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Abstract – A compact single-layer circularly polarized
(CP) antenna array is proposed in this paper for 5G/6G
applications. The conventional microstrip line is modi-
fied as a feeding network by periodically and alterna-
tively loading field blocking stubs, producing a linearly
polarized in-phase radiative field aperture. By adding CP
corner-truncated patches beside these in-phase fields, a
linear high-gain CP antenna array excited by a single
feed is obtained. The feasibility of the proposed design is
demonstrated through the fabrication and measurement
of a 16-element linear array. The results indicate that
the 3 dB axial ratio bandwidth is 3.5% (19.60∼20.30
GHz), the -10 dB impedance bandwidth totally covers
the 3 dB axial ratio bandwidth, and the peak realized
gain is 14.9 dBi under an antenna length of 5.69λ 0.
This proposed strategy provides a very compact antenna
structure to achieve high-gain CP radiation without the
requirement of impedance transformers, phase shifters,
and open-stop-band suppressing measures. Moreover,
the antenna has a per-unit-length CP gain of 5.5/λ 0,
which is superior to many single-layer high-gain CP
antennas.

Index Terms – Circularly-polarized antenna, microstrip
line, microstrip patch antenna, series-fed antenna array.

I. INTRODUCTION
Circularly-polarized (CP) planar antenna arrays are

widely used in 5G/6G mobile communications and sens-
ing systems due to their advantages of low profile,

reduced polarization mismatch, and improved robust-
ness to environmental interference [1–3]. There are
two primary types of feeding approaches: parallel and
series feed. Parallel-fed arrays often require a large area
to accommodate multiple power dividers/combiners,
resulting in a large circuit area and associated loss [1–
5]. The design becomes more complex when sequential
rotation method is implemented to improve axial ratio
bandwidth due to the newly introduced phase shifters [5–
9]. Series-fed arrays are usually constructed by cascad-
ing the basic radiators along one dimension. They pos-
sess a more compact and simple design and have lower
feed loss compared to parallel-fed arrays [3]. There exist
two types of series-fed arrays, including standing-wave
and traveling-wave arrays. The difference lies in whether
the main line connecting these radiators is with a stand-
ing or traveling wave [3]. This simple and compact
design strategy makes series-fed arrays a good choice
for communication and sensing applications that require
high-gain planar antennas [2].

Several transmission lines, such as waveguides,
substrate-integrated waveguides, strip lines, and
microstrip lines, can be used to construct series-fed
CP arrays [1–4]. Waveguide-based arrays are known
for their low loss and high-power capacity, but they
have bulky volume [10]. Substrate-integrated waveg-
uide arrays are a widely used solution due to their
simple fabrication process of printed circuit board
technology [11–19]. Microstrip lines are more preferred
when designing single-layer CP antenna arrays. They
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Fig. 1. Radiation principle to produce CP radiation. Field distributions of (a) a microstrip line with a shorted end, (b)
an end-shorted microstrip line with blocking stubs, and (c) the proposed antenna.

have a simple structure and are easy to integrate with
microwave components and circuits [20–26].

A compact high-gain CP array faces some chal-
lenges, such as complicated design and extra power loss.
The former is reflected in newly introduced impedance
transformers, phase shifters, and open-stop-band (OSB)
suppressing measures. The most common series-fed
patch array needs to calculate and tune impedance trans-
formers individually from the last element to the first,
so multiple impedance transformers are indispensable
[25]. Sometimes, phase shifters are required to guaran-
tee all the array elements with identical excitation phase
in order to produce a broadside beam [24, 25]. When a
leaky-wave antenna is adopted, the OSB effect needs to
be eliminated for broadside radiation, which can be real-
ized by two main measures. One is designing reflection-
canceling unit cells [11, 13, 21, 27]. Another measure is
to introduce axial-asymmetrical transmission lines [28].
At the end of the leaky-wave antenna, a terminal load is
added to absorb the residual power to maintain the trav-
eling wave property [11, 13, 20, 21, 27, 28]. It will intro-
duce extra loss, especially when the leaky-wave antenna
scale is small.

In this paper, a single-layer CP patch array is pre-
sented that utilizes a specially-designed feeding network.
The network is constructed by alternately and periodi-
cally loading blocking stubs on a microstrip line, which
can excite a series of corner-truncated CP patches. The
proposed strategy is verified through the fabrication and
measurement of a 16-element CP patch array. This inno-
vative design has several advantages: 1) It provides a
compact high-gain CP antenna strategy that eliminates
the need for impedance transformers, phase shifters, and
OSB suppressing measures. 2) The proposed antenna
achieves a relatively high per-unit-length CP gain com-
pared to other reported single-layer high-gain CP anten-
nas. 3) Compared to leaky-wave antennas, the proposed
antenna is with reduced dissipated power loss, particu-
larly when the array size is limited.

