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A 30 GHz Slotted Bow-Tie Rectangular
Patch Antenna Design for 5G Application

Khazini Mohammed, Damou Mehdi, and Souar Zeggai

Abstract—This Article presented the study of a single pacth
antenna and array patch antenna. We will focus on the design
based on a small size at a resonant frequency of 30GHz. using the
software CST Microwave Studio (FEM method) and ADS software
(Moments method) to find internal parameters (S... parameters,
bandwidth ,VSWR) and external characteristics (gain, directivity
and radiation pattern, efficiencies) .

To increase the total gain of the antenna and to have a wider
bandwidth band width and taking advantage of the functionality
of the radiation overlap of several elements radiating in the same
direction, we suggest the second and most important step to design
a most important step to design an antenna array grouping patches
identical to our first patch antenna proposed in first patch antenna
proposed in the first step

Keywords—slotted bow-tie patch antenna; quarter wave
transformer; array antenna, CST studio; ADS 2016

[. INTRODUCTION

HE purpose of this paper is to study the potential of these

other structures to promote the integration of antennas and
optimize their performance at 30 GHz for 5G. The properties
(dielectric, static conductivity) of the substrate composites were
carried out by [1] and[2]. Simulated antennas on substrates of
characterized materials, to reduce the dimensions of the
antennas and optimize their performance (gain, bandwidth,
reflection coefficient, radiation patterns,...) in printed circuit
type operating contexts.

A quarter-wave impedance transformer is used to change
the impedance of the load to another value for impedance where
the load impedance is real. a transmission line of a quarter
wavelength is designed two parameters ,the particular frequency
and the length of the transformer is equal to Ao/4 only at this
designed frequency :

e Impedance matching between a resistive load and
transmission lines.
e Impedance matching between two resistive loads.
e Impedance matching between two transmission lines of
unequal characteristic impedances.
The design phase of an antenna using suitable software is an
essential step for the sake of saving time and optimizing the
structure at the desired parameters taking into account the
dielectric and conductive parameters chosen from low-cost
materials. For this, CST-ADS is used as effective
electromagnetic simulation tool to develop complex structures
by calculating S-parameters and resonance frequencies as well
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as visualizing radiation patterns and electromagnetic fields in
order to develop a high performance of the slotted bowtie
rectangular patch antenna array serving satellite and radar
applications around 30 GHz.

II. QUARTER WAVE TRANSFORMER

The matching devices we have just considered are valid only
at the frequency for which the line length is equal to A/4: they
are therefore narrowband matching devices. To achieve
wideband matching, we can split the matching into a number of
M4 sections Fig.1 such that the successive input impedances of
these different sections are :Zy, > Z, > Z; > Z,and for n
sections: Zy > Z, > Zy 1> > 721> 7Z;

Zy VA 7 Zy

Fig. 1. Quarter wave transformer

A quarter-wave transformer can be used to match a real
impedance Z; to Zp

Fig. 2. Wideband adaptation
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the matching condition at fy is Z; = /ZyZ,
At a different frequency Z;, # Z, and the input reflection
coefficient is
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The mismatch can be computed from.
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A. Radiation Resistance Calculation Method

The feed in of patch antenna at distance Xf from one of the
radiating edges, the input impedance given by following relation
[31[4] (26):

X
Ri, = R,cos? (Tf)

Radiation resistance R. decreases with the increase in
substrate thickness and patch width because of the increase in
radiated power.

B.  Feed Network Design

The design of patch antenna arrays, there are two kinds of
feed networks, the series feed network and the corporate feed
network.

C. Directivity And Gain

The function of the patch antenna radiation pattern , la
directivity D which is defined by the expression (4). For
an isotropic source, the radiation intensity Uy is equal to
the total radiated power P,.,q divided by 4m. So the
directivity can be calculated by:

U 4mU
D = —=
UO Prad

4

If not specified, antenna directivity implies its maximum
value, i.e. Dy.

DO — Ulmax — Umax — 47TUmax (5)
UO UO P‘rad
D. Radiation Field

The fields radiated by the current element, it is required

to determine magnetic vector potential A first.
For Hertzian Dipole, A is expressed as:

= Meledl _.. o
A=———eliZ 6

4mr ¢ ®)

In the spherical coordinate, Equation (6) is transformed to:
ldl .
A, = A,cos0 = Ho'o e *cosh
. Holodl _\ o

Ag = —A,sind = ~ T © Ikrsing
Ap=0 @)

According to Maxwell's equations and the relationship
between A and H :

VxE= —jwuﬁ
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1
H=_vxA (8)

Now E- and H field can be found:

H.=Hg=0
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In the far-field region where kr > 1, the E and H-field can be
simplified and approximated by:

. klydlsinf
——e
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The ratio of Ey and H,, is:

(11)

where Z, is the wave impedance; 1 is the intrinsic impedance
of the medium (377 = 1207 Ohms for free space).The width W
and L for a patch of rectangular shape given by the formulas
follows
c
(12)

w =
(er+1)
2fy |22

From the modeling point of view, the two media are replaced by
an effective medium characterized by a dielectric constant
expressed by:

_ (Sr + 1) (Sr - 1)
Ereff = > + >

110h_l 13
(1+10-) 7 (13)

The patch is electrically extended by a value AL
on each side such that:

(eers +03) (5 +0.264)

AL = 0.412h
(eers — 0258) (% +0.8)

(14)

alors L = Log — 2AL avec Leff est donnée par:
c

Lopr = ——— (15)
o Zfow/ greff
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III. ANTENNA GEOMETRY

The structure of the slotted bowtie rectangular patch
antenna is shown in Fig.3 at a center frequency of 30GHz. The
first step in designing an antenna consists of choosing the right
substrate. A suitable substrate depends on its availability; to
achieve such goals, a high performance dielectric substrate
("Arlon CuClad 233 (tm)") with thickness (h = 0.49mm),
Relative permittivity (er = 2.43) and tangent loss (tan 6 =
0.0013) is chosen as substrate [8].

