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ABSTRACT 

Microstrip slot an t enna fed by matching network of microstrip line to increase 
very wide-bandwidth and multiband is proposed. The microstrip line composed of multi 
tuning s tubs is used to control slots an tenna real impedance to match with impedance 
characteristic of feeding line so that it could increase the bandwidth. The design are 
achieves good input impedance in the ranges frequency of 1.3 - 5.1 GHz for single slot 
and 1.1 - 6.4 GHz for two slots. The bandwidths of an t ennas become very wide if the 
slots made in array configuration. The measured re turn loss Sn agrees well with the 
simulation resul ts for single slot as example. 

ABSTRAK 

Telah dirancang an tena slot mikrostrip yang dicatu dengan jaringan impedansi 
saluran mikrostrip u n t u k meningkatkan bandwidth yang sangat lebar dan sekaligus 
multi-frekuensi. Saluran mikrostrip terdiri a tas multi ba tang penyetelan u n t u k 
mengendalikan bagian nyata dari an tena slot u n t u k menyesuaikan dengan 
karakteristik impedansi sa luran pencatu sehingga dapa t meningkatkan bandwidth, 
Perancangan ini mencapai impedansi masukan dalam jarak frekuensi 1.3 - 5.1 GHz 
untuk slot tunggal d a n 1.1 - 6.4 GHz u n t u k d u a slot. Bandwidth an tena tersebut 
menjadi sangat lebar j ika slot dibuat dalam konfigurasi s u s u n linier. Dari hasil 
pengukuran rugi kembali sangat baik dengan hasil simulasi u n t u k slot tunggal yang 
dijadikan sebagai contoh. 

Kata kunci: Microstrip slot antenna, Array configuration. Network impedance, Multi tuning 
stub 

I INTRODUCTION 

Recently, ul tra-wideband (UWB) 
antenna technology has found for many 
applications in communication and radar. 
The one that h a s potential to be used in 
the application of UWB technology is 
microstrip slot an t enna (MSAs). MSAs 
have the advantage of being able to 
produce bidirectional and unidirectional 
radiation pat terns . An interesting feature 
of slot antennas is their greater bandwidth 
because of bidirectional radiation. Slot 
antennas are less sensitive to manufac­
turing tolerance compared with patch 
antennas. 

Narrow and wide slot fed by 
variation of microstrip line h a s been 

proposed by many researchers for 
increasing bandwidth [Kahrizi M. Sarkar 
T,K., Maricevic, 1993] - [Liang J. Chiau, 
et al., 2005]. The variation of the end 
strip from edge slot gives variation 
strength coupling. Fork-like tuning s tub 
micro- stripline which is for the excitation 
of wide radiating slot can results 
impedance bandwidth to 1.1 GHz in the 
range frequencies of 1.9 - 3 GHz [Yi Sze, 
J . , Wong K. L. 2000]. Nader [Behdad N.( 

Sarabandi K., 2005] h a d proposed 
microstrip slot antenna with fictitious 
short circuit concept has impedance 
bandwidth from 2.3 to 6 GHz. A printed 
circular disc monopole an tenna had 
designed for UWB systems [Liang J. 
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Chiau, et. al., 2005| with impedance 
bandwidth from 2.78 to 9.78 GHz. A 
seven narrow slots had used for 
aperture-staked an tenna that can reach 
in frequency band of 26-40 GHz 
(Waterhouse R. B. et. al, 2002] . At the 
same time had found a design of 
multiloop an tennas for multifrequency 
and wide-band charac ten sues . The 
multifrequency (multiresonant) operation 
is revealed as a function of the number 
of loops INakano H. et. al., 2002]. 
Meanwhile, a E-shaped patch an tenna 
had been design to improved multiband 
and wide-band of microstrip an tenna 
[Jin N. and Samii Y. R., 2005]. To 
increase the bandwidth of microstrip 
an tenna and also has multiband charac­
teristic at the same design for multi-
ultrawideband application is necessary, 
especially for microstrip slot an tenna . In 
this paper designed of microstrip slot 
an tenna with single layer, so it is easy to 
fabricate and more efficiency in using the 
substra te . To increase the impedance 
bandwidth we proposed an additional of 
short tuning s tubs which is connected in 
shunt with the fork-like tuning s tubs 
that has configurations of network 
impedance. The short tuning s tub will 
function as a lumped capacitor for 
improving impedance matching over wide 
frequencies [Robert E. Collin, 1992]. The 
combination of fork-like microstripline 
and short tuning s tub can call as a multi 
tuning s tubs circuit for enhances multi-
wideband. The multi tuning s t u b s can be 
configured become a simpler network 
impedance for array an tenna to enhance 
wider bandwidth in compact design. The 
an tennas design can also used for other 
many application in communication 
systems such as cellular system, 
wireless LAN and broadband satellite 
communication. 

