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Abstract- A new design of a dual-band printed dipole antenna with
integrated balun is presented in this study. The antenna in simple form
is composed of a printed dipole, integrated balun, a I'-shaped feed, and
a square-shaped ground plane, which achieves a fundamental resonance
at 2.4 GHz frequency. A pair of rectangular-shaped resonators are
positioned on two sides of the I"-shaped feed in the second designing step
innovatively to accomplish the additional resonance at 5.5 GHz as the
second frequency band of the WLAN. Two electromagnetically coupling
mechanisms prepared between the I'-shaped feed and dipole arms, and
rectangular-shaped resonators, which lead to creating two operating
frequency bands. An equivalent circuit and a parametric study
presented to explain the antenna performance in this work.
Experiments approve that the proposed dual-band antenna has two
impedance bandwidths of 14.1% (2.23-2.57 GHz) and 25.7% (4.83-6.26
GHz) with average gains of 12.10 dBi and 6.36 dBi over the first and
second frequency bands, respectively, which covers the 2.4/5.5 GHz
WLAN frequency bands successfully.

Index Terms- Dual-Band Antenna, Printed Dipole, Integrated Balun, WLAN Application.

. INTRODUCTION

Nowadays, to satisfy the requirements of 802.11a and 802.11b standards for wireless local area
network (WLAN) systems to have a high data rate with an excellent reliable communication link, it is
necessary to design a compact dual-band antenna. Fundamentally, the WLAN transceivers operate at
two distinct frequency bands, i.e., 2.4 GHz (2.4-2.484 GHz) and 5 GHz (5.15-5.825 GHz), which lead
to having two individual antennas. This weakness makes some other problems such as increasing the
total volume and cost of the system. On the other hand, designing the antennas with impedance
bandwidth (IBW) of 2-6 GHz to cover both WLAN frequency bands with stable and same radiation
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performance on the operating frequency band is complicated. However, covering the whole frequency
band of 2-6 GHz for WLAN makes frequency interference problems with other wireless systems.
Nevertheless, designing a compact dual-band antenna that operates at 2.4 GHz and 5.5 GHz frequency
bands is beneficial and applicable. In the last few years, numerous dual-band antennas with different
designing techniques are reported in the literature [1-12].

Two inverted-F antenna elements are employed to achieve dual-band performance for WLAN
application in [1]. In [2], a U-shaped slit was used to generate two frequency bands for WLAN
systems with omnidirectional radiation properties. A dual-band WLAN array antenna was
investigated in [3]. In this design, two integrated bandpass filters and two rectangular patches were
used to excite the WLAN frequency bands in 2.4/5.8 GHz. Besides, in [4], two bowtie-dipole
elements with different dimensions are introduced to cover the WLAN frequency bands. In this
structure, two integrated baluns with different heights are used to feed the dipoles correspondingly.
Furthermore, a compact slot antenna is presented in [5] for 2.4/5.8 GHz WLAN on-body applications
composed of an asymmetric T-shaped slot with two long and short paths to achieve dual-band
functionality. Other techniques also are employed to generate dual-band capability such as using
mushroom-like superstrate structure [6], employing bowtie-radiators [7], etching slots on the patch
[8], using metamaterial structures [9], using stacked structures [10], including Complementary Split
Ring Resonator (CSRR) [11] and comprising arc-shaped grounded stub [12]. Additionally, Dual-band
performance used for other applications such as mobile base-station systems [13] and UHF RFID
Tags [14].

Principally, printed dipole antenna with integrated balun is a competent choice for high-gain
applications with stabilized radiation pattern, widely used in WLAN systems [15]. Regarding compact
size and ease of integration with microwave circuits, the printed antennas are manufactured by using
printed circuit board (PCB) technology [16]-[19]. Printed dipole antennas with integrated baluns have
inspired the design of firstly reported by Luk in 2006 [20]. Indeed, in this design, the integrated balun
acts like a M4 coaxial balun, which converts the unbalanced coaxial line to a balanced slot line to feed
the dipole [21] and [22].

A new design of printed dipole antenna with integrated balun is introduced and investigated in this
work. It achieved a dual-band functionality by employing rectangular-shaped resonators innovatively.
The antenna is composed of an integrated balun with a I'-shaped feed, a printed dipole, a square-
shaped reflector, and a pair of rectangular-shaped resonators placed on two sides of the I"-shaped feed.
According to the equivalent circuit of the antenna, two coupling mechanisms were accomplished. One
of them is established between the I'-shaped feed and the dipole, and the other one is formed between

the I"-shaped feed and the rectangular-shaped resonators.
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Fig. 1. (a) Geometry of the simple printed dipole antenna with an integrated balun, and (b) Geometry of the proposed
dual-band antenna.

