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Abstract: A novel technique to enhance the bandwidth of mobile phone antennas using YIG ferrite is
proposed. The technique is applied in two slot antennas which are the proposed antenna and the
reference antenna. The two antennas have the same shaped slot consisting of a rectangle connected to
a circle etched on the ground plane. A ferrite slab is attached at the region near the circular slot on the
ground plane of each antenna. The measured bandwidth of the proposed antenna with ferrite slab is
enhanced to 0.669–1.533 and 1.69–5 GHz compared with the bandwidth of 0.81–1.44 and 2.3–5 GHz
for the antenna without ferrite. The bandwidth of the reference antenna with ferrite slab is enhanced
to 0.715–5 GHz compared with the bandwidth of 0.813–1.01, 1.11–1.3 and 2.33–5 GHz for the antenna
without ferrite loading. The technique has the virtues of easy fabrication and low cost.

Keywords: antennas; ferrite; mobile phone antennas; slot antennas

1. Introduction

Ferrite and ferrite-based composite materials have properties of magnetic anisotropy,
tunable permeability, high permittivity and permeability, which makes them good can-
didates for varieties of applications, such as circulators [1–3], isolators [4], tunable phase
shifters [5,6], tunable filters [7,8], antennas [9–19], etc. For antenna design, using ferrite
materials can obtain bandwidth enhancement [9–15], miniaturization [14–16], pattern
reconfiguration [17], and mutual coupling increasing [18,19], etc.

In this paper, we aim at increasing a mobile phone antenna’s bandwidth by using
Yttrium iron garnet (YIG) ferrite. The general used frequency bands of the second genera-
tion (2G), the third generation (3G) and the fourth generation (4G) mobile communication
cover 0.698–0.96 and 1.71–2.69 GHz. The lower band of the fifth generation (5G) has been
commercially launched in many countries covering 3.3–3.6 and 4.8–5 GHz. To design a
mobile phone antenna, conventional techniques mainly focus on geometry modification
or lumped circuit design. These techniques include arranging multiple strips on top lay-
ers [20], etching multiple slots on ground planes [21] and using the mobile phone’s metal
rim as a radiator [22] to excite multiple resonances. Lumped capacitances or inductors
are adopted to obtain better impedance matching [23]. RF switches [24], PIN diodes [25],
and varactor diodes [26] are used to tune current distribution lengths forming frequency
reconfigurable antennas. Compared with the aforementioned techniques, adopting ferrite
materials to enhance antenna bandwidth has the virtues of simple configuration, easy fabri-
cation, and low cost. Adopting ferrite slab to improve mobile phone antenna’s bandwidth
has been presented in [14]. The proposed antenna composes of two rectangular slots with a
folded shape. With the loading of a ferrite slab, the bandwidth of the antenna in [14] covers
0.667–1.0, 1.09–1.24,1.57–5 GHz.

With the development of the Internet of Things (IoT), many mobile terminals will
access 5G communication systems. To save frequency spectrum resources, 2G, 3G and 4G
bands are still used in 5G systems. A mobile phone antenna needs to cover 2G, 3G, 4G,
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and 5G bands which is challenging for antenna design. This paper aims at designing a
wideband mobile phone antenna covering 2G, 3G, and 4G bands and the lower band of 5G
by using a ferrite slab.

Two antennas of the proposed antenna and a reference antenna were investigated
in this paper. A YIG ferrite slab with a size of 15 mm × 15 mm × 2 mm is mounted on
the ground plane of each antenna to increase bandwidth. The proposed antenna with the
ferrite slab has a wide bandwidth of 0.669–1.533 and 1.69–5 GHz covering the popularly
used bands of 2G, 3G, 4G, and the lower band of 5G.

2. Design of Proposed Antenna without Ferrite Slab

Figure 1 shows the configuration of the proposed and reference antennas without
a ferrite slab. The two antennas have the same shaped ground plane etched with an
open-ended slot as shown in Figure 1a. The top layer of the reference antenna is shown in
Figure 1b which derives from our previous work [27]. The reference antenna is fed with
a 50 Ω microstrip line connected to a circular patch joined to a rectangular patch. The
rectangular patch is split into two parts (Strip1/strip2) with different widths and lengths to
increase the bandwidth forming the proposed antenna. The substrates of the two antennas
are both 0.8 mm thick FR4 with a relative dielectric constant of 4.4, loss tangent of 0.02,
and size of 60 mm × 115 mm. The dimension parameters are w1 = 1 mm, w2 = 4 mm,
l2 = 33 mm, g = 2 mm.
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and the lower band of 5G which will be achieved by using the YIG ferrite slab presented 
in the following section. 

Figure 1. Configuration of the proposed antenna and reference antenna without ferrite slab (unit: mm).
(a) Bottom layer of the two antennas. (b) Top layer of the reference antenna. (c) Top layer of the
proposed antenna. (Unit: mm).

