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Reconfigurable antennas based on magnetised ferrite substrate and electronic components present a

remarkable interest for nowadays antennas. The present research contribution deals to investigate an

efficient multiband tuneable triangular microstrip antenna with acceptable characteristics, able to

operate from 2.6 GHz to 5.8 GHz requiring frequency and polarization agility by dual reconfigurability

using a YIG (Yttrium Iron Garnet) substrate and PIN diode. Different magnetic bias fields were applied

to the proposed antenna for ON and OFF states. The obtained results and analysis demonstrate the

efficiency of magnetic frequency tuning and a high stability of the radiated field, the antenna bandwidth

can reach 1300 MHz for ON state, and a maximum tuning range close to 550 MHz is observed. The

proposed antenna design exhibits a linear polarization and stable E and H—plane radiation pattern

performance at resonance frequencies over the operating bands. These characteristics make the

antenna suitable for multiband wireless communications requiring frequency agility.
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I. INTRODUCTION

In modern microstrip antennas, the performance consists of
good choice of the constitutive parameters and their
dimensions. However, it is better to select correctly the
substrate material to achieve the desired results. Nowadays,
the advancements of patch antennas faces significant
challenges regarding the modelling and also the design of
the system, these challenges will mainly arise from the
surrounding technologies which allow the multifunctional
capabilities of these antennas, such as reconfigurability and
tunability (Christo et. al.,, 2012; Haider et. al, 2013;
Abdulraheem et. al., 2017; Bernhard, 2003; Elfergani et. al.,
2012; Horestani et. al., 2016; Mohamadzade et al., 2021).
Generally, PIN diodes are used as switching elements in
order to alter operating frequencies because of their
simplicity of implementation (Nikolaou et. al., 2006; Lai,
Ramli,

2009; 2013), this will obviously bring some

modifications in the impedance bandwidths, polarization,
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and radiation patterns of microstrip antennas according to
the operating requirements. Nowadays, microstrip antennas
fabricated with magneto-dielectric composites substrates,
find an important study of their performance, for its certain
useful patterns properties control like frequency shifting,
and scattering reduction (Menezes et al., 2020).

Antennas fabricated with ferrite substrates had first been
explored in the early 80’ s, using some typical ferrite such as
nickel cobalt ferrite (Das et al., 1982) and yttrium iron
garnet (YIG) (Pozar, 1988). YIG is a ferrite material with
excelent magneto-electric properties that consider it the best
magnetic substrate for hight frequency applications
(Makiyyu et al., 2017). MPA (Microstrip patch antenna)
fabricated on ferrite film was first demonstrated by Rainville
1992). In 2016,

E.Andreou (Andreou et al., 2016) present a fabrication

and Harackiewicz (Rainville et al.,

design of a reconfigurable rectangular MPA with Epoxy

bonded YIG substrate. It was proved that antenna
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polarization in all operation frequencies can be changed by
applied magnetic field from o to 1.8 KG. In 2018, I.H.Hasan
(Hasan et al., 2018) explored the fabrication process of
rectangular MPA with YIG thick film as substrate cover
using simple screen printing technique. Recently, A.P da
Costa (Costa et al., 2021) investigated and fabricated a
dielectric cylindrical resonator antenna with multiband
controlled characteristics using YIG substrate. However,
with one single feed, antennas should radiate circular
polarization when they are printed on normally biased
ferrites (Lee et al., 1996), in this case and when the direction
of the bias magnetic field is reversed, the state of
polarization should be switchable between left-hand circular
polarization (LHCP) and right-hand circular polarization
(RHCP) (Shah, 2014).

According to the literature, the majority of MPA fabricated
with YIG or other composite substrates are of simple
structures, either rectangle or simple triangle patchs,
offering consequently a single bandwidth. The present work
is focused on the investigation of a compact multiband
triangular MPA covering the bandwidths from 2.6GHz to
5.8GHz with tuneable properties. The design is
implemented on thick ferrite-based Yttrium Iron Garnet
(YIG) substrate, which typically use a Y magnetostatic bias
source to achieve the tunability. The patch is based on two
triangular shapes separated by PIN diode to ensure the dual
reconfigurability function.

II. ANTENNA DESIGN AND MATERIALS

The detailed geometry and layout patch of the proposed
antenna is shown in Figure 1. The YIG substrate of surface
(70 x 70 mm?) and 1.6 mm of thickness, has relative
permittivity ef close to 15 (dielectric loss tangent tan § <
2.1074). The Magnetic ferrite substrate properties are:
substrates saturation magnetisation is Ms = 1780 Gauss, and
ferromagnetic resonance line is AH = 30 Oe. Ferrite
substrate is magnetised in a perpendicular direction to Z
axis (Figure 1). The antenna is supplied by an adapted feed
line of surface (3 x 22.2 mm?) with good VSWR (voltage
standing wave ratio). The triangular patch, feed line and
GND planes are copper made with 58 uS/m of conductivity.

Patch dimensions are shown in Table 1.