II. ANTENNA DESIGN
A. Radiation principle

Figure 1 (a) shows the field distribution of a
microstrip line with a shorted end. It is known that an
electromagnetic wave is confined and propagates within
the microstrip line due to the symmetric and periodic
fields along the line. The introduction of blocking stubs
on the fields with the same orientation can suppress the
fringing fields on one side, generating a microstrip line
with fringing fields pointing in the same direction, as
depicted in Fig. 1 (b), where the fields pointing to the
+X direction denoted by the red arrow lines are pro-
duced, and the ones along the -X denoted by blue are
suppressed. The length of the blocking stubs should be
selected to be approximately a quarter wavelength to
transform the shorted end generated by the metallic via
to the open end at the interconnection point. In this way,
the transmission mode of the microstrip line could be
maintained. This concept has been applied to construct a
linearly polarized aperture previously in [29]. Here, it is
employed as a feeding network to generate a CP antenna
array.

Figure 1 (c) depicts the field distribution of the pro-
posed antenna. The high-gain CP beam is obtained by
utilizing the compact feeding network to capacitively
couple power to the CP patches along the microstrip
line. The CP patch is created by modifying a rectangular
patch with diagonal perturbations. Figure 2 shows cur-
rent distributions on an arbitrarily chosen patch at 20
GHz under different phases. The current rotates in an
anticlockwise direction, which follows the right-handed
rule. So, right-hand circular polarization (RHCP) broad-
side radiation is achieved.

B. Scalability
Figure 3 depicts the broadside directivities at 20

GHz as a function of element numbers. The directiv-
ity increases as the element increases, and the direc-
tivity increase trend follows a logarithmic distribution.
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Fig. 2. Current distributions on an arbitrarily chosen
patch at 20 GHz under different phases.

Fig. 3. Simulated broadside directivities at 20 GHz with
different element numbers.

Elements numbering 16 is a nice compromise between
array size and directivity. Further increasing the elements
contributes little to directivity improvement.

C. Antenna geometry
The geometry of the proposed antenna is presented

in Fig. 4. It is a single-layer structure based on a 1.016
mm-thick TLX-8 substrate (εr = 2.55, tanδ = 0.0019).
The proposed antenna consists of a compact feeding net-
work and 16 CP radiating patches. The feeding network
is a blocking-stubs-loaded microstrip line with its rear
end shorted. The microstrip line has width wl = 2 mm,
and its shorted end is realized by using two vias with
diameter 0.4 mm and spacing 1 mm. The blocking stubs
are shorted rectangular metal slices with length ls = 2.6
mm and width ws = 1.2 mm. Their shorted ends are
realized by using shorted vias with diameter 0.4 mm.
The patches are located at the openings of the feed-
ing network with a gap of dp = 0.4 mm. The corner-
truncated patch chamfered with length ap = 0.9 mm
achieves the RHCP radiation. These patches are with the
length, width, and spacing of lp = 4.1 mm, wp = 4 mm,
and ds = 5 mm, respectively.

Fig. 4. Geometry of the proposed antenna. The parame-
ters are wl = 2 mm, ds = 5 mm, wp = 4 mm, lp = 4.1 mm,
ws = 1.2 mm, ls = 2.6 mm, dp = 0.4 mm, ap = 0.9 mm.

The input port locates at the bottom surface, as
shown in the enlarged inset on the bottom-left corner of
Fig. 4. The feeding probe is a metallic via hole with a
diameter of 0.6 mm, which is situated at the center of a
metal ring with a width of 0.3 mm. The circular ring with
a width of 1.4 mm, marked by red, is where the lumped
port is located.

III. VALIDATION AND PERFORMANCE
COMPARISON

A. Fabrication and measurement
The proposed antenna is manufactured using stan-

dard printed circuit board technology. The fabricated
prototype is depicted in Fig. 5. The S parameter of the
developed array was measured using a Keysight N5244B
PNA-X Microwave Network Analyzer. The radiation

Fig. 5. Fabricated prototype.



