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Abstract — An effective way to reduce the radar cross section
(RCS) of a microstrip slot antenna is reduction of the metal areas.
Koch fractal slot and rectangular loop feed-in patch are applied
to reduce the RCS. In comparison with initial square slot
antenna, the ultra-wideband (UWB) Koch fractal slot antenna
has wider impedance bandwidth and lower RCS because of
6.78% metal areas reduction. Impedance bandwidth of the initial
square slot antenna is 3.1~13.7 GHz, while the bandwidth of the
Koch fractal slot antenna is from 2.8 GHz to more than 15 GHz.
The RCS of the Koch fractal slot antenna can be reduced more
by applying Koch fractal to outer perimeter of slot. As a result,
the proposed slot antenna has lower RCS because of 38.56%
metal areas reduction while bandwidth is the same.
Keywords — Fractal, Microstrip antenna, Radar cross section,
Ultra-wideband.

I. INTRODUCTION
Using of new absorbent materials and geometrical shaping
are two typical techniques to reduce RCS of sensitive targets
[1-3]. However, these techniques have found a limited
application in antennas, because antennas that function as
radiating and receiving electromagnetic waves, they also need
a certain aperture size to produce a desired radiation pattern
[4, 5]. So, reduction of the RCS of the antenna have gained
more interest [6, 7]. On the other hand, UWB antennas have
been key components in developing the wireless
communication systems [8-11]. But because of its ultra-wide
bandwidth, the RCS reduction in the inner band is difficult
[12, 13].
Fractal geometry was introduced by B. B. Mandalbrot at
1975 and was later further investigated by many researchers
within the ﬁeld of antenna design. Koch, Sierpinski and
Minkowski shapes are the most well-known fractal structures
that are most often used as wideband and multiband antenna
designs due to their self-similarity feature [14, 15].
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Koch fractal slot antenna due to self-similarity and
convoluted properties of the fractals has the self-loaded
characteristic, so it can expand the bandwidth without any
matching additional element [16-20]. Simultaneously, the
antenna has lower backscattering cross section almost in the
whole operating bandwidth than the initial square slot antenna
because of the metal area reduction [21, 22]. To further reduce
RCS, an offset rectangular microstrip loop patch feeds the
Koch fractal antenna instead of the rectangular offset
microstrip patch which is used in the initial square slot
antenna. Of course, from another point of view, metal area
reduction decreases capacitance of the microstrip antenna that
lead to quality factor reduction in its equal circuit and
decreased quality factor also leads to impedance bandwidth
improvement.
In this study, in order to more reduce the RCS, the Koch
fractal is applied to the outer perimeter of the Koch fractal slot
antenna. The simulation and measurement results show that
this proposed antenna has lower backscattering cross section
almost in the whole operating bandwidth than the Koch fractal
slot antenna, while the bandwidth is the same.

II. PROPOSED ANTENNA GEOMETRY
Fractals due to their geometrical self-similar properties and
the ability of filling the space, are useful in designing UWB
antennas with low RCS. At the first step the three sides of the
initial square slot antenna (Antenna 1) are replaced by the
Koch fractal form. As shown in Fig. 1, the Koch fractal slot
antenna (Antenna 2) is achieved through 3 iterations. After 3
iterations, Antenna 2 has better self-loaded property, longer
slot perimeter and 6.78% less metal areas in comparison with
Antenna 1. In order to reduce the metal areas more, a
rectangular loop patch feeds Antenna 2 instead of a
rectangular one that feeds Antenna 1. At TE10 mode, current
distribution in the center of the feed-in patch is almost zero, so
this reform doesn’t affect radiation and impedance
characteristics of Antenna 2.
In the proposed slot antenna (Antenna 3), the Koch fractal
is applied to the outer perimeter of Antenna 2 and after 3
iterations, the outer perimeter is longer in comparison with
that of Antenna 2. The metal areas are reduced 38.56% in
comparison with Antenna 1, so the RCS can be reduced
effectively.
The configurations of Antenna 1 and Antenna 2 are shown
in Fig. 2. The slot structure and the feed-in patch are located
on each side of the substrate.
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Fig. 1. Geometry of the square slot and three modified Koch slots
with different iterations [2]

