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Abstract: - Helical antennas have been a popular antenna configuration for various applications for its simple
structure. This work describes the study on a novel, custom-shaped dielectric loaded helical antenna
incorporated on an advanced material, which is Barium Strontium Titanate (BST). This material, which
presents the researcher with an advantage in size reduction due to its high relative permittivity, is most
suitably used when desiring a miniaturized antenna compared to its conventional design of the same type. In
the process of designing, a parametric study was carried out by varying the antenna geometrical parameters
and the dielectric loading using the transient solver. The detailed understanding of the sensitive parameters
of the proposed antenna will allow for ease of design reuse. Finally, an extended exploration was also carried
out in order to determine the design’s suitability for operation with two of the WLAN Access Points (APs)
already available in the market. Observation from this investigation found out that the three most sensitive
parameters in the design are dielectric load’s height, radius of ground plane and the helical height, with the
dielectric load’s height as the main design criteria. On the other hand, examination on the APs’ integration
found out that several factors influencing the radiation performance of the design are the material used,
internal spacing available and overall shape of the APs. While both APs are proven to work with the
designed antenna in the desired frequency range, a degradation of up to 1 dB in gain have been observed,
when applying the antenna to the less suitable AP.

Key-Words: - Helical antenna, dielectric resonator, wireless local area network, advanced material, Barium
Strontium Titanate (BST).

1 Introduction the IEEE 802.11 b/g 2.4 GHz to 2.48 GHz
frequency band. This project aims to build and
Helical antennas have been known for more simulate models using the CST MW software and
than half a century during the late 40’s when John eventually measuring all of its parameters
Kraus first invented the helical antenna [1-2] thoroughly.  The antenna S-Parameters are
Wireless Local Area Network (WLAN) nowadays optimized by varying the antenna geometrical
are found to be used by most of the modern society parameters, which then will provide researchers
and education centre as a way to communicate with the understanding of how certain dimension
with each other despite the existing cable and fiber and its variation would influence the antenna gain.
optic performing much better in transmitting and The dependency of this type of antenna on the size
receiving data. and shape of the ground plane [8-9] and dimension
This work intends to research on the best of the dielectric loaded itself [10] were also
custom shape of a novel dielectric loaded helical investigated in detail.
antenna for WLAN Access Point application. The A custom advanced material, which was
helical antenna have been fabricated and wound moulded and fabricated from nano-powder was
around a novel supporting structure, which is made examined in this work. The main reason in the
from BST [3]. This paper also investigates the consideration of BST, a kind of ferroelectric
effect of using advanced material such as BST material, is that it has the ability to overcome all
when applied to a normal helical antenna, with the limitations of MEMS, ferrite and MMIC phase
some spacing’s. Methods and techniques used to shifters due to its electric-tunable dielectric
assemble the antenna are referred in [4-7].The constant [11]. It combines the low-loss properties
main focus of this antenna design is to operate at of BST at microwave frequency with the

distributed transmission line philosophy of the
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around 24 mm. The helix was constructed based on

wide
copper metal wire with the diameter of 1.63 mm

MEMS phase shifter which provides
bandwidth and ease of design. BST is known to be
a solid solution perovskite with a field-dependent
permittivity and has been used in RF and
microwave applications in the recent years [12].
Table 1 summarizes the tunability characteristic
in BST, which implies that the level change in the
dielectric constant will determine the overall loss
in this particular antenna. It is also an advantage
when using this kind of advanced material, as
when the size of the antenna is the main limitation
in a wireless device’s design, a high dielectric
constant can be employed to reduce the overall
dimension of the helical antenna’s overall size.
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Other interesting aspects of BST are its low
dielectric loss, low leakage current, low
temperature coefficient and the composition-
dependent Curie temperature [13]. BST are
normally prepared in powder form and such way
can help to store and use the material for any
experiment and moulding processes. In a way,
when fabricating BST into any shaped mould, heat
applied will increase the dielectric constant from a
few hundreds to thousands, as shown in Fig. 1.
This phenomenon is due to the structural change
from tetragonal to cubic perovskite.

2 Antenna Design
The geometry of dielectric loaded helical

antenna or some cases dielectric resonator antenna
[14], which operates at 2.45 GHz 2.48 GHz, as
shown in Fig. 2 and its dimension in Table 2. To
obtain the correct frequency, the height of the
cylinder has been designed with a starting value of
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Fig. 1. Dielectric constant vs. temperature of the
BST77 Ceramics sintered at 1280 °C and 1310 °C

[9].

