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Abstract. In this paper a multifunctional antenna is pre-
sented which offers an ultra-wideband (UWB) operation, 
an UWB operation with two switchable notches and re-
configurable dual-band operation for WiMAX and WLAN 
applications, respectively. Total seven functions/states 
could be achieved from a single antenna using an elec-
tronic switching. The antenna uses dual slots on the 
ground plane to provide a wide bandwidth, ranging from 
3.1 GHz to 10.6 GHz. U-shaped slot and C-shaped printed 
strip in the ground are used to generate two notches at 
3.6 GHz (WiMAX) and 5.2 GHz (WLAN/ WiFi) bands, 
respectively. Moreover, four parasitic strips are added in 
the feed side to make antenna functional at either 3.6 GHz 
or 5.2 GHz or both. Total five PIN diodes are required to 
obtain seven operations from the proposed antenna. Seven 
structures are fabricated and measured to verify the seven 
states and results are found in good agreement with esti-
mated results obtained from the simulation. 
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1. Introduction 
Reconfigurable antennas have received significant 

attention in recent year for modern wireless communication 
system due to their multi-functional properties. Multi-
band/wideband antennas are very much required in present 
communication systems for covering multiple applications 
such as WiMAX, WLAN, GPS, GSM, UMTS, DCS, PCS, 
and LTE within a single system. Conventionally, multi-
band applications require separate receiving/transmitting 
antennas at different operating frequencies with different 
radiation characteristics. For multi-band operation different 
techniques have been adopted such as adding parasitic 
strips to create additional resonances [1–3]. The use of 
multiple antennas to cover multiple bands would require 
a large physical area and subsequently system complexity 
and cost will increase manifold. A single wide band antenna 

could also serve the same purpose, but it may not provide 
a better selectivity between the adjacent bands which re-
sults in poor signal to noise ratio (SNR). Moreover, all 
applications might not be activated all the time, hence the 
wide band/multi-band antennas would create an electro-
magnetic interference (EMI) to other systems from those 
applications. Though, using a reconfigurability concept in 
an antenna, all applications could be accommodated into 
a single circuit capable of switching between different 
applications whenever they required/activated. Thus the 
concept of reconfigurability would make the system more 
compact, less complex and cost effective. To achieve re-
configurability, various switching techniques have been 
adopted such as PIN diodes, RF-MEMS switches, and 
photoconductive switches. 

These techniques modify the physical shape of the 
antenna electronically; consequently the surface current 
distribution gets altered, which in turn modifies the oper-
ating characteristics of an antenna such as operating fre-
quency and radiation pattern [4–6]. UWB antennas should 
have the properties of wide impedance bandwidth 
(3.1 GHz–10.6 GHz), constant gain, linear phase, stable 
radiation pattern, low spectral power density, which makes 
UWB system suitable for short range high speed communi-
cation [7], [8]. Microstrip fed wide slot antennas might be 
a good selection to obtain an ultra-wide impedance band-
width due to less interaction with surface waves and could 
be easily integrated with active devices [9]. 

Due to wide bandwidth of UWB system, it is inter-
fered by nearby existing communication systems such as 
WiMAX and WLAN. However, this interference could be 
minimized by creating notched response at these frequency 
bands. Notch structure could be realized by inserting  
U-shaped, C-shaped, -shaped slot, stepped impedance 
stub (SIS), stepped impedance resonators (SIR), SIS loaded 
hexagon stepped impedance resonators (HSIR), rectangular 
split ring, defected microstrip structure band stop filter 
(DMS-BSF), open ended T-shaped stub, etching spur slot, 
and half and quarter-wavelength strip in the form of reso-
nator, either in the ground plane or in radiating plane itself 
[10–13], [15–20]. In most of these works, authors have 
reported reconfigurable UWB operation with single notch 
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or multiple notches. In [21], reconfigurability is obtained 
through physical rotation of an antenna to achieve recon-
figurable dual frequency operation along with UWB oper-
ation without notches. 

In this paper, an UWB reconfigurable antenna with 
three slots in the ground planes and parasitic strips on the 
feed side is proposed to provide seven operations/states in 
different bias conditions. The proposed antenna is excited 
by a 50 Ω microstrip feed line. To the best of our belief, 
seven modes of operation using a single reconfigurable 
antenna which could achieve UWB response with notches 
and dual resonating modes have not been reported so far. 

