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Abstract :
The novel and simple approach for achieving frequency tunability is presented. The
frequency tunability is achieved using a single PIN diode. PIN diode located on the upper side of
the structure to reduces the biasing complexity. The superstrate structure along with the corner
truncation helps for enhancing the performance parameters, as well the location of feed and slot of
the patch is varied for locating best performing points. This design provides the multiband
frequency tunability behavior with the maximum frequency tunability of 100 MHz. The design
provides the minimum reflectance coefficient of -22.56 dB, the directivity of 6.98 dB, the total
gain of 3.683 dB, normalized directivity of 880 using the low profile (FR-4) substrate which helps
for the cost reduction and mass production. The simulation is carried out using the HFSS tool. The
fabrication of the proposed design is also presented. This design suitable for Wifi, GPS, and many
more wireless communication applications.
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Introduction:
Reconfiguration of frequency in antennas is highly required now a day to cover a wide
range of portable wireless applications [1][2]. The antenna design requires high gain, multiband
and tunable applications to meet the current demand of wireless communications devices [3].
Compact antenna design is also very crucial as the size of the portable wireless devices is going
smaller and smaller [6][7]. Metamaterials are the one option that can be used to solve the demand
of current antenna designs [8]. The use of metamaterials can improve the gain, bandwidth, and can
also reduce the size of existing antenna designs [9]. Reconfiguration of frequency and radiation
pattern and polarization can be attained by incorporating RF switches in an antenna [10]. PIN
diodes are one of the switches which can be used to achieve reconfiguration in antenna design
[11].
Metamaterials are artificially engineered materials. It possesses great electromagnetic
properties, which are not available in nature [12]. Metamaterials differentiate antennas on basis
of meta-resonators and metamaterial loading [13] for metamaterials, Metasurfaces (2D planar
structure) are used as reflectors or lens in an antenna which is useful for the design of radiofrequency device miniaturization[14], metamaterial-based antenna possesses good radiation
efficiency for dual-band frequencies. an antenna can also be useful for humans by implanting in
them which is used for wearable applications [15][16] among antennae, the reconfigurable
antennas have the capacity for selecting their parameters such as radiation, frequency, and
polarization to redistribute the current to achieve the targeted frequency shifting. Reconfigurable
antennas can overcome the challenges faced in designing portable devices. it can provide a good
response in frequency, tunability, polarization, etc in a limited area. A tunable dipole antenna can
also be inserted with PIN diodes. The tunability can be achieved by inserting different types of
PIN diodes of resonant frequency [17]. When the reconfigurable antenna is designed by keePINg
a rectangular resonator and PIN diode, it can be tuned from ultrawide band mode to narrowband
mode [18][19].
Reconfigurable antennas have gained great attention in wireless communication devices
and systems due to their ability of switching [20]. The reconfigurable antenna is mainly used
compared to the multiband antenna due to its miniature size, higher gain, same type radiation
pattern, etc [21]. Reconfigurable antenna with slot rings is designed using two PIN diodes gives
high gain, return losses, good radiation pattern used in applications of WiMax/WiFi [22]. The

reconfigurable antenna is simulated and fabricated. The comparison of pixel antenna results is
shown and analyzed which gives a good frequency response [23][24]. the single PIN diode
designed works in two different modes at a separate frequency to create a good pattern. They are
used in the applications such as Cognitive Radio System, Satellite Application, Biomedical
Application, filters, etc [25][26]. Among reconfigurable antennas, beam antenna has gained
attention for data rate for the next generation of wireless communication technology used for 5G
service, automotive radars[27]. The different slots in the antenna are designed for frequency and
radiation using implemented PIN diodes. The radiation pattern is controllable by switching
ON/OFF slots. Reconfigurable antennas are compact it can be fabricated easily [28][29].

Design and Modelling:
Figure 1 illustrates the 3-dimensional view of the presented design. The design consists of
a superstrate of substrate layers made up of FR-4 based low-profile material. The FR-4 material
has a 4.4 dielectric constant. The ground layer, patch, parasitic patch-1, and parasitic patch-2 are
made up of copper material. The single PIN diode is connecting the two sections of the parasitic
patch-2. Due to the switching mechanism of PIN diodes ON and OFF the current distribution in
the patch area is change and reconfigurability can be possible. Figure 2 illustrates the fabricated
view of the presented design structure. The upper view of parasitic patch-2 without the PIN diode
illustrate in Figure 2 (a). The upper view of parasitic patch-1 is illustrating in Figure 2 (b). The
upper view of the parasitic patch illustrates in Figure 2(c). Figure 2 (d) illustrates the upper view
of parasitic patch-2 with the PIN diode. Figure 2(e) represents the lateral view of the fabricated
design structure.
The lateral view of the presented superstrate patch antenna is represented in figure 3(a).
The patch, parasitic patch-1, parasitic patch -2, and ground layers are made up of copper material,
and the thickness of these layers is 0.35mm. The size of these layers are respectively 28.4 mm,
43.9 mm, 59mm, and 80.3mm. The substrate, substrate-1, and substrate-2 are made up of dielectric
material FR4, and the height of this unit is 1.6 mm. The size of these all layers is the same as
80.3mm. The coaxial feed is used for the excitation of the presented design. The upper of the
proposed structure without the substrate layers are illustrated in figure 3(b). The single PIN diode
is positioned in the top location and connects two sections of the patch area. The patch, parasitic

