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 A wide-slot ultra-wideband (UWB) antenna with on-demand band rejection 

characteristics that can serve underlay cognitive radio is presented in this 

paper. This antenna is designed to work in twelve operation modes; one to 

cover the whole UWB while each of the rest modes excludes one or more of 

the ranges that are allocated for Worldwide Interoperability for Microwave 

Access (WiMax), C-band, wireless local area network (WLAN), X-band and 

International Telecommunication Union (ITU) in a single, dual, triple, quad 

or penta band rejection state. A spiral shape slot in the patch and three slots 

mainly based on half-circular structures in the ground plane are the means to 

create the desired frequency notches. A positive-intrinsic-negative (PIN) 

diode across each of these slots is used to enable/disable band(s) rejection 

process. Configuration of the proposed antenna to the desired mode of 

operation is decided by the state of its four PIN diodes. This work is 

simulated by computer simulation technology (CST) v.10. It’s S11, voltage-

standing-wave-ratio (VSWR) and realized gain results when combined with 

antenna's 25x25x0.8 mm3 compact size and the large number of modes and 

states, all ensure its capability to eliminate or reduce the interference within 

the targeted bands and hence being suitable for the applications of underlay 

cognitive radio. 
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1. INTRODUCTION  

Merits like low power consumption, wide impedance bandwidth, constant gain, jamming immunity 

and higher capacity [1] combined with the wide range of applications including imaging systems, target 

localization and automotive applications [2], [3] lead ultra-wideband (UWB) systems to pick an increasing 

interest in the world of wireless communications since its declaration by Federal Communications 

Commission (FCC) in 2002 [4]. Unfortunately, many wireless technologies are coexist within the range 3.1-

10.6 GHz that is allocated for UWB. Worldwide Interoperability for Microwave Access (WiMax), C-band, 

wireless local area network (WLAN), X-band and International Telecommunication Union (ITU) 

technologies summarized in Table 1 all may interfere with UWB systems [5], [6]. Antennas with band-

rejection characteristics are the basic mean to cancel or to reduce the effect of this interference which is 

crucial for some applications.  

https://creativecommons.org/licenses/by-sa/4.0/
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Band rejection can be fixed that certain band(s) within the UWB spectrum can be permanently 

excluded under interference presence or absence. Many antennas have been designed to overcome 

interference defects within specific bands. WLAN is rejected via a C-shape parasitic element of the antenna 

in [7]. Dual band rejection is implemented in [8] and [9]. A U-shape slot on the radiator and an L-shape slit 

on ground plane of [8] bans WiMax/WLAN frequencies, whilst WLAN/X-band ranges are prohibited by a 

pair of parasitic elements in the wide slot of the antenna in [9]. On the other hand, [10], [11] presents triple 

band-notched systems. Patchs and partial grounds of these systems have been implemented with a variety of 

C-shape and U- shape slots that deny the radiation within WiMax/WLAN/X-band regions. 
 

 

Table 1. Frequency band allocation 
Band Range (GHz) 

WiMax 3.3-3.6  

WLAN 5.15-5.825  
C-band 3.7-4.2  

X-band 7.25-7.75  

ITU 8.02-8.4  

 
 

Contrast to fixed band-notched systems that have only a single operation mode that reject specific 

band/bands and doesn’t cover the whole UWB, reconfigurable antennas for underlay cognitive radio that can 

operate at least into two modes, exclude certain bands on demand, and covering the UWB are more desirable 

and suitable. Antennas in this approach are usually modified UWB antennas that can be configured to a 

particular mode of operation using switching elements like positive-intrinsic-negative (PIN) diodes [12]. The 

slot antennas of [1] and [13] can be configured as UWB antennas or to reject WLAN band within the UWB 

range. This depends on the ON/OFF state of the PIN diode within the U-shape slot in the feed line of [1] and 

the triangular-shape slot in the patch of [13]. Two PIN diodes are used in [2] and [14] to configure the 

antenna in an UWB mode or WiMax/WLAN rejection modes. These two diodes are used across the feed-line 

U-shape and line-shape slit of the patch in [2], while they link the L-shape radiator stub and L-shape ground 

slit in [14]. 

