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Abstract—Design of a composite dipole antenna array with direct
feed is presented. In the form of printed-circuit antennas, the structure
of the design consists of a doublet antenna and an elliptic loaded
monopole antenna with a skirted dipole. As the load of the antenna
array, this elliptic monopole provides wider bandwidth. Therefore,
with the load possessing a radiation characteristic, it contributes
to enhancing efficiency of the antenna array and hence the omni-
directional radiation gain. A good agreement between simulated
results by CST Microwave Studio® and tested results suggests that
the reflection coefficient for the frequency range between 4.35 GHz
to 5.0 GHz is lower than —10dB. The out-of-roundness on H-plane
is lower than 2dB and the maximum gain is higher than 6dB for
the frequency range from 4.6 to 5.0 GHz. What is more, the gain
per wavelength is about 4dB, showing the antenna’s excellence in
miniaturization.

1. INTRODUCTION

For point-to-multipoint communication systems, there are common
requirements for base station antennas to possess the characteristics
of high-gain, wide-band and omni-directional, so terminal antennas
are required to be capable of both miniature and omni-directional,
such as the mobile communication of base stations with terminal
users. Generally, an omni-directional antenna is designed to be
higher than 4dBi in gain, which accordingly guarantees link gain
and beam coverage. Additionally, an antenna is expected to meet
the needs of both miniaturization and wider bandwidth. The former
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aims to miniaturize communication systems and the latter accelerates
communication rate, together with securing communal applications of
antennas in multi-system as well as serving as an important means of
antenna miniaturization.

According to indexes demanded above, researchers proposed a vast
deal of plans of antenna designs that can be divided into following
two categories: ultra-wideband radiating antenna elements and high-
gain omni-directional antennas. Initially, ultra-wideband radiating
antenna elements [1-4] offer an excellent characteristic of a fairly wide
range of impedance bandwidth, which can generally reach a ratio more
than 2 : 1. However, the antenna radiation pattern bandwidth is
relatively narrow and the gain is low. Although these can be reconciled
with a means of an array [5,6], it fails to be operated due to its
complexity and large size. Additionally, high-gain omni-directional
antennas [7-9], which are based on COCO antenna, provide narrow
bandwidth, low omin-directional gain and lower electrical length ratio
in the polarization direction, resulting in adverse effects on antenna
miniaturization.

A composite dipole planar antenna array with direct feed is
presented in this paper. That is, the overall antenna is in the form
of printed circuits, consisting of a doublet antenna and an elliptic
loaded monopole antenna with a skirted dipole. By simulating the
models built by CST Microwave Studio~”, we finally got an omni-
directional high-gain antenna with its overall omni-directional gain
better than 4dBi over a frequency range of 4.18 to 5.03 GHz (the
relative bandwidth is 18.5%). The article is divided into the following
five parts: (1) introduction; (2) antenna structure; (3) simulation
analysis; (4) tested results; (5) conclusion.

2. ANTENNA STRUCTURE

Figure 1 shows the antenna structure. The entire antenna is a two-
sided printed circuit board (PCB), printed on a FR-4 epoxy substrate
with 1.5mm thickness, whose dielectric constant &, is 4.4. The
black areas printed on both sides of the dielectric slab are metals
(Figures 1(a), (b), (c)). A CPW-fed structure is applied to the design.
Furthermore, the metals on the left and right on the front of the
antenna (as shown in Figure 1(a)) are connected together by the
metallic jump wires on the back of the slab through the metalized
vias. And the elliptical monopole is located in the antenna terminal.
Structure parameters of the antenna are as follows. Ry = 14.8 mm,
L =961, wi = 4mm, S = 1.9mm, g = 3mm, g = 4.9mm,
[1 = 1.3mm, lo = 19.3mm, I3 = 4.7mm, {4 = 19.3mm, /5 = 1.5 mm,
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Figure 1. Composite dipole antenna array with direct feed. (a) Front-
side, (b) back-side, (c¢) flank and metalized via.

lg = 19.3mm, l7 =3mm, lg = 1.1 mm, lg = 26.85 mm, 19 = 44.6 mm,
l11 = 24.65mm, l1o = 0.4mm, Ry = 22mm, d = 8.5mm, d; = 0.1 mm,
dy = 1.5mm, d3 =1mm, dy = 1.7mm, r = 0.2 mm.

The overall antenna is in the form of PCB, regarded to consist of
a doublet antenna (in the lower portion of Figure 1(a)) and an elliptic
loaded monopole antenna with a skirted dipole (in the upper half of
Figure 1(a)).