The basic design taken from [14], consists of dual 
slots (wide and small rectangular) etched on the ground 
plane to provide a fixed lower ultra-wide band response 
(2.17–6.25 GHz) with dual notches in the WiMAX band. 
In this work the design has been modified substantially to 
cover the complete UWB response with reconfigurable 
characteristics. 

The work is organized as follows: In Sec. 2, the de-
sign of the proposed reconfigurable antenna and its para-
metric analysis is presented. Section 3 shows simulated and 
measured reflection coefficients, radiation characteristics 
and gain of the proposed antenna. Finally the work is con-
cluded in Sec. 4. 

2. Antenna Design 
The proposed layout of UWB antenna for reconfigu-

rable dual notched and dual band operation is illustrated in 
Fig. 1, including DC biasing circuitry. It consists of rectan-
gular dual slots (wide and smaller rectangular slots),  
U-shaped slot and C-shaped segmented metal strip in the 
ground plane. The wide rectangular slot resonates at 
a lower cutoff frequency of UWB due to its large size, 
which elongates current path. Similarly the small rectan-
gular slot generates minimum current path thus operates at 
higher cutoff  frequency. The areas of the wide and small 
rectangular slots control the lower and upper cutoff fre-
quencies of the UWB response, respectively [14]. 

(a) (b)  
Fig. 1. Layout of the proposed reconfigurable UWB antenna 

(a) Top layer. (b) Bottom layer.  

 

Ground 
plane 
(Top 
layer) 

Lg Wg Ls Ws L1 W1 W2 W3 U1 U2, U3

40 40 14 27 6.4 4 1 2 24 6 

Feed 
plane 

(Bottom) 

Lf Wf X1 X2 Y1 Y2 W4 W5 g C1, C2

23.2 2.2 10 16 7 13 2 2 0.1 11 

Tab. 1. Optimized design parameters. 

As shown in Fig. 1(a), U-shaped slot provides rejec-
tion at 3.6 GHz frequency, whereas C-shaped segmented 
strip is used to reject WLAN (5.2 GHz) band. It is noted 
that the lengths of U-shaped slot and C-shaped strip are 
approximately 0.5g and act as resonating circuit at respec-
tive notch frequencies (3.6 and 5.2 GHz). As shown in 
Fig. 1(b), four parasitic copper strips are used on the feed 
side to allow the same antenna to radiate in either 3.6 GHz 
(WiMAX) or 5.2 GHz (WLAN) band or in both bands. 
These strips generate additional current paths and act as 
radiating resonators at 3.6 GHz and 5.2 GHz. The overall 
size of the antenna (including substrate) is (40 × 40 mm2). 
It is fabricated on an RT/Duroid5870 Rogers substrate with 
dielectric constant ɛr = 2.55 and thickness hS = 0.77 mm. 

The proposed structure is simulated in Finite Integral 
Technique (FIT) based CST Microwave Studio EM 
simulator. The optimized dimensions (mm) of the proposed 
antenna are revealed in Tab. 1. The length of slot ‘U’ could 
be varied to control the notch frequency of WiMAX band, 
while WLAN notch can be controlled by the length of 
segmented C-shaped metal strip. Frequency 3.6 GHz of 
single band antenna could be obtained by connecting metal 
strips #X1  and #X2 to the feed line. The WLAN band is 
achieved when only strip #X1 is connected (strip #X2 is 
disconnected) to the feed line. The role of strip Y1 and Y2 is 
to provide WiFi band in dual-band mode (strips #X1 and 
#X2 are connected to feed line for WiMAX band in this 
case). To validate the above statements parametric study is 
carried out using CST microwave studio. The deviation of 
lengths of U-shaped slot and C-shaped strip and their effect 
on frequency response is shown in Fig. 2. It is established 
that changing the lengths of U-shaped slot OR C-shaped 
strip, notch frequency could be varied as desired. 
Theoretically, the lengths U and C of slot and strip can be 
calculated as  

 
3.6 5.2 eff

,
2 ,

c
U C

f f 


 
  (1) 

where f is the respective notch frequency, c is the velocity 
of light in free space, and eff  is the effective dielectric 
constant.  

