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Multiband slot-loaded dipole antenna for
WLAN and LTE-A applications

Abstract: A multiband printed dipole antenna for wireless local area network (WLAN) and long-term evolution-advanced (LTE-
A) applications is investigated here. Its multiband characteristic is enabled by the Y-slot present in the upper arm of the dipole,
while the antenna's dimensions are ( 0.084, x 0.384/,) at the lowest operating frequency. It features bandwidth of 14.6% centred
at 2.4 GHz, and ~30.5% centred at 5.5 GHz for WLAN operation. An additional bandwidth of 6.9% centred at 3.5 GHz
supporting LTE-A applications is also featured. Besides being compact, the proposed antenna radiates omnidirectionally with a

gain of up to 4.09 dBi. Simulations and measurements are in good agreement.

1 Introduction

Wireless communication systems have greatly developed in the
past decade, especially for the wireless local area networks
(WLANs) and mobile phones. Long-term evolution-advanced
(LTE-A) technology has been introduced in commercial, medical,
and industrial applications [1, 2]. Both technologies work at
different bands of 2, 5, and 3.5 GHz; therefore, a single hardware
to cater for operation in all frequency bands is highly desired.

Several examples of multiband WLAN and LTE-A antennas
have been previously reported. However, these antennas are
relatively large in size. For instance, the printed monopoles
featured in [3, 4] are, respectively, sized at (0.234,x 0.314,) and
(0.284, % 0.204,) with respect to their lowest operating frequency.
Gains for the lower, mid, and upper bands are 1.61, 3.39, and 1.78
dBi for [3] and 2.05, 2.6, and 3.55dBi for [4]. The antenna
proposed in [5] featured a 170 mm co-planar waveguide line with a
size of 0.0331,%0.5164,, with a 2.71 dBi maximum gain.
Multiband characteristics were demonstrated in [6] for a planar
dipole antenna; however, its performance at higher frequencies (i.e.
5.6 GHz) 1is very narrowband, with overall size being
(0.462, % 0.084,).

A popular method to miniaturise antennas while enabling
multiband operation is by using slots, which allow shifting of
resonant modes towards lower frequencies [7-9]. A rectangular
slot is used to form the defected ground plane in [10], which
enabled wideband operation. Meanwhile, a double L-slot is
integrated on a single patch and double patch antenna to realise a
triple-band compact antenna operating in the frequency bands of
2.4,5.2, and 5.8 GHz [11]. Its overall size is (0.214, X 0.324,). The
maximum gains in [12, 13] are, respectively, 1.6 and 2.32 dBi, with
lower bandwidth and larger size compared with the proposed
antenna. The impedance bandwidths of 17.4, 12.1, and 12.3% are
achieved in [14-16], respectively. The gains in [15, 16] are around
3 dBi, whereas in [14], gain as high as 4.8 dBi is reported at the
prices of relatively big dimensions. Multiband antennas have also
been investigated in [18-20], however with bandwidths at higher
frequencies spanning between 13 and 17%, which is less than the
proposed antenna.
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In this paper, a new compact multiband dipole antenna is
proposed for WLAN, with additional support for LTE-A operations
at 3.5 GHz. It consists of a printed dipole with a Y-shaped slot
tapered in the dipole's body. A net of thin tuning strip is placed
around the feed point, which controls input impedance at the upper
bands. Besides enabling multiband operation, this technique allows
for a compact, low-cost antenna which is realisable in a planar
form, using standard printed circuit board etching techniques. To
validate this, an overview of double and triple band planar antennas
designed for WLAN is presented in Table 1 and compared against
the proposed design. It can be seen that for WLAN applications,
the proposed antenna features much greater bandwidth than similar
antennas with comparable size.

In this paper, a detailed antenna structure and operation
mechanism will be first presented, followed by parametric study.
Next, results demonstrating reflection coefficients and radiation
performance will be analysed and discussed, prior to the
concluding remarks.

2 Antenna geometry

Fig. 1 shows the geometry of the proposed dipole antenna. In the
upper arm of the dipole, a Y-shaped slot is present, facilitating
multiband operation. A second arm without slot forms the lower
part of the antenna.

