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Abstract—A low-proﬁle, electrically compact, and cost-eﬀective antenna for wireless communication
is presented. The antenna comprises self-complementary dipole elements on each side of the resonator
surface. The dipole is excited using co-axial feed for an eﬃcient impedance matching. An electrically
compact antenna has dimensions of 0.13λ × 0.26λ at the lower frequency. The dipole covers 1.57 GHz
and 3.65 GHz frequencies oﬀering the measured impedance bandwidth in the order of 1.83% and 2.30%,
respectively. The self-complementary structure of the dipole having multiple coupling elements permits
adequate tuning of the antenna on target frequencies. The resonant modes of the antenna can be
tuned by merely modifying the position of the complementary structure on each side of the dipole. The
engineered slots in the dipole permit further ﬁne-tuning. The antenna presents gain in the order of
0.71 dBi and 1.27 dBi and stable radiation patterns for the two frequencies.

1. INTRODUCTION
The need for compact antennas is ever and rapidly growing in wireless communication devices. Wireless
communication needs low-proﬁle and cost-eﬀective antenna solutions that can be swiftly integrated with
circuit boards. Printed surface mountable antennas are optimum solutions to many challenges posed
by compact communication devices. Dipole antenna oﬀers all these abilities along with stable radiation
characteristics. Printed dipole antennas can be integrated with communication devices oﬀering single
resonant modes to multiple resonant modes. Printed antennas are limited in terms of bandwidth and
gain, however, oﬀer ease in fabrication and device integration.
A systematic technique to engineer the surface-mountable antenna can be applied to achieve
the target frequencies. Many works in literature present such techniques for dipole antennas [1–
6]. The defected ground plane in surface-mountable antenna design is signiﬁcantly useful for
bandwidth optimization as extensively reported [7–11]. The defected ground plane technique does oﬀer
disadvantages of cross-polarization and front to back (F/B) ratio of the antenna. Due to simple design
and compactness, printed antennas are tailored to achieve broadband characteristics using compound
structures of dipole and monopole radiators [12–15]. The antennas for multiple resonances are quite
famous in planar resonators. Such resonators are typically complex in nature and oﬀer low operational
bandwidth [16–19]. Loop-shaped resonators are widely utilized concepts for wireless devices. The
literature oﬀers a range of loop antennas designed for stable radiation characteristics [20–24]. Loopshaped antenna, due to its nature of the shape, oﬀers compactness in the design. By only modifying the
number of loops, the eﬀective electrical length of a loop antenna gets changed, and hence subsequently
the antenna resonance can be altered.
The Split Ring Resonators (SRRs) are also widely utilized for antenna design compactness [25, 26].
Antenna compactness can be achieved by loading m-negative material in the antenna [27–29]. SRR
has high Q-factor characteristics due to which the bandwidth of the excited resonance mode gets
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essentially limited. SRR array can be utilized for a strong electromagnetic response for the development
of electrically compact resonators. The stability of the radiation characteristics of the antenna using
m-negative material loading is a matter of concern. The slots in the patch are one of the easiest and
stable techniques for antenna miniaturization. Slotted patch antenna is thus a widely utilized design for
electrically small antennas. The presented design exploits the use of slotting on the patch and defected
ground plane for achieving the target dual-band resonance at GPS and WiMAX frequencies. The openended slots of the proposed antenna provide wide impedance bandwidth. The dimensions and positions
of the open-ended slots are varied for meeting the target resonance frequencies.
2. ANTENNA CONFIGURATION
The antenna was designed in a ﬁnite element analysis based software simulator. The dipole was
fabricated on standard FR-4 laminate. The dimensions of the selected substrate of the antenna are
25 mm × 50 mm which is 0.13λ × 0.26λ at the lower frequency. The electrical dimensions of the antenna
are quite compact. The height of the substrate is selected as 1.56 mm. The FR4 provides a cost-eﬀective
solution in the case of mass-production of the PCBs; however while being utilized for high-frequency
spectrum regimes, it introduces quite high losses due to its high loss tangent around 0.02. This reduces
the radiation properties of the antenna, and especially the antenna gain gets reduced due to induced
dielectric losses. It is recommended to use a low-loss material for designing the antennas for highfrequency applications; however, these laminates come with a higher cost.
The slots in the antenna alter the electrical length of the resonator and thus alters the resonance.
Figure 1 depicts the proposed dipole antenna. Typically, such dipole and monopole antennas are fed
with a microstrip line; in this design, coaxial cable excitation is provided to optimize the impedance
matching. The location of the SMA connector is also optimized manually by taking multiple iterations in
the numerical simulation. A gold-plated SMA connector is used to further reduce the losses. The induced
surface current density on the top of the patch excites the resonant modes. Due to the symmetrical
structure, there shall be symmetrical induced currents on the slotted lines of the resonator.

