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All-Metal Antenna Array Based on Microstrip
Line Structure

Le Chang, Zhijun Zhang, Yue Li, and Zhenghe Feng

Abstract—In this communication, an all-metal standing wave antenna
array is proposed based on the microstrip transmission line. By alterna-
tively blocking the microstrip line every half wavelength, the symmetrical
equivalent magnetic currents are broken for effectively radiating. By prop-
erly tuning the blocking positions along the microstrip line, a broadside
pattern is achieved with high gain. The proposed antenna is scalable along
one direction to a certain level to acquire the directivity as high as about
15 dBi. More importantly, the proposed antenna array has the potential
to be built only by metal without any dielectrics. The all-metal structure
has the merits of being low-cost, light weight, easily fabricated, and having
no dielectric losses. Based on this idea, a five-segment linear array with a
center feed is designed and tested. The measured bandwidth is from 7.83
to 8.81 GHz (980 MHz, 11.78%), and the measured gain is ranging from
9.1 to 12.47 dBi.

Index Terms—Antenna array, antenna radiation pattern, microstrip
antennas, transmission lines.

I. INTRODUCTION

Microstrip line is the most popular planar transmission line due to
the simple photographic printing process and easy integration with
other passive or active microwave devices [1]. Microstrip lines cannot
radiate effectively themselves as shown in Fig. 1(a). According to
the “LOVE equivalent theorem” [2], the equivalent magnetic currents
along one side of the line are reversed with the counterparts along
the other side. However, the phases of the magnetic currents reverse
every half wavelength, if the magnetic currents of every half wave can
be alternatively removed as illustrated in Fig. 1(b), where in-phase
magnetic currents are left and effective radiation can be achieved.
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Fig. 1. (a) Equivalent magnetic currents of the microstrip line’s fringing fields.
(b) Schematic diagram for effective radiation.

Removal of the magnetic currents can be done by shorting them to
the ground. Similar method has been used to design a travelling wave
antenna in [3]. The reported antenna was a microstrip leaky wave
antenna featuring the backward to forward scanning capability. The
antenna was fabricated using the printed circuit board processing
technology. It consisted of 10 cascaded half-width microstrip patches,
and a peak gain of approximately 9 dBi was achieved. Our goal is
to design a standing wave antenna with a broadside beam with high
gain based on the microstrip lines. Lots of solutions involving the
microstrip standing wave array with high gain broadside beams have
been reported previously [4]–[7]. However, the feeding networks of
these antennas were complex. In this communication, a standing wave
linear array integrating the feeding line is introduced. By alternatively
blocking the microstrip line every half wavelength, the symmetrical
equivalent magnetic currents of the microstrip line are broken for
effectively radiating. By properly tuning the blocking positions along
the microstrip line, a broadside pattern is achieved with high gain.
Compared to the antenna reported in [3] (we call it the reference
antenna), the proposed antenna can produce the broadside beam
which cannot be achieved with the reference antenna. The reason
for this is that the “open stopband” existed in all travelling wave
antennas. Moreover, the length of the proposed antenna is halved, but
the maximum gain is about 3.5 dB higher.

More importantly, the proposed antenna array has the potential to
be built only by metal without any dielectrics. Antennas with all-
metal structures have many advantages compared to those made by
dielectrics. First, the nonexistence of the dielectric substrates results in
fabrication convenience [8]–[15]. Most of the all-metal antennas can
be manufactured by the traditional machining process technology such
as line cutting, laser cutting and metal stamping, which are all very
mature technologies nowadays. Second, antennas without dielectric
substrates can achieve excellent performance. In many published com-
munications, all-metal structures with air substrate replace those with
dielectric substrates to achieve convenient fabrication, high gain, wide
bandwidth, and low dielectric losses [8]–[15]. The merit of low loss
is most notable when the operation frequency is high. Wong proposed
two very thin internal air substrate mobile phone antennas fabricated
by line-cutting a 0.2 mm thick copper plates, resulting in low profiles
and wide bandwidths [14], [15]. Third, all-metal antennas have big-
ger volumes than the counterparts fabricated by using dielectrics, so
they have faster heat dispelling performance. In this communication,
the proposed antenna is fabricated with all metal. A hand-made model
which shows a fraction bandwidth of 11.78% and a maximum gain of
12.47 dBi is built.