WEI, CHANG, WU: COMPACT SERIES-FED CIRCULARLY-POLARIZED PATCH ARRAY BASED ON MICROSTRIP LINE 764

pattern was measured with a NSI2000 antenna mea-
surement system. The simulated and measured results
are shown in Figs. 6 and 7. They agree very well.
The simulated and measured reflection coefficients are
depicted in Fig. 6. The measured -10 dB impedance
bandwidth exceeds 4.4% (19.50∼20.38 GHz), while the
simulated exceeds 4.8% (19.50∼20.45 GHz). Accept-
able impedance bandwidth is obtained. Simulated and
measured normalized radiation patterns at 20 GHz in two
principal planes (XOZ and YOZ) are shown in Figs. 7
(a) and (b). A fan-shaped beam for co-polarization
(RHCP) is observed. It is with a wide 2-D pattern in
the XOZ plane, a narrow beam in the YOZ plane. The
results exhibit excellent RHCP performance with good
cross-polarization discrimination (XPD). In the broad-
side direction, the measured XPD is 30.7 dB, while
the simulated exceeds 40.0 dB. In the upper space,
the measured XPDs of both planes are superior to
9.5 dB, while the simulated are better than 8.0 dB.
Figures 7 (c) and (d) show the axial ratio and realized

Fig. 6. Simulated and measured reflection coefficients.

Table 1: Performance comparison between the proposed antenna and other recently reported single-layer series-fed
CP arrays

Refs. Array
Scale

Antenna
Length
(λλλ 000)

Freq.
(GHz)

Peak
Gain
(dBi)

CP Gain Per
Unit Length

(///λλλ 000)

No Impedance
Transformers?

No
Phase

Shifters?

No Need to
Suppress

OSB?
[11] 1×16 14.41 17.00 17.0 3.5 ✓ ✓ ×
[13] 1×16 15.20 16.00 18.9 5.1 × ✓ ×
[19] 1×4 4.10 6.65 10.3 2.6 × ✓ ✓
[21] 1×12 5.83 7.82 12.5 3.1 ✓ ✓ ✓
[24] 2×6 4.28 7.14 16.3 10.0 × × ✓
[25] 1×4 2.25 2.37 10.0 4.4 × × ✓
[26] 1×4 4.24 3.00 16.0 9.4 × ✓ ✓
This
Work 1×16 5.69 20.10 14.9 5.5 ✓ ✓ ✓

(a) (b)

(a) (b)

Fig. 7. Simulated and measured results of the (a) nor-
malized radiation pattern in XOZ plane at 20 GHz, (b)
normalized radiation pattern in YOZ plane at 20 GHz,
(c) axial ratio, and (d) realized gain.

gain at broadside. The measured 3 dB axial ratio band-
width is 3.5% (19.60∼20.30 GHz), while the simulated
is 4.3% (19.50∼20.35 GHz). The measured peak gain is
14.9 dBi, while the simulated is 15.4 dBi, both appearing
at 20.10 GHz.

B. Performance comparison
The performance comparison between the proposed

antenna and other recently reported single-layer series-
fed CP arrays is presented in Table 1. As seen from
the table, the proposed antenna exhibits two significant
merits.

Firstly, the proposed antenna offers a compact
design strategy for achieving a high-gain patch array.
The existing strategies either need impedance transform-
ers [13, 19, 24–26], phase shifters [24, 25], or extra OSB
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suppressing designs [11, 13]. In contrast, the proposed
antenna is so compact that all three factors are unneces-
sary.

Secondly, the proposed antenna exhibits a high per-
unit-length gain (refers to the absolute gain value pro-
duced by unit length). It is with the per-unit-length real-
ized gain of 5.5/λ 0, which is higher than 5 of the 7 refer-
ences [11, 13, 19, 21, 25].

In addition, the proposed antenna is a standing-wave
antenna compared to leaky-wave antennas. It is with
a shorted end rather than a terminal load, so the pro-
posed strategy is especially beneficial to design a small-
scale patch array [11, 13, 21]. In contrast, the small-
scale leaky-wave antenna suffers from dissipated power
absorbed by the terminal load.

IV. CONCLUSION
This paper proposes a compact strategy to produce

a single-layer high-gain CP antenna array. By introduc-
ing blocking stubs periodically and alternatively on a
one-end-shorted microstrip line, a design-friendly feed-
ing network is obtained. By adding CP corner-truncated
patches beside these in-phase fields, a linear high-gain
CP antenna array excited by a single feed is obtained. A
fabricated prototype has demonstrated its feasibility. The
design is so simple because it eliminates the requirement
of impedance transformers, phase shifters, and additional
OSB suppressing measures.
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