3. SIMULATION ANALYSIS

3.1. Impacts of Loaded Sheet Metal Next to the Feeding
Port

With the model simulated by CST Microwave Studio® software in
Figure 1, results are shown in Figure 2 as well as Figure 3, illuminating
reflection coefficient for the frequency range between 4.18 to 5.03 GHz
is lower than —10dB and the reflection coefficient here is calculated
when port impedance of the design is 85.1 Q2 (Figure 2(a)). It is worth
stressing that the loaded sheet metal (Figure 2(b)) next to the feeding
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Figure 2. Simulated results of reflection coefficient of the antenna
(IS11])- (a) Reflection coefficient, (b) schematic diagram of the loaded
sheet metal next to the feeding port.

port at the bottom of the antenna plays a crucial role in improving
port impedance. Because it is necessary to meet the requirements of
omni-directional radiation when designing an antenna in simulation,
which leads to fairly fine middle feed, thus port impedance is supposed
to be increased. However, as it can be seen from the comparison in
Figure 2(a), when sheet metal is added, port impedance decreases from
127.3 2 to 85.1 2, which ends up with matching SMA connector (50 €2)
more smoothly. Therefore, the working bandwidth of the antenna
increases by 0.1 GHz; that is, a frequency range of 4.18-5.03 GHz
substitutes the range of 4.13—4.88 GHz.

3.2. Surface Currents Analysis and Radiation Pattern

Figure 3 shows simulated results of surface current at 4.8 GHz, a typical
working frequency point of the antenna. Therefore, we can draw a
conclusion that currents capable of radiation are i;—ig in Figure 3,
and the rest of currents in transmission lines, with energy limited in
CPW, fail to radiate. Figures 4 and 5 present amplitude and phase
distributions of currents i;—ig in simulation, respectively.

Figures 4 and 5 show that: (1) in terms of the current amplitudes,
each current among i1—ig has both one antinode and two troughs, which
is similar to the characteristics of standing waves; (2) the distribution
of the phases of i1—ig suggests that each current distributes along y
direction (Figure 3). Though in y direction, the overall length L of
the design is 96.1 mm, equal to 1.54\ (4.8 GHz), the variation of the
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Figure 3. Relative values of surface currents working at a typical
frequency point of antenna (4.8 GHz).
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Figure 4. Normalized amplitude distribution of currents i1—is. (a) i1,
i37 i57 Z.7' (b) i27 i4; i67 i8'

phases is much less than 360°, which also resembles the features of
the standing waves very well. Considering that the dipole antenna
is a typical kind of standing wave antenna, we can apply the dipole
array model to the interpretation of the radiation characteristics of the
antenna.

Currents i1—ig are standing wave currents, which lead to the
formation of array (Figure 6), consisting of 4 dipoles (including 14—
Ip shown in Figures 4, 5). Therefore, radiation characteristics of the
antenna can be explained by radiation of the array. First, each two
standing wave currents are equivalent to a dipole antenna. Among
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Figure 6. Schematic diagram of equivalent standing wave currents
array.

them, I4 and Ig approximately share the same amplitude and phase,
which is the same with relationships between I and Ip. What is more,
the difference of phases between I4 and I¢ is little, resulting in the
formation of a side-fire array 1. And in the same way, the similarities
in both amplitudes and phases of Iz and Ip also lead to the formation
of a broadside array 2. These two broadside arrays generate omni-
directional radiation on z-z plane and the relatively short distance
between them (d; = 13.5mm = 0.216), 4.8 GHz) contributes to the
formation of another omni-directional radiation on z-z plane. On
account of broadside arrays action, the overall antenna arrays generate
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Figure 7. Simulated results of the antenna pattern (4.8 GHz).
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Figure 8. Antenna prototype. (a) Front-side. (b) Back-side.

omni-directional radiation as well as higher gain.

Simulated results of the antenna pattern presented in Figure 7
suggest that omni-directional radiation on -z plane has been
implemented by the design on aspects of out-of-roundness less than
2dB, and maximum gain being 6.4 dB. So the validity of the analysis
in this chapter can be verified by simulated results.