This paper presents a reconfigurable UWB wide slot antenna for underlay cognitive radio 

applications. This antenna with on demand band-notched characteristics is designed to work in twelve modes 

including the UWB plus eleven modes in single, dual, triple, quad and penta band rejection states. Starting by 

the UWB antenna design, both radiator and ground plane of a circular patch wide slot antenna are modified 

to cover the 3.1-10.6 GHz range. Then, spiral slot on the patch, connected-arcs slot below the feed line and 

two wave slots in the bottom of the ground plane are used to create the band-notched characteristics in 

WiMax/C-band/WLAN/X-band/ITU regions. Four PIN diodes across these slots are used to configure the 

antenna in the desired mode of operation. To our best knowledge, the antenna in this paper provides a large 

number of operation modes combined with an efficient use of the available states result from the switching 

elements. This compact antenna has twelve operation modes with various band rejection options out of the 

available sixteen states provided by its four switches. CST studio suite is used to simulate this work.  

Input reflection coefficient, gain and voltage-standing-wave-ratio (VSWR) results are presented which all 

confirm the feasibility of the proposed antenna. 
 

 

2. ANTENNA DESIGN 

The antenna in this work is built on an area of 25x25 mm2 of a Rogers RT/Duroid 5880 substrate of 

0.8 mm height. This two sided metalized substrate has relative permittivity of 2.3 and tangential loss of 

0.0009. Its optimized dimensions are given in Table 2 while the geometry of this antenna is shown in  

Figure 1. Design procedure is mainly carried out through three steps; the first is to design an antenna that 

covers the UWB spectrum, next is to create the structures that are responsible to notch targeted bands and 

finally how to reconfigure this antenna in the demanded operation mode. 
 
 

Table 2. Optimum dimensions (in mm) 
Substrate Patch Feed line Ground Plane Slot1 Slot2 Slot3 Slot4 

Lsub 25 Lp 8 Lf1 2 Lgs 14 L1s1 2 L1s2 2.25 L1s3 0.75 L1s4 0.75 

Wsub 25 Wp 8 Lf2 2.5 Wgs 19 W1s1 0.5 L2s2 0.85 W1s3 0.15 W1s4 0.35 
Hsub 0.8 Rp  6.65 Wf1 1.5 R1gs 1 W2s1 0.75 W1s2 0.25 R1s3 0.4 R1s4 0.25 

    Wf2 0.75 R2g2 4 R1s1 2.25 R1s2 0.25     

      R3gs 9.5 R2s1 1 R2s2 0.45     
      Lgc 0.5 R3s1 1.75 R3s2 1.15     

      Wgc 1.75 R4s1 0.5       
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(a) 

 

(b) 
 

  
(c) 

 

(d) 
 

  
(e) (f) 

 

Figure 1. Geometry of the proposed antenna: (a) front view, (b) back view, (c) Slot1, (d) Slot2,  

(e) Slot3 and (f) Slot4 
 

 

2.1.   UWB antenna 
The UWB antenna in this paper is based on a wide slot antenna with a modified circular patch and a 

modified rectangular slot. To enhance impedance bandwidth, upper and lower ends of the patch are trimmed 

whilst two half-elliptical structures are added to the top and bottom ends of the ground slot. Then, two 

rectangular strips are removed from feed line and small rectangle is cut from the ground plane under the feed 

line. The progress in the design of this UWB antenna and its influence on the input reflection coefficient are 

presented in Figure 2. 
 
 

 
 

Figure 2. S11 of the UWB antenna 
 

 

2.2.   Notch creation 
WLAN, X-band, ITU, WiMax, and C-band regions are the targets of band rejection in this design. 

Notches are created for those regions in a step-by-step procedure. At first, WLAN is omitted from the UWB 
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radiation of this antenna by an etching a slot at the center of its patch. Slot1 shown in Figure 1 (c) consists of 

two identical spiral sections combined by a line slot. It is designed as a λg/2 slot according to (1) [15]-[17]. 
 

