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Abstract— A new technique is presented for designing microstrip
patch antennas with very good input impedance matching. The
analysis is carried out for 1.78 GHz, 2.42 GHz and 3.46 GHz
rectangular patch antennas printed on low-cost fiberglass
substrates (FR-4), mounted on a ground plane and fed by a
microstrip line. The antenna impedance matching is obtained using
a slotted microstrip line feeder. The use of the proposed impedance
matching technique showed considerable improvement from the
reflection coefficient point of view, with reduction of about 20 dB at
the resonant frequency, without modifying the original dimensions
of the antenna patch elements or the width of the feeding
microstrip line. Numerical characterization is carried out using
Ansoft Designer software and iterative method WCIP. Prototypes
are fabricated and measured, for validation purpose, showing good
agreement when compared to simulated results.

Index Terms— Slotted microstrip, slotted feeder, impedance matching,
microstrip antenna, WCIP.

|. INTRODUCTION
Microstrip antennas are being widely used in wireless communication system applications because

of small size, low weight, ease of integration with other parts of the circuits, low manufacturing cost,
and ability to take part in a design without significant hardware changes, arousing a lot of interest
from researchers worldwide.

As shown in Fig. 1, a microstrip antenna basically consists of a conducting patch and a parallel
ground plane, separated by a dielectric substrate, usually fed by a microstrip line or a coaxial probe
[1]. The conducting patch is made of copper and may have many different shapes, such as rectangular

[1], circular [2], annular ring [3], fractals [4]-[5], and metamaterial inspired [6]-[8].
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Fig. 1. lllustration of a rectangular patch microstrip antenna.
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The feeding structure is an important issue in printed antenna designs. It is a transition between the
feeding microstrip line and the radiating structure providing an efficient mechanism for
electromagnetic wave transmission between them. In addition, the feeding structure can affect the
antenna overall performance, changing its main parameters such as resonant frequency, bandwidth,
radiation pattern, and radiation efficiency [1], [9]. Several impedance matching techniques have been
developed for microstrip line and coaxial cable printed antenna excitation, such as A/4 impedance
transformers [10], [11], stubs [12], [13], inset-feed [14], [15], and probe feed [16], as shown in Fig. 2.
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Fig. 2. Impedance matching technique using (a) A/4 microstrip impedance transformer, (b) microstrip stubs, (c) microstrip
inset-feed, and (d) probe feed.

This work proposes to carry out the impedance matching between a microstrip line and a patch
antenna by inserting a narrow slot in the conducting strip of the microstrip line. The proposed
technique is tested through parametric simulation, using Ansoft Designer and WCIP Method, of
microstrip antenna structures fed by a narrow slotted microstrip line, with length L; and width W;

(Fig. 3). In addition, prototypes are fabricated and measured, for validation purpose.

Slotted Substrate

Fig. 3. Patch antenna feeding using the proposed slotted microstrip line geometry with width Wz and length Ls.
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Il. WCIP METHOD
The wave concept iterative procedure (WCIP) is an iterative method based on incident wave, A, and

its relationship with the reflected wave, B, by a surface S. This process is represented by two
equations, shown in (1) and (2), that describes the relationship between the incident and reflected
waves, shown [17]-[22].
A=SyB+ Ay 1)
B=TA 2
Where, S,y describes boundary conditions at the subregions of the interface S, and I" describes the
propagation characteristics in the surrounding medium.
The solution of the electric field on the interface is achieved when occurs the convergence of

iterative procedure.

I1l. PROPOSED ANTENNA GEOMETRY AND RESULTS
The Microstrip Patch Antenna Calculator [23] is used to define the length (L) and width (W) of a

rectangular microstrip patch antenna at the given resonant frequencies of 1.8 GHz, 2.45 GHz and 3.5
GHz, covering 4G, Wireless / Bluetooth, and 5G frequency bands, respectively. The parametric
analysis is done for rectangular patch microstrip antennas using Ansoft Designer software, which
presented a maximum deviation of 1.22% from initially designed resonance frequencies. Therefore,
the considered operating frequencies of the investigated antennas are 1.78 GHz, 2.42 GHz, and 3.46
GHz. The antennas are printed on low-cost fiberglass (FR-4) substrates, with relative permittivity & =
4.4, loss tangent tano = 0.02, and thickness h = 1.5 mm.

The antenna impedance matching is carried out using a narrow slotted microstrip line (Fig. 3). The
characteristic impedance of the original microstrip line (without narrow slot) is 50 Q. The patch

antennas structural parameters are summarized in Table I.

TABLE |. ANTENNAS STRUCTURAL PARAMETERS FOR W3 =0 MM AND L3=19.92 mMm.

