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Abstract: In this paper, a low cost dual band planar monopole rectangular antenna with fractal stub is presented. Rectangular antenna 
with fractal stub is designed and fabricated on 1.6mm thick FR4 substrate. The bandwidth of the antenna is from (0.80-0.96) and (1.74-
2.92) GHz for return loss < -10dB. This antenna covers CDMA, GSM900, GSM1800, 3G, 4G and Wi-Fi bands. An acceptable radiation 
pattern is obtained at all these bands. The maximum gain of the designed antenna is 2.7dBi.  
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1. Introduction  
 
Fractal antennas are multiband structures with compact size 
[1-3]. Various broadband antennas using fractals have been 
also reported in [4-5]. Various broadband monopole antenna 
designs have been reported in [6] but the radiation pattern 
degrades at the higher frequencies. CPW fed slot antenna 
with fractal stub is reported in [7] which shows the multiband 
behavior with uniform radiation pattern. A CPW fed wheel 
shaped antenna with broadband bandwidth is reported in [8] 
but the radiation pattern is not uniform at higher frequencies. 
 
In [9] a dual band miniaturized monopole antenna designed 
for UWB wireless applications with fractal geometry is 
reported but the radiation pattern degrades at higher 
frequency. Micro strip line fed modified Sierpinski fractal 
monopole antenna for dual-band application is reported in 
[10] but pattern stability is not achieved. A multiband fractal 
ring antenna with capacitive coupling feed technique has 
been reported in [11]. In this configuration also the pattern 
degrades as the frequency increases. 
 
In this paper, a dual band antenna is designed which can 
cover the application areas like cell phones, wi-fi, laptops, 
etc. The proposed antenna finds its application in portable 
devices. A dual band planar monopole rectangular antenna 
with fractal stub is designed and fabricated. 
 
2. Antenna Design  
 
A planar rectangular monopole antenna is designed to obtain 
dual bandwidth. The planar rectangular antenna (zero 
iteration) is shown in Fig.1 (a). Coaxial feed technique is used 
to feed the antenna. Radiating patch is on one side and ground 
plane is on the other side of the substrate. For simulation, 
IE3D [12] software based on method of moments is used. The 
antenna is designed on FR4 substrate (h = 1.6mm, dielectric 
constant (εr) = 4.4 and tan δ = 0.02). The length of the 
radiating patch (L) = 90mm and width of the radiating patch 
(W) = 37mm. The dimensions of the ground plane of the zero 
iteration rectangular antenna are: (Wg x Lg) = (39 mm x 48 
mm). The feed line of the coaxial feed technique has a width 

(Wf) of 3mm and length (Lf) of 5mm. The simulated S11 of 
zero iteration is shown in Fig.1 (b). Bandwidth of the dual 
band antenna is between (0.80-1.00) GHz and (1.72-2.71) 
GHz. 
 

 
Figure 1: (a) Planar monopole rectangular antenna (zero 

iteration) and its (b) Simulated S11 

 

The simulated radiation pattern at 880MHz and 2.1GHz is 
shown in Fig.2 (a) and (b), respectively. At 880MHz, in H 
plane, the pattern is nearly omni directional and variation is 
less than 2dB. In E plane, the HPBW is nearly 90˚. The cross 
polar level is less than -40 dB in both E and H planes. 
 
At 2.1 GHz, in E plane, the pattern is shifted from the 
broadside by more than 370 and has a cross polar level of 
around -30dB. The variation in H plane is approximately 
10dB and cross polar level is less than -40dB. 
 
In the first level iteration, to reduce the tilt present in the 
pattern at higher frequency, fractal cut is added to the two 
sides of the planar monopole rectangular patch (zeroth 
iteration). First level iteration of the proposed antenna design 
is shown in Fig.3 (a). In this iteration, a small fractal cut of 
length L1 = 13mm is added to the zeroth iteration. The 
simulated S11 of first iteration is shown in Fig.3 (b).  
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Figure 2: Simulated Radiation pattern of zeroth iteration at 

(a) 880MHz and (b) 2.1GHz 
 
Simulated bandwidth of the first iteration for return loss < -10 
dB is from (0.78-0.95) and (1.76-2.68) GHz. The simulated 
radiation patterns of the first iteration at 880MHz and 2.1 
GHz are shown in Fig.4 (a) and (b), respectively. Radiation 
pattern is omni directional at lower band and also the cross 
polar level is <-40dB in E plane as well as in H plane. 
 

