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ABSTRACT

Article history:

A probe fed rectangular dielectric resonator antenna (DRA) is designed here
for millimeter wave 5G applications. A wide bandwidth of 5GHz has been
achieved with frequency range from 24.24GHz to 29. 20GHz. The calculated
percentage banwidth is 19% centered at 26GHz. The DRA is fed by a probe
with a microstrip line of unequal strip dimensions over the substrate.
The measured gain of the antenna is 6.25dBi. The calculated radiation
efficiency is 96%. The measured axial ratio bandwidth is from 24.08GHz to
23.90GHz, which is about 0.75 percentage bandwidth. The probe height
above to the substrate is optimized to exite the DRA. The microstripline
coupling is used to resonate the DRA at desizred resonating frequency.
The widebandwidth with high efficiency achived here will make this antenna
suitable for the 5G applications at band 30 GHz.
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1.

INTRODUCTION
The tremendous demand in data rate have moved the attention of gloal frequency spectrum to milli
meter wave frequency bands. Millimeter wave propagation can increase the data rate. The increase in
demand, has focused to 5G (fifth generation) of mobile communications which may use mmWave (millimeter
wave) frequencies to wider frequency spectrum and multi-Gigabit-per-second (Gbps) data rates [1]. In addition
the high demand for network capacity, there are a number of factors which make 5G under demand, including
the move to millimeter wave (mmWave) spectrum and the increasing integration of past and current cellular
and WiFi standards to provide high-rate, low-latency experience for network users [2, 3]. As fifth generation
(5G) is developed and implemented, the use of much greater spectrum allocations at mm-wave frequency
bands needs highly directional beamforming antennas at both the mobile device and base station, longer
battery life, lower outage probability, much higher bit rates in larger portions of the coverage area, lower
infrastructure costs, and higher aggregate capacity for many simultaneous users in both licensed and
unlicensed spectrum [4].
The metallic losses as are very high so dielectric resonators are preferred at higher frequency bands.
Dielectric resonators provide a high Q value with large value of permittivity. The mm wave communication
needs non-metallic radiators to act as antennas. The rectangular Dielectric Resonators have practical
advantages over other shapes. The mode degeneracy can be manipulated over the different dimensions of a
rectangular Dielectric Resonator Antenna [5]. To fullfill the demands of 5G networks as larger capacity,
higher data rate, better connectivity, more advanced reliability, new design patterns to make antenna design
are demanded.The commonly declared 5G frequency band is 24.25-27.5 GHz. However, the bandwidth of
the dielectric resonator antenna is inversely related to the dielectric constant and may limit the choice of
values for a given application. By using a material with a high dielectric constant, the size of the dielectric
resonator antenna can be significantly reduced, making it viable for low-frequency operations [6]. The most
Journal homepage: http://ijeecs.iaescore.com

Indonesian J Elec Eng & Comp Sci

ISSN: 2502-4752



1089

commonly employed rectangular resonator mode in practice is the TExll mode. This mode is the counterpart
of the TE101 mode of a cylindrical resonator and can be easily excited by means of a loop, probe or
microstrip conductor. It is therefore important to know the accuracy of the present method in predicting
the resonant frequency of this mode [7]. Designing an antenna at millimeter wave, there can be several
challenges to face. Using a much higher frequency, the size of the antenna will be very small and which lead
to high fabrication skills and capability to implement with terminals [8]. The main advantage of
the rectangular DRA is that it is characterized by three independent geometrical dimensions 𝑎, 𝑏, and 𝑑 this
offers more design flexibility as compared to the cylindrical DRA. Furthermore, the rectangular DRA is
characterized by low cross-polarization level as compared to the cylindrical DRA [9, 10]. The coaxial probe
feed. On the other hand, it allows the whole electric current to flow on the DRA surface and, thus, is more
efficient in energy coupling [11, 12]. Here the simulations are carried out by HFSS and results of return loss,
impedance, gain and radiation pattern are proposed. The optimized results of impedance match and return
loss with different feed configurations also mentioned.

