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Abstract: An electrical small microstrip patch antenna with
guided SIW dlotted configuration is investigated in this paper. In
the proposed design the primary antenna patch includes a slotted
SRR configuration which later converted into concentric SRR
slotted configuration. Here the antenna patch with concentric slot
contributes dual-band resonance. The impedance matching at
both the resonanceisimproved with guided SIW slotted structure.
The proposed antenna patch incorporates a dot inside the
concentric dot to correct the pattern asymmetric. The proposed
antenna shows resonance at 28 GHz and 37.5GHz for mmWave
5G applications. The proposed antenna is implemented with a
physical dimensionsof 4.7mm x2.7mm x 0.8mm.

Index Terms: Microstrip antenna, 5G application, Slotted
Patch, Frequency, |mpedance.

I. INTRODUCTION

In recent days, the development of the wireless
technology developed many wireless standards which targets
to integrate many more standards into one platform [1]. With
this, the development Mobile communication system has
been rapidly grown-up. Starting from the GSM era to the
L TE-Advanced and 5G enjoyed a massive focus and research
interest. To confirm compact-full implementation wireless
communication terminal Microstrip antennas are one of the
ultimate choices and has been widely adopted in different
application such as Wireless Local Area Network (WLAN),
Globa Positioning System (GPS), Wi-Max, Mobile
communication bands (LTE, LTE-A) [2]. Superior to the
microstrip technology planar Inverted-F antenna (PIFA) has
been investigated multi-band mobile communication system.
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The PIFA antennas are widely adopted for multi-band mobile
communication also easy to integrate and easy of fabrication
[3]-[4]. In further analysis these antennae extends its
tremendous application implementation sub 6GHz 5G
communication. Now the technology look forward to
integrate multiple communication career into single terminal
where the multiband antennawith LTE and 5G-NR band play
asignificant role [5].

In this work, a compact multi-resonance microstrip
antennais proposed for millimeter wave 5G application. The
proposed antenna geometry comprises of concentric SRR
slots with transmission line excitation. The SRR dot-based
structure contributes dual-band resonance at millimeter wave
5G spectrum (28GHz/38GHz). Here a guided SIW dotted
structure isintroduced at the transmission feed line to further
enhance the impedance matching. The proposed SRR based
dotted SIW shows a symmetric radiation characteristic at
both plain. However, a center slot is used to correct the
antenna main beam squint. The antennaisimplemented on a
low dielectric, low loss roger’s substrate which realize a
better result.

The proposed antennais structured to give a better reading
experience. The design flow of the dual band 5G mmWave
antenna is presented in Section 2. The antenna validation
through experimental analysis is presented section 3. In
section 4 the proposed work is summarized.

I1. ECONFIGURATION OF PROPOSED ANTENNA

The proposed multi-band 5G antenna s designed based on
the guided transmission line technique. In which the antenna
patch is having a radiating patch geometry implemented on
the top side of the substrate along with a transmission line
excitation and ground plane is designed on the bottom side of
the substrate.

Configuration of the 28GHz/38GHz 5G antenna

The proposed antenna is design on a Roger’s RT/Duroid
5880 with dielectric constant (er) of 2.2, substrate thickness
(hs) of 0.8mm, and loss tangent (tan[ft}]&) of 0.0009. The
proposed antenna incorporates a single-layer, single
dielectric design methodology. In the beginning stage a
simple rectangular patch geometry is designed to resonate
near 30 GHz. To resonate in millimeter wave frequency band
near 30GHz, the length and width of the antenna is
determined from the given equation as presented in equation
(2) and (2).
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Erer, 1S the effective dielectric constant

fr isthe desired resonance frequency

k isthe constant correction factor

The primary antenna patch of the proposed antenna

incorporates edge excitation through a transmission line feed.
The discussed primary antenna patch is illustrated in Figure
1(a). Asshown, the patch is designed with awidth (W) and a
length (Lp) whereas the feedline is designed with a length
(Lf) and width of (Ws). Thelength of the patch isoptimized to
acquireresonance at 30GHz. In the same manner thefeed line
width is optimized to realize a better impedance matching at

the desired resonance.
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(b) Equivalent circuit.
Fig 1 Primary antenna design

The designed primary patch can be analyzed as a lumped
circuit equivalent, where the designed patch is represented as
its equivalent inductance(lL), capacitance (C) and
resistance(R). The equivalent lumped circuit of primary
patch is demonstrated in Figure 1(b). In which the equivalent
resistance of the microstrip patch is ignore in this high
frequency analysis. As the conductive loss due to patch is
much less. Theinductance of the patch isrepresented as (Lp),
capacitance (Cp) and the microstrip fed line is represented as
Li. Considering the lumped element the input impedance of
the patch can be determined using the below equation (3).
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The primary patich is investigated with slotted
configuration to realize the first order miniaturization which
reduce the reguired patch size hence demonstrate the
compactness. Here, Rectangular Split Ring (RSR) dot is
introduced in the radiator patch as shown in Figure 2 (). In
the next step, the antenna radiator is introduced with another
rectangular split ring dot. The designed radiator patch with
both RSR contributes a concentric dot configuration as
shown in Figure 2 (b). The concentric RSR slot demonstrate
the second order miniaturization and enhances the efficiency
and radiation performances. This is due to the extra number
of edges caused by the concentric RSR dlot. The concentric
slot configuration is discussed in detail at Figure 2 (c).