(a)

(b)

(c)
Figure 1. Antenna views. (a) Top, (b) bottom, (c) perspective.
In addition, impedance bandwidth can be swiftly improved by further tweaking of the leveled
arms of the resonators. The strip extension to the slotted dipole allows the smooth mode transition
from the line to the slotted strips. The gap between the slotted ﬂares of the dipole is iteratively
modiﬁed to optimize the performance of the patch resonator. The balanced feeding is apparently due
to the structural symmetry. The utilization of the coaxial feeding along with reﬂected conducting sheet
beneath the coaxial connector matching real-time connector caused the feeding impedance to be exactly
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50 Ω. The presented antenna exhibits two resonant modes excited for GPS and WiMAX applications.
The dimensions in mm are SW = 25, SL = 50, Pl1 = 12, Pl2 = 12, Pl3 = 11, Pl4 = 5, Pl5 = 11,
Pl6 = 12, Pl7 = 2.8, Pl8 = 5.38, Pl9 = 0.2, Pw1 = 2, Pw2 = 0.5, Pw3 = 4, Pw4 = 0.5, Pw5 = 3, Pw6 = 3.5,
Pw7 = 4.25, Pw8 = 12.5, Pw9 = 11.
3. RESULTS AND DISCUSSION
The proposed dipole was simulated using High Frequency Structure Simulator. A prototype was
developed to measure the results achieved through software numerical simulations. The fabricated
module is presented in Figure 2. Keysight tabletop network analyzer, N9912A, was utilized for the
measurement of the reﬂection coeﬃcient. The simulated and measured reﬂection coeﬃcients are
represented in Figure 3. The antenna has resonant frequencies of 1.575 GHz and 3.65 GHz. As apparent
from the ﬁgure, measured return loss values are around 14.08 and 15.92 at 1.575 GHz and 3.65 GHz
frequencies. This makes the Voltage Standing Wave Ratio (VSWR) around 1.49 and 1.38 for respective
frequencies. These VSWR values are less than 1.5 as per the typical required real-time values for antenna
modules. The slight variation in the return loss in measured values compared to the simulated values of
return loss is due to ﬁne mechanical inaccuracies. The antenna has good measured impedance bandwidth
of 1.83% at 1.575 GHz and 2.30% at 3.65 GHz. Table 1 shows antenna radiation characteristics.
The surface current density distribution of the presented dipole is depicted in Figure 4. The maxima
for 1.575 GHz is visible near the strip along with the feed and gaps. The concentric coupling gives rise
to the mode being excited. For the 3.65 GHz frequency, the current density distribution is continuous
on vertical pole. The induced ﬁeld is stronger in case of 3.65 GHz than 1.575 GHz frequency.

(a)

(b)

Figure 2. Fabricated prototype. (a) Top view, (b) bottom view.

Figure 3. Reﬂection coeﬃcient of the antenna (Dashed: measured, continuous: simulated).
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Table 1. Antenna radiation characteristics.
Antenna Parameters
Resonance
Reﬂection Coeﬃcient
Impedance Bandwidth
Peak Gain

First Frequency Band
Simulated/Measured
1.569 GHz/1.572 GHz
−15.89 dB/−14.08 dB
1.53%/1.83%
1.38 dBi/0.71 dBi

Second Frequency Band
Simulated/Measured
3.635 GHz/3.65 GHz
−18.86 dB/−15.92 dB
2.48%/2.30%
4.01 dBi/3.75 dBi

(a)

(b)
Figure 4. Antenna current distribution (a) 1.575 GHz, (b) 3.65 GHz.
Several dimensions of the dipole strips and gaps are varied as demonstrated in Figure 5. The mutual
coupling between the strips can cause the alteration in eﬀective impedance and capacitance of the dipole
resonator. The mutual coupling between two elements looks very strong for the short bottom right arm
and strip connected near the feed. As a consequence, the interaction between ﬁelds contributed from
these two arms shall have distinct eﬀects. In Figure 5(a), the length of upper-right arm Pl3 is varied
to see the variations in the return loss characteristics. The second resonance had signiﬁcant variation
while the modiﬁcation in Pl3 was carried out. The variation in lower arm length Pl4 caused shift in the
resonance for both the frequencies as in Figure 5(b). The same is true for Figure 5(c). The change in
the value of reﬂection coeﬃcient was noticed when the widths of the arms were modiﬁed. Figures 5(d)
through 5(f) depict return losses when the distances between two arms were altered. A plane rectangle
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(a)

