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Abstrak

Teknik yang paling banyak digunakan untuk menghasilkan dua frekuensi yang berbeda
adalah dengan menambahkan beban pada patch antena mikrostrip. Pada makalah ini dilakukan
penelitian untuk mendisain suatu patch antena mikrostrip yang bekerja pada dua frekuensi yang
berbeda tanpa menambahkan beban pada patch antenna. Patch antena mikrostrip tersebut dicatu
menggunakan saluran mikrostrip dan ke dua frekuensi tersebut dapat dibangkitkan dengan
mengkontrol panjang dari patch antena dan juga mengatur posisi dan panjang dari saluran pencatu
mikrostrip. Antena ini di disain untuk satelit yang bekerja pada frekuensi 3,702 GHz sampai 4,198
GHz untuk downlink dan frekuensi 5,927 GHz sampai 6,423 GHz untuk uplink. Dari hasil penelitian,
frekuensi pertama dari satelit bekerja pada 3,9 GHz dengan return loss -27,84 dB, VSWR 1,085
dengan bandwidth sebesar 416 MHz atau sekitar 83,8%. Sedangkan frekuensi kedua dari satelit
bekerja pada 6 GHz dengan return loss -18,43 dB, VSWR 1,272 dan bandwidth sebesar 385 MHz
atau sekitar 77,6%.

Kata kunci: Dua frekuensi, antena mikrostrip bentuk segiempat, elektromagnetik kopling, satelit.

Abstract

Recently, the most popular technique for obtaining dual frequency operation is by introducing
a reactive loading to a single patch antenna. This paper proposed a design of dual frequency operation
microstrip antenna without using a reactive loading to a single patch antenna. The proposed antenna
fed by microstrip feed line and the two resonant frequencies can be generated by controlling the
length of the patch antenna and also by adjusting the position and the length of the microstrip feed
line. The proposed antenna was designed to be able to work on two different frequencies for Satellite
apllication which is at 3.702 GHz up to 4.198 GHz for downlink frequency and at 5.927 GHz up to
6.423 GHz for uplink frequency. The results shown that the first frequency is at 3.9 GHz with return
loss of -27.84 dB, VSWR 1.085 and impedance bandwidth 416 MHz or about 83.8%. The second
frequency is at 6 GHz with return loss of -18.43 dB, VSWR 1.272 and impedance bandwidth 385 MHz
or about 77.6%.

Keywords: Dual frequency, rectangular microstrip antenna, electromagnetic coupling, satellite.

1. Introduction

Modern communication system such as Satellite, Radar and Global Position
System ( GPS ) often require dual frequency operation. When the system require at two
frequencies too far apart, dual frequency patch antenna may avoid the use of two different
antennas.

Basically, dual frequency patch antenna will be divided as orthogonal mode dual
frequency patch antenna, multi patch dual frequency antenna, and reactively loaded dual
frequency patch antenna [1]. For the orthogonal mode dual frequency patch antenna, an
interesting features of these antenna is their capability of simultaneous matching of the
input impedance at two frequencies with single feed structure. At multi patch dual frequency
antenna, the dual frequency behavior is obtained by means of multiple radiating elements.
And for obtaining dual frequency using reactively loaded patch antenna is to introduce a
reactive loading to a single patch. Recently, the most popular technique for obtaining dual
frequency is by introducing a reactive loading to a single patch [2][3][4][5].
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Feeding system can be divided into two types such as probe feed or direct coupling
and electromagnetic coupling. Microstrip line and coplanar waveguide are two types of
transmission line usually used as a feeding line for the electromagnetic coupling [6]. The
use of electromagnetically coupled is to avoid the disadvantages of probe mechanism [6].

This paper therefore proposed a new design for achieving dual frequency
operation with out adding a reactive loading to a single patch. The dual frequency operation
can be generated by controlling the patch lengt and adjusted the microstrip line postion and
also the length of microstrip line. Details of the proposed antenna design and experimental
results of the obtained dual frequency performances are presented.

2. Antenna Design

Geometry of the proposed antenna feed by microstrip line can be shown in Figure
1 (a) and (b). The proposed antenna is constructed on two layers with the same dielectric
substrate. The patch antenna is fabricated on Taconic TLY 5 and the substrate having a
relative permittivity (&) = 2.20, substrate of thickness (h) = 1.58 mm and loss tangent (tané
) = 0.00009.

The proposed antenna works at frequency 5.1 GHz. The length (L) and width (W) of
the proposed antenna are given by :

L

C

eff = TN

1)

C

= (2)

From (1) and (2), the length of the antenna (L) is 20 mm and the width (W) is 23
mm. The transmission line width (w) is given by :

60m?
= Zove (3
2h er—1 0,61
w=2{p-1-I@2B-1) +2—€r[ln(B ~1)+0,39 —g—]} )

From (3) and (4), the width of the transmission line is 4.8 mm. The patch antenna is
fabricated on the first layer and the microstrip feed line is realized on the second layer.
Therefore the microstrip line feeding system is electromagnetically coupled to the patch.

Figure 1(a) Top view of the proposed antenna
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Figure 1(b) Dimension of the proposed antenna

3. Experimental Results

The proposed antenna was designed for Palapa C2 Satellite that can be worked
at two different frequencies at 3.702 GHz up to 4.198 GHz for downlink frequency and at
5.927 GHz up to 6.423 GHz for uplink frequency.

The transmission line is at the center of the width of the patch antenna as seen
in Figure 2. With the dimension of the proposed antenna and the length of transmission
line at 15.2 mm, return loss of -8.832 dB and VSWR 2.229 can be achieved as seen in
Figure 3 (a) and (b).