The lack of slot in the lower arm is dictated by a feed cable and
its soldering; however, slot in the upper arm is sufficient for proper
multiband operation. A net of thin tuning strips with two pairs of
symmetric slots (as seen in Fig. 15) is placed around the antenna
feed. This creates additional reactance and allows control of two
upper bands of the proposed antenna. The fabricated antenna is fed
using a 50 Q SMA connector attached to 35 mm long radio guide
coaxial cable as depicted in Fig. 1c. The inner conductor of the
coaxial cable is soldered to the antenna centre, while its braided
outer conductor is soldered to the lower arm of the dipole over a
distance of 2 mm. Since the outer cable shield and ground plane are
aligned and connected, any common current is expected to interact
with the ground plane and contributes to the radiation performance.
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Table 1 Comparison of various multiband antennas with the proposed one

Ref. Antenna type Dimensions (Wx L) Operating bands WLAN bandwidth, % Max gain, dBi
WLAN, GHz  LTE-A, GHz
[12] dipole (0264, x 0.262;) 24 — 11 1.69
[13] dipole (0324, x0.324,) 5.8 35 9.7 2.32
[14] dipole (0.567, X 0.634) 2.4/5.2/5.8 25035 22.5117.4 438
[15] slot (0.647, x 0.644,) 2.4/5.8 35 4.1/12.1 3.14
[16] monopole (0.322, x0.364,) 2.4/(5.2/5.8) 5.5/3.5 3.4/(12.3) 3.20
17 dipole (0412, x0.334,) 24 — 74 43
[18] slot (0.294, X 0.244,) 5.6 2.5/35 17.3 3.13
[19] slot (0.224, X 0.264,) 24152 2.5/35 18.6/13.5 5.09
[20] monopole (0.164, x0.244,) 2.4/ (5.2/5.8) 5.5/3.5 16.3/ (15.6) 3.40
this work dipole (0.084, x0.381,) 2.4/ (5/5.215.8) 2.5/35 14.6/30.5 4.09
UW=3.6 3 Working principles
— = Feed Ppmt To provide insight into the properties and working principles of the
T 501d§r111g proposed antenna, the simulated current distribution is analysed
s regon ... 1 and discussed. For brevity and clarity, only the upper arm is shown.
I SW=0 3
= 0.8 3.1 Current distribution
¥ . Fig. 2 shows surface current distributions in the upper arm of the
e dipole at the resonant frequencies of 2.4, 3.5, 5, and 5.8 GHz.
: v 7 - For the lower frequency bands (2.4 and 3.5 GHz), the whole
< 3 & A v Ground structure exhibits first-order resonance properties at two lower
I 7 . b frequencies of 2.4 and 3.5 GHz. The former can be attributed to the
—~ 7 soldering ; L : .
— T  region overall length of the dipole, which is approximately /2, given the
— effective permittivity of the antenna milled on FR4 substrate. The
7 latter can be attributed to the Y-shaped slot cut in the dipole's arm.
o " It perturbs the current distribution and therefore creates additional
v resonance at 3.5 GHz (Fig. 2b), producing dipole-like radiation
n @@= x pattern. The length of the slot is 13 mm, which corresponds to the
M4, including the effect of effective permittivity due to FR4
Unit: substrate. Antenna's operation in the two upper bands of 5 and 5.8
v it mm GHz can be attributed to second-order resonant mode, i.e. normally
seen for a A-long dipole with two distinct minima seen for bot
f A-long dipole with disti ini for both
Lw=4 cases: one at the end of the arm and one around feed point, just
a above the tuning strips structure.
As will be demonstrated later, the radiation patterns show
additional nulls in H-plane — as expected, e.g. from a A-long dipole.
Upper arm High current concentration around the tuning strips, as seen in
Figs. 2¢ and d, demonstrate that they fulfil their role to control the
resonant frequency for two upper bands.
Inner
Outer .
Conductor Conductor 4 Parametric study
To gain further understanding of the structure, subsequent sections
Lower arm demonstrate the impact of its key parameters.
RG- 4.1 Y-shaped slot
Coaxial The multiband operation of the proposed antenna is mainly
Cable achieved by the Y-shaped slot, which is introduced into the upper
arm of the dipole. The use of slots to achieve multiband operation
SMA has been well described and analysed in the literature [21-23]. It is

c

Fig. 1 Geometry of the proposed antenna
(a) Whole structure, (b) Close-up of the tuning strips, (¢) Photograph of the
manufactured prototype

This is supposed to prevent common currents on the outer shield
and effectively acts as a balun.