The effect of variation of length X on frequency re-
sponse is shown in Fig. 3. Here the length X is considered 
as an addition of X1 and X2. It is seen that length X could be 
varied to shift the lower frequency (3.6 GHz) of the dual 
band antenna while to attain upper frequency band 5.2 GHz 
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(a)

(b)  
Fig. 2. Reflection coefficient versus frequency plot for 

variation in: (a) the lengths of U-shaped slot, (b) the 
length of  C-shaped segmented metal strip. 

the length X is altered as X2. The second resonance which 
is not so strong, is observed at 7.0 GHz; it is because of 
loading strips Y1 and Y2, used to achieve 5.2 GHz operating 
band (WLAN). 

To realize reconfigurability in the proposed antenna, 
five HPND-4005 PIN diodes (D1-D5), with appropriate 
biasing are embedded at different locations. All diodes are 
biased independently and RF to DC isolation is provided 
by creating a small gap g of 0.1 mm. In the EM simulation 
switches/diodes are realized using the metal strips. The ON 
state (ideal ON) of the diode is realized by inserting 
a metal strip of (0.4 × 0.2 mm2) at the physical position of 
the diode and it is removed to realize diode’s OFF state 
(ideal OFF). For full wave EM simulation, five discrete/ 
lumped ports are placed in CST at the physical locations of 
diodes. After post processing, 6 × 6 S-matrix file generated 
and imported in Advanced Design System (ADS) for co-
simulation because the CST simulation does not take into 
account the packaging effect of the diode or complex RLC 
model [4].  

As shown in Fig. 4, spice model of actual HPND-
4005 PIN diode will be connected to the five ports (2-6) of 
the model exported from an EM simulator. The first port 
will be used for RF input excitation. The spice parameters 
PIN diode model used in ADS are: Vth =1 V, RS = 4.7 Ω, 
Cj = 0.017 pF. All diodes are biased through separate DC 
supplies.  

The capacitors and inductors of 10 pF and 50 nH are 
used to provide DC and RF isolation, respectively [5], [6], 
[11–13]. To limit the DC current a series resistor of 100 Ω 
is used with all  diodes. To activate  each  PIN diode, a bias 

 
Fig. 3. Reflection coefficient versus frequency variation plot 

for different values of parasitic strip length  X (X1+X2). 

 
Fig. 4. Full wave circuit model of the proposed antenna. 

 

State D1 D2 D3 D4 D5 Operation 

State-1 ON OFF OFF OFF OFF UWB (3.1-10.6 GHz) 

State-2 OFF OFF OFF OFF OFF 
UWB with single notch  at 

3.6 GHz (WiMAX)  

State-3 ON ON OFF OFF OFF 
UWB with single notch  at 

5.2 GHz (WLAN) 

State-4 OFF ON OFF OFF OFF 

UWB operation with dual 
notches at 3.6 GHz and at 

5.2 GHz (WiMAX & 
WLAN) 

State-5 ON OFF ON OFF ON 
Resonance at 3.6 GHz 

(WiMAX) 

State-6 ON OFF OFF ON ON 
Resonance at 5.2 GHz 

(WLAN) 

State-7 ON OFF ON ON ON 
Dual-band response at 3.6 

GHz and at 5.2 GHz 
(WiMAX & WLAN) 

Tab. 2. Different combination of diode states. 
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Fig. 5. Photographs of the reconfigurable antenna for seven different states. 

(a)

(b)

(c)  

(d)

(e)

(f)  
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(g)  
Fig. 6. Reflection coefficient of the proposed antenna:  

(a) State-1, (b) State-2, (c) State-3, (d) State-4,  
(e) State-5, (f) State-6, and (g) State-7. 

current of 10 mA is applied. Seven states of the proposed 
antenna are summarized in Tab. 2, under different bias 
conditions. Due to unavailability of actual PIN diodes, 
seven distinct circuits are printed with ideal switches 
(metal strips) to verify the seven states of the proposed 
circuit and it is found that the operating principle is veri-
fied using ideal switches and the results obtained with the 
actual PIN diode model. Fabricated prototypes of seven 
states (state-1 to 7) are shown in Fig. 5. The circuits were 
fabricated using the LPKF PCB prototyping machine. 
Fabricated circuits were tested using Agilent’s Vector 
Network Analyzer E5071C for its frequency response in 
seven states.  