4. TESTED RESULTS

According to sizes of the design, the antenna has been made (Figure 8)
and measured by using Agilent E8363B Vector Network Analyzer
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Figure 9. Tested reflection coefficient of antenna.
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Figure 10. Tested results of antenna pattern (at 4.8 GHz). (a) Tested
results of antenna pattern on E-plane (y-z plane), (b) tested results of
antenna pattern on H-plane (z-z plane).

in a microwave anechoic chamber. Its tested results are shown in
Figures 9 and 10, representing that simulated results are in good
agreement with tested results. Therefore, simulated results are verified.
Reflection coefficient simulations for the frequency range from 4.2 GHz
to 5 GHz (the relative bandwidth is 17.4%) are lower than —10dB,
and the tested results are between 4.35 to 5.0 GHz (the relative
bandwidth is 13.9%), which are similar to the simulated ones. The
main difference between the tested and simulated results in Figure 1
is a deviation less than 250MHz, which is merely 5 percent of the
center frequency of the design. As a consequence, the deviation is
within the simulation error range. In terms of printed antennas, the
reasons and results for the differences between simulated and tested
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results are as follows: (1) The unstable dielectric constant and the
lossy, dispersive characteristics of dielectric substrates have effects on
the accuracy of tested results of reflection coefficient as well as gain,
leading to bandwidth migration together with a decrease of gain value.
(2) The inhomogeneity of dielectric substrates also has influences on
the antenna pattern, causing migration of its lobe. However, it has no
appreciable effects on the pattern on H-plane but the E-plane tested in
the article. (3) The discreteness of welding SMA connector also affects
pattern and reflection coefficient of the antenna.

Simulated results on antenna gain are shown in Table 1. When
compared with the results, although tested results are relatively small,
they differ little. The tested results and simulated results suggest that,
the out-of-roundness on H-plane for the frequency range from 4.6 to
5.0 GHz is less than 2dB and the maximum gain is higher than 6 dB.

Comparing the design with antennas in literatures according to

Table 1. Tested results of gains of the antenna presented in the paper.

Frequency (GHz) 46 | 47148149 ]5.0
Tested value (dB) | 4.0 | 5.6 | 5.9 | 6.0 | 6.1
Simulated value (dB) | 4.3 | 6.0 | 6.4 | 6.4 | 6.4

Table 2. Comparison between antennas in this paper and other
literatures.

) ) Gain at Omni-directional
Antenna BW(()jrkl'r(lj%h Bz{rilii:i\;h Typical Antenna Size WS:IZ I? ;rh at
Type anawt Frequency (Electriclength) :
(GHz) (%) (dB) Typical
Frequency K
The
antenna
5.9 96.1mmx14.8mmx1.5mm
ted | 4.35-5. 13. i
. 35-50 39| (4.8GHz) | (1.543x14.8mmx1.5mm) 3.8 dBi/A
paper
The
, 6.4 211mmx ¢ 12mm .
antenna —
i | T BT Gschy | 2463x 0 12mm) 26 dBi/ 2
The
) 8.4 353.5mmx $13mm .
a‘;;"’[‘g]d 3.3-3.62 9.2 (3.5GHz) (4.12),x 013mm) 2.0 dBi/2
The 10 300mmx15.2mmx2mm
t .68-5. 4, : i
el 568595 6 | (58GHz) | (5.800x15 2mmx2mm) 1.7 dBi/ %
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the degrees of bandwidth, gain, and electrical per-unit-length gain K,
where K is computed by formula (1), we can conclude that the greater
value K is, the higher omni-directional gain of antennas generated
by electrical per-unit-length is. That is, when meeting requirements of
constant gain value, electrical size of antennas is expected to be smaller.
So K can serve as a reference standard to compare miniaturization
effects among different kinds of antennas.

G
K ==X (1)

In the formula, G — the linear value of antenna working at frequency
point f, L — the length of antenna, A\ — the wavelength in free space
corresponding to frequency point f.

Table 2 presents results of comparison between antennas proposed
in the paper and the ones in literatures. The results show that with its
relatively wide bandwidth, the value K of the design is the greatest,
also reaching equilibrium according to three indexes of bandwidth,
gain, and size.

5. CONCLUSION

A composite dipole antenna array with direct feed is presented, meeting
the requirements of wide bandwidth, high gain and omni-directional
characteristics. And the structure of this design consists of a doublet
antenna and an elliptic loaded monopole antenna with a skirted dipole.
A googIID agreement between simulated results by CST Microwave
Studio™ and tested results suggest that the working frequency ranges
between 4.35 to 5.0 GHz and the relative bandwidth can be 13.9%.
Moreover, when working for the frequency range from 4.6-5.0 GHz,
the out-of-roundness of the antenna pattern on H-plane is better than
2dB, together with its gain at maximum radiation direction being
6.4dBi as well as omni-directional gain generated by electrical per-
unit-length being about 4 dB, which reaches the equilibrium concerned
with indexes of bandwidth, gain, and size.
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