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Wideband dipole antennas are proposed using the multi-mode resonance concept. By symmetrically introducing one-pair or
two-pair of stubs at the nulls of current distribution of the second odd-order mode, two radiation modes are excited in a single,
center-fed dipole resonator. Using these stubs, the second odd-order mode gradually moves down to its first counterpart,
resulting to achieve a wideband radiation with two resonances. Prototype antennas are then fabricated to experimentally
validate the design approach. Compared with a reference dipole with a bandwidth of 17%, the proposed dipole’s bandwidth
can be effectively increased to 49.7%.
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I . I N T R O D U C T I O N

As is well-known, linear dipole antennas could be treated as
one-dimensional (1D) resonators and they usually suffer
from inherent narrow-band properties. When linear dipoles
are evolving into conical antennas [1–3], broadband designs
are obtained. However, smooth profile or tapered structures
will be introduced and it will make the analysis and designs
more complicated. Therefore, much attempt has been made
to design wideband antennas, while maintaining their
simple thin/linear profile [4–10].

Basically, multiple dipoles/radiators can be introduced to
the main dipoles so that dual-band [4, 5] and broadband
characteristics [6–10] are obtained. Most of these additional
radiators contribute the same polarization components to
the main dipoles [5–10]. Since all the additional and the
main dipoles operate at their dominant modes, i.e. the one
half-wavelength mode, this design approach is based on the
“single radiator, single mode” idea. Another effective way
for wideband/broadband operation is to use non-radiated
feed networks [11–15]. The additional tuning stubs [11, 12]
or integrated baluns [13, 14] in the feed network can compen-
sate the reactance of the radiator, and then result in wideband
operations. Equivalently, this design approach can be treated
as to combine an adjacent, less-radiated parasitic mode to a
radiation mode (i.e. the dominant, or one-half wavelength
mode), and then lead to a wideband operation in the way of
“single radiator, single radiation mode and multiple less-
radiated parasitic modes”. The third way for broadband

designs is using complementary elements [16, 17]. When an
electric dipole and a magnetic dipole are properly combined
and excited at their dominant radiation modes, the resultant
reactance of the composite antenna can be tuned to be
nearly zero due to their complementary reactance relation
[16]. Therefore, wideband operation can be realized in the
way of “dual radiators, single radiation mode”. However,
both the reactance compensation and the complementary
dipoles techniques will introduce additional complexities to
the antenna.

As a new alternative way, if multiple radiation modes could
be excited within a single dipole by introducing less-radiating
elements, broadband radiation characteristics could be
obtained in a different but simpler way. In this paper, a wide-
band dipole antenna based on multi-mode wideband filter
concept [18–20] and “single radiator, multiple radiation
modes” idea [21] is proposed. In a center-fed dipole
antenna, a pair of stubs is at first introduced near the two
nulls of surface current distribution of the second odd-order
mode, i.e. the three halves-wavelength dipole resonant
mode. As such, this mode can be excited and perturbed down-
wards with its first counterpart mode to achieve a wideband
radiation with two resonances in the operating band. In this
context, the dipole width is still much smaller than its
length. By properly adjusting the stub length and dipole
width, a wideband, dual-mode dipole antenna with bandwidth
of 49.7% can be obtained.

I I . O P E R A T I O N P R I N C I P L E

A center-fed, voltage-driven dipole in free space with length
D, width W, and feed gap g and current distribution of its
first two odd-order dipole modes, i.e. one half- and three
halves-wavelength dipole modes, are depicted in Fig. 1
under S ¼ 0. Then, a pair of stubs with nonzero length S
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and the same width is symmetrically introduced at the two
respective nulls of current distribution of the three halves-
wavelength dipole mode. As the length S increases, the reson-
ant frequency of the three halves-wavelength mode could be
gradually reduced, while that of the one half-wavelength
mode would be rarely perturbed.

As shown in Fig. 2, as the stub length S increases, the res-
onant frequency of the three halves-wavelength mode tends to
progressively move downwards, while that of the one half-
wavelength is almost unchanged. Next, this dipole antenna

is centrally fed by a symmetrical twin-line and its overall
structure is formed on a substrate with relative permittivity
1r ¼ 2.65 and thickness h ¼ 1 mm. Using the Zeland’s
IE3D, frequency response of its reflection coefficient could
be numerically calculated. Three sets of results are plotted in
Figs 3(a) and 3(b). Under the selection of S ¼ 18.9 mm (i.e.
approximately equal to a quarter-wavelength at 2.5 GHz),
the two modes could be reallocated in proximity to each
other, thus constituting a wide radiation band with two reflec-
tion zeros due to two resonant modes [21]. When W ¼
3.6 mm, the input resistance of the antenna is as high as
about 400 V. As W increases, this resistance would be grad-
ually decreased to 200 and 100 V, approaching 50 V as
highly demanded in practical implementation. Nevertheless,
the wideband characteristic is maintained with two reso-
nances in the operating band.