Fig. 2. Typical dimensions of dielectric loaded

helical antenna.
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Table 2
Dielectric loaded helical antenna geometry
Component Dimension
Ground plane 29.0 mm (Radius)

24.0 mm (Height) x 2.5 mm
Dielectric loaded
(Radius)

5 Turns (N), 1800° Angle
Helix
20.0 mm (Height)

Applying one important and basic formula (1),
the desired frequency can be achieved by
manipulating the BST cylinder height. An initial
calculation is in Table 3 and was considered as a
starting point for the simulation.

The mould was sized at 2.5 mm (radius) by 24
mm (height). BST’s and Teflon’s relative
permittivity, which is & = 250 while the Teflon as
g = 2.0, respectively, have been used in this
simulation. Due to the high relative permittivity in
comparison to conventional materials such as
Rogers and FR4, the overall size of the antenna
was reduced significantly, as was explained in the
earlier section.

8.553
Fo(GHz) =

Jz(jmlrj” (1)

D, = Resonator diameter in inches
L,= Resonator length in inches
E,. = Resonator dielectric constant

Calculation
Frequency desired, f,= 2.45 GHz
Dielectric constant, ¢, = 250 (BST)

(@) D;=0.1969 inches
245 — 8.553

\/250(%X0.19692XLY)3

1
(0.03045Lr)3 =0.22079

Lr =0.22079° +0.03045 = 0.3534inches
=8.9 mm
(b) D, =0.2362 inches
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245 — 8.553

1

N 250(%x().23622er)3

1
(0.0438Lr)3 =0.22079

Lr =0.22079° +0.0438 = 0.245inches

=6.24 mm
(©) D, =0.3937 inches
545 — 8.553
V250( 30.39372xLr)’

1
(0.1217Lr)3 =0.22079

Lr =0.22079° +0.1217 = 0.0884inches

=2.246 mm
Table 3
Calculated dimension of D, corresponding with L,
D, L,
5.0 mm 8.9 mm
6.0 mm 6.24 mm
10 mm 2.246 mm

3 Result and Discussion

3.1 Parametric Study

A parameter sweep was performed on the three
most sensitive dimensions of the antenna, which
are the dielectric load’s height, radius of ground
plane and the helical height. Observations of
results are shown in Fig. 3 to Fig. 5. The resonance
behaviour of the antenna between 2.45 GHz to
2.48 GHz was most affected by the BST cylinder
height when compared to other parameters. The
helical height provided the antenna gain and
resonance, whereas on the other hand,
manipulating the ground plane radius partially
affected the gain, sensitivity and bandwidth.
Referring to Fig. 3, the parametric sweep
conducted was focused on the dielectric height,
while holding the ground plane and helical height
at a constant. Observation of this figure leads to
the conclusion that most return losses produced are
still far from the intended band. Size wise, using
BST reduces mass judging to Log Periodic
Antenna for Mobile Communication bands [15]
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whilst obtaining greater directive gain than of one
element dual-frequency rectangular microstrip
antenna with asymmetric T-shaped slit loads [16].

Parameter Sweep of Dielectric Loaded Height
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Fig. 3. Parameter sweep of the dielectric load’s
height.
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Fig. 4. Parameter sweep on the radius of ground
plane.

Although from a certain perspective it
potentially can be transformed into a dual band
antenna, the total dielectric volume have not been
absorbed efficiently and radiates back the energy
given to it.

From this preliminary study, it is found out that
to tune the resonance to the correct frequency
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would mean the cylinder volume must be
increased.

Parameter Sweep for Helix Height
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Fig. 5. Parameter sweep of the helical height.

In the next parametric study, the ground plane
radius size was set as a variable, while ensuring the
dielectric height and helix height remained
constant. The return loss result Fig. 4 showed that
at a radius of 39.0 mm, the performance achieved a
good value of below -10 dB at the 2.4 GHz region.
Decreasing the size will produce an additional
resonance at the lower frequencies, as shown by
the radius sizes of 35 mm and 37 mm. On the other
hand, increasing the radius above the 39.0 mm
limit produced another resonance at about 2.96
GHz, but with a declining return loss value at the
design frequency, which is 2.45 GHz. Such
characteristic is produced due to the fact that at
such dimension, the ground plane was able to
reflect most signals and have nearly the correct
matching impedance.

The next investigation was done on the helical
height. Fig. 5 show the findings of this parameter
sweep when six varying dimensions were
investigated to obtain the required bandwidth and
frequency. Similar to the earlier parametric studies,
the dielectric height and ground plane radius is
held constant this time round.