3. Simulation and Measured Results 
Frequency responses of the simulated and measured 

reflection coefficient in seven states are shown in Figs. 6. 
Here measurement results are compared from two simula-
tors: (a) from CST where metal strips are used to realize 
the ideal ON and they are removed in OFF states, (b) from 
ADS where spice model of HPND-4005 is used. It is de-
picted that measurement results are in good agreement with 
simulations in the lower UWB band. Though a small devi-
ation is seen in the simulation results obtained from CST 
and ADS, which may be due to the difference in the 
switching methods being used. Additionally, the measured 
results in the Figs. 6 (a) and (d) are different with the sim-
ulated ones. The reason is that, as mentioned above, seven 
states of the proposed antenna are obtained with seven 
different printed antennas (Fig. 5).  

One thing which is very common in the measured re-
sults shown in Figs. 6 (a) and (d) is that both states have 
used the same bottom layer and it was observed that the 
gaps to realize an OFF state of the switch/diode were not 
fabricated properly in this layer due to the conventional 
lithography process. It could also be observed that the 
difference is reasonably significant in the upper UWB band 
rather lower UWB region. This is quite obvious because at 
higher frequency any deviation in the physical dimensions 
becomes more critical. Furthermore, as shown in Fig. 6(a), 

the measured impedance bandwidth is 7.4 GHz (2.9 to 
10.3 GHz) covering the UWB spectrum nearly. Fig-
ures 6(b-d) show the UWB response with single and dual 
notches. The first notch occurred at 3.5 GHz with rejection 
level of –1.9 dB. The second notch is obtained at 5.2 GHz 
with –1.1 dB rejection. Figures 6(e-g) show the responses 
of the proposed antenna in single mode and dual-band 
mode operations. The radiating single mode is achieved at 
3.75 GHz with an impedance bandwidth (–10 dB) of 
1 GHz which covers the entire WiMAX band. The second 

single radiating mode is obtained at 5.4 GHz with a band-
width of 0.5 GHz, sufficient to cover WLAN band.  

Figure 7 shows the surface currents in seven states. In 
state-1 shown in Fig. 7(a) at 3.1 GHz, large current is ob-
served around the bigger slot that is quite understandable 
because it decides the lower cutoff for UWB response. In 
state-2 and 3, Figs. 7(b) and (c), current is mostly flowing 
in U-shaped slot and C-shaped metal strip which confirm 
their rejection behavior at respective frequencies. Fig-
ure 7(d) shows that in state-5 current is concentrated in the 
strip X1 + X2, responsible for single band operation at 
3.6 GHz or 5.2 GHz, respectively. In Fig. 7(e) and (f) cur-
rent is flowing largely in X1 + X2 and Y1 and Y2 which pro-
vides radiation at 3.65 GHz and 5.2 GHz respectively in 
dual-band mode (X1 and X2 are combined to radiate at 
3.6 GHz in this mode). 

 

(a)

(c)

(e)

(b)

(d)

(f)  
Fig. 7. Surface current distributions of the proposed antenna 

in different operating states: (a) State-1, at 3.1 GHz, 
(b) State-2, notch at 3.6 GHz, (c) State-3, notch at 
5.2 GHz, (d) State-5, single band at 3.6 GHz, (e) State-
7, single band at 3.56 GHz, (f) State-7, dual band at 
5.2 GHz. 
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Fig. 8. Far-field radiation patterns in E-plane and H-plane: (a-c) UWB mode, (d) UWB with notch at 5.2 GHz, (e) single radiating mode at 

3.6 GHz, (f) single radiating mode at 5.2 GHz.  
 

 CPW: Coplanar Waveguide; ACS: Asymmetric Coplanar Strip-Fed; NA: Not Available  

Tab. 3. Comparison with previous reported works. 

 

Ref 
Size (L×W)  

mm2 
ɛr/h 

Feeding 
Technique 

States/ 
switches 

Results/Operations 

[15] 32×24 2.65/1.6 CPW NA 
UWB band,  UWB band with notch either at 5.5 or  8.5 GHz or both 

notches 

[16] 32 × 24 2.65/1.6 CPW 4/2 
UWB band,  UWB band  with notch either at 5.5 or 7 GHz or dual notches 

at both 

[17] 55 × 45 2.2/1.6 Microstrip 8/3 
UWB band , UWB band with notch either at  2.4 or 3.5 or 5.2 GHz or dual 
notches (2.4 & 3.5, or 2.4 & 5.2 or 3.5 & 5.2) or triple notches at 2.4, 3.5 

and 5.2 GHz 

[18] 28 × 12.3 2.56/1.6 ACS 2/1 UWB band,  UWB band with notch either at 3.5 or  8.2 GHz or both 

[19] 31.2 × 30 2.56/1.6 Microstrip 6/4 
UWB band , UWB band with notch  either at  6.8 or 8.7 GHz or dual 

notches (6 & 8.7, or 5.5 & 11.5) or triple notches at 5.5,6.8 and 11.5 GHz. 

