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A Planar Suspended Multiband Yagi Antenna for WLAN, LTE,
and 5G Wireless Applications

Sarala S. Shirabadagi and Veeresh G. Kasabegoudar”

Abstract—A planar suspended multiband Yagi antenna suitable for WLAN, LTE, and 5G wireless
applications has been presented. The antenna presented here has been optimized to offer operating bands
(S11 < —10dB) centered at 2.05 GHz, 2.75 GHz, 3.8 GHz, and 6.5 GHz. The proposed antenna has good
front to back (F/B) ratios of 14dB, 13dB, 12dB, and 19 dB corresponding to four resonant frequencies.
Similarly, the corresponding gain values are 2dB, 1.3dB, 3.1dB, and 3.3dB. A prototype antenna was
fabricated and tested. Except the first resonance which is a single frequency, the other three operating
bands offer impedance bandwidths of 3.98% (2.71 GHz-2.82 GHz), 5.48% (3.73 GHz-3.94 GHz), and
19.27% (5.93 GHz-7.195 GHz). Measured results agree fairly with the simulated characteristics of the
proposed antenna.

1. INTRODUCTION

Yagi antenna is the most preferred choice for wide range of wireless applications due to its high gain
and directional properties [1-4]. However, conventional Yagi antennas pose size constraints for mobile
applications. In 1991, Huang and Densmore [5] proposed a planar microstrip-Yagi antenna popularly
known as a quasi- Yagi antenna suitable for mobile applications. It unites the advantages of conventional
Yagi antenna with microstrip antenna such as light weight, low profile, and ease of fabrication. However,
it is well known that the planar microstrip-Yagi antennas offer narrow bandwidth with a poor gain.
Therefore, several researchers have addressed these issues and reported numerous innovative techniques
to improve performance parameters of quasi Yagi antennas. These include gain improvement [6],
bandwidth enhancement [6-14], size reduction, and design of compact antennas [4,6-8]. A few
researchers have reported works on applications specific geometries like WLAN [15, 16], 5G Cellular [17],
RF-ID [18], beam steering/wide-beam/dual-beam characteristics [1,9, 17], etc. More details on various
quasi Yagi antennas with respect to feeding methods, driven element type (monopole/dipole), number
of dipoles used, and shape of driven element (patch, bow-tie etc.) with their applications can be found
in [19].

On the other hand, dual, triple, and multi-band characteristics [8, 20, 21] are more desirable due to
the integration of several applications into a single wireless device. In order to fulfill these requirements,
several researchers have reported their investigations on antennas with dual, triple, and multi-band
characteristics [22-29]. In order to excite multiple resonances/modes, the most popular techniques
include the use of multiple driven elements and adding stubs on the driven elements. A compact dual-
band antenna with multimodes was proposed in [8]. It uses two driven elements to excite two operating
bands with impedance bandwidth of 44% and 115%, respectively. Chen et al. [22] have used split ring
resonators to demonstrate the dual-band Yagi antenna. Here, the second resonance is excited by using
an additional ring. The presented antenna covers GSM 1800 and ISM 2450 bands with gain of 5.8 dBi
and 6.0 dBi, respectively. In another work by [23], a dielectric resonator based quasi Yagi antenna is
proposed. It uses a magnetic dipole with differential feed to excite dual modes. Elahi et al. [25] have
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used two narrowly spaced active/driven elements and truncated-ground for dual-band operation with
optimum gain. It operates from 1.71 GHz to 1.9 GHz and 2.5 GHz to 2.7 GHz with gain of 6 and 7 dBi,
respectively.

Furthermore, [27] and [28] cover triple band operations, and [29] covers four operating bands. The
geometry reported in [28] makes use of two dipoles and stub loading to excite triple bands. The work
presented in [29] adopts substrate integrated waveguide (SIW) approach with silicon as the substrate to
demonstrate four bands operation. From these works it may be noticed that many of them suffer from
the features like offering only two bands or poor front to back ratio (FBR), and complicated design
approach.

In this work, a simple conventional Yagi antenna suspended above the ground plane has been
designed that offers four resonant bands. It makes use of dual dipoles/driven elements with stub loaded
to excite four resonant modes. The proposed antenna has been designed on an easily available low
cost FR-4 substrate with the permittivity of 4.4 and height of 1.6 mm. It offers four resonance bands
with center frequencies at 2.05 GHz, 2.75 GHz, 3.765 GHz, and 6.705 GHz which are suitable for WLAN,
LTE, RF energy harvesting, and 5G wireless services.

Section 2 covers the basic geometry structure of the proposed printed Yagi antenna. Optimization
of the proposed design is covered in Section 3. Experimental validation of the fabricated antenna is
discussed in Section 4. The work presented here is concluded in Section 5.