(b)

(c)

(d)

(e)

(f)

Figure 5. Parametric variations (a) Pl3 , (b) Pl4 , (c) Pl5 , (d) Pw1 , (e) Pw3 , (f) Pw4 .
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monopole was designed for meeting the target frequency. However, the dimensions of these monopole
were quite higher than the proposed design. The slits were introduced one by one for meeting the
typical criteria of resonance frequency, desired bandwidth, and the gain. Subsequently as presented
in Figure 5, multiple iterations were carried out through software numerical solutions. The presented
antenna shows the optimized dimension of the monopole.
The radiation patterns were measured in a shielded anechoic chamber as pictured in Figure 6.
The chamber provides the isolation around 25 dB for the measured frequencies. The dimensions of
the anechoic chamber were 3 × 3 × 3 m3 . The horn antenna in the anechoic chamber was excited
to measure the radiation pattern. The measured pattern was simulated in a commercial tool built
upon MATLAB software. Ultra low-lossy cables were employed for the connection from Horn to VNA
and antenna to VNA to minimize cable losses. Both E-ﬁeld and H-ﬁeld patterns were measured in
the shielded anechoic chamber. The material of the turntable is designed in such a way to reduce the
reﬂections at these frequencies. The numerical simulated and measured radiation patterns at both target
frequencies are depicted in Figure 7. As expected, a ﬁgure-of-eight pattern appears for the proposed
dipole. The antenna has electrical tilt due to its virtue of shape. The slots in the dipole modify the
surface current directions and subsequently the current density on the resonator. The ﬁeld emitting
from these resonators shall essentially be electrically tilted as in E-Field patterns of the antenna. The

(a)

(b)

Figure 6. Measurement in anechoic chamber.

(a)

(b)
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(d)

Figure 7. Radiation patterns (a) E-plane (y-z plane) at 1.575 GHz, (b) H-plane (x-z plane) at
1.575 GHz, (c) E-plane (y-z plane) at 3.65 GHz, (d) H-plane (x-z plane) at 3.65 GHz.
Table 2. Comparison of antenna with designs available in literature.
Citation
[14]
[30]
[31]
Proposed

Frequency
(GHz)
2.4, 2.59, 2.95,
3.7, 4.12, 4.5, 5.5
1.57, 1.85, 2.44
2.4, 3.5, 5
1.57, 3.65

Gain
(dBi)
1.89, 1.61, 0.97,
0.98, 1.72, 1.92
−1, 0, 0.2
4.5, 4.2, 5.1
0.71, 1.27

Bandwidth
(%)
14.16, 6.78, 6.21,
3.15, 7.77, 8.18
0.8, 0.5, 0.8
12.2, 5.6, 7.6
1.83, 2.30

Antenna
Dimension (mm3 )
50 × 200 × 1.6
41.1 × 45.5 × 0.8
75 × 75 × 1.6
25 × 50 × 1.56

H-ﬁeld pattern of the dipole resonator is typically circular. Figure 8 depicts the antenna gain and
radiation eﬃciency plots. The antenna eﬃciencies were in order of 61% and 75% for 1.575 GHz and
3.65 GHz, respectively. The eﬃciency may be further improved by employing tapered-line from coaxial
feed to the dipole resonator.

Figure 8. Antenna gain and radiation eﬃciency.
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The proposed antennas exhibit beneﬁt either in terms of gain or bandwidth or antenna dimensions
as shown in the comparison in Table 2.
4. CONCLUSION
A planar dual-band dipole antenna was designed for 1.575 GHz and 3.65 GHz frequency bands targeting
GPS and WiMAX operations. The dipole provides good bandwidth around 1.83% and 2.30% for these
frequencies, respectively. The antenna exhibits a stable radiation pattern with satisfactory gain in order
of 0.71 dBi and 1.27 dBi. The measured results have close correlation with the simulated ones which
shows employability of the proposed antenna in a communication module.
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