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A Novel Wide-Band Miniaturized Microstrip Patch Antenna
by Reactive Loading

Li Wang*, Rui Zhang, Chang Liang Zhao, Xi Chen, Guang Fu, and Xiao-Wei Shi

Abstract—In this paper, a novel miniaturized circularly polarized (CP) antenna is proposed for the
use in B3 band of Compass Navigation Satellite System (CNSS). The primary radiator is a hexagon
patch with four bending strips. A shorting pin is loaded with each strip to miniaturize the dimension
of the proposed antenna, which achieves a small electrical size of 0.11λ × 0.11λ × 0.068λ (λ being the
wave-length in free space at 1.268 GHz). In order to improve the bandwidth, Y-shaped coupled patches
and bending-strips, which act as reactive loading, are coupled to an octagon patch. Four coupled
bending-stubs with same turning directions of bending-strips are sequentially placed at the edge of the
octagon patch to enhance CP performance. Finally, a prototype of the antenna is implemented and
measured. The experimental results reveal that the proposed antenna achieves impedance bandwidth
(IBW) of 19.6% (1.175–1.430 GHz) for |S11| ≤ −10 dB and 3-dB axial-ratio bandwidths (ARBW) of
27.5% (1.000–1.320 GHz). The radiation efficiency is more than 75%, and the gain keeps above 1.98 dBic
over the B3 band. Thus, the proposed antenna can be a good candidate for the applications of CNSS.

1. INTRODUCTION

Nowadays, GNSS has been used in various fields, such as navigation for vehicles, military applications
and scientific surveys about geographical environment. Due to the confined space of application
platforms, compact antennas are urgently demanded. A few approaches have been investigated to
miniaturize antennas [1]. Firstly, employing high permittivity substrate is a simple way to achieve
miniaturization. In [2–4], antennas were etched on a substrate with high permittivity (εr = 10.2).
Hence, their horizontal sizes were all less than 0.1λ. Unfortunately, this kind of technique brought
common drawbacks, like low polarization purity and high-cost. Secondly, loading slots on the radiator
is also utilized in [2–5] to reach the tiny size by giving capacitive loading to the patch. The annular
ring with rectangular slots and complementary split-ring resonator (CSRR) were utilized to achieve
the miniaturization in [2, 3]. Owing to the poor polarization purity resulting from slots, the antenna
in [2] showed narrow ARBW of 2.49%. Particularly, as studied in [5], the size (Φ = 0.2λ) of a circular
patch antenna with ARBW of 2.2%, was reduced through six pairs of symmetric slits embedded along
the radiation patch. Thus, slotting on patch suffers from common disadvantage of narrow ARBW.
Similarly, slotting on the ground can be another efficient method to reduce the resonant frequency
of patch antennas [6–8]. As presented in [6], the application of slotted ground achieved a significant
reduction to the size of antenna (0.21λ×0.14λ). However, this method requires a relatively large ground,
which increases the dimension of the antenna.

Thirdly, folding and shorting techniques are efficient approaches to realize miniaturization [9–12].
Owing to the extended electrical length through folding the patch, this method can obviously reduce
the horizontal size of patch. In [9, 10], the employed multilayer configuration realized a significant size
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reduction with a dimension of 0.2λ × 0.2λ. Another case of this method is virtually shorted-patch
antenna (VSPA) [13, 14]. This concept was first proposed in [13], with the short-circuited L-shaped
strips coupled to the patch instead of connected to the patch directly, and an LC loading effect was
provided. Thus, the reduction of resonant frequency could be obtained. As investigated in [13], a VSPA
achieved a small size (0.1λ × 0.1λ) by utilizing the parasitic structures and high permittivity substrate
(εr = 10), whereas the antenna showed a poor performance at IBW and ARBW, which were 3.25%
and 0.682%, respectively. Similarly, Reference [14] discussed a miniaturized antenna with a size of
0.1λ × 0.1λ, while the IBW and ARBW were only 1.1% and 0.3%. Thus, a few approaches have been
investigated to reach wideband performance. As shown in [15, 16], stubs were employed to generate dual
resonant frequencies to enlarge the bandwidth by employing a stub. Meanwhile, a wideband operation
was obtained by adopting a special shape monopole [17]. However, all the antennas introduced above
cannot maintain a tiny size and stable impedance bandwidth at the same time.