𝐿𝑠𝑙𝑜𝑡 =
𝑐

2𝑓𝑛√𝜀𝑒
 (1) 

 

𝜀𝑒 ≈
𝜀𝑟+1

2
  (2) 

 

Where; 𝐿𝑠𝑙𝑜𝑡: slot length , 𝑓𝑛:notch frequency, c : velocity of light, 𝜀𝑒:effective permittivity, 𝜀𝑟: relative 

permittivity and 𝜆𝑔: guided wavelength.  

The realization of these slots is based on (3)-(5). 
 

𝐿𝑠𝑙𝑜𝑡1 ≈ 𝑃1 + 𝑃2 + 𝐿1𝑠1 + 𝑊2𝑠1 (3) 

 

𝑃1 = 𝜋√2 × (𝑅1𝑠12 + 𝑅2𝑠12) −
(𝑅1𝑠1−𝑅2𝑠2)2

2
 (4) 

 

𝑃2 = 𝜋√2 × (𝑅3𝑠12 + 𝑅4𝑠12) −
(𝑅3𝑠1−𝑅4𝑠2)2

2
 (5) 

 

As it can be seen in Figure 3, this slot has an impact to reject radiation within the WLAN band. This figure 

also presents how some slot parameters affect the response. It shows that changing the slot length mainly 

affects the resonance frequency while its width alters both resonance frequency and bandwidth. 
 
 

 

(a) 

 

 
(b) 

 

Figure 3. S11 results: (a) changing slot1 length and (b) changing slot1 width 
 

 

Precluding X-band and ITU regions from the radiation of the proposed antenna is accomplished by 

etching a second slot at the ground plane just beneath the feed line. Slot2 illustrated in Figure 1 (d) is created 

as λg/2 slot. Parametric study outcomes of Figure 4 links changing slots' width and length with the bandwidth 

and resonance frequency. Slot2 length is implemented as (6). 

 

𝐿𝑠𝑙𝑜𝑡2 ≈ 2𝜋(𝑅1𝑠2 + 𝑅2𝑠2 + 𝑅3𝑆2) + 𝐿1𝑠2 + 2 × 𝐿2𝑆2 + 𝑊1𝑠2 (6) 
 

WiMax is rejected via a wave shape slot etched on the left bottom corner of the ground plane which 

was illustrated in Figure 1.e and defined as slot3. It is designed as a λg/4 slot depending (7). [17], [18]. Its 

length is carried out according to (8). S11 parametric study curves of this slot are presented in Figure 1 (e). It 

can be observed that increasing the width of this slot results in including C-band in the rejected region. So, a 
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similar wave slot but with different width is created on the counterpart of the ground plane as illustrated in 

Figure 1 (f). Creation of this slot -named slot4- which is based on (9) results in blocking the WiMax  

and C-band regions. S11 results are presented in Figure 5. 

 

𝐿𝑠𝑙𝑜𝑡 =
𝑐

4𝑓𝑛√𝜀𝑒
 (7) 

 

𝐿𝑠𝑙𝑜𝑡3 ≈ 3𝜋𝑅1𝑠4 + 𝐿1𝑠4 + 𝑊1𝑠4   (8) 

 

𝐿𝑠𝑙𝑜𝑡4 ≈ 3𝜋𝑅1𝑠4 + 𝐿1𝑠4 + 𝑊1𝑠4   (9) 
 

 

 

(a) 
 

 

(b) 

 

Figure 4. S11 results: (a) changing slot2 length and (b) changing slot2 width 

 

 

 
(a) 

 

 
(b) 

 

Figure 5. S11 results: (a) changing slot3 length and (b) changing slot3 width 
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2.3.   Configuration 
To configure the antenna in this design, PIN diodes are used as the switching elements that select 

the mode of operation. Four PIN diodes are placed in the notching slots to allow/prevent band filtering 

process. HPND-4005 [19] is the switching element used in reconfiguration of the antenna in this paper. This 

PIN diode is represented in this work by its equivalent circuits for its ON/OFF states that are shown in  

Figure 6. The proposed design can work in UWB mode as well as another eleven band-notched modes that 

target WiMax, Cband, WLAN, Xband and ITU bands in various rejection states. Operation modes along with 

diodes' states, rejected bands and rejection states are listed in Table 3. 
 