YIG substrate
i &

PIN diode

Hy bias

30 (mm)

Figure 1. Upper view of the antenna

Table1. Patch dimensions

Patch Parameters Values in mm

D 50
20.6
9.8
23.6
15.6
1
15
22.2

© m w W S o

The ferrite is supposed to be saturated and the internal
bias field is considered to be uniform, according to DC
magnetic bias direction. Relative permeability tensor [[ze:]]

is given by (Polder, 1949):

1 0 0
[l =0 # HK )
where
_ WoWMm
/,lf = 1 + wg_wz (2)
ww
K= 0z ®

Also, we define wm and wo as respectively: wy = yuoM;
and wg = yugH, . In our case, magnetic properties of the

YIG substrate are: saturation magnetisation M, =
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1780Gauss ; ferromagnetic resonance line AH =
30 O; ferrites and gyromagnetic ratio is estimated to y =
176.109 rad ST'T-1. uois the vacuum permeability. In this
study, we neglect the damping factor (Kasahara et. al., 2022;
Zermane et al., 2019).

By duality principle, electric and magnetic fields patterns
in TM modes with magnetic boundary conditions are the
same as those for TE modes with electric conditions. For
TMmn modes, the electric and magnetic field distributions of

an equilateral triangular resonator are given below (Bahl et

al., 1982):
Ez = Am,n,lT(x' Y)m,n,l (4)
_ J OEg
Hy =05 (5)
_ =] 0E,
Hy = L% ©)
Hz=Ex=Ey=0 )
where
T(xr}’)mnl
_ 2mx 2m 27T(m n)y
_COS<\/_D3)] [ ] (8)
+ cos (ﬂ ) ] [Zn(n _ l)y]
+ cos (an ) ] [Zn(l - m)y]

and, Apn;is an arbitrary amplitude constant, D is side-
length of the triangular patch, and (n,m,l) are integers not
zero and satisfying the condition n+m+l=0. However, in
addition to the surface electric current, the magnetic
currents are also not zero along the edges of the triangular
conductor implemented on YIG substrate and may be

evaluated from (Bahl & Bhartia, 1982) as:

M=2ExA (9)

Concerning the fundamental mode, and for the case when
the magnetic current sheet may be assumed equal to the
substrate thickness, next expression may be used to define
the radiation properties of the triangular patch antenna

(Bahl et al., 1982):

2nx

M =2A4,,_ 1[2COS (—+—) cos—+cos4ﬂ

] (10)

Meanwhile, the implementation of electronic
reconfigurability needs the use of PIN diode, due to its good
properties in ON and OFF states. Figure 2 illustrates
connection of PIN diode circuits as a shunt or RF equivalent
circuit for ON and OFF states. SMP1320 PIN diode was
chosen for our study, according to the manufacturer’s data
their circuit parameters are given as: Cr = 0.3pF; LS =
o0.7nH; Rs = 0.9Q for ON mode and Rs = 20KQ for OFF
mode. Parasitic inductance Ls and value of Rp are assumed
higher than the reactance Cr, thusly they are neglected from
the equivalent model (Abdulraheem et al., 2017). We should

model PIN diode as both a simple equivalent resistance and

capacitance.
Z,
| — |
| |
A T Z,
Re
Ls k \ k
”WﬂJWV*
Cr
(a) (b)

Figure 2. RF equivalent circuit models for PIN connected as
a shunt switch; (a) OFF state, and (b) ON state

Finally, the triangular patch antenna frequency can be

simplified as:

1
= (11)
ﬂ 2m,/Lequi Cequi

It should be noted that in expression (11) capacitance Cequi
and inductor Lequi can be expressed in terms of the reactive
PIN diode components Cr and Ls and medium parameters
(er and ), &r is the relative permittivity of YIG substrate and
ur the dispersing quantity, their values depends on the
properties of YIG and effectively on the applied magnetic

bias.
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III. RESULTS AND DISCUSSION

Figure 3 depicts the numerical study of the proposed
antenna using full wave analysis under HFSS software. The
use of a YIG substrate for several magnetic fields while
applying an external bias field on the y-axis (0, 180 and 251
Gauss) can result in a compact dualband antenna device
with interesting frequency agility that covers the frequency
ranges of 2.6GHz to 3.65GHz and 5.25GHz to 5.8GHz. The
first band's maximum tuning range is near to 250MHz,
while the second band's maximum tuning range is close to
550MHz. It's worth noting that with lower magnetic fields

and higher frequencies, the tuning range expands slightly.
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Figure 3. Simulated S11 triangular patch antenna on YIG for

ON state and different magnetic bias

At -10dB, an intriguing bandwidth ranges from 150MHz at
oGauss to 1300MHz at 180Gauss, which is considered
higher when compared to previous reported results for
various magnetic fields and resonant frequencies, as shown

in Table 2. Peak gain results for the considered bias fields

show a contrast, with a maximum value of 2.5 recorded at

180 Gauss at 5.8GHz.

Table 2. Results of bandwidth and peak gain for various

magnetic fields

External 0 180 251
magnetic field
(Gauss)
fres first band 3.4 3.65 3.47
(GH2z)
Bandwidth first 870 1300 1008
band (MHz)
Peak Gain 0.16 1.2 1.17
fres second band 5.25 5.8 5.25
(GH2z)
Bandwidth 150 220 200
second band
(MHz)
Peak Gain 0.23 2.5 1.33

Table 3 shows a summary of the comparison of some
parameters patch antennas produced on YIG with our
simulated results.