2 ANTENNAS DESIGN 

The geometry of the UWB slot 
antenna fed by microstrip line with a 
matching tuning s tub is shown in Figure 
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2 - 1 . The slot and feedline is constructed 
on the same substrate where the 
thickness is 0.152 cm, the dielectric 
permittivity is er =3.2 and loss tangent is 
0.0025. The microstrip slot an t enna and 
the feed line are fabricated back to back 
on the dielectric subs t ra te . The 
microstrip line is multi tuning s tub 
composed of fork-like tuning s tub under 
the slot and short tuning s tub of length 
U which is connected in s h u n t with the 
feedline at a distance ds from the edge 
of the slot. The fork-like tuning s tub 
consists of a straight section of length k 
and two branch sections of equal lengths 
h, and the spacing between the 
centerline of the two branch sections is 
h. For the case discussed here, the 
dimensions are as follows : 6=16,66 mm, 
fe-23.33 mm, k=3,33 mm, ds= 18,33 mm, 
I s - 3 , 3 3 mm, w/ =3,33 mm, W - 60 mm, 
L = 43,33 m m . The fixed geometry of 
an tenna was computed by using method 
of moment numerical technique for solve 
the problems of electromagnetic field 
with high accuracy in analyze the 
an tenna parameters . The an tenna design 
in program begin by calculating the 
width of feed line with entry the value of 
subs t ra te thickness, dielectric constant 
and desired impedance of 50 Ohm. The 
boundary condition for this an tenna in 
the program is 377 Ohm on the top and 
the bottom layer. The frequencies range 
that analyzed start from 1 GHz to 6 GHz 
with the frequency step of 0.5 GHz. The 
impedance bandwidth was achieved by 
varying the dimension of radiating slot, 
the position and dimension of fork-like 
feedline and tuning stub. Based on design 
in Figure 2-1 , the it was develop for two 
slots and four slots with the same 
program. The an tenna use two and four 
slots are fed by micro stripline of 
impedance network with multi tuning 
s tubs technique. It is used two branches 
of power divider to fed two slots and four 
branches for four slots. 



Figure 2 -1 : Geometry of ultra-wideband 
single rectangular microstrip 
slot an tenna 

3 RESULT AND DISCUSSION 

The proposed an tenna for single 
slot was constructed and measured. 
Using the Network Analyzer, the measured 
return loss of the proposed an tenna is 
obtained. The measured re turn loss Su 
agrees well with the simulation one. A 
comparison between measured and 
simulated re turn loss characterization of 
the an tenna are shown in Figure 3-1 , 
where VSWR s 2 is achieved throughout 
the band of 1.3 to 5.1 GHz. This 
impedance bandwidth is achieved by 
controlling the length of h, h, h, and the 
distance of ds. The an tenna impedance 
bandwidth is enhanced by controlling 
microstripline inserted S (fe + h ) under 
the slot. The coupling effect give low 
quality factor Q occurs when the 
microstripline inserted S unde r the slot 
approaches L/1. The impedance decreases 
as the microstripline feed S moves more 
or less from L/2. To reduce VSWR on the 
feedline, a short tuning s tub is used for 
matching the slot over wide frequencies. 
Wide impedance bandwidth is obtained 
when short tuning s tub at the distance 

ds of 18.33 mm. The bandwidth will be 
narrower when ds made shorter or longer 
from the slot edge. The configuration of 
multi tuning s tubs is a impedance 
matching technique between characteristic 
impedance of the feed line and the 
radiating slot. Because of the impedance 
of the line is real where the radiating 
element is complex. Thus matching 
condition can reach by short tuning 
s tub . In this case we used a short tuning 
s tub connected in shunt . The distance of 
short tuning s tub ds is u sed to made 
real par t from impedance of radiating 
slot is the same with the impedance of 
the feed line. This technique is more 
effective for increasing bandwidth of slot 
an tenna . 

Figure 3-1: Measured and simulation 
re turn loss vs frequency for 
single slot an tenna 

Figure 3-2: Gain of single slot antenna 
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Figure 3-3: Measured radiation pattern 
for single slot an tenna . 
a.Atfreq. 1.3 GHz 
b.Atfreq. 2.3 GHz 
c. At freq. 3.2 GHz 
d.Atfreq. 4.5 GHz 

