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 Abstract – In this paper, a new design of ultra-wideband band 

(UWB) antenna with dual band rejection characteristics and size-

miniaturization approach has been presented. The proposed 

antenna consists of unique patch of trapezoidal shape, 50 Ω 

impedance triple down step microstrip feed line (on top plane) and 

partial ground plane (on bottom plane). The patch tapering results 

to bandwidth (BW) improvement. It works efficiently over the 

impedance bandwidth of 3-13 GHz and gives Fractional 

Bandwidth (FBW) of 125% that covers the entire UWB band. It 

provides nearly omnidirectional radiation pattern, has good 

realized gain and impedance matching. A triple step feed increases 

electrical length of patch, which leads to antenna size 

miniaturization. Therefore, the proposed antenna has been 

designed with dimensions of 22 mm × 28 mm × 1.6 mm, dielectric 

constant (Ɛr) of 4.4 and tangent loss of 0.02. For wireless 

applications, some specific UWB systems suffer from strong 

narrowband interference of unlicensed (ISM band) wireless 

communication devices. To avoid this unwanted interference, 

band rejection characteristics should be inserted into the antenna 

patch structure. The proposed antenna has designed with dual-

band rejection capability that efficiently avoids Wi-MAX and 

WLAN interference. The V-slot is etched on patch radiator to 

reject Wi-Max (3.15–4 GHz) and single C-strip pair besides feed 

line is used to reject WLAN (5.18-5.95 GHz) band. The output 

performance has measured in terms of simulated reflection 

coefficient and VSWR. 
 

 Index Terms - Compact, Dual Band-Notched, Monopole 

antenna, UWB, V-slot, Wi-MAX, WLAN 

 

I.  INTRODUCTION 

In last two decades, UWB systems have been great 

attraction especially from 2002, since the US federal 

communication commission (FCC) permits the authority to use 

3.1 GHz-10.6 GHz as an unlicensed frequency band [1]. These 

are popular due to their several advantages like high speed data 

rate, larger bandwidth, low transmission power, high precision 

ranging, light weight, compact structure, low cost, simple 

architecture design and can be easily configured with active 

devices. The bandwidth of microstrip antenna plays an 

important role to calibrate antenna performance in wireless 

communication. The CPW, aperture coupled and proximity 

feed are most commonly used to enhance the BW [2]. The BW 

also improved with the use of thick substrate & by lowering 

dielectric constant (εr), or by using multi-resonator gap-coupled 

& stacked configurations, or by inserting resonant slots inside 

the patch such as U, C, L, H, I, Y, Ring etc. However, with all 

these methods, bandwidth of the antenna is limited because 

probe inductance increases by taking substrate thicknesses 

greater than 0.06 λ0 to 0.07 λ0 [3]-[5]. 

In recent years, different type of antennas like Vivaldi 

antenna, bi-conical antenna, log-periodic antenna and spiral 

antennas were designed to achieve large bandwidth for UWB 

systems [6]-[10]. The Vivaldi antennas [5, 6] play an important 

role in UWB to achieve directional radiation properties. 

However, these have not good selection for portable or mobile 

application because it needs an omni-directional radiation 

pattern for indoor wireless communication. The mono-conical 

and bi-conical antennas [7] have bulky structure & are large in 

size, which limits their application. The log periodic antenna [8] 

and spiral antenna [9] are two different antennas that can 

operate over the frequency range of 3.1-10.6 GHz, but these are 

large in physical size as well as have dispersive characteristics 

with frequency and severe ringing effect. Due to these 

drawbacks, these are also not suitable for portable & mobile 

applications or indoor wireless communication. This problem 

was solved by invention of new printed planar monopole UWB 

antennas [11]-[24]. The printed circular disc monopole antenna 

with double stepped geometry as well as circular slot, maple-

leaf shaped, butterfly shaped and trapezoidal shaped monopole 

antennas were presented [11]. Those were light in weight, small 

in size and provides good impedance matching over entire 

UWB band. In addition, coplanar waveguide (CPW) feed [12], 

proximity feed [13]-[14] techniques are widely used to enhance 

the bandwidth because of several advantages over microstrip 

line feed such as, low spurious radiation, low feed line 

scattering and easy control of characteristic impedance etc.  