 

 
 

Figure 6. Equivalent circuit of HPND-4005 PIN diode 
 

 

Table 3. Operation modes 
Mode S1 S2 S3 S4 Rejected bands Rejection state 

1 1 1 1 1 No band rejected (UWB) No-band rejection 

2 0 1 1 1 WLAN Single-band rejection 

3 1 1 0 1 WiMax 
4 0 1 0 1 WiMax+WLAN Dual-band rejection 

5 1 0 1 1 Xband+ITU 

6 1 1 1 0 WiMax+Cband 

7 0 0 1 1 WLAN+Xband+ITU Triple-band rejection 

8 1 0 0 1 WiMax+Xband+ITU 

9 0 1 1 0 WiMax+Cband+WLAN 
10 0 0 0 1 WLAN+WiMax+Xband+ITU Quad-band rejection 

11 1 0 1 0 WiMax+Cband+Xband+ITU 

12 0 0 1 0 WiMax+Cband+WLAN+Xband+ITU Penta-band rejection 

 

 

3. RESULTS AND DISCUSSIONS 

The antenna in this paper is designed as a frequency reconfigurable antenna that can be used for 

underlay cognitive radio. It can be reconfigured via the state of its four switching elements. This design is 

capable of covering the UWB as dictated by the results of S11 in Figure 7 (a). On the other hand the -10 dB 

condition is not achieved for the WLAN, WiMax regions for the two curves of Figure 7 (b). Moreover S11 is 

greater than -10 dB for each of the dual band notch modes that excludes WiMax/C-band, WiMax/WLAN and 

X-band/ITU as shown in Figure 7 (c). The same condition for rejection is verified for the triple-band notch 

modes shown in Figure 7 (d) including WiMax/C-band/WLAN, WiMax/X-band/ITU and WLAN/X-

band/ITU. The results of simulation presented of Figure 7 (e) also ensure the capability of this antenna to 

reject four bands into two modes including WLAN/WiMax/X-band/ITU and WiMax/C-band/X-band/ITU. 

Finally, disabling all switches except S3 results in the S11 curve of Figure 7 (f) which verifies the exclusion 

of all targeted bands within the UWB spectrum. 

Current distribution can give an interpretation for notch creation in the rejected bands. In  

Figure 8 (a) current is focused around the λg/2 slot of the patch at 5.5 GHz in opposite directions where S1 is 

OFF, that results in canceling the radiation at WLAN band. Turning S2 to the OFF-state results in 

concentrating the current around slot2 of the ground plane at 7.5 GHz in opposite directions as seen in Figure 

9 (a) which leads to Xband/ITU dual band rejection. It can also be seen that disabling S4 gives rise to current 

around the slot at the bottom right corner of the ground plane as shown in Figure 10 (a) that cancels the 

radiation of WiMax/C-band regions. These states can be compared to their counter parts in Figure 8 (b), 

Figure 9 (b) and Figure 10 (b). Here, enabling the switch across the slot results in focusing current in the feed 

line and patch edges with minor distribution observed around the slots which leads to canceling notching 

effects. 
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(a) 
 

(b) 
 

  
(c) 

 

(d) 
 

  
(e) (f) 

 

Figure 7. S11 results: (a) UWB, (b) single-band rejection, (c) dual-band rejection, (d) triple-band rejection, 

(e) quad-band rejection and (f) penta-band rejection 
 

 

  
(a) (b) 

 

Figure 8. Surface current distribution at 5.5 GHz when; (a) S1 OFF and (b) S1 ON 
 

 

 
 

(a) (b) 

 

Figure 9. Surface current distribution at 7.5 GHz when; (a) S2 OFF and (b) S2 ON 



Indonesian J Elec Eng & Comp Sci  ISSN: 2502-4752  

 