Figure 2 shows the simulated |S11| plots of the proposed antenna and reference
antenna. Simulations are performed using HFSS 15.0. As shown in the figure, the simulated
bandwidth of the proposed antenna with | S11 |< −6 dB is 0.76–1.31 and 2.12–5 GHz, and
the one of the reference antenna is 0.78–1.27 and 2.3–5 GHz. Simulation shows that the
two antennas have very wide bandwidth at the upper band above 2.4 GHz which owes to
the similar shapes of slots and feedings. It is also shown that the proposed antenna has
a wider bandwidth than the reference antenna at the lower band. The bandwidth of the
proposed antenna needs to be enhanced further to cover the whole bands of 2G, 3G, 4G
and the lower band of 5G which will be achieved by using the YIG ferrite slab presented in
the following section.

The influences of dimensions of Stip1 and Strip 2 have been investigated. The changes
in the dimensions have much influence on |S11| at frequencies below 3 GHz but little at
frequencies above 3 GHz. To show the difference between plots clearly, the frequency range
drawn in the figures is set to 0.5–3 GHz. As shown in Figure 2, there are two working
bands. One is in the frequency range lower than 1.5 GHz and the other one is higher than
1.5 GHz. We call the lower band the first band and the upper band the second band in the
following discussion. Figure 3 shows the influence of Strip 1′s width of w1 on |S11|. As
shown in the figure, the change of w1

′s value has much influence on |S11| at the second
band. In the cases of w1 = 0.6 mm and w1 = 0.8 mm, |S11| values are higher than the case of
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w1 = 1 mm. In the case of w1 = 1.2 mm, |S11| values are higher than −6 dB at frequencies
of 2.2–2.4 GHz. Therefore, the optimized value of w1 is chosen as 1 mm.
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Figure 4 shows the influence of Strip 2′s width of w2 on |S11|. As shown in the figure,
the change in w2

′s value has much influence on |S11| at the second band. In the cases of
w2 = 2 mm and w2 = 3 mm, the left cutoff frequencies at the second band are higher than in
the case of w2 = 4 mm. In the case of w2 = 5 mm, |S11| values are higher than in the case of
w2 = 4 mm at frequencies of 2.2–2.8 GHz. Therefore, the optimized value of w2 is chosen
as 4 mm.
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Figure 5 shows the influence of Strip 2′s length of l2 on |S11|. As shown in the figure,
the change in w2

′s value has much influence on |S11| at the second band. In the cases
of l2 = 29 mm and l2 = 31 mm, the left cutoff frequencies are larger than in the case of
l2 = 33 mm. In the case of l2 = 35 mm, |S11| values are higher than −6 dB at frequencies of
2.3–2.4 GHz. Therefore, the optimized value of l2 is chosen as 33 mm.
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Figure 6 shows the influence of the gap between Strip1/Strip2 g on |S11|. As shown
in the figure, the change in g’s value has much influence on |S11| at the second band. In
the cases of g = 0 mm which means that there is no gap between Strip1/Strip2, the left
cutoff frequency of the second band is much higher than in the other cases. In the case of
g = 1 mm, |S11| values are higher than in the case of g = 2 mm at frequencies of 2.1–3 GHz.
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In the case of g = 3 mm, |S11| values are higher than −6 dB at frequencies of 2.2–2.4 GHz.
Therefore, the optimized value of g is chosen as 2 mm.
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3. Design and Measurement of Antennas with Ferrite Slabs

The configuration of the proposed and reference antennas loaded with ferrite slab is
shown in Figure 7. The antennas are investigated with the ferrite mounted on the ground
plane (shown in Figure 7c) and on the top layer (shown in Figure 7d). Each ferrite slab has
a size of 15 mm × 15 mm ×2 mm.
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(a) Top view of the proposed antenna loaded with ferrite slab. (b) Top view of the reference antenna
with ferrite slab. (c) Side view in the case of ferrite slab mounted on the ground plane. (d) Side view
in the case of ferrite slab mounted on the top layer.