The overall size of the proposed antenna is 10 x 48 mm” and it
is printed on a low cost, 1.6 mm thick FR4 substrate (with a
relative permittivity of 4.3 and loss tangent of 0.025).
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applied to perturb the current distribution, increase the length of the
current path, and generate additional resonances. In the proposed
antenna, a new resonance around 3.5 GHz is achieved after
optimisation of the Y-shaped slot, when the SL =13 mm, i.e. /4 at
3.5 GHz when including the effective permittivity of the substrate.
The proposed Y-shaped slot perturbs the current distribution, thus
creating an additional resonance at 3.5 GHz.

Fig. 3 shows the multiband operation of the proposed antenna
without and with different length of Y-slot arms (SL from 5 to 13
mm). For shorter slots, the surface current perturbation is not
strong enough and is expected at higher frequencies, where its
impact is overshadowed by the two upper resonances. Furthermore,
as the Y-slot width (SW) increases, the resonant frequency shifts
slightly towards lower frequencies as shown in Fig. 4. When the
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Fig. 2 Simulated current distribution of the proposed antenna at
(a) 2.4 GHz, (b) 3.5 GHz, (¢) 5 GHz, (d) 5.8 GHz
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Fig. 3 Simulated reflection coefficient for different length of Y-slot
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Fig. 4 Simulated reflection coefficient for different width of Y-slot

SW is kept very narrow at SW=0.25 mm and have the same
length of SL =13 mm, it can be observed that the resonance at 3.5
GHz starts to disappear. The optimum values for Y-shaped slot, i.e.
SL=13mm and SW=0.5 mm, are chosen to achieve targeted
operating frequency bands.

4.2 Net of tuning strips

Figs. 2c and d show high current concentration in the tuning strips,
demonstrating its importance for the upper frequencies. This is
further confirmed by a parametric study shown in Fig. 5.

Changing the structure of tuning strips effectively shifts two
upper resonances towards lower frequencies. It ensures that both
upper resonances create a single, continuous band with good
impedance match within wide frequency range (30.5%). It is also
seen, that although the resonance at 3.5 GHz is always present, the
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Fig. 5 Simulated reflection coefficient for ring radiator
(a) Full net, (b) Half net, (c) No net
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Fig. 6 Simulated reflection coefficient for net radius R

tuning strips change its input impedance, facilitating good match.
The impact for the lowest band is negligible. In addition, a slight
change in the net radiator radius R by 0.5 mm in each step can
affect the second and the upper resonances frequencies as shown in
Fig. 6. It can be observed that both resonances frequencies are
shifted strongly towards the lower frequency by increasing the net
radius R.

Figs. 7a and b show the simulated real and imaginary plot,
respectively, for the impedance with different variations of net
strips in the proposed antenna. The graphs clearly show that when
full net of strips is used, the real and imaginary part are close to 50
and 0Q at the required resonances frequencies; however, the
mismatch in impudence is occurred when there is not strips and
half net strips are used, especially at the higher band. This also
proves that the net strips are responsible for the frequency tuning at
higher band in this antenna.

4.3 Antenna's length L and widths UW and LW

The antenna length (L) affects the resonance frequency bandwidth
as illustrated in Fig. 8. As expected from theory, longer L shifts all
bandwidths towards lower frequencies.

The effect of varying dipole's upper and lower arms (UW and
LW) is shown in Fig. 9. Both widths are varied together, with the
upper arm always 0.4 mm narrower than the lower arm. The effects
are most significant for the bandwidth of the middle band at 3.5
GHz.