2. PROPOSED QUASI YAGI ANTENNA

The geometry structure of the proposed Yagi antenna is shown in Figure 1. The geometry is derived
from [11] with necessary changes so as to obtain multiband operation. These changes include the
introduction of an air gap, use of an additional substrate on the ground plane, and introduction of stubs
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Figure 1. Geometry of the proposed quasi Yagi antenna. (a) Proposed antenna geometry. (b) Cross
section view.
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on the driven elements. Stubs are added to excite multiple resonances/bands [28]. Two FR-4 substrates
are separated by an air gap of 4.5 mm. Upper part of the Yagi antenna is printed on the top substrate
(Figure 1(a)), and a lower part is fabricated on the back of the bottom substrate (Figure 1(b)) which
also acts as a defective ground structure. A tapered balance to unbalance (BALUN) [11] impedance
matching structure is printed along with the lower portion of the proposed design. The tapered line
(microstrip to strip-line transition) ensures the transforming unbalanced input to a balanced output [11].
The spacing between the driven elements (Sg,;), reflector and the first driven element (S,4), and second
driven element and the director (Sgzy) are placed as per the standards of Yagi antenna design, and
scaling factors are kept as suggested in [11].

The scaling factor chosen for the design of driven elements is 0.82(= L,,/L,_1), where L,, is the
length of smaller driven element, and L, is the length of longer driven element. Further, the spacing
factor (o) was chosen from Equations (1) and (2) [30, 31],

0.03 < 0 < Topt (1)
In (1), the ooy value is calculated from (2) as,
opt = 0.2437 — 0.051 = 0.14826 2)

In this work, the spacing factor was varied between 0.12\ and 0.14\. For the spacing values less than
0.12), the stubs of the dipoles touch each other, and for values greater than 0.14)\, the number of
resonances will be dropped to two. Hence, an optimum value of 0.133\ was chosen for the proposed
antenna design.

3. DESIGN OPTIMIZATION

This section covers the optimization of the antenna geometry proposed in Section 2. It was observed
that not all the parameters affect the performance of the proposed antenna. The key parameters which
affect the performance of the antenna geometry are the width of air gap (g), spacing between the driven
elements (Sg;), and the length of stubs (Ls;). All these parametric variations are investigated in the
subsequent paragraphs. Optimized values are listed in Table 1.

3.1. Airgap Optimization

The air gap shown in Figure 1 was varied from 3.0 mm to 6.0 mm in steps of 0.5 mm. Effects of changing
the air gap values are shown in Figure 2. It may be noticed that there are four resonant frequencies at
2.05 GHz, 2.675 GHz, 3.75 GHz, and 6.6 GHz. The optimum value was obtained for an air-gap value of
4.5 mm.
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Figure 2. Effect of air gap parameter on return loss characteristics.
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3.2. Spacing between the Driven Elements (Sg.;)

In this study, the spacing between the two driven elements was varied from 13.685 mm to 15.685 mm
in steps of 0.5 mm. The return-loss characteristics of the same are shown in Figure 3. From the results
presented it may be noted that the spacing value of 14.685 mm offers the optimum values.
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Figure 3. Effect of spacing between the driven elements on return loss characteristics.

Table 1. Dimensions of proposed quasi Yagi antenna (all values are in mm).

Parameter Values (mm)
Width of driven element 1 (W) 5.0
Width of driven element 2 (Wy,io = Wypip * 1) (7 = 0.82) 4.1
Length of driven element 1 (Lg.1) 28
Length of driven element 2 (Lgpo = Lgrin * T) 22.96
Length of Stub 1 (L) 5.0
Length of Stub 2 (Ls2) 4.1
Total length of driven element 1 (Lg-;1 + Lg1 * 2) 38
Total length of driven element 2 (Lgio + Ls2 %2 = Lgpin % 7) 31.16
Spacing between driven elements (Sg;) 14.68
Width of stub 1 (W) 12
Width of stub 2 (Ws2) 11.1
Length of reflector (Lef) 58
Width of reflector (W) 5.0
Spacing between reflector and driven element (S,q) 12.0
Director Length (Lg;,) 29.45
Width of director (Wy;,) 5.0
Spacing between director and driven element (Sg4) 8.72
Air gap (g) 4.5
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Figure 4. Effect of stub length on return loss characteristics.
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Figure 5. Current distributions at various resonant frequencies. (a) 2.05GHz, (b) 2.7 GHz, (c)
3.75 GHz, (d) 6.7 GHz.
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3.3. Length of Stub (S)

As explained earlier, stubs are added on the driven elements to excite multiple resonances. Stub 1 and
stub 2 are placed on top of driven elements 1 and 2, respectively. The scaling factor of 0.82 is used
for designing the stub lengths and widths. The dimensional values of these stubs are listed in Table 1.
Return loss characteristics of this study are presented in Figure 4. From this study a stub length of
2.5 mm offers an optimum value.

In order to understand the radiation mechanism and modes of the proposed antenna, the current
distributions at four resonant frequencies for the optimized geometry are presented in Figure 5. From
the current distributions it may be noted that the first resonance frequency is mainly due to the longer
driven element, and for this frequency shorter driven element acts as the director (pl. ref. Figure 5(a)).
On the other hand, the second resonance is due to smaller driven element, and the longer one acts as
the reflector. Further, it may be noticed that the current distributions for remaining resonances shown
in Figures 5(c) and (d) are due to harmonics and stubs.

