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Abstract ─ A planar differential-fed antenna with dual 

band-notched characteristics is presented for ultra-

wideband (UWB) applications. The proposed antenna 

mainly consists of two V-shaped radiating patches placed 

face to face and an octagonal slot ground plane. To  

avoid the potential electromagnetic interference from 

narrowband services, V-shaped slots embedded in the 

radiating patches are adopted to reject 5.5 GHz WLAN 

band, while T-shaped stubs connected with the radiating 

patches are introduced to filter 8 GHz ITU band. A 

prototype of the proposed antenna is fabricated and 

tested. Measured results demonstrate that the obtained 

impedance bandwidth is from 2.82 to more than 11 GHz, 

along with two notched bands of 4.83-6.12 GHz and 

7.86-8.57 GHz. In addition, the proposed antenna exhibits 

good radiation patterns and stable gain. 

 

Index Terms ─ Differential-fed, notched band, T-shaped 

stub, UWB antenna, V-shaped slot. 
 

I. TRODUCTION 
With the allocation of 3.1-10.6 GHz band for  

ultra-wideband (UWB) applications by the Federal 

Communications Commission (FCC), ultra-wideband 

wireless communication technology has attracted 

increasing attention due to the inherent features such as 

high data rate, wide bandwidth, low power consumption 

and low cost. As an important component of the UWB 

wireless communication systems, various UWB antennas 

with good performances have been developed [1-9]. In 

practical applications, existing narrowband services like 

5.15-5.825 GHz WLAN and 8.025-8.4 GHz ITU may 

cause electromagnetic interference with the UWB band. 

To reduce interference, bandstop filters are often utilized 

to realize the desired notched band. However, it is 

inevitable to increase the complexity and the size of 

communication systems. Therefore, UWB antennas with 

band-notched characteristics are desirable [10-18]. In  

the design of UWB antenna [19], by applying an 

electromagnetic band-gap (EBG) structure, a notched 

band around 5.5 GHz is obtained to filter the 5.5 GHz 

WLAN band. In [20], a Koch fractal slot is used to yield 

a notched band covering from 4.65 to 6.40 GHz to reject 

the 5.5 GHz WLAN.  

Recently, with the widespread application of 

differential signal operation in the radio frequency 

systems, the conventional single-ended antenna is not 

suitable for the differential circuits because it cannot be 

integrated with the differential circuit. Generally, baluns 

are needed to transform differential signals into single-

ended signals between the differential circuits and the 

conventional antennas, which would cause additional 

losses and decrease the impedance matching bandwidth. 

Hence, differential-fed antennas excited by two signals 

with out of phase but equal amplitude are particularly 

significant, due to the fact that they can be directly 

integrated with differential circuits and no baluns are 

needed. In the design of [21], a differential-fed microstrip 

antenna is presented for UWB applications. Nevertheless, 

the proposed antenna does not have band-notched 

characteristics. In [22], a differential-fed magneto-electric 

dipole antenna is reported, but the antenna is not a planar 

structure. A differential UWB patch antenna with band-

notched characteristics is developed in [23]. However, 

the rejected band only covers 5.2-6.0 GHz, and it cannot 

cover the 8 GHz ITU band. 

In this paper, a planar differential-fed antenna with 

dual band-notched characteristics is proposed for UWB 

applications. This antenna, with a simple structure, is 

composed of two V-shaped radiating patches placed face 

to face and an octagonal slot ground plane. To diminish 

potential electromagnetic interference, V-shaped slots 

and T-shaped stubs are employed to achieve dual 

notched bands to filter 5.5 GHz WLAN and 8 GHz ITU, 

respectively. Details of the antenna design and the 

measured results are presented and discussed. 
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II. ANTENNA DESIGN 
As is generally known, standard two-port s-parameter 

matrix is shown in (1):  

 11 12
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. (1) 

For the convenience in analyzing differential 

signals, a form of mixed-mode s-parameter matrix Smm  

is developed in [24], which apply to describe the 

transmission characteristic of four-port differential 

microwave circuits. 

Usually, a differential-fed antenna can be regarded 

as a differential two-port network. And the mixed-mode 

s-parameter matrix can be simplified as (2):  

 dd dcmm
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. (2) 

Each of the mixed-mode s-parameter terms is as 

follows:  
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Sdd: Differential-mode s-parameters; 

Sdc: Common-mode to differential-mode; 

Scd: Differential-mode to common-mode; 

Scc: Common-mode s-parameters. 

Thus, the differential reflection coefficient of the 

proposed antenna can be calculated as below: 
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2
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   . (7) 

Figure 1 shows various planar antenna structures 

involved in the design evolution process, and the 

corresponding simulated reflection coefficients for each 

antenna are depicted in Fig. 2. Note that, antennas involved 

in Fig. 1 are all designed on 1 mm-thick FR-4 epoxy 

substrates with a relative permittivity of 4.4 and loss 

tangent of 0.02. Each antenna is a double-layer metallic 

structure. The V-shaped radiating patches are printed on 

the top layer of the substrate, compared with the ground 

plane with an octagonal slot etched on the bottom layer. 

In the beginning, the antenna (Ant. 1) is two UWB  

V-shaped monopoles placed face to face. This simple 

design can obtain a wide frequency band ranging from 

2.97 to more than 11 GHz. The feeding lines are tapered 

from 1.9 to 0.7 mm to reach good impedance matching. 

For the purpose of minimizing the electromagnetic 

interference from narrowband communication systems 

of WLAN (5.15-5.825 GHz) and ITU (8.025-8.4 GHz), 

two different approaches are applied to realize filtering 

behavior. In Ant. 2, V-shaped slot structures are etched 

on the radiating patches of Ant. 1 to achieve a notched 

band for rejecting 5.5 GHz WLAN. And the corresponding 

reflection coefficient of Ant. 2 is plotted in Fig. 2.  