(a) Antenna with one SSR slot

(b) Antennawith 2 SSR dot
Sh

Swi Swz

g1 sk
(b) RSR configuration

Figure 2 Primary antenna design
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In Figure 2(c), the designed concentric RSR is having a
outer ot length of SI1 and awidth of Sw1. Wherein theinner
dot is having length SI2 and width sw2. To redlize the
rectangular ring as split ring, the outer and inner ring is made
open with a gap of gl and g2 respectively. The physical
dimensions of the proposed 5G antennaismentioned in Table
1 as mentioned below.

Table 1: Physical design parameter of the 5G
dual-band antenna

Parameters Values
Dielectric constant 2.2

L oss tangent 0.009
Substrate height 0.8mm
Patch Length 2.7mm
Patch Width 4.7mm
Feed Length 1.35mm
Feed width 1.1mm

The realization of iterative antenna design was carried out
and the resonance characteristics at each instant is recorded.
The S-parameter response of al antenna configuration is
plotted in figure 3.

----- Antenna 1 v
—+— Antenna 2
—— Antenna 3

26 28 30 32 34 36 38 40
Frequency (GHz)

Figure 3. S-parameter result of different antenna
configuration

The antenna 1 shows a single band resonance at 30.6 GHz
with areturn loss of 18dB. To acquire multiband response an
RSR dot isimplemented on the antenna aperture as shown in
antenna 2. Antenna 2 with single RSR slot shows a dual band
resonance. However, the matching at first resonance is poor
and the point of resonance is shifted towards lower
resonance. Further another ring is introduced in the center of
aperture which gives perfect dual-resonance at 28 GHz and
38GHz. At both the resonances the matching is very good as
shown in figure 3.

Analysis of Guided SIW structure

The designed antenna structure (Antenna 3) is introduced
with guided SIW dlots which guides the EM signals to the
antenna apertures and hence improves the performance of the
antenna. Basically, the proposed model yields better
impedance matching at both the resonances.
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Figure 4. Proposed antenna with guided SIW structure

The presented antenna in figure 4 shows a better
impedance matching and resonance tuning to meet the design
requirement. The S-parameter result of the antenna with and
without guided SIW dot is shown in Figure 5. Including the
SIW in structure the antenna is fine tuned to 28 GHz with
improved return loss of 32dB.

The simulated performance of the proposed multi-band 5G
antennais verified through experimental analysis. The detail
experimental analysisis shown in next subsection.

S11 (dB)

—— With guided STW
- - - Without guided STW

26 28 30 32 34 36 38 40
Frequency (GHz)

Figure5. S-parameter with and without SIW
implementation

M easurement results

The proposed antenna is fabricated on a Rogers 5880
dielectric substrate as considered in the design. The antenna
geometry is converted into photographic film which is pasted
on the dual-copper cladded substrate. Then the antenna is
etched with chemica solution. The fabricated prototype of
the proposed antennais shown in Figure 6.
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Figure 6. Fabricated prototype of the proposed antenna

The fabricated antenna prototype is tested using a Vector
Network Analyzer (VNA). It has been realized the tested
S-parameter response of the antennaiis closely matched with
the simulation results. The antenna compare S-parameter
result is plotted in Figure 7.

0

S11 (dB)

25

-30

----- Simulated
—— Measured

-35

26 28 30 1 i 36 38 40
Frequency (GHz)

Figure 7. S-parameter response of the final prototype

The measured S-parameter results shows the first
resonance at 28 GHz and second resonance at 38 GHz with a
very small deviation from the simulated results. Also, the
impedance matching at both the resonance are better than
29dB and 21dB respectively.

Moreover, the radiation characteristics of the antenna at
both the resonances are observed and plotted in Figure 8.

Here, the antenna far-field behavior at both the plane
(E-Plane and H-Plane) are observed. In each plot both
co-polarization and cross polarization response are realized.
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(b) 38 GHz

Figure 8. Radiation Pattern at each resonance

NOTE: The E-plane pattern are plotted in top side of the
figure and H-plane pattern at the bottom side.

[Il. CONCLUSION

In this work, a multi-band 5G antenna with concentric
RSR dotted configuration is investigated. The proposed
electrical small antenna with concentric RSR shows the first
resonance at 28 GHz with > 800MHz bandwidth and second
resonance at 38 GHz with > 1GHz of bandwidth. The antenna
shows an improved impedance bandwidth of better than
20dB at both the resonances with guided SIW dotted
configuration.

The antenna shows improved gain response upto 5 dBi with
the asymmetric dotted configuration.
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The proposed antenna shows an symmetric radiation pattern
at E-plane with good cross polarization level better than
-20dB. With these viabl e performances the proposed antenna
clams its efficient application in millimeter wave 5G
communication bands.
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