The UWB is a very large band i.e. from 3.1GHz to 10.6 

GHz. This band also includes unlicensed ISM bands like Wi-

Fi, Wi-MAX and WLAN, which are widely used. In order to 

prevent unwanted signals interference from these bands, it is 

required to have band notching characteristics in the proposed 

antenna. This is done by inserting different type of slots, strips 

or slits on radiating patch. The dimensions of these slots are 

varied in such a way, that these act as a notch resonator. The 

optimization of these slots can be done by using hit & trail 

method, artificial neural network (ANN) estimation [15]-[16] 

and nature inspired optimization algorithms [17]-[20]. In [21]-

[28], several antennas have been designed with different type 

of slots such as fractal [21], EBG with C-slot [22], inverted U-

slot in feed line [23], L-slot in ground plane [24], U & I-shape 

slots on radiating patch [25], Dual Y-shaped slot [26] and Ω-

shaped slot [27].  In [28], triple band notched characteristics 



have been achieved by using two round shape slots and one C-

strip pair. The round slots are used to reject Wi-Max and WAN 

bands whereas C-strip pair is used to reject X-band of satellite 

communication. The size of the antenna was 22 mm × 31 mm 

of 682 mm2 that can be further reduce. 

In this article, a dual-band notched (DBN-UWB) printed 

UWB antenna has presented. Section II describes the design 

structure of basic UWB antenna. Section III illustrates the 

concept of dual band notching which has clearly understood 

from reflection coefficient, VSWR, surface current distribution 

and realized gain. The last section leads to conclusion of the 

proposed work. 

II. BASIC TRAPEZOIDAL UWB ANTENNA DESIGN STRUCTURE 

The first stage of an UWB antenna design starts with the 

design of basic rectangular monopole patch structure with size 

of W × L as 22mm × 28mm. Then it is modified to trapezoidal 

patch shape geometry as shown in Fig. 1. A 50 Ω microstrip 

feed line is etched on top plane to deliver the signal from 

microwave source to antenna patch radiator. The ground is 

designed partially on the bottom plane. Between these two 

layers, FR-4 (flame retardant) dielectric substrate with relative 

permittivity (Ɛr) of 4.4, a tangent loss of 0.02 and thickness (h) 

of 1.6 mm is used. Modify the feed line to triple down steps 

with optimized values of width & length selected as 3.316 mm 

& 14 mm respectively. It enhances the impedance matching of 

patch with feeding source, which increases the antenna 

radiation. Secondly, it increases antenna electrical length that 

reduces the physical size that means it helps in antenna size 

miniaturization. However, size reduction should not to decrease 

antenna gain in addition to bandwidth because antenna gain and 

bandwidth are directly affecting by the antenna size. The 

optimized parameters of proposed UWB antenna are listed in 

Table I. The ground plane top edges tapering also helps to 

enhance the bandwidth of proposed antenna. The patch and 

ground metal is designed with copper layer width of 35-micron. 

 

 
 

  
                             (Top View)                                          (Bottom view) 

  

Fig. 1 Proposed Basic Trapezoidal UWB antenna structure design. 

 
TABLE I 

PROPOSED UWB ANTENNA GEOMETRY PARAMETER VALUES 
 

Parameter Value Parameter Value 

    

L1 12 W1 2 

L2 1 W2 1 
L3 1 W3 3 

L4 7 W4 20 

L5 6 Wf 3.316 
L6 1 W 22 

L 28 Wg 22 

d1 4 Lg 14 

d2 4   
    

 

 

 
Fig. 2 Simulated Reflection Coefficient of Basic UWB. 

 

The patch dimensions are calculated using electromagnetic 

design equations [1]. The simulation of the proposed antenna 

has done with microwave studio tool of CST-2016 software. 

The proposed trapezoidal monopole planar UWB antenna 

performance has measured in terms of reflection coefficient & 

voltage standing wave ratio (VSWR). Fig. 2 shows working 

range of proposed antenna is from 3.05 - 13 GHz (|S11|< -10 dB) 

which covers the UWB band of 3.1 - 10.6 GHz. 
 

III. DUAL BAND-NOTCHED UWB (DBN-UWB) ANTENNA 

DESIGN STRUCTURE 

For some wireless applications, UWB systems suffer from 

the unwanted interference of ISM band wireless 

communication devices. To avoid this interference, there is a 

need to insert in-built band rejection characteristics in to the 

patch geometry. In this paper, the proposed UWB antenna has 

designed with dual-band rejection capability. The proposed 

antenna structure consists of V-shape slot and single C-shaped 

strip pair as shown in Fig. 3. 

  The V-slot cut on upper side of the radiating patch on top 

plane is used to reject 3.5 GHz Wi-MAX (worldwide 

interoperability for microwave access) band. The C-strip pair 

(two symmetrical C-strips) also on top plane besides microstrip 
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feed is designed to reject 5.2/5.8 GHz bands of WLAN 

(wireless local area network).   

The dimensions of these slot and strips have calculated with 

following EM design equations [29]: 

 

LNB =
𝜆𝑔

2
=

𝜆0

2√ϵeff
=

c

2 × fBNCF √ϵeff                         (1) 

 

 ϵeff =
∈r+1

2
+

∈r−1

2
[1 + 12

hsub

W
]

−
1

2

                        (2) 

 

Where ɛr, ɛeff and hsub are dielectric constant, effective 

relative permittivity and height of the substrate, respectively. C 

is the speed of EM wave in free space and given as 3 × 108 m/s. 