[20] 32 × 24 2.65/1.6 CPW 4/2 UWB band,  UWB band with notch either at 3.5  or  8 GHz or both 

[21] 58 × 65.5 2.2/1.6 Microstrip 
3/ using 
physical 
rotation 

UWB band,  reconfigurable with reconfigurable dual band operation either 
at 4  or 6.65GHz 

This 
work 

40 × 40 2.55/0.77 Microstrip 7/5 
UWB band,  UWB band  with reconfigurable notch either at 3.5 or 5.2 

GHz or dual notches , resonating mode response either at  3.6 or 5.2 GHz 
or both modes 
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(a)

(b)

(c)
 

Fig. 9. Gain of the proposed antenna (a) UWB (State-1), 
(b) UWB with notches at 3.6 GHz & 5.2 GHz (State-5), 
(c) with parasitic strips for dual band at 3.6 GHz & 
5.2 GHz (State-7). 

Simulated and measured far-field radiation patterns in 
E-plane (yz- plane) and H-plane (zx-plane) at frequency 
3.1 GHz, 5.85 GHz and 10.6 GHz obtained in state-1 (for 
UWB operation) are shown in Figs. 8(a-c). It is apparent 
that the antenna provides almost stable and omnidirectional 
patterns in the entire UWB range. In Fig. 8(d), E-plane and 
H-plane radiation patterns for UWB operation with notch 
at 5.2 GHz (state-3) are plotted. It is evident that at 
5.2 GHz radiation is suppressed drastically (–18 dB) from 
all the direction as desired to avoid any interference in 
UWB band from WLAN band. Same type of behavior may 
be expected with notch at 3.6 GHz (state-2). Figures 8(e) 
and (f) show the radiation patterns for dual band 
reconfigurable antenna resonating at 3.6 GHz (state-5) and 
5.2 GHz (state-6). It is clearly shown that parasitic strips 
contribute for radiation of desired pattern in 3.6 GHz and 
5.2 GHz band.  

Figure 9 shows simulated and measured gain of the 
proposed antenna in three states: UWB operation (state-1), 
UWB with a dual notched (state-4), and dual band opera-
tion (state-7).  

As shown in Fig. 9(a), a maximum gain of 5 dBi is 
realized with a variation of < 2 dBi in the whole UWB 
frequency range. Figure 9(b) shows the simulated and 
measured gain of UWB antenna with dual notches, the gain 
is significantly reduced to 0 dBi and 1.5 dBi at notch fre-
quency 3.6 GHz and 5.2 GHz, respectively. 

The gain values are not much lower at the notch fre-
quencies as expected. This might be due to parasitic cou-
pling between different elements of the antenna. Fig-
ure 9(c) shows the gain of the antenna in the dual band 
mode. Maximum achieved gain is 5.5 dBi and 6 dBi at 
frequency of 3.65 GHz and 5.3 GHz, respectively. Alt-
hough the out-of-band gain rejection (4-5 dBi) in state-7 is 
not as much as good and needs to be improved further.  

Comparison of the proposed multifunctional recon-
figurable UWB antenna with earlier reported works in 
similar domain is shown in Tab. 3. It is found that, in 
addition to UWB operation with multiple notches at 
3.6 GHz and 5.2 GHz, the proposed antenna could also be 
used to provide the resonating modes at aforesaid 
frequencies. 

4. Conclusion 
A new compact size (40 × 40 mm2) UWB antenna 

with reconfigurable dual-notched and dual-band character-
istics is proposed. Switching mechanism is achieved by 
using a metal strip to realize ON and OFF states. The pro-
posed antenna could offer seven modes of operation by 
activating/deactivating five PIN diodes. The proposed 
antenna is simulated, fabricated and tested for different 
modes of operation and shows good agreement between 
measured and simulated return loss, radiation and gain 
characteristics. The proposed antenna may be an appropri-
ate candidate for UWB operation, UWB operation with 
WiMAX and WLAN bands rejection capability and for 
WiMAX/ WLAN applications. 
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