Because only a pair of X-oriented stub is introduced, the
antenna is not symmetrical with respect to the Z-axis. An
ideal, differentially excited dipole along the Z-axis should
exhibit inherent infinite perfect electric conductor (PEC)
boundary condition in the XY-plane (i.e. the H-plane) and
infinite perfect magnetic conductor (PMC) boundary condi-
tion in the YZ-plane (i.e. the E-plane), as shown in Fig. 4(a)
[21]. The X-oriented current distribution along the stub
now becomes asymmetrical with respect to the Z-axis and it

Fig. 1. Geometry of proposed stub-loaded dipole antenna and electric current
distributions of two resonant modes to be employed.

Fig. 2. Variation of resonant frequencies of the two dipole modes with respect to varied stub length S (W ¼ 3.6, g ¼ 0.2, and D ¼ 56.2 mm), (a) reflection
coefficient in dB and (b) input impedance.

Fig. 3. Reflection coefficient of the stub-loaded dipoles with respect to width W (S ¼ 18.9, g ¼ 0.4, and D ¼ 82.2 mm), (a) reflection coefficients in dB and (b)
impedance curves on Smith chart.
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will change the dipole’s natural PMC boundary condition in the
YZ-plane, as shown in Fig. 4(b). Thus the radiation from the
stub portion could not be entirely canceled with each other.
This phenomenon may tremendously increase cross-polarized
component in the XY-plane and may distort the radiation
pattern as shown in [8]. In order to simultaneously maintain
the inherent PEC and PMC boundary conditions of a basic
dipole and then to suppress the cross-polarization, two pairs
of bilateral stubs are symmetrically loaded along the main
dipole radiator along the Z-axis as depicted in Fig. 4(c) [21].
In this way, the X-oriented currents, Is1 and Is2, are enforced

to obey the natural PEC and PMC boundary conditions as
described in Fig. 4(a). Thus, the cross-polarized components
in the XY-plane can be effectively suppressed.

Then, a bilateral loaded dipole is designed and the simu-
lated reflection coefficient, |S11|, is plotted in Fig. 5 with that
of the unilateral loaded dipole for comparison. It is observed
that two reflection zeros can be obtained in both cases, thus
indicating that the two resonant modes in both dipoles are
excited for radiation in a wide operating band.

Fig. 4. Surface current distribution analysis of the stub-loaded dipole: (a) the
natural boundary condition of an ideal dipole for comparison; (b) the
unilateral loaded case; and (c) the bilateral loaded case.

Fig. 6. Photograph of fabricated prototypes.

Fig. 5. Reflection coefficients with reference to 100 V source impedance for
the unilateral and bilateral stub-loaded dipole antennas with S ¼ 18.9 and
16.9 mm, respectively (W ¼ 11.6, g ¼ 0.4, and D ¼ 82.2 mm).

Fig. 7. Simulated and measured reflection coefficients. (a) Unilateral case and (b) bilateral case.
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I I I . N U M E R I C A L A N A L Y S E S A N D
E X P E R I M E N T A L V A L I D A T I O N

In this section, the unilateral and bilateral stub-loaded dipole
antennas are respectively, designed, fabricated, and measured
to verify the design approach. In order to directly match with
50 V coaxial cables, the double-sided printed dipoles are con-
stituted and they are adhesively fed by coaxial cables: The
outer conductor of the cable is directly bonded to one arm
of the dipole, and the inner one is connected to the another
arm. Figure 6 shows the photographs of the two fabricated
prototypes. Both sides of the printed antenna are connected
with each other by using the 3M’s conductive and adhesive
copper tapes. The final dimensions of both prototypes are
S ¼ 18.9, g ¼ 0.4, D ¼ 82.2, and W ¼ 11.6 mm. For compari-
son, a conventional double-sided, straight dipole with identi-
cal length D, width W, gap width g but S ¼ 0 is used as a
“reference antenna”.

The reflection coefficient of these two antennas is measured
by using an Agilent’s 8720ET vector network analyzer. As
shown in Fig. 7, the measured |S11| agrees quite well with
the simulated one. Two resonances could be observed as the-
oretically predicted before. The measured |S11| is lower than
210 dB over a frequency range from 1.57 to 2.55 GHz for
the unilateral loaded dipole and from 1.63 to 2.71 GHz for
the bilateral loaded one. Compared with the reference
antenna, the fractional bandwidth (FBW) of the proposed
antennas has been tremendously increased to 49.7 from
17.0%.

The surface current distribution of the proposed bilateral
loaded antenna is simulated by using IE3D and displayed in
Fig. 8. It is observed, the current distribution at 1.8 GHz is
quite similar to those of one half-wavelength dipoles. The
current distribution at 2.7 GHz shows three maxima along
the peripheral of the dipole and the stubs. This phenomenon
implies the three halves-wavelength mode of the main dipole
is excited and perturbed by the stubs.