Fig. 2. Geometry of the proposed antenna. (a) Exploded view. (b) Top view.
(c) Side view.

TABLE I
DETAILED DIMENSIONS OF THE PROPOSED ANTENNA

II. ANTENNA DESIGN

Fig. 2(a) shows the exploded view of the proposed antenna, which is
composed of a microstrip line, five L-shaped blocking structures, two
rectangular shorting walls, and a metallic ground. All constituent parts
are separated in order to illustrate the antenna clearly. In fact, all parts
are interconnected into a whole. The top and side views are shown in
Fig. 2(b) and (c). The width (W2) and height (H) of the microstrip line
have the same value of 3 mm. The L-shaped blocking structures are
used to block the equivalent magnetic currents every half wavelength.
In order to obtain in-phase currents, they are arranged alternatively
around the microstrip line. Both the head and tail ends are shorted to
the ground through two rectangular shorting walls to obtain a good
standing wave resonant mode. The L-shaped blocking structures have
a length (L1) of 23 mm and a width (W1) of 11 mm, while the rect-
angular wall has a width (Wr=W1 +W2) of 14 mm and a height
(H) of 3 mm. The dimensions (Lx× Ly) of the metallic ground are
160mm × 80mm and the radiating body is centrically aligned with
the ground. The hole with a diameter (D) of 2 mm is used for feed-
ing. The feeding hole is arranged in the median line of x-direction and
3.5 mm (Fy) off from the nearest line edge. A 50-Ω semirigid cable is
used to feed the proposed antenna (Table I).

The simulated magnitude of the reflection coefficient of the pro-
posed antenna from 5 to 9 GHz is shown in Fig. 3. Three resonant
points at 5.36, 6.69, and 8.24 GHz are excited. Vector electric field
distributions and the corresponding equivalent magnetic currents at
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Fig. 3. Simulated magnitude of reflection coefficient of the proposed antenna.

the three frequencies are depicted in Fig. 4(a)–(f), where the equiv-
alent magnetic currents are denoted by black arrow lines and the
ground plane is omitted for concision. Fig. 4(a) depicts the vector elec-
tric field for the fundamental mode of 5.36 GHz. A half-wavelength
standing wave is distributed along the proposed antenna at 5.36 GHz,
and the magnetic currents at the five radiating segments are alter-
natively reversed as shown in Fig. 4(b), resulting in a null in the
radiation pattern at the broadside. Fig. 4(c) shows the vector field for
the 3-order mode, which operates at the second resonant frequency
of 6.69 GHz. Three half-wavelength standing waves are distributed
along the proposed antenna. The magnetic currents shown in Fig. 4(d)
are alternatively reversed, similar to the situation of the fundamental
mode, resulting in a null in the radiation pattern at the broadside as
well. The electric field at 8.24 GHz is the 5-order mode, one half-
wavelength standing wave is distributed in each segment as shown in
Fig. 4(e). Thus, five in-phase magnetic currents are excited as depicted
in Fig. 4(f) leading to effective radiation. If the two shorting walls were
removed, as can be seen in Fig. 4(g), the electric field at 8.24 GHz
is desultory. Six electric nulls occur in the radiating segments, thus,
the equivalent magnetic current of each edge is composed of two out-
of-phase currents, as illustrated in Fig. 4(h). Therefore, some energy
cancel out at the broadside leading to bad performance. Hence, the
two shorting walls play a pivotal role.