In this paper, a novel concept to design a miniaturized antenna with band enhancement is presented.
By utilizing parasitic bending-shorting-strips referred from [12], the overall antenna volume achieves only
0.11λ × 0.11λ × 0.068λ. Meanwhile, the bandwidth of the antenna decreases as the size decreases. In
order to improve the IBW, a few techniques of loading reactance have been utilized in this antenna, such
as a Y-shaped coupled patch, coupled strips and stubs. Furthermore, through bending strips and stubs
around the radiation patch symmetrically to preserve polarization purity, a better CP performance is
achieved. Measurements were carried out to verify the simulations, and the measured results indicate
good agreement with the simulated ones.

2. ANTENNA CONFIGURATION

Figure 1 depicts the 3D-view configuration of the proposed antenna. The proposed antenna consists of
two portions: upper PCB and lower PCB, connected by feeding pins and shorting pins. For preserving
radiation efficiency of the proposed antenna, a low-loss substrate F4B (εr = 2.65, tan δ = 0.001) with
thickness of 1mm is utilized for the upper PCB. To maintain the miniaturization, the feeding network
is etched on a 1mm-thickness FR4 substrate with relatively high permittivity (εr = 4.4, tan δ = 0.002).
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Figure 1. 3D-view configuration of proposed antenna.
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The radiator contains an octagonal patch, bending shorting strips and bending stubs, etched on the
bottom surface of upper PCB. Four bending shorting strips, coupled to the patch, are symmetrically
embedded at the long edge of octagonal patch. Meanwhile, four bending stubs are placed sequentially at
the short edge. The widths of gaps between patch and strips, patch and stubs are decided by parameters
G1 and G2, respectively. The embedded lengths of strips and stubs are labeled as Lin1 and Lin2. On

Lp1

Lb2

Lb1

Lp2

Lin2 Lin1

G1G2

W
p
1 Wp2

Wp3

RfWf1

W
f3

Wf2

L
f2

Lf1

Lf3

L1

L2

Ls

H

feeding point

Ls

1mm

1mm

Ls

50Ω 50Ω

73Ω73Ω

50Ω

50Ω

50Ω

(a)

(b) (c)

(d)

Figure 2. Geometry of the proposed antenna. (a) Top view. (b) Side view. (c) Feeding network. (d)
Photograph of the prototype.
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the top side of upper PCB, two Y-shape coupled feeding patches are placed orthogonally. The specific
parameters about the upper PCB are depicted in Fig. 2(a). As shown in Fig. 1 and Fig. 2(b), one end
of the shorting pin is connected to the strip, and the other end is connected to the metal ground on
the top side of lower PCB. The coupled-fed patches and the feeding network are connected by feeding
pins through apertures between the octagonal patch and ground. The height of antenna is labeled as
H. The structure shown in Fig. 2(c) is a Wilkinson feeding network at top side of the lower PCB. To
make sure the bandwidth of antenna will be dominated by radiation portion, all the three ports are
designed to match with 50 Ω, and the characteristic impedance of each segment is calculated and labeled
in Fig. 2(c). The simulated performances of the network are shown in Fig. 3, and the results illustrate
that the band of 1.22 ∼ 1.32 GHz for VSWR ≤ 1.10 is obtained. The good transmission coefficients and
phases ensure an equal magnitude and 90◦-phase difference between ports.
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Figure 3. Performance of feeding network. (a) Transmission coefficients and VSWR. (b) Transmission
phases.

3. PRINCIPLE AND METHODOLOGY

In this section, the techniques adopted by the proposed antenna are divided into two parts:
miniaturization and bandwidth enhancement. Both of them have been studied in detail. According to
the order of applied techniques, the processes and comparisons are given as below. Meanwhile, several
antenna models are simulated by HFSS 13.0 to help the investigation. Finally, a desired antenna is
achieved, and the key parameters have been studied to understand the proposed antenna.

3.1. Miniaturization

In order to achieve a miniaturized size, a few approaches have been utilized to extended the current
length in this episode. Three models in Fig. 4 have been built to verify the effect of strips and
shorting pins on miniaturization. Initially, a conventional patch antenna with external dimensions
of 20 × 20 × 16 (mm) is proposed. An octagonal patch is directly connected with feeding pin (Fig. 4,
model A), and the longer edge and shorter edge are L1 = 9.9 mm and L2 = 6.5 mm, respectively. Owing
to the limited dimensions, the resonant frequency of this structure is at 1.97 GHz. To obtain a longer
current path, four bending strips are connected to the octagonal patch in the second model (Fig. 4,
model B). As indicated in [1], this symmetrical structure can also benefit polarization purity. Through
bending strips, the resonant frequency is lowered to 1.76 GHz. Further, because the shorting pin can
lower the resonant frequency significantly, four shorting pins are introduced to connect the strips with
ground in model C of Fig. 4, which can significantly move resonant frequency to 1.28 GHz. In Fig. 4,
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Figure 4. Comparison of |S11|s for three type antennas.

the results of comparisons among three models are presented. As shown, resonant frequencies of the
models get lower gradually, especially model C. It illustrates that the shorting strips are highly effective
to miniaturization of the antenna.