From the observation, it was found out that at
the height of 80 mm, the helix structure was
capable of radiating the desired signal when
coupled with the correct dielectric in the desired
frequency. Increasing this dimension by another
0.2 mm has shown a slight decrease in resonance
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performance in the 2.45 GHz domain, steadily till
the 81 mm threshold limit is breached. At the
height of 81 mm, it is seen that the return loss
performance dwindled and start resonating
downwards in the frequency spectrum, while
producing another poor resonance at the 2.7 GHz
band. In a nutshell, all the dimensions must
complement each other to produce the targeted
output especially the volume of BST used. A 5
turn helix was used as it was the only suitable
number of turns compared to using 3, 4 or 6 turns.
Less turns may change the resonance whilst more
turns would increase gain along with higher
resonating frequencies.

3.2 Radiation Pattern

Result of dielectric loaded helical antenna
return loss Fig. 6 showed 80 MHz of bandwidth,
giving nearly -25 dB of return loss. Impedance
obtained at 2.4 GHz is 52.55 ohm, an acceptable
value slightly larger than desired 50 Q.

CST
SPaameter Martick i &b ’

F0079%8

(=556

1 2 1 2% % 3
140 245
Fiequercy [ GHe

Fig. 6. Return loss obtained lower than — 10dB
including bandwidth larger than 80 MHz.

As observed from Fig. 8, the radiation does not
have any minor sidelobes at the rear end and its
mainlobe is directed at the horizontal plane. From
what can be seen in Fig. 11, the E-Plane produced
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an E-plane co-polarization signal with a
beamwidth of 150° to 330°.
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Fig. 7. Smith chart shows related frequency with
its impedance.
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Fig. 8. Farfield above shows that the antenna

radiates in the horizontal axis which implies an
omni-directional antenna with a gain of 6.475 dB.

On the other hand, the E-plane cross-polarization
produced a signal beamwidth which covers a
complete 360°. Observing the H-Plane, the H-
plane co-polarized signal and H-plane cross-
polarized signal are both radiating within 90° to
279°, with minor a minor intersection.
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. C5T

Fig. 9. E-Field co-polarization (a) and cross-
polarization (b).

7

Fig. 10. H-field Co-polarization (a) and Cross-
polarization (b).

Both radiation patterns do not collide or interfere
with each other. The mainlobe is directed at the
horizontal plane with 3 dB beamwidth of 29.2°
(upwards from 90°) as an alternative to the normal
mode which radiates omni-directionally.

The dielectric structure located at the
lower half of the antenna had entirely functioned to
absorb the energy flowing across the helix and will
only allow signal transmission after the helix end
(z-direction).
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Fig. 11. Radiation pattern 3dB beamwidth obtain
at 29.2°.

Considering that dielectric is cylindrical, its
upper end (z-axis) surface is flat. Hence, at this
particular position, energy is released back
circularly (helix structure) as the way it came in
initially.

In Fig.8, the far-field radiation pattern, when
observed from the top, radiates in an omni-
direction horizontally at its azimuth position.
These results proves that potentially, the antenna
can be applied as an alternative Access Point
antenna that needed semi-spherical radiation
pattern and requires no signal redundancies or
collision from other antennas. This is given the
condition that the WLAN system is operating on a
single antenna environment, and not on a multi-
antenna environment such as the Multiple Input
Multiple Output (MIMO) system. Moreover, the
this kind of pattern ensure that no signal is wasted
when the APs are mounted on flat surfaces such as
ceilings and walls.

Table 4
Dimension of the 3Com MAP 3850
Item Dimensions
Diameter 16.8 cm (6.60 inches)
Depth 5.3 cm (2.09 inches)
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3.3 Integration with Access Point

3.3.1 Simulated as Access Point

Fig. 12. Original shape of 3Com MAP 3850.

A 3COM MAP 385 access point (AP 1) as
shown in Fig. 12 and its dimension in Table 4, was
remodelled and integrated with the designed novel
dielectric loaded helical antenna inside. It was
simulated to evaluate its overall performance and
signal response in a real operating condition. As
observed, the results were very similar to the
observation of its original radiation pattern in Fig.
8. The radiation pattern in the E-Plane and H-Plane
differs slightly in terms of its direction and angle.
The major mainlobe is still at its strongest at the
horizontal plane. In Fig. 13, a drop in terms of
gain, degrading as much as 1 dB from 6.474 dB to
5.474 dB was observed. This power loss can affect
the antenna gain, bounding the transmitted signal
power from travelling further in distance.
However, it is not considered a major drawback for
WLAN indoor applications, as it typically will be
applied in a small operating confinement.