We can determine whether the proposed structure fulfil
the requirements of patch antennas by comparing the values
of various parameters stated in previous research and our
own. When the same field is applied, our results are close to
those of (ref 3) with the added benefit of increased
bandwidth and peak gain. Although the radiation efficiency
has improved since the reference 3 finding, which is the
closest to our study, it remains lower than in previous
research. However, Table 3 indicates that finding a
compromise between the many parameters patch antenna
constituent and the desired qualities based on the

applications is always important.

Table 3. Comparison between published fabricated patch antennas on YIG substrate and proposed structure

Parameters Our results (Ref1) (Saxenaaet (Ref2) (Hasan et (Ref 3) (Andreou
al., 2011) al., 2018) etal., 2016)
Magnetic field 180 2200 12.69 1073 180
Fres (GHz) 3.65; 5.8 10.01 5.6 4.83
Gain (dB) 1.58;7.96 1.94 2.406 -
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Return loss (dB) -22;-17
Bandwidth at -10dB 1300- 220
(MHz)
Max Radiation 32
Efficiency (%)
Axial ratio at fres (dB) 22; 28
Max agility (MHz) 550

-14.02 -35.74 -21
400 400 450
89.2 45.1 30

_ - 0.98
- 200 570

By reconsidering the aforementioned principle as a basic

theory, the use of PIN diode as a switch operating in OFF

Figures 5(a) and (b) presents the far-field radiation

patterns as a function of antenna frequency and magnetic

states, should offer the option to separate the two parts of bias in y-direction for both ON and OFF states at selected

the triangular patch.

== 251 Gauss - ON state

= 251 Gauss- OFF state
= 1254 Gauss - ON state

e 1254 Gauss - OFF state 1

2 2 3 3 4 45 5 55 6
Frequency (GHz)

Figure 4. Simulated Si;Triangular patch antenna on YIG

substrate, for ON and OFF states and different bias

In this case, we have tested 251 Gauss and 1256 Gauss
bias at ON and OFF states of PIN diode. When the switch is
at OFF state, the antenna presents only one band, which is
the lower, the higher bands for instance are inhibited
(return loss at higher frequencies 5.25GHz and 5.21GHz is
less than -10dB), since only one part of the patch is
radiating. This makes the antenna automatically tunable in
different wireless frequency bands in addition to its agility

due to the use of YIG.

resonant frequencies, for unbiased, 251 and 1254 Gauss. E-

plane (co-polarization) were representing by yoz-

coordinates and H-plane (cross-polarization) by xoy-

coordinates.
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radiation pattern xoy-plagg, YIG Zero bias, ON state
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Figure 5. E and H-plane radiation patterns: (a) unbiased, and (b) 1254Gauss

It should be noted that our antenna generates an omni-
directional vertical plane radiation pattern, it indicates a
strong and stable cross-polarized radiation pattern over the
entire selected bands especially for ON state situation.

At zero bias, gain is constant for all frequencies and
directions, we have an isotropic propagation in the
transverse plane. For given bia 1254 Gauss, it is clear from
Figure 5(b) that at operating frequencies (3.4 GHz and 5.21
GHz) the device generates an omni-directional pattern with
good co-polarization isolation. For both frequencies 3.4 GHz
and 5.21 GHz in case of 1256 Gauss- at ON state and at ‘xoy
direction’, gain is maximum in OZ axis for an opening angle
of -30°, on the other side gain is minimum in the opposite
direction.

Table 4 summarises the maximum radiation efficiency
values obtained in percent. As a result, changing the bias
and state of the PIN diode should change the radiation
efficiency. At the ON state, 1254 Gauss has the highest

efficiency (70.2%). Although, improvement in radiation

efficiency of the proposed antenna compared to some
reported results is not significant such as bandwidth and
gain, it is still reasonable in light of the structure's

complexity.

Table 4. Maximum radiation efficiency values versus bias

for ON and OFF states
Bias 0] 180 251 1254
ON 40% 32% 25.6% 70.2%
OFF 47.5% 31% 26.32% 38%
IV. CONCLUSION

A multiband V- slotted triangular microstrip antenna was
implemented on a ferrite substrate (YIG) and loaded with
PIN diode to ensure good agility and dual reconfigurability
was investigated in this paper. The device can offer a

multiband system from 2.6GHz to 5.8GHz, with an optimal



ASM Science Journal, Volume 17, 2022

bandwidth of 1300 MHz and a maximum tuning range close
to 550 MHz.

The application of in-plane magnetic fields (zero, 180, 251
and 1254 Gauss) tunes the operable resonant frequencies
and manipulate the radiation characteristics. The
investigation reveals that the proposed patch antenna
structure can offer a maximum omnidirectional radiation in

vertical plane, with stable cross-polarized radiation pattern
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