 
Figure 3: (a) First iteration of fractal antenna and its (b) 

Simulated S11 

 

 
Figure 4: Simulated Radiation pattern of first iteration at (a) 

880MHz and (b) 2.1 GHz 
 
The E plane pattern at 2.1GHz has a tilt of 35°, which is 
slightly less than that of original rectangular monopole. The 
cross polar level is almost -30 dB in E plane. The variation in 
H plane is 10dB.  
 
The second iteration is shown in Fig.5 (a). In this iteration to 
improve the radiation pattern at higher band, three sides of the 
rectangular patch are cut with the fractal stub. The length of 
the patch (L) = 90mm, width (W) = 37mm, length of fractal 
stub cut L1 = 13mm. The length of the feed (Lf) = 5mm and 
width (Wf) = 3mm. The size of the ground plane is Lg х Wg = 
48mm х 39mm. The gap between the radiating patch and 
ground plane is 0.5mm.  

The simulated S11 of the second iteration is shown in Fig.5 
(b). Bandwidth for S11 < – 10 dB is from (0.79-0.95) and 
(1.77-2.69) GHz. The simulated radiation patterns of the 
second iteration at 880MHz and 2.1 GHz are shown in Fig. 
6(a) and (b) respectively. At 880MHz, the pattern is good. 
The cross polar level is less than -40dB in both E and H 
planes. The radiation pattern at 2.1 GHz is shifted by 340 in E 
plane and variation in H-plane is 10 dB. The cross polar level 
is -30dB in E plane and -40dB in H plane.  
 

 
Figure 5: (a) Second iteration of fractal antenna and its (b) 

Simulated S11 
 

 
Figure 6: Simulated Radiation pattern of the second iteration 

of fractal antenna at (a) 880MHz and (b) 2.1 GHz 
 
In the second iteration, the pattern is improved from the 
previous iterations but still tilt is present at the higher 
frequency. The fabricated dual band fractal antenna is shown 
in Fig.7. The antenna is fabricated on FR-4 substrate with 
dielectric constant 4.4 and loss tangent value 0.02. Radiating 
patch is on one side and ground plane is on other side of the 
substrate. Coaxial feed technique is used to feed the antenna. 
Dimensions of proposed antenna are: length of the 
rectangular patch (L)=90mm, width of the rectangular patch 
(W)=37mm, length of the ground plane (Lg)=48mm, width 
of the ground plane (Wg) =39mm, length of the feed line (Lf) 
=5mm, and width of the feed line is (Wg) =3mm. 
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Figure 7: Fabricated dual band antenna with fractal stub 

 
Measured S11 graph for the antenna is shown in Fig.8. 
Measured bandwidth for S11 < -10 dB is from (0.81-0.89) and 
(1.93-2.69) GHz. Theoretical and measured results are 
slightly different because of the fabrication error. The 
simulated gain plot of the antenna is shown in Fig .9. The 
maximum gain of the antenna is 2.7dBi. The measured 
radiation patterns at 880MHz and 2.1GHz are shown in Fig 
10. The measured and simulated radiation patterns are in 
agreement. To improve the radiation pattern further and also 
to improve the bandwidth range to cover GSM900, GSM1800 
and 3G bands, some more simulations have been done. The 
effects of following parameters are studied. 
 

 
Figure 8: S11 of the fabricated dual band fractal antenna 

 

 
Figure 9: Gain Vs frequency plot of the simulated second 

iteration of fractal antenna with fractal stub 
 

 
Figure 10: Measured radiation pattern of the fabricated 

antenna with fractal stub at (a) 880 MHz and (b) 2.1 GHz 
 
 Dimensions of the radiating patch 
 Dimensions of the notch 
 Position of the notch 
 
A) Change in the dimensions of the radiating patch 
 
In this configuration, the width of the patch is reduced by 
4mm and the feed point is shifted downwards by 1.5mm. All 
other dimensions are same as the earlier. Antenna with 
reduction in patch width is shown in Fig. 11 (a) and simulated 
S11 is shown in Fig.11 (b). Simulated bandwidth for S11 < -
10dB is from (0.81-0.98) GHz and (1.71-2.88) GHz. 
 