3.2. Bandwidth Enhancement

As discussed in previous part, the shorting pins can reduce the resonant frequency efficiently. Besides,
the shorting pins can be regarded as an LC loading. According to circuit theory, the quality factor Q
of LC series can be expressed as below:

Q = (1/R)
√

L/C (1)

It is known that IBW of the circuit is inversely proportional to the Q-factor. According to the
expression, Q-factor will be increased by increasing L, and the shorting pins provide a large L; therefore,
the IBW is decreased rapidly in model C. Fig. 5 shows the |S11| of models C–E. The IBW of model C
keeps extremely narrow bandwidth. It is well known that IBW enhancement can be achieved through
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Figure 5. Comparison of |S11|s for three type antennas.
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introducing slots, which are regarded as capacitive loadings. Firstly, by slotting at the octagonal patch,
the bending shorting strips are coupled with the octagon patch instead of connecting directly (model
D). The other popular way to enhance impedance matching is by employing the coupled-fed techniques.
Secondly, to further enhance IBW, two Y-shape coupled-fed patches are utilized in model E. As shown in
function (2), the resonant frequency decreases as L or C increases. Due to the capacitive compensation
of slots, the IBW of model D is slightly wider than model C, and the resonant frequency moves to
lower band at 1.27 GHz. Obviously, model E achieves the widest IBW of 6%. However, as shown in
Fig. 6, the AR of model E shows narrow band and keeps above 1.5 dB. However, a stable and good CP
property is also necessary for the GNSS. In order to realize a better CP performance, the models with
straight strips and bending strips are investigated. The bending direction is the same as the direction
of RHCP (co-polarization), and the total length of the strips is equal to 17.75 mm (Lp1 + Lp2). Fig. 6
shows the AR of models E–G. It indicates that the bending strips show better CP performance than
straight ones, which means that the same direction between structures and polarization can improve
the CP property. So coupled bending stubs are introduced to the antenna, as shown in Fig. 6 (model
G). The AR curves indicate that the AR of model G is lower than others, and the ARBW is the widest.
Due to the symmetrical structures, bending strips and stubs can enhance the ARBW and maintain the
polarization purity, which proves that the proposed antenna can preserve a good CP characteristic.
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Figure 6. Comparison of ARs for three type antennas.

3.3. Equivalent Circuit and Parametric Study

Semi-analytical techniques [18–21] and equivalent circuit models are efficiency ways to understand
microstrip antennas with stubs and slots. Thus, Fig. 8 gives an equivalent circuit model to understand
the antenna. The boxes with dotted lines show equivalent circuit components of the bending strips and
shorting pins, which can be treated as an LC series circuit. L1 is equal to the inductor of the feed pin,
and L2 represents the inductor of the Y-shaped patch. The gap between the coupled patch and radiation
patch acts as capacitor C3. R1, C1, R2, and C2 are resistors and capacitors of the parallel transmission
lines. All the LC resonant circuits, which belong to the proposed structure, enlarge the bandwidth.
By tuning the values of the circuit components, the desired operating band can be achieved. Thus,
two key factors of the proposed antenna are studied. To study the influence of the Y-shaped patch on
the impedance matching, the length of Y-shaped feed patch is investigated and depicted in Fig. 7(b).
Fig. 7(b) shows the simulated input impedance versus frequency corresponding to different values of
Lf3. It is observed that the impedance imaginary part is towards zero, and the real part is stable, when
Lf3 increases, which means that the Y-shaped patch can be a reactive compensation. Here a good
impedance match is obtained when Lf3 = 5 mm. The input impedance variation with Lin1 is shown in
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Figure 7. Z11s of proposed antenna. (a) With different Lin1. (b) With different Lf3.

Figure 8. Equivalent circuit model.