5 Results and discussion

Prior to the selection and fabrication of a final structure, several
important parameters of the proposed antenna are optimised to

65



== == == == Full net

- ==+ Half net esescsseee Without net
_ 200 hl:, ‘. 'o.
e g
g 150 1 :Il ;', -.
W P A \ %
S £ i\ .
S 100 1 5 ~ .
% f ||' \\ N\
=%
g 50 .____f___,L__\yﬁﬁ__.
L1 ~
N ik
1 2 3 -+ 5 6
Frequency [GHz]
a
= 200 =
L] .0 .
£ 100 - AR
oy ATE
& ool o
g 0 ————-j:—“ AL ]
2 4 T ASEEg
S0 4 B
S £ N\ .t
£ v |
=200 v v v v v
1 2 3 4 5 6
Frequency [GHz]

b

Fig. 7 Simulated impedance plot of the proposed antenna net
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Fig. 8 Simulated reflection coefficients for different antenna lengths (L)

Table 2 Summary of the antenna performance

frequency band, GHz
gain, dBi

rad. eff., %
bandwidth, %

size, mm

24 3.5 5
1.89 237 4.09
975 9563 928
146 690 305
10 x48 x 1.6

5.8
3.86
92.4

ensure best performance in terms of multiband operation,
bandwidth, and compact size. As was mentioned earlier, the
number and width of the target operating bands are determined by

dimensions of the Y-shaped slot.

66

- =— UW=2.6, LW=3 — — — UW=3.6, LW=4

eooeee UW=4.6, LW=S — - — UW=5.6, LW=6

0 1

L &
S O

2 2 &

Reflection Cofficient [dB]
&
(=]

UW=6.6, LW=7
Q%.’
\ié« 2 T
SN Caf A 00
R T
| |4
I
€
¢
H
1 2 3 4 5 6
Frequency [GHz]
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Fig. 11 Simulated gain and radiation efficiency for the proposed antenna

It is observed that the increment of slot's length leads to
enlarged bandwidths at 2.4 and 5.5 GHz. Fig. 10 demonstrates
simulated and measured reflection coefficient of the final
prototype. The total final optimised dimensions of the antenna are:
L=41 mm, UW=3.6 mm, LW=4mm, SL=13 mm, SW=0.5
mm, and R=3.5 mm. The bandwidth of the proposed antenna
ranges from a minimum of 240 MHz (from 3.34 to 3.58 GHz, i.e.
6.9%) to a maximum of 1.67 GHz (from 4.64 to 6.31 GHz, i.e.
30.5%). The gain, bandwidth, radiation efficiency (rad. eff.), and
the overall size of the multiband antenna are summarised in Table 2
for each frequency.
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Fig. 12 Normalised radiation patterns at 2.4, 3.5, 5, and 5.8 GHz
(a) E-plane, (b) H-plane

Simulated gain and radiation efficiency variation with respect to
the frequency is presented in Fig. 11.

The simulated and measured radiation patterns at 2.4, 3.5, 5,
and 5.8 GHz in the azimuth plane are shown in Fig. 12. The
antenna radiates vertical polarisation with low levels of cross-
polarisations for all bands in the H-plane (xz-plane). In the E-plane
(yz-plane), the proposed antenna features a figure-of-eight shaped
radiation pattern for the two lowest bands.

For the two upper bands (Figs. 12¢ and d), additional minima
can be seen, which are due to the antenna operating in second-
order resonant mode (effectively providing similar performance to
a A-long dipole).

There is also a slight discrepancy between simulations and
measurements, which is due to the fact that the 35 mm long feed
cable is considered as a part of the antenna in measurement but not
in the simulation.

6 Conclusion

In this paper, a miniaturised, compact, multiband antenna with
broad WLAN bandwidth is proposed. It operates in frequency
bands around 2.4, 3.5, and 5.0-5.8 GHz, providing, respectively,
14.6, 6.9, and 30.5% bandwidths. The bands can be tuned by
varying length of the Y-slot and a net of tuning strips placed around
feed. The slot also contributes to antenna's miniaturisation, yielding
its compact size of 10x 48 mm2. The simulated and measured
results indicate satisfactory operation with an omnidirectional
radiation patterns. With this performance, the low-profile proposed
antenna will be suitable candidate for future WLAN applications
(5G Wi-Fi) at 5.15-5.875 GHz [24], which also require back-up
support of LTE-A network in 3.5 GHz bandwidth.
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