Table 5
Dimension of 3Com 3CRWE920G73
Item Dimension
Length 17.5 cm (6.9 inches)
Width 12.1 cm (4.76 inches)
Height 3.6 cm (1.4 inches)
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Fig. 13. Using the dimension of 3COM MAP 385.
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Fig. 14. E-Field co-polarization (a) and cross-
polarization (b) of AP 1.

Findings from Fig. 14 and Fig. 15 specify
interaction between the electric field and magnetic
field. These unwanted relations were due to
involvement of the circular casing simulated
together. The casing is basically smaller in size and
has limited internal space compared to the next
casing model.
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Fig. 15. H-field (a) Co-polarization and (b) and
Cross-polarization of AP1.

Here, in the E-Plane, E-plane co-polarized and
E-plane cross-polarized signals had totally changed
its entire angle. The E-field did not evolve as
expected, and Fig. 14 shows a co-polarization
reduction in half power beam width (HPBW)’s
size. On the other hand, the cross-polarized
radiation was also not 360°. Such findings
contribute to power losses, decreasing the
performance and thus limiting the antenna’s
radiating capabilities. As shown in Fig. 15, its
cross-polarized signal is shifted nearly 30° to the
left and not in line with co-polarized pattern when
compared to Fig. 10. This evidence proves that
radiation direction will shift due to insufficient
space of the casing in use, and further proving that
a minimal distance of A/4 distance is necessary to
ensure an optimal radiating condition.

Next, AP model 3COM 3CRWE920G73 (AP
2) is tested out on the designed antenna. Fig. 16
with its dimensions in Table 5 was remodelled
with the design antenna inside as a comparison to
AP 1. The simulation shows a better performance
to the antenna without casing. In a way, Fig. 18
resembles very much similarly to Fig. 10 only
accompanied by about 20° angle shift to the left,
due to its proximity coupling effect on the AP’s
casing.

Previously in Fig. 10(a), the antenna has had its
magnetic field burst out to the open air. But with
this square casing incorporated, the H-plane
HPBW have reduced significantly as shown in plot

(a).
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Fig. 16. Original shape of 3COM 3CRWE920G73
(AP 2).
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Fig. 17. Dimension of the 3COM 3CRWE920G73
(AP 2)

It proves again that the casing shape does influence
the signal and cause it to be shifted in terms of
signal polarization. The material used for
simulating the casing is plastic, with a dielectric
constant of 2.0, retaining same radiation pattern as
the antenna without casing.

While most normal helical antenna has its main
direction towards theta, this antenna performs
differently by radiating mostly at its side or at
azimuth level (phi). Such phenomenon occurred
because of the cylinder BST used as the dielectric
resonator.
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Fig. 18. E-Field co-polarization (a) and cross-
polarization (b) of AP 2.
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Fig. 19. H-field Co-polarization (a) and Cross-
polarization (b) of AP 2.

Uncased dielectric loaded helical antenna had
similar radiation weight against rectangular
enclosure (AP2). Apparently, E-field co-polarized
shifted slightly and H-field co-polarized (0°)
shrunk from -2.5 dBi to -15.0 dBi, while retaining
everything else. When incorporating the antenna in
a circular enclosure, the radiation pattern differs
significantly in terms of E-field and H-field. Not
only had it shifted further left with about 44.4% of
displacement, its signal redundancy increased at
three spots, as marked in Fig 15. It is concluded
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that the small space available inside the casing
makes power distribution low. As a summary,
Table 6 concludes the findings within three
different simulation models and their produced
gain. AP 1 which is circular produced a gain
degradation of about 1 dB, while AP 2 presented a
slightly improved operating performance of the
antenna.

4 Conclusion

This work has presented the development and
analysis of a novel dielectric loaded helical
antenna for WLAN applications. Other than
investigation of its parametric study, this paper has
also extended the examination to simulating it
using real, off-the-shelf Access Points (APs).
Simulations of these two types of APs have given
relatively different result compared to when the
antenna is simulated independently, due to the
shape of the APs, material used, and internal space
available. The designed antenna was also proven
feasible and capable for integration into readily
available devices, especially a rectangular shaped
AP, with sufficient spacing in order to reduce
proximity coupling effect on the casing material.

Table 6
Gain comparison of designed antenna in different
operating wireless devices

Operating at 2.4 GHz Gain (dB)
Without Access Point 6.475
With AP 1 Casing 5.474
With AP 2 Casing 6.477
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