 
Figure 11: (a) Reduced width of fractal antenna and its (b) 

Simulated S11 
 
Simulated radiation patterns at 900MHz and 2.1 GHz for 
reduced width of the patch are shown in Fig.12 (a) and (b), 
respectively. At 900 MHz, the pattern is good and cross polar 
level is less than -40dB in both the planes. At 2.1 GHz, the 
co-polar pattern has improved in both the planes and the cross 
polar level is < -28dB in both the planes. 
 

 

 
Figure 12: Simulated Radiation pattern of the reduced width 

of fractal antenna at (a) 900MHz and (b) 2.1 GHz 
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B) Change in the dimensions of the notch 
 
To improve the radiation pattern further with required 
bandwidth, dimensions of the notch is changed as compared 
with the original dimensions. 
 
a) Upper single notch dimensions increases  
 
Dimensions of the single upper notch of the rectangular patch 
are increased by 4mm in depth as well as in width, which is 
shown in Fig.13 (a). Simulated S11 of this patch is shown in 
Fig.13 (b). Simulated bandwidth for S11 < -10dB is from (0.81-
0.98) GHz and (1.71-2.83) GHz. There is a mirror change in 
the pattern at 900 MHZ as well as 2.1 GHz. 

 
Figure 13: (a) Upper notch width increased fractal antenna 

and its (b) Simulated S11 

 
b) Two side notch dimensions increases 
 
In this sub-section, the dimensions of the two side notches of 
the rectangular patch are increased by 6mm in width, which is 
shown in Fig.14 (a). Simulated S11 of this antenna is shown in 
Fig.14 (b).  
 

 
Figure 14: (a) Side notch increased fractal antenna and its (b) 

Simulated S11 

 
Simulated bandwidth for S11 <-10dB is from (0.81-0.98) GHz 
and (1.71-2.85) GHz. Simulated radiation patterns at 900MHz 
and 2.1 GHz are shown in Fig.15 (a) and (b), respectively. At 
900 MHz, the pattern is similar to the previous cases. At 2.1 
GHz, pattern is slightly changed. 
 
 
 
 
 
 
 

 

 
Figure 15: Simulated Radiation pattern of the side notch 
increased fractal antenna at (a) 900MHz and (b) 2.1 GHz 

 
C) Change in the position of the notch 
 
In this sub-section, the position of two side notches of the 
rectangular patch is moved by 5mm along the length of the 
rectangular patch.  
 
a) Two side notches shifted in upward direction 
 
Rectangular patch with two side notches shifted in upward 
direction with respect to its original position is shown in 
Fig.16 (a) and its simulated S11 is shown in Fig.16 (b). 
Simulated bandwidth for S11 < -10dB is from (0.82-0.99) GHz 
and (1.67-2.73) GHz. At 900 MHz, the pattern is similar to 
the previous cases and there is minor change in the pattern at 
2.1 GHz.  
 

 
Figure 16: (a) Side notch moved upward fractal antenna and 

its (b) Simulated S11 

 
b) Two side notches shifted in downward direction 

 

 
Figure 17: (a) Side notch moved downward fractal antenna 

and its (b) Simulated S11 
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Figure 18: Simulated Radiation pattern of the side notches 

moved downward fractal antenna at (a) 900MHz (b) 2.1 GHz 
 
In this sub-section, the two side notches are shifted downward 
by 5mm along the length of the rectangular patch with respect 
to its original position. Rectangular patch with notch shifted 
in downward direction is shown in Fig.19 (a) and its 
simulated S11 is shown in Fig.17 (b). Simulated bandwidth for 
S11 <-10dB is from (0.80-0.96) GHz and (1.74-2.92) GHz. 
Simulated radiation patterns at 900MHz and 2.1 GHz are 
shown in Fig.18 (a) and (b) respectively. At 900 MHz, the 
pattern is similar to the previous cases and there is minor 
change in the pattern at 2.1 GHz. 
 

3. Conclusion 
 
In this paper, a dual band planar monopole rectangular 
antenna with fractal stub is designed and fabricated. 
Parametric studies have been carried out to study the effect 
of various parameters on the bandwidth and radiation 
patterns at the two bands. The final antenna has bandwidth 
from (0.80-0.96) and (1.74-2.92) GHz. This dual band 
antenna covers the application areas of CDMA, GSM900, 
GSM1800, 3G, 4G and Wi-Fi bands with acceptable 
radiation pattern. Further improvement can be done in the 
radiation pattern at higher band. 
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