Resonant frequency (GHz) W1 (mm) W2 (mm) L1 (mm) L2 (mm) Ls (mm)
1.78 50.71 2.87 39.46 22.83 19.96
242 37.26 2.87 28.87 16.77 13.90
3.46 26.08 2.87 20.03 11.74 8.87

To minimize the reflection coefficient, [s11], the input impedance of the narrow slotted microstrip
line should be transformed to approximately 50 Q, corresponding to a reflection coefficient close to
zero. The impedance matching analysis is performed varying the line width, Ws, from 0 to 2.4 mm.

Simulation is performed using Ansoft Designer, for the antenna’s geometry shown in Fig. 3,
varying the width, Ws, of the inserted slot in the conducting strip of the microstrip line. Simulation
results are presented in Figs. 4, 5, and 6, and summarized in Table Il. For the 1.3 t0 2.3 (GHz), 2t0 3
(GHz), and 3 to 4 (GHz) frequency ranges, simulation results for the input reflection coefficient of the

proposed antennas are obtained, for different values of the slotted microstrip line width Ws.
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Fig. 4. Reflection coefficient simulation results for the proposed antenna for operation at 1.78 GHz with L3=19.96 mm

and different values of Ws.
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Fig. 5. Reflection coefficient simulation results for the proposed antenna for operation at 2.42 GHz with L3=13.90 mm

and different values of Ws.

=
=
g,n-12 . ot Simulated
—_14 | W1=26.08 mm L W3 =0.0mm
W2 =287 mm — —W3=12mm
-16 1 11=20.03 mm -==-W3=16mm
18 4 L2=11.74 mm Voo emee W3 =2.0mm
20 L13=887mm s W3 =24mm

3.0 3.1 3.2 3.3 3.4 35 3.6 3.7 3.8 3.9 4.0
Frequency (GHz)

Fig. 6. Reflection coefficient simulation results for the proposed antenna for operation at 3.46 GHz with L3=8.87 mm and

different values of Ws.
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TABLE Il. RESONANT FREQUENCY AND REFLECTION COEFFICIENT SIMULATION RESULTS FOR THE PROPOSED ANTENNA GEOMETRY

W3 (mm) F(GHz)  |su]| (@B)
Antenna geometry designed for operation at 1.78 GHz
0 1.78 -10.56
12 1.78 -12.39
1.6 1.78 -14.75
2 1.78 -20.35
24 1.78 -27.41
Antenna geometry designed for operation at 2.42 GHz
0 2.42 -8.81
1.2 2.42 -10.09
1.6 2.42 -11.86
2 2.42 -15.21
2.4 2.42 -28.09
Antenna geometry designed for operation at 3.46 GHz
0 3.46 -7.84
1.2 3.46 -8.35
1.6 3.46 -9.54
2 3.46 -11.87
24 3.46 -17.91

It is observed that the insertion of a narrow slot along the conducting strip of a feeding microstrip
line, as shown in Figs. 4, 5, and 6, enables a considerable reduction of the magnitude of the patch
antenna input reflection coefficient with respect to the one of the patch antenna geometry with a
traditional microstrip line.

Results for the proposed antenna geometry, fed by an axially slotted microstrip line, were obtained
for W3 values varying from 0 to 2.4 mm, as shown in Table II. A reduction of approximately 20 dB
was obtained for W5 = 2.4 mm, as shown in Fig. 5, confirming that the proposed technique has a great
potential as a tool for optimizing the impedance matching between the microstrip line and the patch
antenna.

To validate the simulation results, four prototypes were fabricated and measured for the antenna
resonating at 1.78 GHz, fed by a slotted microstrip line with dimensions W3 = 0, 1.2, 1.6, and 2.0
(mm), shown in Figs. 7(a), 7(b), 7(c), and 7(d), respectively. All the other structural parameters are
the same used in previous simulations and given in Fig. 4.

Measurements were performed at the GTEMA/IFPB Microwaves Laboratory, using a network
analyzer (Agilent N5230A).

The WCIP Method was applied to the antenna geometry designed for operation at 1.78 GHz, and
the results were compared to Ansoft Designer software and measurements results, as shown in Figs. 8

to 11 and summarized in Table I11.
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(d)
Fig. 7. Microstrip antenna prototypes on FR-4 substrates with resonant frequency at 1.78 GHz. Slot dimensions are (a) W3 =
L3 =0 mm (without slot), (b) W3=1.2 mm and L3=19.96 mm, (c) W3=1.6 mm and L3=19.96 mm, and (d) Ws=2.0 mm and
L3=19.96 mm.