The an t enna gain was measured 
in each step of frequencies from 3.5 GHz 
to 5.3 GHz. Antenna gains in the range 
frequencies are reach more than 6 dB, 
with a peak an t enna gain of about 8.9 
dB at 4.5 GHz and the 6.87 dB at 3.7 
GHz as shown in Figure 3-3. Figure 3-
2 shows H-plane and E-plane radiation 
patterns in frequency steps of 1.3 GHz, 
2 .3 GHz, 3.2 GHz, and 4.5 GHz, 
respectively. The resul ts of the proposed 
an tenna have the same polarization 
planes and similar broadside radiation 
pattern. From the geometry an tenna in 
Figure 2 -1 , when the slot was made 
double with us ing the same substra te (in 
Figure 3-4) has impedance bandwidth of 
5.3 GHz from the range frequencies of 
1.1 - 6.4 GHz (Figure 3-5). All of them 
have designed with the same program to 
calculate the an tennas . The technique of 
multi tuning s tub serve as network 
impedance has proven for increasing 
bandwidth in the wide range frequencies. 
If we make more branches of multi 
tuning s tubs and slots, the bandwidth 
antenna will be very wide. The 
spectacular result is obtained by using 
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four branches of multi tuning s tubs form 
microstrip line to fed four slots antenna. 
The impedance bandwidth of an tenna 
achieve up to 28.6 GHz in the range 
frequencies of 7.8 - 36.1 Ghz. If the 
calculation of four slots an tenna made in 
the range frequency from 0.3 until 100 
GHz, the bandwidth an tenna is shown 
multi frequency (multiresonant) operation. 
Which are each frequencies have 
wideband characterization as shown in 
Table 3 -1 . 

For the test how far the impact of 
shape slots is used four triangular 
microstrip slots an tenna with the same 
program setting as shown in Figure 3-9. 
The simulation result is show the 
impedance bandwidth of antenna become 
24.4 GHz in the range frequencies of 5.4 -
29.8 GHz. From Figure 3-10 is show the 
bandwidth of four triangular microstrip 
slots an tenna is narrower rather than 
four rectangular slots, its about 4.2 GHz. 
It is very clear tha t whatever the slots 
shape is used, the bandwidth still wide. 
If the frequency range of four triangular 
slos is extend unti l 100 GHz (Figure 3-
11) it is found five operation frequencies 
or five multiband as shown in Table 3-2. 

Figure 3-4: Geometry of ultra-wideband 
two rectangular microstrip 
slots antenna (Li.i=Li.2=lcm, 
L2.i=L2.i= 2.5 cm, L,3.i= L3.2 = 
0.5 cm, D = 2.5 cm, dsu= 
dsi.2 = 1 cm, Lsi.i = Lsi.2 = 
0.5 cm, ds2 = 1.25 cm, LS2 = 
0.5 cm, Wf= 0.5 cm, L = 4 cm 
and W= 4 cm) 



Figure 3-5: Simulation of return loss vs 
frequency for two rectangular 
microstrip slots an tenna 

Figure 3-7: Simulation return loss vs 
frequency for four rectangular 
microstrip slots an tenna 
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Table 3-2: MULTIBAND OF FOUR 
TRIANGULAR MICROSTRIP 
SLOTS ANTENNA 

Figure 3-9: Geometry of four triangular 
microstrip slots an tenna (Lu­
ll = 0.109 cm, L21-24 = 
0.0365 cm, L31-34 = 0.0365 
cm, ds2-5 = 0.0365, dsi = 
0.841 cm, wf = 0.0365 cm, 
R1.4 = 1.39 cm, A1-4 = 0.69 cm) 

Figure 3-10: Simulation of return loss vs 
frequency for four triangular 
microstrip slots antenna 

Frequency(GHz) 
0.3 10.3 203 30.3 40 3 50.3 60.3 70.3 80.3 90.3 100 

Figure 3-11: Simulation of re turn loss vs 
frequency for four triangular 
microstrip slots antenna in 
the range of 0.3 - 100 GHz. 

Jarak 
Multiband • frekuensi 

(GHz) 
Fi 

F2 

F 3 

F4 

F 5 

5 .4-29 .8 
31 .2-38.6 
39 .4 -43 .5 
43 .6 -45 .1 
48 .8-50 .8 

Bandwidth 
(GHz) 

24.3 
7.4 
4.1 
1.5 
2 

4 CONCLUSION 

This paper presented the micro-
strip slot an tennas fed by microstripline 
with the multi tuning s tub. It was shown 
from experiment resul ts the impedance 
bandwidth of VSWR < 2 of the an tenna 
can reach 3.8 GHz for single slot and 5.3 
for two slots. The an tenna with four slots 
has very wide bandwidth up to 28.6 GHz 
for rectangular and 24.4 for triangular. 
The both of four slots has multiband 
characteristic at the same design. The 
bandwidths will wider when the slots and 
the multi tuning s tubs is added which 
using rectangular slots wider than 
triangular. The matching condition in 
the multi wide-range frequency was 
effectively controlled by tuning the s tubs 
under the slots and the short tuning 
s tubs connected in shun t to 
microstripline. This technique is expan­
dable in other array an tenna concept for 
enhance bandwidth. 
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