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Abstract—This paper presents an inexpensive and simple
dual-band bisected psi antenna for 3G, Wi-Fi, WLAN, and
WIiMAX applications is presented. The antenna comprises
a bisected psi-shaped patch on a low-price FR4 substrate with
a cropped ground plane on the other side, and is fed by a 50 Q
microstrip line. It operates at two distinct frequency bands of
1.87-2.76 GHz and 5.16-5.75 GHz with |S1;| < —10 dB.
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1. Introduction

The challenges faced while designing multi-band antennas
are as follows: achieving broad bandwidth along with ade-
quate gain and a stable radiation pattern [1]-[3].

The principles of monopole antenna design techniques are
employed for the design and analysis of dual-band anten-
nas. A monopole antenna basically comprises a radiat-
ing strip positioned on a partial ground plane. In these
techniques, conducting stubs of various lengths are utilized
to achieve dual-band operation. Various types of mono-
or multi-layered structures are utilized to obtain the wide
bandwidth with appropriate gain. The inherent drawback
is that the antenna becomes heavy and bulky. The gains
obtained in these methods are limited to maximum 0.5 to
0.8 dB at resonant frequencies [4]-[9].

Antennas compliant with (1.92-1.98 GHz and 2.11-
2.17 GHz), 4G (2.3-2.4 GHz), Wi-Fi (2.4-2.485 GHz and
5.15-5.85 GHz) WLAN (2.4-2.48 GHz, 5.15-5.35 GHz
and 5.725-5.825 GHz) and WIMAX (2.5-2.69 GHz,
3.4-3.69 GHz, 5.25-5.85 GHz) systems play a very im-
portant role in numerous commercial applications. A large
number of dual-band antennas has been designed and in-
vestigated up to date. These antennas are designed with
planar dipoles used as their radiating elements [10]-[16].

In this paper, an inexpensive and simple bisected psi an-
tenna for 3G, Wi-Fi, WLAN, and WiMAX communication
is designed and investigated. The projected antenna utilizes
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microstrip stubs to make the fabrication easy and simple to
provide connectivity with other elements.

The proposed design is then optimized by using HFSS soft-
ware to achieve better results.

2. The Antenna Design

The proposed bisected psi antenna acts as a monopole
aerial, as a major portion of the ground plane is removed.

The length of the stub should be % at its resonance
frequency.
The guide wave length is:
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where the effective dielectric constant is:
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The final optimized lengths are slightly different from the
values calculated with the use of the A, expression, due to
the fringing effect of stubs.
The width of the radiating stub is given by:
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Table 1
Parameters of presented aerial design
Parameters Size [mm]
w 38
L 41

s 24.5
r 33
1 22.6
d 4.1

12
2 6.4
h 1.6

The antenna contains a bisected psi-shaped patch on
one side of a 1.6 mm thick FR4 substrate, which has
a cropped ground plane on the other side. The substrate
has the & = 4.4 and loss tangent of 0.02. A 50 Q mi-
crostrip line with the dimensions /1 x d is utilized to feed

Fig. 1. Front view of the fabricated antenna.

Fig. 2. Rear view of the fabricated antenna.
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Fig. 3. Front aspect.

Fig. 4. Rear aspect.

the signal. The total size is L x W. The ground plane is
truncated with a rectangular slot with the size of s x r.
Impedance matching is mainly affected by the dimensions
and location of the rectangular slot in the ground plane.
The bandwidth of two bands of the antenna is also affected
by the dimensions and location of the rectangular slot.
The bisected psi antenna contains two radiating stubs to
provide radiation within the two bands. The length of the
radiating stub must be equal to % at its resonance fre-
quency. The diagonal length of the rectangular ground
plane slot should be %.

The dimensions were optimized by performing parametric
analysis with the help of FEM-based Ansoft HFSS soft-
ware (Table 1). Next, the antenna was fabricated to exam-

ine the its performance over the specific operating bands
(Figs. 1-4).
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3. Antenna Improvement

Next, the antenna was improved in three steps using HFSS
(Fig. 5). The “Ant 1” design contains only one central
radiating strip (22.6 x 4.1 mm) on a substrate with com-
plete ground. Ant 1 resonates only at 3.455 GHz and
has S1; £ —10.26 dB. It exhibits a higher return loss be-
cause of improper impedance matching. The S;; plot of the

Ant 1 is shown in Fig. 4.

Ant 1 Ant 2 Ant 3

Fig. 5. Modifications of the bisected psi antenna.

Ant 2 is a modification of Ant 1 developed by adding
a folded conducting strip (6.1 x 4.1 mm) to the main strip
of Ant 1, on the left-hand side. Now, Ant 2 operates at two
frequencies of 2.98 GHz and 5.78 GHz, with unsatisfactory
S11 values due to an impedance mismatch.