The radiation patterns of the two antennas at 1.8, 2.4, and
2.7 GHz are measured by employing a Microwave Vision
Group’s Starlab near-field antenna measurement system.
The two sets of measured results are plotted in Fig. 9 for the
unilateral and bilateral loaded dipole antennas. Both antennas
have a doughnut-shaped radiation pattern in the YZ-plane
(the E-plane) and an omnidirectional one in the XY-plane
(the H-plane) when operating at 1.8 GHz. Due to the

asymmetrical configuration about the Z-axis, the unilateral
loaded dipole exhibits an asymmetrical doughnut pattern at
1.8 GHz. Compared with the unilateral loaded antenna, the
bilateral loaded antenna has more stable and less frequency
dispersive radiation patterns within the impedance band-
width. It is seen that the bilateral loaded antenna has much

Fig. 9. Measured radiation patterns at three frequencies: (a) and (b) YZ- and
XY-plane at 1.8 GHz; (c) and (d) YZ- and XY-plane at 2.4 GHz; (e) and (f) YZ-
and XY-plane at 2.7 GHz.

Fig. 8. Simulated surface current distributions of the bilateral loaded dipole, (a) 1.8 GHz and (b) 2.7 GHz.
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lower cross-polarization level in the XY-plane compared with
its unilateral loaded counterpart. This outcome has validated
the operation principle that is described on a basis of the
current distribution in Fig. 4. It is also observed, the radiation
pattern of the bilateral loaded antenna at 2.7 GHz is not a
doughnut shape but a three-lobe one instead, which is
caused by the radiation of three halves-wavelength mode.
Unlike the ideal dipole case discussed in [22], the spurious
radiation of the feed cable will distort the symmetry of the
pattern about the Y-axis, and this phenomenon agrees with
the measured ones presented in [23, 24].

Finally, the two antennas’ gain are measured and compared
in Fig. 10. It can be seen that both antennas have stable gain
frequency response within their impedance bandwidth. The
two antennas have average gain of 2.5 and 2.0 dBi and
average efficiency of 90 and 88% within their corresponding
impedance bandwidth. According to the two antennas’ radi-
ation patterns, polarization purity, gain, and efficiency, it
can be figured out that the bilateral loaded dipole should
have a better wideband performance in all the aspects. The
radiation bandwidth of the bilateral loaded dipole can be
determined as the same as its impedance bandwidth, i.e.
1.63–2.71 GHz or 49.7% in FBW.

Based on the experimental results, the proposed antenna is
comprehensively compared with other wideband dipole
antennas in terms of the length-to-width ratio, the numbers
of the radiator and the operation modes, impedance band-
width, gain/efficiency, and design complexity. As tabulated

in Table 1, the operation mechanism of the proposed
antenna is different from the others and its profile is still
kept to be narrow. In addition, it has the lowest design com-
plexities compared with its counterparts. Under the restriction
of the lowest design degree of freedoms, an operational band-
width of 49.7% with stable radiation characteristics is
achieved.

I V . C O N C L U S I O N

In this paper, a wideband dipole antenna is designed by util-
izing the “single resonator, multiple radiation modes”
concept. By introducing a pair or two pairs of stubs, the
second odd-order dipole mode could be excited and reallo-
cated in proximity to its first order counterpart. Our study
indicates that the proposed dual-mode dipole could achieve
its impedance bandwidth up to 49.7 against 17.0% in a single-
mode antenna. The design approach is described and experi-
mentally validated. Therefore, the proposed approach can be
used to explore other types of wideband, multi-mode
antennas.

A C K N O W L E D G E M E N T S

The authors are indebted to Mrs. H. Bu and Mr. P. Cheong, in
University of Macau, for their help in fabrication and test.

Fig. 10. Measured gain and efficiency of the two antennas, (a) gain and (b) efficiency.

Table 1. Comparison between wideband and multi-arm dipoles.

References Length-to-width ratio of the
main dipole

Radiators/radiation
mode

Impedance bandwidth in
fractional

Average gain/
efficiency

Number of major design
parameters

[5] 5.17 Dual/dual-mode 23.5 1.5 dBi/NA 10
[7] 18.25 Dual/dual-mode 30.0 5.0 dBi/NA 12
[8] 4.29 Dual/multiple-mode 131.0 NA/75% 5
[9] 1.75 Dual/dual-mode 66.0 2.5 dBi/NA 10
[10] 6.00 Dual/dual-mode 63.8 2.0 dBi/78% 7
[13] 1.40 Single/single-mode 114.7 4.0 dBi/NA 17
[14] 1.95 Single/single-mode 113.0 8.2 dBi/NA 32
[15] 2.00 Single/single-mode 95.5 3.3 dBi/NA 10
[16] 2.17 Dual/single-mode 40.0 8.4 dBi/94% 8
[17] 2.20 Dual/single-mode 129.0 4.5 dBi/NA 15
This work 7.09 Single/dual-mode 49.7 2.0 dBi/88% 4

NA, not available. The bold font is to highlight the difference of this work for better comparison.
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