patch-1, and parasitic patch -2 are cropped from the corner. The dimensions of the trunked area
are 4.8mm.
The dimensions of the superstrate antenna structure are calculated using the standard
design equations (1-11) [30][31]. Equation (1) use for calculating resonance frequency calculation
of the split ring resonators can be calculate using equation (1).
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The scattering parameters are used to analyze the antenna's output at high frequencies. As
seen in the equation, the transmittance (S21), and reflectance (S11) are needed to determine
refractive index and impedance. [34].
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Where d represents the layer thickness, n represents the refractive ratio, and k represents
the wave vector. The wave impedance of the substrate is denoted by z.
The presented architecture reflects frequency reconfigurability by switching the direction
of the switch ON/OFF. For the RF switch, a PIN diode is required. Figure 4 depicts the electric
alternative circuit of a PIN diode and the HFSS tool simulator model. The proposed structure has
been modeled for 50 ohms. In figure 4 (a), The HFSS model represents two sections of a patch
that are linked by RLC components that are lumped together in figure 4 (b), the switch-ON state
is expressed by the inductor (Ls), and resistor (Rs) are joint in series are shown in figure 4(c), the
switch-OFF condition is described by a resistor (Rp) and a capacitor (Cp) are joint in series with
an inductor (Ls). Figure 5 depicts the simulated and fabricated effects for the turn ON and switch
OFF configurations. A good amount of similarity among both the results is observed.
Figure 6(a) represents the reflectance response curve for the 1 GHz to 3 GHz frequency
range. Two modes are considered based upon the switching acting action of PIN diodes (ON and
OFF). Figure 6(b) representants the first frequency tunable bands for the range of 1.4 GHz to 1.8
GHz. The resonating frequency is located at 1.55 GHz with the reflectance response of -11.09 dB
during the PIN diode ON condition. The resonating frequency is located at 1.65 GHz with a
reflectance response of -22.56 dB during the PIN diode OFF condition. Figure 6(c) representants
the first frequency tunable bands during 2.3 GHz to 2.7 GHz. The resonating frequency is located
at 2.55 GHz with a reflectance response of -18.81 dB during the PIN diode ON condition. The
resonating frequency is located at 2.49 GHz with a reflectance response of -13.43 dB during the
PIN diode OFF condition.
Figure 7 illustrates the contour plot (fermi plot)of the variation of feed position versus
reflectance response for the switch ON configuration. Figure 7(a) illustrates the variation of feed
position in the X side (28 mm to 47 mm) to observe the reflectance response for the range of 1
GHz to 3 GHz. There are three bands of reflectance response (S11) are observed at 1.2, 1.55, and
2.55 GHz. Figure 7(b) illustrates the variation of feed position in the Y side (28 mm to 47 mm) to
observe the reflectance response for the range of 1 GHz to 3 GHz. There are three bands of

reflectance response (S11) are observed at 1.2, 1.5, 1.55, 2.5, and 2.8 GHz. Therefore, more bands
are observed for the feed position variation in Y-side.
Figure 8 illustrates the contour plot (fermi plot) of the variation of feed position versus
reflectance response for the switch OFF configuration. Figure 8(a) illustrates the variation of feed
position in the X side (28 mm to 47 mm) to observe the reflectance response for the range of 1
GHz to 3 GHz. There are three bands of reflectance response (S11) are observed at 1.2 GHz, 1.53
GHz, 1.62 GHz, and 2.5 GHz. Figure 8(b) illustrates the variation of feed position in the Y side
(28 mm to 47 mm) to observe the reflectance response for the range of 1 GHz to 3 GHz. There are
three bands of reflectance response (S11) are observed at 1.2, 1.5, 1.62, 2.5, and 2.85 GHz.
Therefore, more bands are observed for the feed position variation in Y-side. Figure 8 illustrates
the contour plot of the slot of patch position variation versus reflectance response for the switch
ON configuration. The slot position is varying on the Y side from 28 mm to 34 mm. Three bands
of reflectance response are observed at 1.25, 1.55, and 2.5 GHz.
Directivity represents the radiation effects of the antenna. Figure 10(a) illustrates the
directivity plot of the Switch ON and OFF modes for the -1800 to +1800. The value of directivity
in switch ON mode and OFF modes are respectively 6.98 dB and 6.60 dB. The broadband
directivity is observed in switch ON and OFF modes. Figure 10(b) illustrates the normalized
directivity plot for the Switch ON mode is 830(-480 to +350), and 880 (-480 to +400). The efficiency
of an antenna can be identified based upon the gain of an antenna. Figure 11 (a) represents the total
gain of switch OFF mode is 3.447 dB. Figure 11 (b) represents the total gain of switch ON mode
is 3.683 dB.
Table 1 represents the different values of S11, bandwidth, and gain for the given band with
switch ON and switch OFF conditions. It is observed the maximum reflectance response of -22.56
dB is observed at 1.65 GHz. The 70 MHz of maximum bandwidth is attained, and a gain of 3.683
dB possible in the switch ON modes. Table – 2 represents there are two tunable frequency bands
due to the switch ON and switch OFF. The first band represents the tunability of 100 MHz and the
second band provides the tunability of 60 MHz.