Fig. 2. Antenna configurations: (a) Initial square slot antenna
(Antenna 1) [1], (b) Koch fractal slot antenna (Antenna 2) [1]

III. SIMULATION RESULTS
The configuration of the proposed Antenna 3 is shown in
Fig. 3. The antenna is printed on the RO4003 substrate with
thickness of 0.8 mm and relative permittivity of εr=3.55. In
order to verify configuration improvement of the proposed slot
antenna, all of the antenna parameters such as substrate
thickness, materials and dimensions are same as that of
Antenna 1 and Antenna 2.
The simulated results are obtained by HFSS software. As
shown in Fig. 4, -10dB impedance bandwidth of Antenna 1 is
from 3.1 GHz to 13.7 GHz, however return loss around
5.4 GHz is a little above -10dB. The bandwidth of Antenna 2
is from 2.8 GHz to more than 15 GHz, so the bandwidth is
more expanded in comparison with Antenna 1. The fractal
self-loaded property can expand the impedance bandwidth,
less metal areas can reduce the RCS and the longer slot
perimeter can make the Antenna 2 operate at a lower
frequency, so, as a result lower frequency of the impedance
bandwidth becomes from 3.1 GHz to 2.8 GHz. Also, from
another point of view, metal area reduction decreases
capacitance of the microstrip antenna that lead to quality
factor reduction in its equal circuit and decreased quality
factor also leads to impedance bandwidth improvement.
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Fig. 3. Configuration of the proposed slot antenna (Antenna3 )

Fig. 4. The impedance bandwidth comparison of the three antennas

The bandwidth of Antenna 3 is the same as that of Antenna
2. In this antenna, despite the application of fractal shape to
the outer perimeter of Antenna 2, the input current distribution
didn’t change in comparison with Antenna 2, so the
impedance bandwidth of Antenna 3 is the same as for Antenna
2 but because of metal areas reduction, has lower RCS
effectively. So, the impedance bandwidth of Antenna 3 is
expanded in comparison with Antenna 1 and operates at a
lower frequency.
Antenna 2 has 6.78% less metal areas than Antenna 1 to
reduce its backscattering cross section. Also Antenna 3 has
38.56% less metal areas than Antenna 1. Therefore, the
proposed slot antenna has lower RCS in the whole operating
frequency band. It is impossible to reduce metal areas more
than in the case of Antenna 3 because of increasing the surface
resistance of the antenna and reducing antenna efficiency. The
optimum design has achieved as shown in Fig. 3.
RCS simulation results are given for vertical polarization. It
means that both the incident and reflected electric field are
parallel to the y-axis. The incident waves are parallel to the zaxis. The RCS results versus frequency of the three antennas
are shown in Fig. 5. As shown in Fig. 5, the RCS of Antenna 3
is greatly reduced in comparison with Antennas 1 and 2,
especially in the frequency bands 6~9 GHz and 11~15 GHz.
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IV. MEASUREMENT RESULTS AND DISCUSSION
As mentioned before, Antennas 1-3 were fabricated using
the RO4003 substrate with a thickness of 0.8 mm and a
relative permittivity of εr=3.55. Fabricated antennas are shown
in Fig. 7. The return losses of all three antennas were
measured by network analyzer Anritsu 37269A. Fig. 8 shows
the measured return loss results of the three antennas at
0.4~12 GHz frequency band. As shown in Fig. 8, Antennas 2
and 3 have broader bandwidth.
Fig. 5. The RCS comparison of the three antennas