In the third step, the ground plane of Ant 2 was truncated
with a rectangular slot (size s X r) to obtain the Ant 3
version.
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Fig. 6. Sy coeflicient versus operating frequency. (For color
pictures visit www.nit.eu/publications/journal-jtit)

This slot improves the quality of impedance matching
and reduces reflection losses. Now, Ant 3 operates at two
bands (1.788-2.765 GHz and 5.1-5.74 GHz) with S{; be-
low —10 dB (Fig. 6).

4. Results

A simulation of the proposed dual band bisected psi an-
tenna (Ant 3) has been performed by using HFSS software.
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The design was also prototyped to investigate its function-
ality over the desired operating bands. A network analyzer
was used to measure S11 (return loss). Acceptable values
of return loss are below —10 dB. The S{; values measured
for this specific antenna are compared with simulation re-
sults Fig. 7.
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4 Measured
-30 1
-40 1
1 2 3 4 5 6
Frequency [GHz]

Fig. 7. Return loss Sy over frequency.

The figure clearly shows that the proposed antenna covers
the 1.87-2.76 GHz and 5.16-5.75 GHz frequency bands
due to impedance matching enhancement offered by the
truncated ground plane. The simulated S;; values closely
match the actual measurement results.

Differences between the simulated and measured S11 val-
ues are caused by flaws in fabrication, losses in substrate,
environment surrounding the measurement equipment and
imperfections in the coaxial cable port and connector.
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Fig. 8. VSWR over frequency for the bisected psi antenna.

Simulated VSWR values of the bisected psi antenna pre-
cisely match the measured plot (Fig. 8). Within the resonant
bands, VSWR varies from 1 to 2.
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Current distribution J; on the surface of the bisected psi
antenna at 2.4 and 5.2 GHz is presented in Figs. 9-10,
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Fig. 9. Current distribution at 2.4 GHz.

Fig. 10. Current distribution at 5.2 GHz.

Table 2
Comparison with other designs
Bandwidth | Gain Application
Reference | 15 [dB] Efability
[16] 1.23 0.6 | Wi-Fi, WiMAX, 5G
[17] 0.55 6.2 GPS, Wi-Fi
[18] 1.4 3.7 WLAN, WIMAX
[20] 0.14 6.2 Wi-Fi, ISM
Bluetooth,
(211 0.8 2 WLAN, WiMAX
3G, 4G, Wi-Fi,
Proposed 1.44 4.6 Bluetooth,
WLAN, WiMAX
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respectively. The radiation visible at 2.4 GHz is mainly
caused by the center conducting stub. Similarly, radiation
at 5.2 GHz is mainly caused by the folded conducting
strip.

A comparison of performance of the bisected psi antenna
with existing antenna designs is presented in Table 2. The
bisected psi antenna offers broad bandwidth, moderate gain
and is useful in a higher number of applications when com-
pared to other aerials.

180°

mmmm measured E-plane pattern — ssssm measured H-plane pattern
mmmm simulated E-plane pattern  mmsmm simulated H-plane pattern

Fig. 11. Antenna radiation pattern at 2.4 GHz.

180°

= measured E-plane pattern  smssm measured H-plane pattern
mmmm simulated E-plane pattern —mmmmm simulated H-plane pattern

Fig. 12. Antenna radiation pattern at 5.2 GHz.

Radiation patterns of the bisected psi antenna have been
measured in an anechoic chamber. The principal E- and
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H-plane patterns of the antenna were simulated and mea-
sured separately for two operating frequencies of 2.4
and 5.2 GHz. The radiation patterns are illustrated in
Figs. 11-12. The gain of the proposed antenna at 2.4 and
5.2 GHz is 2.7 and 4.6 dB, respectively. From the figures,
it is clear that the designed antenna exhibits an omnidi-
rectional radiation pattern in the H-plane and a monopole
like-pattern in the E-plane, due to truncated ground and

%-long radiating stubs. The antenna offers a higher gain
at the two distinct resonating bands, with an acceptable re-
flection loss. Therefore, it may be considered as a better
aerial for 3G, Wi-Fi, WLAN and WiMAX applications.
From Figs. 11-12, it is also clear that the measured ra-
diation patterns closely match the simulated results. The
bisected antenna exhibits maximum radiation values in the
broadside direction. The H-plane pattern is obtained when
¢ = 0°, and the E-plane pattern is obtained when ¢ = 90°,
which means that the radiation patterns are stable over
both bands.

5. Conclusions

An inexpensive dual band bisected psi antenna has been
presented. The reversed conducting L-shaped stub is con-
nected to the center radiating stub to obtain double band
functionality. It has been proved that the antenna built on an
inexpensive F4 laminate is capable of operating at resonant
bands of 1.87 to 2.76 GHz and 5.16 to 5.75 GHz, with an
acceptable return loss level. The simulated results closely
match to actual, measured values. The proposed antenna
may be utilized in MIMO and array antenna applications.
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