Conclusion :
The presented manuscript is a solution for achieving frequency tunability. The tunability
is achieved using the single PIN diode. The top located PIN diode helps to reduce the complexity

to make it ON and OFF. Corner truncation makes the better reflectance response is achieved with
the better gain. Variation of feed position and slot position is carried out to identify the best
response. The structure provides the maximum tunability of 100 MHz. The minimum reflectance
coefficient (S11) of -22.56 dB is achieved at 1.65 dB. The healthy gain is achieved in both the
switching modes. The 3.683 dB maximum gain is attained. The broader directivity of 880 is
achieved. Due to the novel design approach multiband tunability, good gain, and directivity are
achieved with the low-profile substrate (FR-4). This design suitable for Wifi, GPS, and many more
wireless communication applications.

Figure-1:

A three-dimensional representation of the proposed superstrate patch antenna system.

Figure-2:

Prototype of the fabricated antenna structure. (a) The upper view of parasitic patch-2 without the
PIN diode. (b) The upper view of parasitic patch-1. (c) The upper view of the parasitic patch. (d)
The upper view of parasitic patch-2 with the PIN diode. (e) The lateral view of fabricated design
structure.

Figure-3:

(a) Sideview of the proposed superstrate patch antenna. (b) Topview of proposed superstrate
structure without the substrate material.

Figure-4:

PIN Diode Model (a) The Lumbed R-L-C Boundary generated for the tool HFSS (b) Depiction
of PIN Diode ON state (c) Representation of PIN Diode OFF state

Figure-5:

Simulated and fabricated reflectance response (S11) results using three PIN diodes switch-ON
and switch-OFF are presented for the 1 to 3 GHz frequency range.

Figure-6:

(a)

(b)

(c)

(a) S11 plot for two switching conditions of the PIN diode for the frequency band of 1 GHz to 3
GHz. (b) The first frequency tunable band shifts 1.55 GHz to 1.65 GHz and return loss is
improved from -11.09 dB to -22.56 dB. (c) The second frequency tunable band shifts 2.55 GHz
to 2.49 GHz and return loss is improved from -18.81 dB to -13.43 dB.

Figure-7:

(a)
Switch
ON

(b)
Switch
ON

Contour plot of the variation of feed position versus reflectance response for the switch ON
configuration. (a) Variation of feed position in the X side for 28 mm to 47 mm. (b) Variation of
feed position in the Y side for 28mm to 53mm.

Figure-8:

Contour plot of the variation of feed position versus reflectance response for the switch OFF
configuration. (a) Variation of feed position in the X side for 28 mm to 47 mm. (b) Variation of
feed position in the Y side for 28mm to 53mm.

Figure-9:

Contour plot of the slot of patch position variation versus reflectance response for the switch ON
configuration. The slot position is varying on the Y side from 28 mm to 34 mm.

Figure-10:

(a) Directivity plot of the Switch ON and OFF modes for the -1800 to +1800. The value of
directivity in switch ON mode and OFF modes are respectively 6.98 dB and 6.60 dB. (b) The
normalized directivity plot for the Switch ON mode is 830(-480 to +350), and 880 (-480 to +400).

Figure-11:

(a) Total gain for the switch OFF mode is 3.447 dB. (b) The total gain for the switch ON mode is
3.683 dB.

Table-1 : Tabular representation of switching modes, reflection coefficient, resonance
frequency, bandwidth, and total gain.

Switching Modes

Switch ON

Switch OFF

Reflection

Resonance

Bandwidth

Total Gain

coefficient (S11)

frequency

-11.09 dB

1.55 GHz

10 MHz

3.683 dB

-18.81 dB

2.55

70 MHz

-22.56 dB

1.65 GHz

30 MHz

-13.43 dB

2.49 GHz

40 MHz

3.447 dB

Table-2: Frequency tunability analysis due to switching ON and OFF modes.
Sr.no.

Tunable band -1

Tunable band - 2

1

100 MHz (1.65 GHz – 1.55 GHz)

60 MHz (2.55 GHz - 2.49 GHz )

Table-3: The proposed design is compared to previously reported work.

References

Size (mm2)

Actuators (PIN

Bandwidth (MHz)

Gain (dB)

diode)
Presented work

80.3 x 80.3

1

70

3.683

[35]

80 x 45.8

5

580/290

2.6

[36]

50 × 50

4

180/200/180/200

3

[37]

70 × 70

4

-

5.08

[38]

40 x 30

4

400/500

-

[39]

75 x 75

4

8800

4.1

[40]

80 x 60

6

4300

6.8
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