Figure 8 shows the photographs of the fabricated antennas with ferrite slabs on the
ground plane at the position of d = 0 mm and t = 2.5 mm for both antennas. Measurement
has been conducted by using an Agilent vector network analyzer N5224A which shows
that wider bandwidth is obtained when the ferrite slab is arranged around the slot region.
Figure 9 shows the measured |S11| plots of the two antennas with and without ferrite
slab. As shown in the figure, the measured bandwidth with |S11| < −6 dB of the proposed
antenna with ferrite slab is enhanced to 0.669–1.533 and 1.69–5 GHz compared with the
bandwidth of 0.81–1.44 and 2.3–5 GHz for the antenna without ferrite. The bandwidth
of the reference antenna with ferrite slab is enhanced to 0.715–5 GHz compared with the
bandwidth of 0.813–1.01, 1.11–1.3 and 2.33–5 GHz for the antenna without ferrite. The
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loading of the ferrite slab results in wider bandwidths for both antennas. It is also shown
that the proposed antenna has a wider bandwidth than the reference one. Furthermore,
considering |S11| < −10 dB, the measured bandwidth of the proposed antenna with ferrite
loading covers 0.71–0.83, 1.87–2.62, 2.99–3.28 and 3.48–5 GHz. Moreover, the bandwidth
with |S11| < −7 dB covers 0.682–1.49 and 1.76–5 GHz.
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The effects of the ferrite’s position on |S11| of the proposed antenna are also investi-
gated. Figure 10 shows the measured |S11| of the proposed antenna with ferrite slab on
the ground plane versus the parameters of ferrite’s position d and t. Figure 11 shows the
measured |S11| of the proposed antenna with a ferrite slab on the top layer. Table 1 gives
the bandwidth of the proposed antenna shown in Figures 10 and 11. As shown in the table,
the loading of the ferrite slab at any position results in the frequency band shifting to the
lower compared with the case of no ferrite slab loading. The antenna with a ferrite slab on
the ground plane has a lower left cutoff frequency than the one with a ferrite slab on the
top layer with the same values of parameters d and t. The proposed antenna has the widest
bandwidth when the ferrite slab is loaded on the ground plane covering the circular slot
with d = 0 mm and t = 2.5 mm.
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Table 1. Bandwidth of the proposed antenna with ferrite slab mounted on the ground plane and the
top layer at different positions.

Ferrite Position (mm) Bandwidth with Ferrite Slab
on the Ground Plane (GHz)

Bandwidth with Ferrite Slab
on the Top Layer (GHz)

d = 0, t = 2.5 0.669–1.533, 1.69–5 0.743–5
d = 10, t = 1.5 0.74–5 0.765–5
d = 20, t = 1.5 0.73–5 0.763–5
d = 30, t = 1.5 0.73–0.87, 1.16–1.47 0.764–1.07, 1.94–5
d = 40, t = 1.5 0.73–0.84, 2.19–5 0.746–0.863, 2.12–5

Without Ferrite Slab 0.81–1.44, 2.3–5

The radiation patterns were measured in a microwave anechoic chamber. The schematic
diagram of the radiation pattern measurement setup is illustrated in Figure 12. The system
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is mainly composed of a vector network analyzer (VNA), a source antenna, and the antenna
under test (AUT). The radiation pattern was obtained from transmission coefficients by
rotating the AUT. Antenna gain was measured by replacing the AUT with an antenna with
standard gain and computed by comparing the transmission coefficients between the AUT
and the standard antenna. Figure 13 shows the measured radiation pattern in the x-y, x-z,
and y-z planes at 0.787 GHz, 0.88 GHz, 2.17 GHz, and 2.4 GHz, respectively. The patterns
are near-omnidirectional. The maximum gains at the four frequencies are 0.17 dBi, 2 dBi,
−2.91 dBi, and −0.93 dBi, respectively. The antenna meets the directional requirement of
mobile phones.
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A comparison of the proposed antenna with antennas in published literature is given
in Table 2. As shown in the table, the proposed antenna has a wider bandwidth than the
published ones.

Table 2. Comparison of the proposed antenna with antennas in published literatures.

Reference Antenna
Dimension (mm3)

Antenna
Type Bandwidth (GHz) Gain Efficiency

[11] 52 × 8 × 3 Helix 0.173–0.202 NA NA
[12] 18 × 8 × 3 monopole 0.698–0.751, 1.656–2.171 >−1.67 >33%
[13] 35 × 15 × 4 monopole 0.745–0.973, 1.536–2.825 NA >47%
[14] 59 × 14 × 2.8 slot 0.667–1.0, 1.09–1.24, 1.57–5 NA NA

Proposed 59 × 12 × 2.8 slot 0.669–1.533, 1.69–5 >−2.93 NA

4. Conclusions

A novel technique to enhance the bandwidth of mobile phone antenna is proposed
by loading a ferrite slab on the ground plane. The technique was validated using a
novel slot antenna. The ferrite slab locates around the slot region with a small area of
15 mm × 15 mm and an acceptable height of 2 mm. The measured bandwidth of the
proposed antenna with ferrite slab is enhanced to 0.669–1.533 and 1.69–5 GHz compared
with the bandwidth of 0.81–1.44 and 2.3–5 GHz for the antenna without ferrite. The
mounting of the ferrite slab obtains significant bandwidth enhancement. Compared with
conventional miniaturized mobile phone antennas, the proposed antenna loaded with
ferrite has a simpler configuration and a wider bandwidth. The bandwidth of the proposed
antenna covers the popularly used bands of 2G, 3G, 4G and the lower band of 5G. The
radiation performance of the proposed antenna satisfies the requirements of a mobile phone.
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