LNB is the length of corresponding notched band and it is 

approximately equal to half-guided wavelength. Initially the 

width is taken as 0.5 mm & then it is varied according to 

improvement in output results. To calculate length, the band 

notch frequencies (fBNCF) are selected as 3.5 GHz and 5.5 GHz. 

The optimized parameters of the proposed antenna are listed in 

Table II. 

 
Fig. 3 Proposed DBN-UWB antenna structure top view. 

 

TABLE II 

GEOMETRY PARAMETER VALUES FOR DBN-UWB DESIGN 
 

Parameter Value Parameter Value 

    

X1 16 Y1 0.5 

X2 1 Y2 2.5 
X3 1.4 Y3 6.2 

X4 3 Y4 7.8 

X5 0.5 Y5 2.9 
gap 0.5 WS 0.5 

    
 

The output performance has been measured in terms of S11 

(in dB) & VSWR. Fig. 4 compares the VSWR of single and 

dual band notched antennas in which good band rejection with 

VSWR > 4 is obtained. The black color plot is representing 

efficient single band rejection characteristics for Wi-MAX 

(3.15 - 4 GHz) band because of V-slot act as a notch-resonator,  

 
Fig. 4 Simulated VSWR of DBN-UWB Antenna. 

 

whereas the red color shows one additional band rejection of 

WLAN from 5.18 - 5.95 GHz (due to C-strip pair act as notch-

resonator). The maximum values of VSWR achieved as 10.8 & 

4.2 for Wi-MAX & WLAN bands as shown in Fig. 4. 

 

    
(a) 

    
(b) 

Fig. 5 Surface current distribution at (a) 3.5GHz and (b) 5.5 GHz. 

 

Fig. 5 shows the simulated surface current distribution, 

which helps to clearly understand the concept of dual band 

rejection. The red color vectors indicate maximum value and 

blue color vectors show minimum value. The surface current 

distribution at fBNCF is collected maximum along the slots and 
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Fig. 6 3D view of Directivity at 6.5GHz. 

 

in opposite direction. Therefore, the field distribution at inner 

& outer edges cancels each other and there is zero radiation. As 

the length approaches to half guided wavelength (λ/2), it acts as 

a notch resonator. The slot/strip has stored in-built maximum 

part of EM energy. Hence, it is responsible to reject the band of 

corresponding center notch frequency. 

The 3D radiation pattern in terms of directivity (D) is 

shown on Fig. 6. It attains maximum value as 3.86 dBi at 6.5 

GHz frequency. It also shows the proposed monopole antenna 

which has been designed in XY-plane. As the feed source is 

connected along Y-axis, it is called as Y-polarized antenna. 

That is E-plane lies in YZ plane and H-plane lies in XZ plane. 

The E plane has nearly dumbbell shape and H plane has 

omnidirectional shape radiation pattern.   

The directivity is a ratio of gain to radiation efficiency that 

means and directivity and gain are directly proportional to each 

other. Now as the directivity increases, the gain increases and 

vice versa. Fig. 7 compares the gain of basic UWB antenna 

without band notching to the DBN-UWB antenna. It clearly 

shows the gain of DBN-UWB monopole antenna sharply 

reduces at both the Wi-MAX and WLAN bands.  
 

 
Fig. 7 Gain comparison of proposed basic UWB & DBN-UWB antennas. 

 

 
Fig. 8 Impedance comparison of proposed basic UWB & DBN-UWB 
antennas. 

 

For rest of the UWB band, it is comparable to basic UWB 

antenna design. The gain varies between 1.85-3.35 dB but it 

reduces by 77.2% & 54% for Wi-Max & WLAN bands 

respectively. The antenna input impedance plays an important 

role to transfer maximum power from feeding source to 

antenna. It should be required as 50 ohms. Fig. 8 clearly 

illustrates, the input impedance of proposed basic UWB and 

DBN-UWB antennas varies nearly to 50-ohm throughout the 

entire UWB band.  

IV. CONCLUSION 

 The trapezoidal monopole UWB antenna with dual-band 

rejection capability and size miniaturization approach has been 

presented. The proposed antenna has simple structure and is 

easy to fabricate on commercially available low cost FR-4 

substrate. Due to triple step feed & DGS substrate effect, good 

size reduction has achieved to 22 × 28 mm2. To avoid the 

unwanted interference, dual-band rejection characteristics have 

inserted by etching V-slot and C-strip pair on top plane patch 

radiator. These covers band rejection requirement of Wi-MAX 

(3.15–4 GHz) and WLAN (5.18-5.95 GHz) efficiently. Finally, 

it is concluded that the proposed antenna has compact in size, 

wider impedance bandwidth, nearly omnidirectional radiation 

pattern and good relative gain. Hence, it is a good candidate for 

UWB application. 
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