Figure 2 The proposed antenna with the length of the transmission line at 15.2 mm
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Figure3 (b) The proposed

antenna
return loss of -8.832 dB with VSWR 2.229

From Figure 3 (a) and (b), the standard minimum of return loss and VSWR from
the proposed antenna to create dual frequency operation cannot be reached and the
antenna cannot work at frequency 5.1 GHz. After the length of the proposed antenna
reduced to 17 mm, a shifted frequency will be occured and the antenna can be able to work
at frequency 5.1 GHz. Return loss of — 17.68 dB and VSWR 1.303 can be achieved as
seen in Figure 4 (a) and (b).
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Figure 4 (a) Proposed antenna at frequency
frequency
5.1 GHz with return loss — 17.68 dB

Figure 4 (b) Proposed antenna at
5.1 GHz with VSWR 1.303

According to the results at Figure 4 (a) and (b), with this position we can use it as a
refence to the next itteration.

To create dual frequency operation for the proposed antenna is by setting the length
of the feeding line as seen in Table 1 and Figure 5 (a) and (b) and then adjusting the feed
line position of the proposed antenna. Return loss of -15.56 dB and VSWR 1.4 at frequency
3.9 GHz and return loss of -25.76 dB with VSWR 1.108 at frequency 5.1 GHz can be
achieved as seen in Table 2 and Figure 6 (a) and (b).

Table 1 Return loss and VSWR after adjusting the length of the feeding line

Length of
the feeding 3.9 GHz 5.1 GHz
line (mm) Return loss VSWR | Returnloss | VSWR
(dB) (dB)
15.8 -11.37 1.717 -23.39 1.061
16.6 -13.76 1.717 -30.6 1.061
17.2 -15.56 1.717 -25.76 1.061
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Figure 5 (b) VSWR after adjusting the

length of the feeding line

Table 2 Return loss value after adjusting the feed line position

Parameter Feed position Feed position Feed position
shifted as far as | shifted as far as shifted as far as
3.2 mm 6.4 mm 9.4mm
Return Loss (dB) | -2.61 | -18.64 | -7.719 | -21.31 | -15.56 -25.76
VSWR - 1.265 | 2.397 | 1.188 1.4 1.108
Bandwidth (MHz) NR 358 NR 393 250 435
Center 3.9 5.1 3.9 5.1 3.9 5.1
Frequency (GHz)
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Return loss against frequency
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Figure 6 (b) VSWR against frequency
after adjusting the feed position

After adjusting the feed line position and the length of the feeding line, the proposed
antenna already working at two diffrenet frequencies. But the upper frequency did not meet
the speciefed ferquency of the proposed antenna. By controlling the length of patch
antenna, we can fulfill the needed frequency at 6 GHz as seen in Table 3 and Figure 7 (a)

and (b).
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Table 3 Return loss value after controlling the lengh of the patch antenna

Parameter Reduced length | Reduced length Reduced length
patch antenna patch antenna patch antenna
1 mm 2mm 3 mm
Return Loss (dB) -17.16 | -30.47 | -20.69 | —25.6 | -27.84 -18.43
VSWR 1.322 1.06 1.204 | 1111 1.085 1.272
Bandwidth (MHz) 286 471 345 449 416 385
Center Frequency (GHz) 3.9 5.4 3.9 5.7 3.9 6
Bandwidth Expected (MHz) | 496 496 496 496 496 496
VSWR %VSWR(l) T

20 Copy of Copy of [

36 46 56 6.6 36 46 56 6.6
Frequency (GHz) Frequency (GHz)

Figure 7 (a)

Return loss against frequency
after controlling the length patch antenna
antenna

Figure 7 (b) VSWR against frequency after
controlling the length patch

This paper shown that to create dual frequency operation can be done without
using a reactive loading to a single patch. The proposed antenna can be generated by
adjusting the feed position and controlling the length patch of the antenna and the results
parameters can be seen in Table 4.

Table 4 Parameters result of the proposed antenna

Parameter First Characterization | Characterization
Design | feed point length patch antenna
Center Frequency (GHz) 5.1 3.9 5.1 3.9 6
Return Loss (dB) -17.68 | -15.56 | -25.76 -27.84 —18.43
VSWR 1.303 14 1.108 1.085 1.272
Bandwidth (MHz) - 250 435 416 385

The proposed antena cannot be able to require the range frequency in amount of
496 GHz as expected from the frequency range of the uplink at 3.702 GHz up to 4.198
GHz and downlink at 5.927 GHz up to 6.423 GHz. Table 4 shown that impedance
bandwidth for the first frequency is 416 MHz or about 83.8% and the second frequency is
385 MHz or about 77.6%.
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Figure 8 shown the input impedance and Figure 9 shown the broadside radiation

pattern of the proposed antenna.
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Figure 8
Input impedance of the proposed Figure 9 Radiation pattern of the proposed

Antenna antenna

4. Conclusion

A novel configuration to excite dual frequency operation for Satellite application

using microstrip line has been experimentally studied. It is shown that the two frequencies
can be easily controlled by varying the length patch antenna and adjusting the feed position
and also the length of the microstrip feed line. It is observed that return loss of -27.84 dB
with VSWR 1.085 can be achieved for the first frequency at 3.9 GHz and the impedance
bandwidth is about 416 MHz or 83.8%. For the second frequency is at 6 GHz with return
loss of -18.43 dB and VSWR 1.272 has the impedance bandwidth of 385 MHz or 77.6%.
Therefore the proposed antenna is applicable as a new candidate for dual frequency
antenna microstrip for Satellite application.
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