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A simple printed antenna with broadband property and omnidirectional

radiation patterns of wire dipole

Tuan Hung Nguyen'- 2, Ngoc Dong Nguyen', Hikaru Takizawa?, and Hisashi Morishita”

Abstract This letter presents a unique printed dipole antenna which can
roughly cover an 80% fractional bandwidth (VSWR < 3), and especially
possess the omnidirectional radiation patterns similar to those of wire dipole
antenna at its all resonant modes. The antenna is simple with a microstrip-
fed structure which it is just composed of two arms with each one forming
the shape of a conventional “inset-fed” rectangular patch antenna. At
the lowest operation frequency for VSWR = 3, the antenna size is only
0.32 x 0.0081, showing its effectiveness in many applications of small
antennas.

Keywords: printed dipole antenna, broadband antenna, omnidirectional,
wire dipole antenna

Classification: Microwave and millimeter-wave devices, circuits, and
modules

1. Introduction

The diversification of smart wireless devices in recent years
has been the strongest motivation for the rapid development
of various studies on printed antennas [1, 2, 3,4, 5,6, 7, 8,
9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25,26, 27, 28, 29, 30, 31, 32, 33, 34, 35, 36, 37]. Generally,
these antennas can be categorized by the authors into several
types such as patches [10, 11, 12], monopoles [13, 14, 15,
16,17, 18, 19, 20], or dipoles [21, 22, 23, 24, 25, 26, 27, 28,
29, 30, 31, 32, 33, 34, 35, 36, 37]. However, all of them have
the most common point in structure, that is, they basically
have a planar form which is composed of two conductor
parts placed upon two sides of a substrate.

On the other hand, when dealing with these antennas, de-
signers may be possible to obtain dual polarization [4, 5, 35],
low cross polarization [13, 26], or a desired radiation pat-
tern [20, 36], but in most works as listed in References,
designers often try to increase the antenna’s resonant band-
width by adjusting the shapes of conductor parts on the
substrate. Concerning the type of printed dipole anten-
nas [21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31, 32, 33,
34, 35, 36, 37], although antenna models in these works
can provide impressive bandwidth enhancement, other fea-
tures of some of them may disappear or be unsuitable in
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some particular applications. For example, the antennas in
[22, 24, 26, 27, 31, 32, 33, 34, 36] lose the omnidirectional
radiation pattern which is one of the most distinctive feature
of an original wire dipole antenna, or those in [21, 25, 29, 32]
need an additional balun for balanced feeding. For applica-
tions in which omnidirectional radiation pattern in a wide
frequency band and the elimination of balun are required,
the antenna proposed in this letter can be a good option
for designers to choose. Moreover, as described later in
the following sessions, the proposed antenna has a unique
and interesting property as its three resonant modes are ap-
proximately similar to those of a wire dipole antenna with
different lengths of 1/4, 1/2, and 31/4.

2. Antenna configuration

The configuration of the proposed antenna with different
views is shown in Fig. 1. The idea of this configuration is
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Fig. 1 Different views of the proposed antenna in CST simulation (di-
mension unit: mm).
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inspired from the original microstrip patch antenna [1]. The
antenna has two conductor parts (arms) on two opposite sides
of a rectangular FR-4 substrate (¢, = 4.8, tand = 0.019)
with the size of 120 X 33 X 1 mm. Both two arms have the
identical shape but inverse direction (along z-axis) to each
other. This shape is very straightforward and familiar to
antenna designers since it is simply the shape of a patch
antenna with a microstrip inset-fed structure [1]. For con-
venience, each arm can be considered to possess a “patch”
part and a “line” part whose dimensions are 60 X 33 mm
and 60 x 1.75 mm, respectively. However, note that due to
the microstrip-fed structure, the role of each arm is different
to the other. The antenna model in simulation is fed by a
waveguide port using the top arm’s line part as the feeding
line and the bottom arm’s patch part as the ground. The
width of the line part of the top arm is set to 1.75 mm so
that it can provide the characteristic impedance Zy = 50 Q
matching to the SMA feeding port in practice. The line part
of the bottom arm also has a 1.75 mm-width, but in fact, it
does not need to be 1.75 mm because it is not a microstrip
feeding line. On the other hand, as described later, the slots
at the center of the substrate with length /s and width ws of
the “inset-fed” parts play an important role in obtaining the
broadband characteristic of the antenna.