2.

ANTENNA DESIGN AND OPTIMETRIC ANALYSIS
A ceramic type Dielectric Resonator antenna is used with permittivity ɛr=10 over a substrate of
Roger RT/Duroid 5880. The calculated dimensions of DRA are a=2.9mm, b=3.2mm and h=1.4mm
mentioned in Table 1. The dimensions of the substrate are SubL=5.76mm, SubW=5.76mm, SubH=0.254mm.
The loss tangent is 0.0009. The DRA antenna design is shown in Figure 1 with its probe feeding technique.
The substrate used here is Rogers with thickness 0.254 mm. Figure 2 represents the top view of the design
with coupled microstrip line. Here the TE101 mode is excited whose resonant frequency can be calculated
from equations mentioned below:
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where a, b, d indicates the dimensions of the DRA which is proportional to the square root of the dielectric
constant values of the Ceramic based DRA. Where c is velocity of light in free space and f0 is the operating
frequency. The values of a, b, d can be calculated from the permittivity values used to design the antenna and
the Q factor of the antenna. The rectangular DRA offers more degree of freedom to the antenna structure,
so the number of modes generated can be studied. In generally with 50 ohm characterestics impedance and
with all basic commonly used feeds, the characterestics modes are excited [13]. The excited mode here is
TE101. The ground plane is placed down to the substrate and is similar to the substrate dimensions. The
probe height above to the substrate will radiate the fields to the DRA [14], so the probe height optimization
can be done. The calculated dimensions of the substrate and the DRA dimensions are reprenting in Table 1.
A microstrip line with different dimensions is used to couple the energy radiated by the probe to
the DRA [15]. The microstrip line dimensions are optimized to get the impedance match. The probe
dimensions are shown in Table 2. The inner probe is placed very close to the DRA to avoid the airgap.
The probe height is optimized with the impedance match, so that maximum radiated electric fields can be
coupled to the DRA volume. The height of the DRA [16] is optimized further to get a high isolation values in
the return loss. The impedance bandwidth is measured at the desizred resonating frequency.

Table 1. Antenna parameters
Variable
a
b
d
Sub_L
Sub_W
Sub_H

Dimensions (mm)
2.9
3.2
1.4
5.76
5.76
0.254
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Figure 1. Probefed rectamgular dielectric resonator
antenna

Figure 2. Probe fed with coupled microstrip line
(top view)

Table 2. Feed parameters
Variable
orad
irad
Ph
Ih

Dimensions in mm
0.6
0.45
2.5
3.66

Figure 3(a) repesnts the electric field distribution over the DRA. The excited mode is TE1y1.
The fields coupled the DRA from the probe helps to excite the DRA to radiate efficiently. The coupled
microstrip line are optimized to get maximum impedance bandwidth. The microstrip line coupling is rotated
around the probe above to the substrate. The dimensions of the stripline are non uniform here. The stripline
present closer to the probe couples the electric field radiated by the probe into the DRA to excite the DRA at
desigred frequency. The current distribution over the DRA can be Figure 3. The electric field distribution
here is because of both the coupled transmission line and the inner conductor of the probe which is placed
close to the DRA above the substrate [17]. The impedance bandwidth is also optimized with the position
along XY plane and the height of the probe. The antenna behaves as circular at 24GHz only with a low
polariation bandwidth and is linearly polarized at other frequencies.

(a)

(b)

Figure 3. E field distribution over the DRA, (a) electric field over DRA, (b) top view of current distribution

3.