Il. ANTENNA DESIGN

A simple printed dipole antenna with an integrated balun is proposed at the first step. It is composed of
dipole arms and I'-shaped feed which are printed on the two sides of a 72x42 mm? FR4 substrate with
0.8 mm thickness. According to Fig.1 (a), the I'-shaped feed has three segments, a microstrip line, a
coupling segment, and an open-ended microstrip line. In this structure, the input signal delivered to
the microstrip line from the coaxial cable, and the coupling segment transfers it to the dipole arms
through a slot line. The open-ended microstrip line is in charge of producing excellent impedance
matching. It is noteworthy that the dipole is feed by an electromagnetically coupling mechanism like
happened in transformers. The length of the dipole arms (Lq) is set at approximately A1/4 in the first
frequency resonance of the WLAN operating band, .i.e. 2.4 GHz.

At the second step of antenna designing, a pair of rectangular-shaped resonators are located on two
sides of the I"-shaped feed to achieve another resonance at 5.5 GHz as the second frequency band of
the WLAN. Indeed additional electromagnetic coupling is accrued between the I'-shaped feed and
rectangular-shaped resonators. Likewise, in this step, the length of the resonators is almost A,/4 for the

center frequency of 5.15-5.825 GHz WLAN second operating band. The proposed antenna with dual-
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Fig. 2. Equivalent circuit of the proposed dual-band antenna.

band functionality is presented in Fig 1(b). Other dimensions are reported in this figure.
I1l. EQUIVALENT CIRCUIT OF THE ANTENNA

The proposed dual-band antenna can be modeled as an equivalent circuit, demonstrated in Fig. 2 [23].
The model comprises microstrip lines, RLC circuits, coupling structure, stub, and slot line. Valuable
and applicable equations for calculating the properties of a microstrip line given in [24]. By using
these formulas, all of the microstrip line characteristics such as the effective permittivity (eefr),
wavelength (A), characteristic impedance (Zm), and width of the microstrip lines (w) can be calculated.
The relative permittivity (er) and height of the dielectric substrate (h) assumed to be given.

It is evident in the equivalent circuit of the antenna that the input signal is delivered to a coupling
structure through a microstrip line with the characteristic impedance of Zn, and length of L. An ideal
transformer with two secondary windings associated with two coupling mechanisms with a ratio of
1:n? exhibits the coupling structure. Furthermore, an open-ended microstrip line that compensates for
the impedance matching represents the last portion of the I'-shaped feed. The couplings were
performed between the I'-shaped feed and printed dipole and also rectangular-shaped resonators. The
printed dipole and rectangular-resonator are modeled as RLC circuits with the input impedance of Zq
and Z», respectively. By using of equations presented in [25], the input impedance of the printed

dipole with the length of 2xL4 can be calculated as follows

1zo(|n16Ld_1j
z, w (sinh(ml_d )—%sin(4[)’Ld )j— j (%sinh(4aLd )+sin(44L, )D (1)

" cosh (4aL,)—cos(4AL,)
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Fig. 3. Simulated and measured S11 of the proposed antenna in simple form.

In this equation, a and P represent the attenuation coefficient and the phased shift coefficient of the
surface current on the printed dipole, respectively, and w is the width of dipole arms. A similar
equation can be defined for the rectangular-shaped resonators, which is introduced by Z,. The
addressed impedances in the equivalent circuit of the antenna such as Zi, Zs, Z4, Zs, and Zinpu: Can be

calculated using the transmission line theories as follows [26]

Zy = Zsq||Zss ()
Z3 = n*(Z11|Z,) (3)
Z,=2,-jZ, cotpL_, 4)

7 Z,+jz, tan(AL,) 5)
Z +jz,tan(BL,)

sd

Z,+jZ tanpL
Zinput = m * J . IH - (6)
Z +jZ,tanpL .

The delivered signal to the I'-shaped feed transferred to the printed dipole and rectangular-shaped
resonators electromagnetically. It leads to generating two impedance bandwidths for dual-band

WLAN applications.

IV. SIMULATION AND EXPERIMENTAL RESULTS

All of the simulation and experimental results carried out using HFSS Ver.15 software and an
Agilent E8363C Network Analyzer, respectively. The simulated and measured Si; results of the
simple printed dipole antenna with an integrated balun are shown in Fig 3. According to the
experiments, the antenna in simple form has an impedance bandwidth of 15.3% (2.23-2.60 GHz),
which covers the 2.4 GHz WLAN frequency band. The length of dipole arms has a fundamental role
in determining the location of the main resonance frequency. A parametric study is depicted in Fig. 4,

which shows the resonance frequency of the antenna shifts from 2.65 GHz to 2.32 GHz by increasing



308 Dual-Band Printed Dipole Antenna for 2.4/5.5 GHz WLAN Applications

s,, (dB)

1.5 2 2.5 3 3.5 4 4.5 5 55 6 6.5 7
Frequency (GHz)

Fig. 4. Simulated S11 response of the proposed antenna in simple form for various lengths of La.
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Fig. 5. Simulated and measured peak gains of the simple printed dipole antenna.
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Fig. 6. Simulated and measured (a) H-plane and (b) E-plane radiation patterns of the simple printed dipole antenna at 2.4
GHz frequency.

the Ly from 14 mm to 18 mm.

