG. 2F is a graph illustrating gain patterns for the 
FIG. 2B antenna structure; 
0020 FIG. 2G is a graph illustrating envelope correlation 
for the FIG. 2B antenna structure; 
0021 FIG. 3A illustrates an antenna structure with two 
parallel dipoles connected by meandered connecting ele 
ments in accordance with one or more embodiments of the 
disclosure; 
0022 FIG. 3B is a graph showing scattering parameters 
for the FIG. 3A antenna structure; 
0023 FIG. 3C is a graph illustrating current ratios for the 
FIG. 3A antenna structure; 
0024 FIG. 3D is a graph illustrating gain patterns for the 
FIG. 3A antenna structure; 
0025 FIG. 3E is a graph illustrating envelope correlation 
for the FIG. 3A antenna structure; 
0026 FIG. 4 illustrates an antenna structure with a ground 
or counterpoise inaccordance with one or more embodiments 
of the disclosure; 
0027 FIG. 5 illustrates a balanced antenna structure in 
accordance with one or more embodiments of the disclosure; 
0028 FIG. 6A illustrates an antenna structure in accor 
dance with one or more embodiments of the disclosure; 
0029 FIG. 6B is a graph showing scattering parameters 
for the FIG. 6A antenna structure for a particular dipole width 
dimension; 
0030 FIG. 6C is a graph showing scattering parameters 
for the FIG. 6A antenna structure for another dipole width 
dimension; 
0031 FIG. 7 illustrates an antenna structure fabricated on 
a printed circuit board in accordance with one or more 
embodiments of the disclosure; 
0032 FIG. 8A illustrates an antenna structure having dual 
resonance in accordance with one or more embodiments of 
the disclosure; 
0033 FIG. 8B is a graph illustrating scattering parameters 
for the FIG. 8A antenna structure; 
0034 FIG. 9 illustrates a tunable antenna structure in 
accordance with one or more embodiments of the disclosure; 
0035 FIGS. 10A and 10B illustrate antenna structures 
having connecting elements positioned at different locations 
along the length of the antenna elements in accordance with 
one or more embodiments of the disclosure; 
0036 FIGS. 10C and 10D are graphs illustrating scatter 
ing parameters for the FIGS. 10A and 10B antenna structures, 
respectively; 
0037 FIG. 11 illustrates an antenna structure including 
connecting elements having Switches in accordance with one 
or more embodiments of the disclosure; 
0038 FIG. 12 illustrates an antenna structure having a 
connecting element with a filter coupled thereto in accor 
dance with one or more embodiments of the disclosure; 
0039 FIG. 13 illustrates an antenna structure having two 
connecting elements with filters coupled thereto in accor 
dance with one or more embodiments of the disclosure; 
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0040 FIG. 14 illustrates an antenna structure having a 
tunable connecting element in accordance with one or more 
embodiments of the disclosure; 
0041 FIG. 15 illustrates an antenna structure mounted on 
a PCB assembly in accordance with one or more embodi 
ments of the disclosure; 
0.042 FIG. 16 illustrates another antenna structure 
mounted on a PCB assembly in accordance with one or more 
embodiments of the disclosure; 
0.043 FIG.17 illustrates an alternate antenna structure that 
can be mounted on a PCB assembly in accordance with one or 
more embodiments of the disclosure; 
0044 FIG. 18A illustrates a three mode antenna structure 
in accordance with one or more embodiments of the disclo 
Sure; 
0045 FIG. 18B is a graph illustrating the gain patterns for 
the FIG. 18A antenna structure; 
0046 FIG. 19 illustrates an antenna and power amplifier 
combiner application for an antenna structure in accordance 
with one or more embodiments of the disclosure; 
0047 FIGS. 20A and 20B illustrate a multimode antenna 
structure useable, e.g., in a WiMAX USB or ExpressCard/34 
device in accordance with one or more further embodiments 
of the subject disclosure. 
0048 FIG.20C illustrates a test assembly used to measure 
the performance of the antenna of FIGS. 20A and 20B. 
0049 FIGS. 20D to 20J illustrate test measurement results 
for the antenna of FIGS. 20A and 20B. 
0050 FIGS. 21A and 21B illustrate a multimode antenna 
structure useable, e.g., in a WiMAX USB dongle in accor 
dance with one or more alternate embodiments of the subject 
disclosure. 
0051 FIGS. 22A and 22B illustrate a multimode antenna 
structure useable, e.g., in a WiMAX USB dongle in accor 
dance with one or more alternate embodiments of the subject 
disclosure. 
0052 FIG.23A illustrates a test assembly used to measure 
the performance of the antenna of FIGS. 21A and 21B. 
0053 FIGS. 23B to 23K illustrate test measurement 
results for the antenna of FIGS. 21A and 21B. 
0054 FIG. 24 is a schematic block diagram of an antenna 
structure with a beam steering mechanism in accordance with 
one or more embodiments of the subject disclosure. 
0055 FIGS. 25A to 25G illustrate test measurement 
results for the antenna of FIG. 25A. 