3. Analysis of antenna characteristics

In this section, we investigate in turn the characteristics of
input impedance, radiation pattern, and current distribution
of the proposed antenna using the analysis over a frequency
band of 500-2000 MHz by Time Domain Solver of the elec-
tromagnetic simulator software CST Studio Suite version
2020 [38].

3.1 Input characteristics

First, concerninng the input characteristics of the proposed
antenna, to highlight the importance of the slots at the center
of the substrate as mentioned above, we focus on the vari-
ation of VSWR when changing the slot length /s and the
slot width ws. Similar to [3, 8, 15, 18], and our previous
works [39, 40, 41], in this letter we also use the criterion
of VSWR < 3 (|S11] £ —-6dB) to evaluate the resonant
bandwidth of the antenna.

When the slot width ws is fixed to 1.5 mm, and the slot
length Iss is changed, results of VSWR variation are obtained
as indicated in Fig. 2. The antenna’s initial shape can be
considered as the case with no slots, namely, when [s =
Omm (or ws = Omm). In this case, VSWR of the antenna
is expressed by the thin green solid line in Fig. 2 with the
fractional bandwidth for VSWR < 3 is about 39% (844
1254 MHz) with only one resonance at 974 MHz. If Is is
increased to 5 mm, two resonances are observed at around
870MHz and 1100 MHz with better impedance matching
as indicated by the thin blue dashed line, and this helps the
fractional bandwidth be extended to 52% (800-1362 MHz).

Similarly, the fractional bandwidth continues extending if
Isisincreased to 9 mm. Asexpressed by the thick black solid
line, when [s = 9 mm, not only the 1% and 27 resonances
at 810 MHz and 1190 MHz, but also one more resonance
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Fig.2 VSWR characteristics when changing the parameter /s.
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Fig.3 VSWR characteristics when changing the parameter ws.

appears at 1700 MHz. In this case, the fractional bandwidth
is widened to 80% (760-1760 MHz). However, when [s is
larger than 9mm, e.g., /s = 13 mm as in the case of the
thin pink dotted line, impedance matching between the 1%
and 2" resonances deteriorates, and the bandwidth becomes
smaller than the case of [s = 9 mm. After conducting a more
detailed parameter sweep for /s, we confirmed that when
ws = 1.5 mm, the value of 9 mm is the best for /s to obtain
the widest bandwidth of the antenna.

Next, in the same manner, we investigate the VSWR vari-
ation in the case of fixing the slot length /s to 9mm and
changing the slot width ws. It is easy to see in Fig. 3
that with a very narrow slot, e.g., ws = 0.5 mm, the 31 rego-
nance completely vanishes, and the bandwidth degrades with
only two resonances remained even though the impedance
matching between them becomes better. Comparing Fig. 3
to Fig. 2, we found that the thin green solid line in Fig. 3
(ws = 0.5mm) is relatively similar to the thin blue dashed
line (Is = 5mm) in Fig. 2. The cause of this similarity can
be assummed that the currents flowing around the slot edges
in the both two cases have an approximately indentical effect
on input impedance of the antenna.

Also in Fig. 3, when the slot width ws excesses 1.5 mm,
e.g., ws = 2.5mm or 3.5mm, values of VSWR at around
920 MHz increase, and the broadband property of the an-
tenna is not maintained. With a more detailed parameter
sweep for ws, we confirmed that when /s = 9 mm, in or-
der to attain the widest bandwidth of the antenna, the most
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Fig.4 Fabricated model of the proposed antenna and its measured VSWR
characteristic compared to simulation result.

adequate value of ws is 1.5 mm.

From the above results, although no optimization pro-
cess like in [16, 18, 41] was implemented here, we still
can claim that when other dimension parameters of the an-
tenna are fixed as in Fig. 1, the pair of (9 mm, 1.5 mm) is
one of the most proper combination of (s, ws) for achieving
the maximally available bandwidth. To validate this claim,
we fabricated a practical model of the proposed antenna as
shown in Fig. 4(a), and measured its VSWR characteristic
compared to simulation results as shown in Fig. 4(b). It is
clear in Fig. 4(b) that measurement result is similar to simu-
lated one with three resonant frequencies and the fractional
bandwidth of 72% (816-1736 MHz) for VSWR < 3.