4. EXPERIMENTAL VALIDATION

The optimized design presented in Figure 1 was fabricated on an FR-4 substrate with a relative dielectric
constant value of 4.4 and substrate height of 1.56 mm. Antenna return loss parameters were measured
using ENA E5063 Keysight network analyzer. Photographs of the specimen antenna geometry and
its measurement setup are shown in Figure 6. The comparison of measured and simulated results of
S11 parameters of the fabricated antenna is shown in Figure 7. From Figure 7 it may be noted that
the results agree fairly with simulated data. The measured data exhibit four resonances at 2.05 GHz,
2.69 GHz, 3.87 GHz, and 6.75 GHz. The respective bandwidths of 15¢, 224, 3td and 4*" resonance bands
are 0.5%, 4%, 5.5%, and 19.5%, respectively. Further, measured gains for these resonant frequencies
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Figure 6. Fabricated prototype and experimental setup. (a) Top view. (b) Bottom view. (¢) Assembled
prototype. (d) Screenshot of the measured S;.
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Figure 7. Comparison of simulated and measured return loss characteristics.
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Figure 9. FE-plane (X-O-Z plane) radiation characteristics of the proposed antenna. (Solid blue
curve: simulated E-Co Poln.; Dashed red curve: measured E-Co Poln). (a) 2.05 GHz, (b) 2.76 GHz, (c)
3.80 GHz, (d) 6.50 GHz.

Table 2. Comparison of the presented antenna with state-of-the-art published work.

Ref. No. Area No. of Center FBR (dB) Peak gain (dBi) Additional remarks
bands Frequency (GHz)
Compact and
8 0.058)\2 02 1.1, 3.7 8.3Q1.1GH 4.2, 5.2
8] ’ z ’ dual-wideband
22] 0.286A2 | 02 1.85, 2.53 14, 15 6.14, 6.8 Dual band
operation
23] |0.630A%| 02 9.62, 11.13 - 8 Dual wideband
operation
24]  |0.094X% | 02 0.8665, 0.915 - 2.2 Compact and dual
band operation
25] | 0.459X%| 02 1.8, 2.6 22, 18.4 6, 7.7 Optimized gain for
LTE applications
[26] | 0.16832| 02 2.35, 5.195 10.26, 6.7 6.87, 7.7 Dual band
operation
[27] 011732 | 03 1.9, 2.5, 3.5 10.8, 13, 13.1 |  6.29, 4.63, 6.77 Multiband RADAR
application
[28] 012032 | 03 3.9, 5.62, 8.27 18, 15, 9 4.67, 2.83, 4.19 Multiband
applications
SIW /silicon substrate
- .7, 26.3, 27.9, 29. - .6, 10.9, 16, 11. ased antenna,
29 04 | 23.7,26.3,27.9, 29.4 19.6, 10.5, 16, 11.5 based
multiband antenna
This Work | 0.192)2 | 04 2.05, 2.75, 3.8, 6.5 | 14,13, 12,19 | 2, 1.3, 3.1, 3.3 Multiband
applications

are 2dB, 1.3dB, 3.1dB, and 3.3 dB, respectively (Figure 8).

The radiation patterns of the fabricated prototype were measured in an anechoic chamber. The
measured radiation patterns are plotted in Figures 9 and 10. From these figures it may be noted that
measured results are in line with the simulated values. These patterns have good front to back ratios
corresponding to four resonant frequencies of 14 dB, 13dB, 12dB, and 19dB, respectively.
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Figure 10. H-plane (Y-O-Z plane) radiation characteristics of the proposed antenna. (Solid blue
curve: simulated H-Co Poln.; Dashed red curve: measured H-Co Poln). (a) 2.05GHz, (b) 2.76 GHz,
(c) 3.80 GHz, (d) 6.50 GHz.

To justify, the design proposed here is compared with the state-of-the-art published works. These
data are summarized in Table 2. From Table 2 it is worth noting that the proposed antenna presented
here is simple to design and offers four operating bands.

5. CONCLUSIONS

A multi-band quasi Yagi antenna which offers four resonant bands is fabricated on a low cost FR-4
substrate, and its input characteristics are tested. Return-loss characteristics, antenna gain, radiation
patterns in E-plane and H-plane, and front-to-back (FBR) ratios are measured and validated with
their simulation results. The proposed antenna offers four resonant frequencies centered at 2.05 GHz,
2.75 GHz, 3.8 GHz, and 6.5 GHz suitable for various wireless applications including WLAN and 5G
services. Front to back ratios are reasonably good at all frequencies. Among the four resonant modes,
the last band exhibits wideband characteristics with an impedance bandwidth of 19.27%. The antenna
demonstrated here has good front to back ratios of 14dB, 13dB, 12dB, and 19dB corresponding to
four consecutive resonant bands. With these parameters the presented antenna is suitable for WLAN,
LTE, RF energy harvesting, and 5G wireless services.
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