0056 FIG. 26 illustrates the gain advantage of an antenna 
structure in accordance with one or more embodiments of the 
Subject disclosure as a function of the phase angle difference 
between feedpoints. 
0057 FIG. 27A is a schematic diagram illustrating a 
simple dual-band branch line monopole antenna structure. 
0058 FIG. 27B illustrates current distribution in the FIG. 
27A antenna structure. 
0059 FIG. 27C is a schematic diagram illustrating a 
spurline band stop filter. 
0060 FIGS. 27D and 27E are test results illustrating fre 
quency rejection in the FIG. 27A antenna structure. 
0061 FIG. 28 is a schematic diagram illustrating an 
antenna structure with a band-rejection slot in accordance 
with one or more embodiments of the subject disclosure. 
0062 FIG. 29A illustrates an alternate antenna structure 
with a band-rejection slot in accordance with one or more 
embodiments of the subject disclosure. 
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0063 FIGS. 29B and 29C illustrate test measurement 
results for the FIG. 29A antenna structure. 
0064 FIG. 30 depicts an illustrative embodiment of an 
antenna structure in accordance with one or more embodi 
ments; 
0065 FIG. 31 depicts an illustrative embodiment of a 
multiband antenna structure in accordance with one or more 
embodiments; 
0.066 FIGS. 32A and 32B illustrate tuning using discrete 
selection of inductance to select antenna fundamental reso 
nance frequency in accordance with one or more embodi 
ments; 
0067 FIGS. 33A and 3 illustrate tuning using discrete 
selection of inductance to select fundamental resonance fre 
quency where a separate but co-located high band element is 
shown with feed points F1H and F2H that allows for compat 
ibility with RF transceiver front end designs requiring sepa 
rate low- and mid- or low- and high-band connections to the 
antenna in accordance with one or more embodiments; 
0068 FIGS. 34A and 34B illustrate tuning and filtering 
using discrete selection of inductance to select antenna fun 
damental resonance frequency in accordance with one or 
more embodiments; 
0069 FIGS. 35A and 35B illustrate tuning and filtering 
using discrete selection of inductance to select fundamental 
resonance frequency in accordance with one or more embodi 
ments; 
(0070 FIGS. 36A-36B depict illustrative embodiments of 
a near field sensor, 
(0071 FIG. 37 depicts illustrative embodiments for place 
ment of the near field sensor as a probe; 
(0072 FIG. 38 depicts illustrative embodiments of envi 
ronmental use cases applied to the antenna structure of FIG. 
27; 
(0073 FIG. 39 depicts illustrative embodiments of return 
loss and efficiency plots according to the environmental use 
cases of FIG. 38; 
(0074 FIG. 40 depicts illustrative embodiments of Smith 
charts according to the environmental use cases of FIG. 38; 
0075 FIG. 41 depicts illustrative embodiments of magni 
tude and phase plots associated with one of the probes; 
0076 FIG. 42 depicts illustrative embodiments of magni 
tude and phase plots associated with one of the probes; 
(0077 FIG. 43 depicts illustrative embodiments of phase 
vs. antenna frequency shift plots of the probes; 
(0078 FIG. 44 depicts illustrative embodiments of probe 
power shift vs. antenna radiated power shift plots of the 
probes; 
(0079 FIG. 45 depicts illustrative embodiments of an 
antenna structure and probe placements; 
0080 FIG. 46 depicts illustrative embodiments of a free 
space resonance tuning use a Ltune (a tuning variable); 
I0081 FIG. 47 depicts illustrative embodiments of effi 
ciency gain by tuning of the antenna structure based on mea 
surements of one of the probes of the antenna structure of 
FIG. 45: 
I0082 FIG. 48 depicts illustrative embodiments of effi 
ciency gain by tuning of the antenna structure based on mea 
surements of a different one of the probes of the antenna 
structure of FIG. 45: 
I0083 FIG. 49 depicts an illustrative embodiment of a near 
field sensor; 
I0084 FIG. 50 depicts an illustrative embodiment of the 
near field sensor of FIG. 49 on a printed circuit board; 
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I0085 FIG. 51 depicts an illustrative embodiment of a first 
method that can be applied to the subject disclosure; 
I0086 FIG. 52 depicts an illustrative embodiment of a near 
field sensor; 
I0087 FIG. 53 depicts an illustrative embodiment of a 
phase detector; 
I0088 FIG. 54 depict illustrative phase error versus fre 
quency and power level plots resulting from the near field 
sensor embodiment of FIG. 52; 
I0089 FIG.55 depicts an illustrative embodiment of a sec 
ond method that can be applied to the subject disclosure; 
0090 FIG. 56 depicts an illustrative embodiment of a 
communication device; and 
0091 FIG. 57 is a diagrammatic representation of a 
machine in the form of a computer system within which a set 
of instructions, when executed, may cause the machine to 
perform any one or more of the methods described herein. 

