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Abstract — The new stacked-patch endfire antenna
is proposed for wireless fidelity (WiFi) access
point and base station. The proposed using three
copper patches is presented. The new antenna uses
easily fabrication. The advantage of the endfire
antenna with three patches compared to the
conventional Yagi antenna is a reduction in the
length of the antenna and the dimension of the
antenna is 0.504 L x 0.664 L x 0.075 A mm’. The
antenna has a gain of 9 dB, return loss better than -
10 dB around the WiFi band from 2.4 GHz to
2.483 GHz and the front-to-back can achieve 15
dB. We described the antenna structure and
presented the comparison of simulation results
with experimental data. The proposed antenna is
fabricated, and measured reflection coefficient,
radiation patterns, and gain are presented.

Index Terms— Endfire antenna, stacked-patch
antenna, and wireless fidelity.

I. INTRODUCTION

Wireless fidelity (WiFi) has become the
standard for wireless local area network (WLAN)
communication in 2.4 GHz industrial, scientific,
and medical bands, with frequency ranges from
2.4 GHz to 2.483 GHz. WiFi provides wireless
network communications between computers and
other portable devices by fixed access points over
a short distance, typically in the order of tens of
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meters through WLANs. The antenna is an
important part in the WiFi system.

WiFi antenna can be categorized into three
groups, namely, designs for mobile applications,
outdoor, and indoor. For each group, the antenna
design features specific requirements: antennas for
mobile devices provides omnidirectional coverage
with an average gain from -5 to 5 dB. The
physically and electrically small antennas are
required also [1-3]. Outdoor antennas include
directional patch antenna arrays and highly
directional Yagi antennas [4]. Indoor antennas can
provide directional/omnidirectional coverage with
gain from 2 dB to 6 dB. These patch or monopole
antennas are usually mounted on walls and
ceilings. A small-form or low-profile design is
important because of the limited space and
aesthetical concerns [5-7]. However, some of them
do not have the directional radiation, and have low
gain. The conventional directional antennas such
as Yagi antennas have high gain, but they have
large dimensions.

In this paper, we propose a compact endfire
antenna for WiFi applications. The advantages of
the proposed antenna is more compact than the
conventional Yagi antenna. The proposed antenna
is designed to cover the IEEE 802.n band from 2.4
GHz to 2.483 GHz with endfire performance and
impedance matching. Meanwhile, the antenna
configuration is simple and easy for fabrication.
Also, the return loss, gain, and radiation pattern of
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the manufactured prototype has been measured.
From the measured results, there is agreement
between simulation and measurement.

I1. ANTENNA CONFIGURATION

Similar to the conventional Yagi antenna, Fig.
1 shows the geometry of the proposed antenna.
The final antenna parameters are optimized using
the commercial electromagnetic (EM) solver
HFSS 13.0, and are given in the table 1. The
antenna is designed for WiFi access point and
basic station in the frequency range of 2.4 GHz -
2.483 GHz

The theory of the proposed antenna is on basic
of the conventional Yagi antenna. The antenna
comprises of two suspended patches and a ground
patch. The main radiating patch is directly fed by
an SMA connector, which is connected to the RF
input and simplifies the antenna structure. A
parasitic patch is positioned right above the main
radiating patch for enhancing the bandwidth and
gain. Air substrate among three copper patches is
used to achieve high gain and low cost. The main
radiating patch is suspended above the ground
plane. The input impendence of the patch and its
resonance frequency can be tuned by adjusting the
parameters of the dimension of the patches giving
freedom for optimization. The antenna has
directional radiation pattern, high gain, and higher
terminal impedance.

Parasitic patch

patch 4
\ i T .

Main radiating

plane

Fig. 1.
geometry.

The designed stacked-patch antenna

The finally chosen dimension of the proposed
antenna are illustrated in table 1. The proposed
antenna is designed based on the basic Yagi-Uda
antenna principle, consists of two radiating
patches. Both patches were shaped to fit into the
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available dimension while maintaining their
resonant frequencies in the desired band. Key
parameters in the design are their mutual spacing.
The antenna was tuned to achieve 50 ohm
impedance without using any external matching
circuit that will occupy additional space.

For demonstration purpose in the laboratory,
the proposed antenna was designed using three
0.44 mm thickness copper patches. The overall
dimension of the antenna is 63 x 83 x 9.32 mm’,
or equivalently roughly 0.504 A x 0.664 A x 0.075

A mm’.

Table 1: The dimensions of the antenna (in mm).
L, W, | Wi L,
63 83 53 56 53
WD Lf Wf h] h2
43 16 18.5 5 3

I11. SIMULATION AND
MEASUREMENT

To verify the proposed antenna design, a
prototype is fabricated as shown in Fig. 2, and the
results are presented here. All the measured results
are carried out in anechoic chamber using a vector
network analyzer (VNA) and other microwave test
instruments.

(a) (b)

Fig. 2. Stacked-patch antenna prototype; (a) top
view and (b) side view.