This notched band can be controlled by adjusting the 

dimension of the V-shaped slots because the length of 

each slot is approximately equal to half of one guided 

wavelength λg at 5.6 GHz. The guided wavelength λg is 

defined as: 

 
g

eff

c
=

f



, (8) 

where c is the free-space speed of light, f is the center 

frequency of notched band, and εeff is the effective 

relative permittivity of the substrate. Based on the Ant. 

2, two T-shaped stubs are introduced to obtain the other 

notched band around 8.25 GHz to filter 8 GHz ITU. 

Notably, the length of the T-shaped stub determines the 

center frequency of the notched band. The final antenna 

(Ant. 3) proposed in this design is obtained as shown in 

Fig. 1. 
 

 
 

Fig. 1. Geometry of various antennas involved in the 

design evolution process. 
 

 
 

Fig. 2. Simulated reflection coefficients of various 

antennas involved. 
 

To further investigate the dual band-notched 

working mechanism of the proposed antenna, the surface 
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current distributions of the whole antenna at frequencies 

of 5.6 and 8.25 GHz are presented in Fig. 3. It is clear 

that the surface current distributions mainly concentrate 

along the edges of the V-shaped slots at 5.6 GHz in Fig. 

3 (a), whereas a large surface current density is observed 

along the T-shaped stubs at 8.25 GHz in Fig. 3 (b). The 

results from figures indicate that the V-shaped slots and 

T-shaped stubs work as resonators at rejected frequencies. 

This leads to serious impedance mismatching of the 

proposed antenna at 5.6 and 8.25 GHz. Thereby, the 

antenna cannot radiate electromagnetic energy outside in 

the notched bands. 
 

 
 

Fig. 3. Surface current distributions of proposed antenna 

at (a) 5.6 GHz and (b) 8.25 GHz. 
 

The geometry of the proposed antenna (Ant. 3) with 

the detailed design parameters is illustrated in Fig. 4. The 

antenna consists of two parts: two V-shaped monopoles 

placed face to face and a square ground plane with an 

octagonal slot. A V-shaped slot and a T-shaped stub are 

embedded in each monopole. The simulation and analysis 

for the proposed antenna are performed using the 

electromagnetic simulator ANSYS HFSS. The optimized 

dimensions of the antenna are listed in Table 1.  
 

 
 

Fig. 4. Geometry of the proposed antenna with the 

detailed design parameters. 

Table 1: Optimized parameters of the proposed antenna 

Parameters W Wg Ws 

Values (mm) 42.0 7.0 3.5 

Parameters Wf Wt g 

Values (mm) 1.9 1.4 0.8 

Parameters W1 L1 t1 

Values (mm) 4.0 8.0 1.4 

Parameters W2 L2 t2 

Values (mm) 3.5 6.7 0.2 

Parameters d2 W3 L3 

Values (mm) 0.8 3.0 3.3 

Parameters t3 θ  

Values (mm) 0.3 55 deg  

 

III. RESULTS AND DISCUSION 
Based on the optimized dimensions indicated in 

Table 1, a prototype of the proposed antenna is fabricated 

and tested to verify the operation performance. The 

photograph of the fabricated antenna is given in Fig. 5. 

The impedance bandwidth is measured by using a 

WILTRON 37269A vector network analyzer. Figure 6 

shows the simulated and measured reflection coefficients 

of the proposed antenna. It is found that the antenna  

has a wide bandwidth from 2.82 to more than 11 GHz,  

along with two notched bands of 4.83-6.12 GHz and 

7.86-8.57 GHz. There is a good agreement between the 

simulated and measured results. The discrepancy at high 

frequencies may be attributed to the fabrication errors. 

Figure 7 exhibits the measured and simulated far-

field normalized radiation patterns for frequencies at 4, 

7 and 9 GHz, respectively. From the figure, we can 

conclude that the proposed antenna features good quasi-

omnidirectional radiation patterns in the H-plane and 

dipole-like radiation patterns in the E-plane. Meanwhile, 

the proposed antenna also achieves relatively low cross 

polarization. The simulated and measured gains of the 

antenna are shown in Fig. 8. It can be seen that the 

measured gain is flat in all operating bands, and it 

declines rapidly in the notched bands. 

 

 
 
Fig. 5. Photograph of the fabricated antenna. 
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Fig. 6. Simulated and measured reflection coefficients of 

the proposed antenna. 
 

 
      (a) 

 
      (b) 

 
      (c) 
 

Fig. 7. Simulated and measured radiation patterns of the 

proposed antenna at (a) 4 GHz, (b) 7 GHz, and (c) 9 GHz. 

 
 

Fig. 8. Simulated and measured gains of the proposed 

antenna. 

 

IV. CONCLUSION 
A planar differential-fed ultra-wideband antenna 

with dual band-notched characteristics is proposed in 

this paper. To generate filtering behavior, the V-shaped 

slots and the T-shaped stubs are introduced in the antenna 

design. The obtained two notched bands of 4.83-6.12 GHz 

and 7.86-8.57 GHz can cover the 5.5 GHz WLAN and  

8 GHz ITU bands. The antenna prototype has been 

designed, fabricated and tested. Measured results show 

reasonable agreement with simulated results, validating 

our design concept. Moreover, the proposed antenna 

features good radiation patterns, relatively low cross 

polarization and stable gain, which indicates it can be a 

good candidate for the UWB communication systems. 
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