RESULTS AND ANALYSIS
The DRA resonates from 24.24GHz to 29.20GHz with center frequency at 26GHz. The percentage
bandwidth is 19% which is enough to use the antenna for millimeter wave 5G applications. The wide
impedance bandwidth is matched with 50-ohm characterestics impedance to deliver maximum current to
the antenna. The high isolation in the return loss happens because of the inner conductor of the probe which
is placed close to the DRA surface. The results of return loss and impedance match are shown in Figure 4 and
Figure 5 respectively.
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The height of the inner conductor of probe is optimized to get a perfect impedance match to
the coupled transmission line. The probe impedance is matched with the required characterestics impedance
of the antenna i.e 50ohm. Figure 5 shows the input impedance of the antenna at desigred resonating frequency.
The fields coupled to the microstrip transmission line helps the DRA to get excite with maximum
radiated energy. The calculated radiation efficiency of the antenna is 94 percentage, Figure 6 represents
the fields radited by probe placed close to the DRA. The impedance match is uniform over the band of 24 Ghz to
28GHz, which results in a high isolation of the antenna.
The impedance measurement is optimized at different feed width of the coupled transmission line
and at different position of the Dielectric Resonator. The position of the DRA [18] is varied with respect to
the probe position. The airgap between the probe and the DRA [19, 20] varies the impedance match at
the desigred resonating frequency. The input impedance match is shown in Figure 7.
The resonance depends on the distance of the inner conductor of the probe to the DRA [21].
As shown in Figure 8, different resonances occurred at desigred frequency by varying the DRA [22, 23] position
which indirectly varies the distance from the inner conductor of the probe. The return loss isolation of -40dB is
achieved at the resonating frequency of 26.2 GHz. The desigred resonance can be selected based on different
position of the DRA. The simulated gain of the DRA is 6.24dBi is shown in Figure 9. The gain is measured at
phi=0 degree and Phi=90 degree. An optimization of feed width of the strip line has been carried out here and its
effect on the resonance has been shown in Figure 9. A continuous growth in the gain value at different frequencies
has been presented, where the antenna achieves a maximum gain of 6.24dBi at and around 26GHz.
The desigred antenna here is a linerly polarized antenna but a low axial ratio bandwidth is observed
at 24GHz. The measured axial ratio bandwidth at 5dB is from 24.08GHz to 23.90GHz, which is about 0.75
percentage bandwidth. The axial ratio bandwidth is shown in Figure 10. The designed antenna here is highly
linearly polarized. The radiation pattern of E and H plane is shown in Figure 11.
The simulated gain in dBi at different frequencies is presented in Figure 12. A continuous rise in
gain value is maintained from 24GHz to 28GHz. There is a sharp increase in the gain value from 24GHz
onwards. The placement of the DRA with respect to the probe height controls the impedance bandwidth of
the DRA [24]. The E and H plane radiation pattern is shown in Figure 11. The DRA ehibits circular
polarization at 24GHz with a low polarization bandwidth and behaves linearly at other resonating
frequencies. So, it can exhibit both linear and circular polarization through out its resonance [25].

Figure 4. Return loss (dB) vs frequency (GHz)

(a) E field over micro stripline

Figure 5. Input impedance in ohm vs frequency (GHz)

(b) E field over the probe

Wideband millimeter wave rectangular dielectric resonator antenna for 5G applications (Abinash Gaya)

1092



ISSN: 2502-4752

(c) surface current distribution
Figure 6. E field distribution over probe and DRA

Figure 7. Input impedance in ohm vs frequency (GHz) at different feed position and feed width

Figure 8. Return loss (dB) vs frequency (GHz)

Figure 9. Gain (dBi)

Figure 10. Axial ratio (dB) vs frequency (GHz)
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Figure 12. Gain (dBi) vs frequency (GHz)

4.

CONCLUSION
The wideband DRA designed here can be used for mm wave 5G bands of 23GHz to 27 GHz.
A percentage bandwidth of 19% has been achieved here with radiation efficiency of 96% and gain 6.24dBi.
This probe fed DRA can be used for mm wave 5G applications. The measured axial ratio bandwidth at 5dB is
from 24.08GHz to 23.90GHz, which is about 0.75 percentage bandwidth.
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