In this design, the Lq4 is set at 16.7 mm to achieve resonance at 2.39 GHz. Furthermore, the
simulated and measured peak gains of the simple printed dipole antenna are plotted in Fig. 5.
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Fig. 7. Simulate 3D-radiation patterns of the simple printed dipole antenna at 2.4 GHz frequency.
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Fig. 8. Simulated and measured Sa1 of the proposed dual-band antenna.

Numerical results confirm that the antenna has an average gain of 13.70 dBi over the operating
frequency band.

2D normalized and 3D radiation patterns in yz- and xz-planes at 2.4 GHz are presented in Fig. 6
and Fig. 7. Results show that the radiation patterns of the antenna are stable and unidirectional. The
cross-polarization and the back-lobe of the antenna radiation patterns are relatively weak. Moreover,
the rectangular-shaped resonators are placed on two sides of the I'-shaped feed to realize an additional
operating band at 5.5 GHz. The numerical and experimental Si; curves of the proposed dual-band
antenna are reported in Fig. 8. Regarding the results, the proposed dual-band antenna has impedance
bandwidths of 14.1% (2.23-2.57 GHz) and 25.7% (4.83-6.26 GHz), which is cover the 2.4/5.5 GHz
WLAN frequency bands successfully. The simulated and measured peak gains of the proposed dual-
band antenna illustrated in Fig. 9 over the frequency bands. The proposed antenna has average gains
of 12.10 dBi and 6.36 dBi over the first and second frequency bands.

The normalized H-plane radiation patterns of the proposed dual-band antenna are demonstrated in
Fig. 10 at frequencies of 2.4 GHz and 5.5 GHz. It is shown that the proposed antenna has HPBWSs of
about 82.6°, and 123° at frequencies of 2.4 GHz, and 5.5 GHz, respectively.
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Fig. 9. Simulated and measured peak gains of the proposed dual-band antenna.
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Fig. 10. Simulated normalized H-plane radiation patterns of the proposed dual-band antenna.

Moreover, the cross-polarizations at least 12 dB are lower than the co-polarizations. 2D normalized
and 3D radiation patterns of the proposed antenna in yz- and xz-planes at 2.4 GHz and 5.5 GHz are
presented in Fig. 11 and Fig. 12, correspondingly. The proposed antenna has stable and unidirectional
radiation patterns. Theoretical and experimental results of the presented design have a slight
discrepancy that can be caused by human errors and fabrication tolerances. Photographs of the
measurement setup are shown in Fig. 13.

Furthermore, the current distribution over the proposed antenna at the resonant frequencies (i.e. 2.4
GHz and 5.5 GHz) is shown in Fig. 14. The concentration of current flow over the dipole arms and
parasitic element, which is shown in this figure, determines the antenna’s dual-band performance at
2.4 and 5.5 GHz.

Also Table 1 displays a comparison between the proposed antenna in this work and similar dual-
band antennas in terms of impedance bandwidth, HPBW, average gain, and dimensions. It is seen that

compared to other dual-band antennas, the proposed antenna has a higher gain and lower dimensions.
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Fig. 11. Simulated and measured (a) and (c) H-plane, and (b) and (d) E-plane radiation patterns of the proposed dual-band
antenna at (a) and (b) 2.4 GHz and (c) and (d) 5.5 GHz frequency.
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in the anechoic chamber.
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Fig. 14. Current distribution over the proposed antenna at the resonant frequencies (a) 2.45 GHz, and (b) 5.5 GHz

Table 1 Size and performance comparison of dual-band antennas.

Refs. (Icl;nﬁg)cj'a:r;:\elzvlis‘())//:/) '?ZE;\;V AV(chi;)a in Dimensions (Ao®)
1 i%:ggg; o3 NR NR 1.13%0.76x0.02
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4] 25'.3162_—2&';.7662//195.'36 NR 7?1 1.4x1.44x0.09
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FBW: Fractional Bandwidth, NR: Not Reported.
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V. CONCLUSION

A printed dipole antenna with an integrated balun and rectangular-shaped resonator introduced and
investigated in this paper, which attaines a dual-band functionality by employing two
electromagnetically coupling mechanisms in novatively. The proposed dual-band dipole antenna
printed on a 72x42 mm? FR4-substrate covering the 2.4/5.5 GHz WLAN frequency bands with
average gains of 12.10 dBi and 6.36 dBi.
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