The operation mechanism is explained as follows. The transmission
characteristic of the microstrip line is expected to remain unchanged
after bringing in the L-shaped blocking structures, so the ideal width
(W1) of the structures is expected to be quarter wavelength, leading to
virtual open circuits beside the line. This ideal case refers to that the
filed along x-direction is a constant, leading to a zero x-direction wave
number (kx = 0). However, the field of a single segment along the
x-direction has one half-wavelength standing wave distribution, lead-
ing to a positive kx. According to the resonator theory, k2

x + k2
y = k2

0 .
Thus, ky is smaller than that of the ideal case, resulting the realistic
width (W1) is larger than the ideal value. Here, L1 is selected freely,
and W1 is adjusted accordingly in order to obtain the virtual open
circuit condition and best field distribution.

Some key parameters that have significant effects on the antenna
performance are studied. In these parametric studies, only one param-
eter at a time is varied, whereas the others are kept invariant. The
dimensions of the L-shaped structures (L1 and W1), the width of the
microstrip line (W2), and the location of the feeding point (Fy) have
great influence on the impedance matching, as shown in Fig. 5. As the
length and width of the L-shaped structures increase, the resonant fre-
quency decreases, and the optimized length of 23 mm and width of

Fig. 4. Vector electric field distributions and their equivalent magnetic currents
of the proposed antenna at (a) and (b) 5.36 GHz, (c) and (d) 6.69 GHz, (e) and
(f) 8.24 GHz, (g) and (h) 8.24 GHz with the two shorting walls at the end
removed. (The equivalent magnetic currents are denoted by black arrow lines,
the ground plane is omitted for concision).

Fig. 5. Magnitude of reflection coefficients with variation of (a) L1, (b) W1,
(c) W2, and (d) Fy. (Unit: mm).

13 mm are selected for the best matching at 8.24 GHz. The change
of the microstrip line width alters the characteristic impedance: As the
line width changes to 2 or 4 mm, the matching condition gets worse.
The location of the feeding point has a great impact on impedance
matching. The best location is 3.5 mm away from the edge of the center
segment.

The proposed antenna has the advantage of being scalable along the
x-direction. Directivities at 8.24 GHz varying with the number of radi-
ating segments (or L-shaped blocking structures) are shown in Table II.
The directivity increases as more L-shaped blocking structures are cas-
caded. The number of radiating segments can be selected according to
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TABLE II
SIMULATED DIRECTIVITY VARYING WITH THE NUMBER OF SEGMENTS

Fig. 6. Prototype of the proposed antenna.

Fig. 7. Measured and simulated magnitude of reflection coefficients.

the desired gain. However, the gain increment is less significant as the
segments increase. As the number increases from 13 to 15, the direc-
tivity only increases 0.2 dB. This is because the energy coupled to the
two ends gets lower as more radiating segments are cascaded. Here,
we just make a proof of principle with an example of five segments.

III. MEASUREMENT RESULTS

A prototype of the proposed antenna shown in Fig. 6 is fabri-
cated manually. The reflection coefficient is measured with an Agilent
N5247A vector network analyzer, and the radiation pattern and peak
gains are obtained in an anechoic chamber.

Fig. 7 shows the measured reflection coefficient in comparison with
the simulated result. The measured and simulated impedance band-
widths are 7.83–8.81 GHz (980 MHz, 11.78%) and 7.84–8.56 GHz
(720 MHz, 8.78%), respectively. The measured bandwidth is wider
than the simulated one, and the center frequency deviates from 8.24 to
8.39 GHz. The disagreement between the measurement and simulation
is caused by fabrication errors. Because the proposed antenna is hand-
made, lots of errors may occur, such as the deviation of the feeding
location, the uneven top surface, and the imprecise welding between
the top surface and the blocking structures. Even so, the measured
result is still good enough.

The normalized radiation patterns at 8.24 GHz in the H-plane
(XZ) and E-plane (YZ) are presented in Fig. 8. Broadside beams are

Fig. 8. Measured and simulated normalized co-pol and x-pol radiation patterns
of the (a) H-plane, and (b) E-plane.