To further analyze the importance of the pair (Is =
9mm,ws = 1.5mm), in Fig. 5, we address the variation of
input impedance in the frequency band around the 3™ reso-
nance (1500-1900 MHz) for the both two cases of changing
s and ws corresponding to Fig. 2 and Fig. 3. In Fig. 5(a),
when the slots do not exist (Is = 0 mm) or short (/s = 5 mm),
input reactance in 1500-1900 MHz band is completely in-
ductive, but the increment of /s makes the input reactance
become more capacitive. However, while s = 9 mm gives
a proper increment of capacitance, /s = 13 mm makes the
capacitance increase unnecessarily for matching. Similarly,
in Fig. 5(b), the increment of ws also lead to a increment of
capacitance, and ws = 1.5 mm provides the most adequate

matching condition in this band.

3.2 Radiation patterns and current distributions

In this part, we first investigate the radiation patterns of the
prosposed antenna at its three resonant frequencies, namely,
fi = 0.81GHz, f, = 1.19GHz, and f3 = 1.7GHz. The
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Fig. 5 Variation of normalized input impedance in 1.5-1.9 GHz band.

simulated and measured results of realized gain radiation
pattern at these frequencies both in xy and yz planes are
respectively shown in Fig. 6(a)—(c). In each plane, since
the E4 component is very small, only the Eg component
is plotted. Both simulated and measured results relatively
match well to each other. In xy plane, it can be seen that
the proposed antenna has omnidirectional radiation patterns
at all three frequencies. This is more obvious in yz plane
while the proposed antenna has the radiation patterns of
“8” shape. These results reveals that radiation patterns of
the proposed antenna are close to those of a typical wire
dipole antenna [1]. To compare more in details the radiation
characteristics between the proposed antenna and a wire
dipole antenna, we conduct a detailed analysis as below.

Radiation pattern of an ideal wire dipole antenna which
has the length [ along z-axis can be expressed by the follow-
ing function which is excerpted from [1].

cos ﬁcos.@ — Ccos ﬁ ’
2 2

sin @

ey

F(6.¢) = F(6) =

where k = 27/ is the wave number. Directivity of the wire
dipole antenna is:

2F(0)|ms
Dy = — 2F Ol o

Ve
/ F(0)sin6d6
0

Table I summarizes the comparison of radiation quan-
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Fig. 6 Simulated and measured realized gain radiation pattern of the
proposed antenna at 3 resonant frequencies (unit: dBi; left side: xy-plane;
right side: yz-plane).

Table I Comparison between the proposed antenna and wire dipole an-
tenna with different lengths

Half-power beamwidth (HPBW)
Wire dipole ant =14 =12 1=3M/4
ire dipole antenna 37 750 64°
A f i
Proposed antenna 8449 7720 65.7°
Directivity (D, - di less)
L 1=1/4 =12 =314
Wire dipole antenna 153 167 192
Ji Lo fs
Proposed antenna 167 177 515

tities including half-power beamwidth (HPBW) and direc-
tivity Do between the proposed antenna and wire dipole
antenna. Quantities of the wire dipole antenna are derived
with different values of length /, namely, [ = 1/4, 1/2, and
31/4 [1]. Meanwhile, those of the proposed antenna are
extracted from CST simulation result at its three resonant
frequencies. It can be seen that the values of both HBPW
and Dy of the proposed antenna at f; are very close to those
of the wire dipole antenna with / = 1/4. The approximate
similarity is also confirmed in the cases of comparing quan-
tities at f> and f3 of the proposed antenna to those of the wire
dipole antenna with [ = A/2 and [ = 31/4, respectively.
Next, in Fig. 7, we compare the features of current dis-
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Fig.7 Comparison of current distributions between the proposed antenna
and wire dipole antenna.

tributions of the proposed antenna with respect to those of
the wire dipole antenna. The normalized value of current
amplitude [ to a given maximum value Iy along z-axis of
the wire dipole antenna is plotted in Fig. 7(d) based on the
formula [1]:

Iy sin [k (é —z’)}, 0<z/<l/2

l
Iy sin [k (z + z')

in which z” = 0 is the center point of the dipole. In Fig. 7(a)—
(c), currents that flow on two arms of the proposed antenna
are exhibited. We observe that the strongest currents con-
centrate mainly around the line parts of both two arms of the
proposed antenna at all three resonant frequencies. Current
distribution at f; in Fig. 7(a) is qualitatively similar to the
black dotted line (! = A/4) in Fig. 7(d). In the same man-
ner, current distributions at > and f3 in Fig. 7(b), (c) are
also relatively similar to the case of [ = 1/2 and [ = 31/4
in Fig. 7(d). On the other hand, currents (on the top and
bottom arms) that flow along +y and —y directions at the
center edges of the substrate are out-of-phase and cancel to
each other, and therefore almost have no contribution to the
radiation of the proposed antenna.

From the investigation on radiation patterns and current
distributions above, we find out that the proposed antenna
operates like a 1/4 wire dipole at its 1% resonance, like a 1/2

3)
, -1/2<z77<0




TableII Comparison between the proposed antenna and the others picked
up from several references

Size at fi, of Fractl(')nal Balun Radiation
VSWR =3 bandwidth need? atterns
(VSWR < 3) : P
Antenna in 0.351.%0.03/. 55, Yes Omnidirectional
[21] at 2 resonances
. Nearly
Am[e;;;a mn 0.524X0.14 77% Yes omnidirectional
at 2 resonances
Antenna in 0.41.%0.2) 43% Yes Omnidirectional
[29] at 2 resonance
Antenna in Directional in
>< 0,
3] 0.641<0.124 >100% No all band
Antenna in 0.381X0.38). 28% +21% No Omnidirectional
[37] at 2 resonances
Thiswork | 0.37%0.082 80% No | Omnidirectional
at 3 resonances

wire dipole at its 2" resonance, and like a 31/4 wire dipole
at its 3™ resonance. That is to say, the proposed antenna can
maintain the features of wire dipole antenna over the entire
resonant band. This is a very interesting and distinctive
feature of the proposed antenna that differs from the other
printed dipoles in [21, 22, 23, 24, 25, 26, 27, 28, 29, 30, 31,
32,33, 34, 35, 36, 37].

To compare more in details the proposed antenna with the
othersin[21, 22,23, 24, 25, 26,27, 28,29, 30, 31, 32,33, 34,
35, 36, 37], we pick up several examples of printed dipole
antenna from these references and conduct the comparison.
Table II shows the statistical data of the printed dipole an-
tennas in [21, 25, 29, 33, 37] and the proposed antenna in
this work. These data include the normalized antenna size
with respect to the wavelength A at the minimum opera-
tion frequency of VSWR = 3, the fractional bandwidth for
VSWR < 3, the requirement of a balun in feeding, and the
shapes of radiation patterns at resonant frequencies of each
antenna. The data clearly demonstrate the helpful advan-
tages of the proposed antenna as it possesses a small size,
the ability of covering a very wide bandwidth and main-
taining omnidirectional radiation patterns at its all resonant
frequencies without the requirement of a balun in practice.

4. Conclusion

In this letter, a unique printed dipole antenna has been pro-
posed, and its operation features have been analyzed in de-
tails. Analysis results revealed that the proposed antenna
has a small size, covers roughly 80% fractional bandwidth
for VSWR < 3 with simple microstrip feeding structure, and
moreover, maintains the typical radiation properties of wire
dipole antenna with three resonant modes of 1/4, 1/2, and
31/4. Although its impedance matching over the entire band
still needs to be improved further, it can be used in several
LTE bands such as Band 5 (824-894 MHz), Band 8 (880—
960 MHz), Band 11 (1427.9-1495.9 MHz), or GPS bands
such as L1 (1575.42MHz), L2 (1227.60 MHz). The same
antenna structure may also be a proper option for researchers
dealing with other frequency bands. In future works, the im-
provement of impedance matching should be focused, and
the utilization of this antenna to construct other antenna
structures for particular applications should be considered
carefully.
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