Fig. 7(a). Because the coupled bending strips can act as inductors, and the slots are equal to capacitors,
the impedance curves show that the resonant frequency moves to lower band, when Lin1 varies from
2.2 to 2.7 mm. The results show agreement with the function as below. When L and C increase, the
resonant frequency f0 decreases. Finally, with optimum impedance matching, Lin1 is equal to 2.5 mm.

f0 = 1/
(
2π

√
LC

)
(2)

4. RESULT AND DISCUSSION

According to the studied antenna structures and optimized parameters above, a prototype with coupled
bending shorting strips and coupled bending stubs is fabricated and measured to validate the simulated
results. The final optimized parameters of this prototype are listed in Table 1, and photographs of the
fabricated antenna are depicted in Fig. 2(d). The measurements are carried out by using a network
analyser AV3672B-S and NSI300V-30X30 far-field measurement system.

Figure 9(a) shows |S11| of the proposed antenna. The measured and simulated IBMs are 19.6%
(1.175–1.43 GHz) and 15.9% (1.15–1.37 GHz), respectively. In Fig. 9(a), the radiation efficiencies are
depicted. Due to the mismatching with the Wilkinson divider at the side frequency, the proposed
antenna shows poor radiation efficiency at high and low bands. However, as depicted in Fig. 10(a), the
radiation efficiency more than 75% is obtained during the B3 band. The co-polarization (RHCP) gain
and AR versus frequency at broadside are presented in Fig. 10(b) and Fig. 9(b). It is indicated that the
gain keeps above 1.98 dBic over B3 band and that 3-dB ARBW of 27.5% (1.000–1.320 GHz) is achieved.
As shown in Fig. 11, the major current-density distribution is on the bending-strips, which means that
the bending-strips are the main radiators. Two main radiating parts at arbitrary time maintain a stable
gain, and symmetrical current ensures a stable radiation pattern. Moreover, the main current-direction
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Table 1. Parameters of antenna.

Parameters Lp1 Lp2 Wp1 Wp2 Wp3 Lb1

Value (mm) 11.75 6 1.5 2.2 3.2 6
Parameters Lb2 Lin1 Lin2 L1 L2 G1

Value (mm) 4.5 2.5 3 9.9 6.5 0.3
Parameters G2 Lf1 Lf2 Lf3 Wf1 Wf2

Value (mm) 0.2 1.5 1 5 3 1
Parameters Wf3 Rf Ls H

Value (mm) 1 1.5 26.5 16
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Figure 9. |S11|s and ARs at broadside direction. (a) |S11|s. (b) ARs.
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of time-dependent rotating is clearly observed, which confirms the RHCP radiation of the proposed
antenna.

Figure 12 shows the radiation patterns in two orthogonal elevation planes (θ = 0◦ and θ = 90◦) at
1.258 GHz, 1.268 GHz and 1.278 GHz. As shown in the pictures, the measured curves agree well with the
simulated ones. Because cross polarization is easy to be interfered by the fabricating and testing errors,
the measured cross polarization values are slightly different from the simulated ones. To verify the
good performance of the proposed antenna, a comparison with other works on impedance bandwidth,
ARBW, and dimension is carried out in Table 2. Through the above results, it is indicated that the
proposed antenna has an excellent CP performance in the desired band of B3.
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Figure 12. Measured and simulated radiation patterns. (a) 1.258 GHz. (b) 1.268 GHz. (c) 1.278 GHz.

Table 2. Comparison with other works.

Ref. [12] [13] [14] This work

permittivity 2.2 10 10 2.65

IBW for |S11| ≤ −10 dB 6.4% 3.3% 1.1% 29.6%

ARBW for AR ≤ 3 dB 14.4% 0.7% 0.3% 27.5%

Dimensions
0.37λ × 0.37λ

×0.15λ

0.1λ × 0.1λ

×0.026λ

0.1λ × 0.1λ

×0.016λ

0.11λ × 0.11λ

×0.068λ
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5. CONCLUSION

In this paper, a novel miniaturized circularly polarized (CP) antenna with band enhancement is
proposed. Due to the shorting-loading strip, the dimension of antenna is reduced to 0.1λ. However,
the bandwidth of the antenna decreases as the dimension decreases. Loading reactance approaches,
such as a Y-shaped coupled patch, coupled strips and stub, have been employed in this antenna to
achieve a wide band. Furthermore, through the bending strips and stubs around the radiation patch
symmetrically to preserve polarization purity, a better CP performance is achieved. Finally, based on
the miniaturized size, good CP property and relative wide band, the proposed antenna can be a good
candidate for B3 band of GNSS.
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