Fig. 8 shows Ansoft Designer and WCIP simulations and measurements results for the reflection
coefficient of the antenna prototype, shown in Fig. 7(a), without narrow slot (Ws = 0 mm and Ls =
19.96 mm). Simulated and measured resonant frequency values are 1.78 GHz and 1.77 GHz,
respectively, exhibiting a very good agreement with a percent error of 0.56% for Ansoft Designer

simulation.
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Fig. 8. Simulated and measured results for the reflection coefficient of the antenna in Fig. 7(a) without slot (Wz = 0 mm).
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Fig. 9 shows Ansoft Designer and WCIP simulations and measurements results for the reflection
coefficient of the antenna prototype shown in Fig. 7(b) with narrow slot (L= 19.96 mm and W5 = 1.2
mm). Simulated and measured resonant frequency values are 1.78 GHz and 1.77 GHz, respectively,
exhibiting a very good agreement with a percent error of 0.56% for Ansoft simulation.
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Fig. 9. Simulated and measured results for the reflection coefficient of the antenna in Fig. 7(b) with slot (Wz = 1.2 mm).

Fig. 10 shows Ansoft Designer and WCIP simulations and measurements results for the reflection
coefficient of the antenna prototype shown in Figure 7(c) with narrow slot (W; = 1.6 mm and Ls =
19.96 mm). Simulated and measured resonant frequency values are equal to 1.78 GHz, respectively,

exhibiting an excellent agreement.
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Fig. 10. Simulated and measured results for the reflection coefficient of the antenna in Fig. 7(c) with slot (W3 = 1.6 mm).

Fig. 11 shows Ansoft Designer and WCIP simulations and measurements results for the reflection
coefficient of the antenna prototype shown in Figure 7(d) with (Ws = 2.0 mm and Ls = 19.96 mm).
Simulated and measured resonant frequency values are equal to 1.78 GHz, respectively, exhibiting a
very good agreement with a percent error of 0.56% for Ansoft simulation.
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Fig. 11. Simulated and measured results for the reflection coefficient of the antenna in Fig. 7(d) with slot (Ws=2 mm).

In all cases, an excellent agreement is observed between simulated and measured results for the
resonant frequency. Simulated and measured results for the frequency behavior of the input reflection
coefficient, | Si1| (dB), are summarized in Table Il.

In addition, the measurement results shown in Fig. 12 exhibit the efficiency of the antenna

impedance matching provided by the proposed axially slotted microstrip line.

Table I11. Resonant frequency and reflection coefficient simulation and measurements results for the proposed antenna

geometries designed for operation at 1.78 GHz.

Ws(O0Omm) Ws(l.2mm) Ws(1.6mm) Ws(2mm)

F (GHz)

Simulated — Ansoft Designer 1.78 1.78 1.78 1.78

Measured 1.77 1.77 1.78 1.77

Percent error (%) 0.56 0.56 0.0 0.56

F (GHz)

Simulated - WCIP 1.77 1.77 1.77 1.76

Measured 1.77 1.77 1.78 1.77

Percent error (%) 0.0 0.0 0.0 0.56

|s11| (dB)

Simulated — Ansoft Designer -10.56 -12.39 -14.75 -20.35

Measured -10.08 -11.94 -15.04 -18.12

|s11| (dB)

Simulated - WCIP -9.35 -10.22 -11.39 -12.84

Measured -10.08 -11.94 -15.04 -18.12
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Fig. 12. Measured results for the reflection coefficient of the antennas shown in Fig. 7.

Furthermore, simulation has been performed on Ansoft HFSS software for the surface current

density on the manufactured antenna prototypes shown in Fig. 7. The obtained results are shown in

Fig. 13 confirming the enhancement of the microstrip antenna impedance matching provided by the

use of axially slotted microstrip lines.
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IV. CONCLUSION
This paper proposed an alternative for obtaining impedance matching in patch antenna designs,

using an axially slotted microstrip line. Parametric analyses were performed using Ansoft Designer
software and WCIP Method. In addition, prototypes were fabricated and measured, to validate the
proposed impedance matching technique. An excellent agreement is observed between simulated and
measured results.

For the microstrip patch antenna with resonant frequency at 2.42 GHz, the use of the proposed
impedance matching technigue has enabled, for W3 = 2.4 mm, a significative reduction of about
68.64% on the reflection coefficient, |s11| (dB), of the considered patch antenna, reducing from -8.81
dB (original geometry, without impedance matching) to -28.09 dB (with axially slotted microstrip
impedance matching), according to simulation results.

This work has shown that the proposed technique enabled the impedance matching of microstrip
antennas, with potential applications in the development of compact antennas and filters designs, with
different patch formats, including those with fractal and metamaterial inspired geometries. In addition,
it can reduce abrupt line transitions, as in the case of A/4 transformers, changes in patch shape, as in
the case of inset-feed, and increasing the overall size of the antenna, as in the case of stubs, while

providing microstrip antenna impedance matching.
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