Twelfth mode on-demand band notch UWB antenna for underlay cognitive radio (Laith Wajeeh Abdullah) 

1453 

 

 

(a) (b) 

 

Figure 10. Surface current distribution at 3.6 GHz when: (a) S4 OFF and (b) S4 ON 
 

 

Moreover, realized gain and VSWR results are good proofs of the feasibility of the design. The 

antenna has a positive gain along the UWB spectrum with a maximum value around 5dB as it can be seen in 

Figure 11 (a). On the other hand, intense decrease is observed at each of the notched bands as illustrated in 

Figures 11 (b) to (f). Furthermore VSWR value below 2 along the 3.1-10.6 GHz range in Figure 12 (a) is a 

verification of UWB radiation whilst the high values of VSWR at notched frequencies are evidences of good 

rejection in the interfering targeted regions as illustrated in Figures 12 (b) to (f). Finally a comparison of the 

proposed design with recent related works in terms of size, number of switches, number of operation modes, 

rejected bands, and rejection states is listed in Table 4. 

 

 

  
(a) (b) 

  

  
(c) (d) 

  

  
(e) (f) 

 

Figure 11. Realized gain: (a) UWB, (b) single-band rejection, (c) dual-band rejection,  

(d) triple-band rejection, (e) quad-band rejection, and (f) penta-band rejection 
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(a) 
 

(b) 
 

  

(c) 
 

(d) 
 

  

(e) (f) 

 

Figure 12. VSWR results: (a) UWB, (b) single-band rejection, (c) dual-band rejection,  

(d) triple-band rejection, (e) quad-band rejection and (f) penta-band rejection 
 

 

Table 4. Comparison of the proposed design with recent related works in terms of size, number of switches, 

number of operation modes, rejected bands, and rejection states 
Ref. Size (mm3) No. of diodes No. of modes Rejected bands Rejection states 

[1] 40x30x0.78 1 2 WLAN S 

[2] 35x25x0.78 2 4 WiMax, WLAN S/D 

[5] 30x22x0.76 2 2 WLAN, ITU S 
[14] 20x20x0.8 2 4 WiMax, WLAN S/D 

[20] 28x26x0.8 4 4 WLAN, Xband S/D 

[21] 38x26x1.5 3 4 WiMax, WLAN S/D 
[22] 32x36x1.6 3 4 WiMax, WLAN S/D 

[23] 19.5x17x1.6 1 2 WLAN S 

[24] 25x29x1 3 8 WiMax,WLAN,ITU S/D/T 
[25] 40x38x1.59 4 7 WiMax,WLAN,Xband S/D/T 

[26] 30x40x0.78 1 2 WiMax S 

[26]* 30x40x0.78 1 2 WLAN S 
Proposed 25x25x0.8 4 12 WiMax, Cband, WLAN, Xband, ITU S/D/T/Q/P 

S: Single, D: Dual , T: Triple , Q: Quad, P: Penta , * Two designs are presented in [26] 

 

 

4. CONCLUSION  

This paper proposes an on-demand reconfigurable stop-band antenna that can serve underlay 

cognitive radio. This antenna is capable to work in twelve modes. These include UWB and reject C-band, 

WLAN, X-band and ITU in eleven modes. The design involves a wide slot antenna that is built over a Rogers 

RT/Duroid 5880 substrate. It achieves its reconfigurable band-notch characteristics via four PIN diodes that 

are layed across the slots of antenna's patch and ground plane. Surface current distribution figures are 

introduced to explain notch creation in those slots. S11, realized gain and VSWR results all certify the 

capability of this antenna to work as an UWB with band rejection characteristics. Comparing the proposed 

antenna to recent related works, this compact antenna has more bands to be rejected, more operation modes, 

and more rejection states. This achieved taking into consideration the efficient use of states resulting from the 

switching elements. So, this work looks promising as a flexible and feasible reconfigurable antenna that 
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reduces the effect of interference in the targeted bands within UWB spectrum and thus enhances the quality 

of communication. 
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