DETAILED DESCRIPTION 

0092. The subject disclosure describes, among other 
things, illustrative embodiments for monitoring changes in an 
operating frequency of an antenna and adjusting the operating 
frequency of the antenna to mitigate such changes. Other 
embodiments are described in the subject disclosure. 
0093. One embodiment of the subject disclosure includes 
a method for measuring, by a circuit, from a first probe a first 
magnitude of radiated energy by an antenna, where the first 
probe is placed near the antenna, obtaining, by the circuit, a 
second magnitude of a signal Supplied to the antenna, com 
paring, by the circuit, the first and the second magnitudes, 
detecting, by the circuit, an offset in an operating frequency of 
the antenna based on a difference between the first and the 
second magnitudes, and adjusting, by the circuit, the operat 
ing frequency of the antenna to mitigate the offset in the 
operating frequency of the antenna. 
0094. One embodiment of the subject disclosure includes 
an antenna structure having a first antenna element for receiv 
ing and transmitting radio frequency signals within an oper 
ating frequency range, a first aperture tuner for adjusting an 
operating frequency of the antenna element, and a first near 
field sensor for sensing radiated energy from the first antenna 
element. The first near field sensor, the first antenna element, 
and the first aperture tuner can be coupled to a circuit that 
performs operations comprising measuring from the first near 
field sensor a first magnitude of radiated energy by the first 
antenna element, obtaining a second magnitude of a signal 
Supplied to the first antenna element, comparing the first and 
the second magnitudes, detecting a change in an operating 
frequency of the first antenna element based on a difference 
between the first and the second magnitudes, and directing the 
first aperture tuner to adjust the operating frequency of the 
first antenna element to counter the change in the operating 
frequency of the first antenna element. 
0095 One embodiment of the subject disclosure includes 
a communication device having a near field sensor coupled to 
the antenna structure, and a circuit coupled to the antenna 
structure and the near field sensor. The circuit can perform 
operations including measuring from the near field sensor a 
first magnitude of radiated energy by the antenna structure, 
obtaining a second magnitude of a signal Supplied to the 
antenna structure by a transmitter circuit, comparing the first 
and the second magnitudes, detecting an offset in an operat 
ing frequency of the antenna structure based on a difference 
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between the first and the second magnitudes, and adjusting 
the operating frequency of the antenna structure to mitigate 
the offset. 

0096. One embodiment of the subject disclosure includes 
a method for measuring, by a circuit, from a first probe a first 
phase of radiated energy by an antenna, wherein the first 
probe is placed near the antenna, measuring, by the circuit, 
from a second probe a second phase of a transmit signal 
Supplied to the antenna, wherein the second probe is placed in 
a transmission path of the transmit signal, comparing, by the 
circuit, the first and the second phases to generate a phase 
differential, detecting, by the circuit, an offset in an operating 
frequency of the antenna based on the phase differential, and 
adjusting, by the circuit, the operating frequency of the 
antenna to mitigate the offset in the operating frequency of the 
antenna. 

0097. One embodiment of the subject disclosure includes 
an antenna structure including a first antenna element, a first 
aperture tuner for adjusting an operating frequency of the 
antenna element, a probe, and a first near field sensor for 
sensing radiated energy from the first antenna element. The 
first near field sensor and the first aperture tuner can be 
coupled to a circuit that performs operations including mea 
suring from the first near field sensor a first phase of radiated 
energy by the first antenna element, measuring from the probe 
a second phase of a first signal Supplied to the first antenna 
element, comparing the first and the second phases to gener 
ate a first phase differential, detecting a change in an operat 
ing frequency of the first antenna element based on the phase 
differential, and directing the first aperture tuner to adjust the 
operating frequency of the first antenna element according to 
the first phase differential. 
0098. One embodiment of the subject disclosure includes 
a communication device having an antenna structure, a near 
field sensor, a probe, and a circuit coupled to the antenna 
structure and the near field sensor. The circuit can perform 
operations including measuring from the near field sensor a 
first signal representing radiated energy from the antenna 
structure, measuring from the probe a second signal Supplied 
to the antenna structure, determining a phase differential from 
a first phase of the first signal and a second phase of the second 
signal, detecting a frequency offset of the antenna structure 
based on the phase differential, and adjusting an operating 
frequency of the antenna structure to mitigate the frequency 
offset. 

0099 Antenna structures in accordance with various 
embodiments of the disclosure are particularly useful in com 
munications devices that require multiple antennas to be 
packaged close together (e.g., less than a quarter of a wave 
length apart), including in devices where more than one 
antenna is used simultaneously and within the same fre 
quency band or multiple frequency bands in cases where 
carrier aggregation is required. Common examples of Such 
devices in which the antenna structures can be used include 
portable communications products such as cellular handsets, 
PDAs, Smart phones, tablets, and wireless networking 
devices or data cards for PCs or other equipment integrated 
communication devices such as automobiles, trucks, or other 
vehicle categories. The antenna structures are also useful with 
system architectures such as MIMO and standard protocols 
for mobile wireless communications devices (such as 802. 
11n for wireless LAN, and 3G and 4G data communications 
such as 802.16e (WiMAX), HSDPA, 1xEVDO, LTE) that 
require multiple antennas operating simultaneously. The 








