Table 1 shows characteristics, such as impedance
bandwidth and metal area reduction of the three antennas.
Simulated radiation patterns of Antennas 1-3 at 3 and 9 GHz
are given in Fig. 6. It is shown that the gain of Antenna 3 is
improved 1.2 dB in comparison with that of Antenna 1.
TABLE 1
CHARACTERISTICS, IMPEDANCE BANDWIDTH AND METAL AREA
REDUCTION OF THE THREE ANTENNAS
Antenna
type

Impedance
bandwidth

Feed type

Metal area
reduction

Antenna 1

Initial
square slot
antenna

3.1~13.7 GHz

Rectangular
patch

-

Antenna 2

Koch
fractal slot
antenna

FL=2.8 GHz
FH > 15 GHz

Rectangular
loop patch

6.78%

Antenna 3

Proposed
slot
antenna

FL=2.8 GHz
FH > 15 GHz

Rectangular
loop patch

38.56%

Fig. 7. Fabricated antennas on RO4003: (a) Antenna 1,
(b) Antenna 2, and (c) Antenna 3

The co-pol and cross-pol radiation patterns of the fabricated
antennas were measured at E and H planes at 9 GHz
frequency. Fig. 9 shows the setup for measurement of co-pol
and X-pol radiation patterns in tapered anechoic chamber of
ITRC 1. Figs. 10-12 show the measured radiation pattern
results of the fabricated antennas.
Fig. 6. Simulated radiation patterns of the three antennas: (a) 9 GHz
H-plane, (b) 9 GHz E-plane, (c) 3 GHz H-plane, (d) 3 GHz E-plane
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Fig. 12. Measured radiation pattern of Antenna 3 at frequency
9 GHz: (a) E-plane co-pol, (b) E-plane cross-pol, (c) H-plane co-pol,
and (d) H-plane cross-pol

Also, gains of the fabricated antennas were measured in the
main lobe direction at 9 GHz frequency. Table 2 shows the
measured gains of the fabricated antennas. It can be seen from
Table 2 that the gain of Antenna 3 is improved 1.17 dBi in
comparison with that one of Antenna 1.

Fig. 8. Measured return loss of the three antennas: (a) Antenna 1,
(b) Antenna 2, and (c) Antenna 3

TABLE 2
THE MEASURED GAIN OF THE FABRICATED ANTENNAS AT MAIN
LOBE DIRECTION AND 9 GHZ FREQUENCY AT TAPERED
ANECHOIC CHAMBER OF ITRC
Gain comparison
Measured gain (dBi)

Fabricated antennas

Antenna 1

Antenna 2

Antenna 3

2.4

3.4

3.57

In practice, due to the small size of the antennas, there is no
possibility of measuring RCS in the anechoic chamber. So,
there is no data for RCS measurements. Although, as shown in
Fig. 5, Antennas 2 and 3 have lower RCS because of 6.78%
and 38.56% metal areas reduction, respectively.
Fig. 9. Radiation pattern measurement of the three antennas:
(a) co-pol measurement and (b) cross-pol measurement

Fig. 10. Measured radiation pattern of Antenna 1 at frequency
9 GHz: (a) E-plane co-pol, (b) E-plane cross-pol, (c) H-plane co-pol,
and (d) H-plane cross-pol

V. CONCLUSION
In order to achieve RCS reduction, the Koch fractal is
applied to square slot antenna and antenna is fed by a
rectangular loop patch. As a result, the bandwidth of the Koch
fractal slot antenna is wider than bandwith of the initial square
slot antenna. Impedance bandwidth of the initial square slot
antenna is 3.1~13.7 GHz, while the bandwidth of the Koch
fractal slot antenna is from 2.8 GHz to more than 15 GHz. In
this study, the Koch fractal is applied to square slot antenna
and also is applied to the outer perimeter of the slot, in order
to increasing the RCS reduction. The bandwidth of the
proposed antenna is the same as the bandwidth of the Koch
fractal slot antenna, so it is wider than the bandwidth of the
initial square slot antenna. The proposed slot antenna has
lower backscattering cross section almost in the whole
operating bandwidth than the fractal Koch slot antenna.
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