Fig. 9. Measured and simulated peak gains at broadside.

obtained due to the standing wave resonant mode shown in Fig. 4(e).
This is one of the main differences distinct from the reference antenna
[3]. There is good agreement observed between the measured and
simulated results. Fan-shaped beam is observed. The measured and
simulated peak gains at 8.24 GHz are 12.47 dBi and 12.62 dBi, respec-
tively. The maximum measured x-pol level is −17.78 and −12 dBi in
the E-plane and H-plane, respectively. The x-pol levels are higher than
the simulated results owing to the hand-made errors.

Fig. 9 shows the peak gain curve at broadside. The simulated real-
ized gain ranges from 11.59 to 12.62 dBi, and the measured result is a
little lower, ranging from 9.1 to 12.47 dBi. The deviation is caused by
fabrication and measurement errors.

IV. CONCLUSION

An all-metal standing wave linear array based on the microstrip
lines is proposed. Five L-shaped blocking structures are arranged alter-
natively beside the microstrip line, and the line are shorted to the
ground at the head and tail ends. The all-metal structure antenna array
has the merits of fabrication convenience, excellent performance, and
application suitability where dielectrics are problematic. A broadside
pattern with high gain is achieved. The maximum broadside gain
of 12.47 dBi is achieved by five radiating segments. The proposed
antenna is scalable along one direction to a certain level to acquire
the directivity as high as about 15 dBi.
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Single-Feed Ultra-Wideband Circularly Polarized Antenna
With Enhanced Front-to-Back Ratio

Long Zhang, Steven Gao, Qi Luo, Paul R. Young, Qingxia Li,
You-Lin Geng, and Raed A. Abd-Alhameed

Abstract—This communication presents a single-feed ultra-wideband
circularly polarized (CP) antenna with high front-to-back ratio (FBR). The
antenna is composed of two orthogonally placed elliptical dipoles printed
on both sides of a substrate. To realize high FBR, a novel composite cav-
ity is also proposed and integrated with the presented crossed dipoles,
which effectively reduces the backlobe of the crossed dipoles. Simulation
results are in good agreement with the measured results that demonstrate
an impedance bandwidth from 0.9 to 2.95 GHz (106.5%) and a 3-dB axial
ratio (AR) bandwidth from 1 to 2.87 GHz (96.6%). The measured FBR
is about 30 dB across the whole global navigation satellite system (GNSS)
band. Compared with other reported single-feed wideband CP antennas,
the antenna has advantages such as a wider CP bandwidth and lower
backlobe radiation.

Index Terms—Backlobe reduction, circular polarization, crossed
dipoles, single-feed antennas, wideband antenna.

I. INTRODUCTION

Circularly polarized (CP) antennas are widely used in global nav-
igation satellite systems (GNSSs), RFID, satellite communication
systems, and wireless power transmission systems due to their capa-
bilities of reducing polarization mismatch and suppressing multipath
interferences [1].

Generally, the CP antennas can be divided into two categories:
single feed and multifeed. With the trend of increasing capacity of
various wireless communication systems, the bandwidth of CP anten-
nas needs to be enhanced. However, it is always challenging to design
a broadband CP antenna with single feed. One type of single-feed
broadband CP antenna is the spiral antenna. However, their bidirec-
tional radiation properties make these conventional spiral antennas
unsuitable for some applications such as GNSS application since
a directional radiation pattern is needed to decrease the effects of
the reflections from the ground [2]. Several directional spiral anten-
nas including spiral-mode microstrip (SMM) antenna [3], conducting
plane backed spiral [4], and cavity backed spiral [5] have been pro-
posed to conquer this problem. Another issue of the spiral antennas is
the need for a balun that increases the complexity of the spirals.

Recently, a single-feed crossed dipole with integrated phase delay
line was presented in [6]. This antenna can achieve more than 15%
3-dB axial ratio (AR) bandwidth with a simple feeding structure. To
enhance the bandwidth, parasitic loops are introduced and a 28.6%
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