All simulations were performed by Ansoft
high-frequency structure simulation (HFSS) based
on the finite-element method (FEM) [8, 9]. The
simulated and measured antenna magnitude of Si;
are shown in Fig. 3. The simulation was performed
by HFSS 13.0 and the measurement was taken by
an Agilent performance network analyzer.
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As shown in Fig. 3, there is a good agreement
between the simulation and measurement results
and a bandwidth of 250 MHz is obtained. The
measured resonance frequency is slightly shifted
down in frequency compared to the simulation,
owing to fabrication tolerances using the copper
patches and soldering the connector. The
measured XZ- and YZ- planes radiation pattern
and 3D radiation at 2.4 GHz and 2.483 GHz are
illustrated in Figs. 4 (a) and (b), respectively. The
radiation patterns are measured ina 7 x 3 x 3 m’
anechoic chamber and the measurement is
performed by an Agilent network analyzer along
with far-field measurement software. In the
measurement the connecting cables along the
Bakelite support ware carefully shielded by
absorbers to reduce the multi-reflection
interference. Meanwhile, the simulated -10 dB
reflection coefficient bandwidths are from 2.32
GHz to 2.5 GHz and the -corresponding
measurement data are given by 2.35 GHz -2.5
GHz. The current distribution at 2.45 GHz is
shown in Fig. 5. The experimental results
demonstrate that the proposed design completely
complies with the stringent requirement of
impedance matching imposed on WiFi antenna,
and the operating bandwidth with return loss is
better than -10 dB and covers the whole allocated
spectrum for WiFi applications.

S11(dB)

-181 W HEE Measurement
-20 if{ —— Simulation
221 ]

24

20 21 22 23 24 25 26 27 28 29 30
Frequency(GHz)

Fig. 3. S11 simulation and measurement results.

For ease of practical applications, the studies
of an important parameters of the distances
between patches and is also performed by
simulations. One parameter is changed, while the
other parameters are kept as in table 1. Figure 6
shows the return loss (S11) and gain of the
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proposed antenna corresponding to different
distances between the radiation patch and ground
patch (hy). As shown in Fig. 6 (a), it is observed that
there is one resonant frequency, and the resonant
frequency is decreased from 2.49 GHz to 2.35 GHz
when h; is increased from 3 mm to 9 mm. Figure 6
(b) shows the gain of the proposed antenna do not
change when h; increases from 1 mm to 7 mm. As
the value of the distance between the parasitic patch
and the main radiating patch (h,) increases, as
shown in Fig. 7, there is one resonant frequency, the
resonant frequency decreases from 2.65 GHz to
2.25 GHz when h; increased from 1 mm to 7 mm,
and the gain decreased in range from 2.4 GHz to
2.5 GHz.

2 ¥
1
1
1
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(b)
Fig. 4. The radiation pattern of the stacked-patch
antenna at (a) 2.4 GHz and (b) 2.483 GHz.

Jsurf[A_per_m]

6. 6030e+000
6. 1343e+000
5. 6655¢+000

5.1967e+000
4. 7280e+000
4. 2592e+000

3.790%e+000
3.3217e+000
2. 8529e+000
2.3841e+000

1. 9154e+000
1. 4466e+000
9.7784e-001
5.0988e-001
4.8313e-002

(a)



SUN, ET. AL.: A COMPACT STACKED-PATCH ENDFIRE ANTENNA FOR WIFI APPLICATION 605

Jsurfla_per_n] The gain of the antenna was measured using
6. 73644200 the gain comparison method [10], where the
i received power of the antenna under test is

5.3917«+000
4. 8235e+000

compared with known gain of a standard horn

kg antenna. The simulated and measured gain and
3. 3686¢+000 efficiency are shown in Fig. 8, variation between
Z.9186e+000

2.4323e+000
1.9541e+020
1. 475%¢+208
9.9767e-001
5.1944e-801
4.1210e-002

the simulated and measured gain is within 0.5 dB,
and this may be due to losses of patches. The
referring to Fig. 3, measured results can be
observed over the frequency band of interest.
(b) Clearly, Fig. 4 shows the radiation patterns similar
to the conventional Yagi radiation characteristics.

Fig. 5. The current distribution at 2.45 GHz for (a)
the parasitic patch and (b) the main radiating patch.
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Fig. 8. Simulated, measured gain in the Z-direction
and the simulated efficiency of the antenna.

The measured front-to-back ratio is at least 15
dB at 2.4 GHz and reaches 9 dB and remains
better than 9 dB over the whole WiFi band from
2.4 GHz to 2.483 GHz. Adding director elements
can increase the front-to-back ratio, but on the
other hand they will increase the dimensions of the
antenna. The measured bore sight gain is
illustrated in Fig. 8. Referring to Fig. 8, the
antenna gain steadily achieve 9 dB from 2.4 GHz
to 2.483 GHz. The efficiency of the proposed
antenna steadily achieve above 90 %.

IV. CONCLUSIONS

In this paper, we proposed a stacked-patch
endfire antenna for WiFi applications. The
proposed antenna is suitable for fabrication. The
antenna is based on the conventional Yagi antenna,
the input impendence of the antenna can be tuned
by properly adjusting the distances of three
patches giving freedom for optimization. The
antenna configuration, design, simulated, and
measured results have been well discussed. The
experimental results reveal that the proposed
antenna features a compact size of 0.504 A x 0.664
A x 0.075 A, wide -10 dB return loss bandwidth
can cover 150 MHz, high gain among 8.5 dB to 9
dB and have good directional radiation patterns.
Good return loss and radiation pattern
characteristics are obtained and measured results
are presented to validate the usefulness of the
proposed antenna structure for wireless fidelity
(WiF1i) applications.
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