The dimensions of the proposed antenna are shown in
Table I.

Parameters | Lp | wp Ly Wr W2 w3 R
Values (mm) | 3.2 1.82 | 1.44 | 0.755 ] 049 | 0.9

Fig. 3. Geometry of the proposed impedance matching
techniques by Quarter wave transformer Antenna

The dimensions of this antenna determine the center
frequency [5][6], and for a regular rectangular patch the edge
impedance is 267 Q.

IV. RESULT AND DISCUSSIONS

The proposed single element antenna is designed modified
with inset line, the simulation result of antenna rectangular
bow-tie slot using CST software FEM method solver technique
and ADS software method of Moments based by Green's
function.

L L L L L

Fig.4. Return loss (dB) of simulated single element antenna

The simulation result of the slotted bowtie rectangular patch
antenna shows the reflection coefficient S11 as a function of
frequency Fig.4 . It can be observed that this antenna resonated
at 30 GHz and at 42 GHz with parameter values (return losses)

of -31 dB and -7dB respectively. The operation of the antenna
for the range frequency of - 30.76dB 29.54 GHz or bandwidth
of 4.76%.

Fig.5 shows the simulation result gives a field E and H at
frequency 30Ghz

Fig 5. Radiation pattern at 30 GHz (a) E field , (b)H field

The simulation result at the frequency of 30 GHz, the
maximum gain of the single element patch antenna is 8.08 dB
is shown in Fig.6. This indicates that the antenna is able to direct
the input power towards the radiation in a given direction more
than in other directions. The single element patch antenna is
capable of emitting or receiving a signal efficiently in the
direction of the highest gain.
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Fig. 6. Gain simulation (2D) result of the single element
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Fig. 7. Simulation 3D result of the single element antenna
Fig.7 represent a radiation pattern characterizes the variation
of the radiated far-field intensity Gain (3D) of an antenna as an
angular function at a specific frequency
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V.ARRAY ANTENNA CONFIGURATION
TWO ELENENTS

The array consists of two symmetrical patch elements that are
fed in parallel to design the antenna array (figure 8) where each
element has the same dimensions as mentioned above in order
to increase the performance of the antenna. The length of the
power divider is 0.95 mm and its width is 1.2 mm. The distance
between the centers of the two feed lines is 4.7 mm [12].

Vo VA REVA V.
AT VAT REAC A

Fig. 8. Geometry of the proposed impedance matching
technique by Quarter wave transformer Antenna

The dimensions of the design have been optimized to increase
its impedance bandwidth. The results obtained with both
simulation methods for the final design are compared in Fig. 9.
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Fig 9. Simulation of the antenna design using ADS (Method of
Moments) and CST (Finite Element Method)

The proposed design has been studied using the Agilent
Advanced Design  System  Method of Moments
(Momentum)electromagnetic simulator the results of this
method S;1=-28.42 at f=29Ghz and the values result CST
Studio FEM method is S1=-21.94 at £=29.32.
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Fig. 10. Gain simulation 3D result of the array antenna Two
elements
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Fig. 11. Gain simulation (2D) result of the Two elements

Fig.10 and Figll are represents radiated far-field intensity
Gain (3D)(2D) result of the Two elements patch antenna. The
value far-field Gain of array antenna at 29.32 GHz is 9.31dB

V. ARRAY ANTENNA CONFIGURATION
FOUR ELEMENTS

Here four elements (figure 12) are used and each element has
the same dimensions as mentioned above in order to increase
the performance of the antenna array. The length of the power
divider is 0.95mm and its width is 1.2 mm with a total dimension
of 18.5x5.25mm?.

Fig 12. Proposed array antenna four elements configuration

s E] 5 E) E ] [

Fig. 13. Return loss (dB) of the simulated array antenna-Two elements

The figure Figl3 shows that the return loss of the array
antenna two elements with CST Studio is -33.65 dB at a center
frequency of 30.60 GHz and ADS is -26 dB at a center
frequency of 30.77 GHz.
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Fig. 14. Gain simulation 3D result of the array antenna
four elements

TABLE I
COMPARISON OF PROPOSED ANTENNA SIMULATION VALUES

01 element | 02 elements | 04 elements
1 29.54 29 30.77
==}
gg @l Si -30.76 -28.42 -26.53
55 9‘: .
= =3 Gain 7.67 9.31 13.1
I 30 29.32 30.6
S 3 al s 31 21.94 -33.65
o N
= 5 Of Gain 803 [ 893 13.6

VI. .CONCLUSION

The structure proposed slotted bowtie rectangular patch
antenna has been computed and optimized by using two
electromagnetic solvers ADS and CST-MW. The simulated
parameters present an important result, in terms of return loss,
gain, field E and H, in the frequency range 27-31.5 GHz with a
bandwidth of 15.83%. The maximum gain is 13.6 dB with the
bandwidth between 27 to 31 GHz; than that of the traditional
microstrip fed bow-tie slot rectangular patch array antenna.
Printed slot antennas fed by a microstrip have many advantages;
Besides small size, light weight, low cost, good performance.
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