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Abstract—A compact slotted Ultra Wide Band (UWB) 

antenna suitable for wireless Universal Serial Bus (USB) 

dongle application is designed and simulated using Ansoft 

HFSS14.0. Antenna design for USB dongle will be a 

challenging task due to its space constraint and it also needs 

to maintain good impedance and radiation performance 

across a wide operating bandwidth. Here this UWB antenna 

is designed by simply cutting notches and embedding slots 

in the patch in order to achieve multiple resonance having 

effective bandwidth of about 10.42 GHz (2.8 to 13.38GHz) 

with 3dBi of peak gain which covers operating band of 

WPAN using UWB. Gain is further enhanced by using 

electromagnetic band-gap (EBG) structure concepts. Overall 

size of UWB antenna is 11x15x0.8mm3 which is very 

suitable for USB Dongle device. 
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I. INTRODUCTION 

Commercial ultra wideband (UWB) systems require small 

low-cost antennas with omnidirectional radiation pattern and 

large bandwidth have attracted much attention owing to 

their advantages such as low profile, simple structure, high 

data rate, ease of fabrication and easy integration with 

monolithic microwave integrated circuits (MMICs). The 

UWB antenna is the most promising solution for, future 

short-range high-data wireless communication applications, 

UWB for short-range (10 m), peer-to-peer ultra-fast 

communications, and resistant to severe multipath and 

jamming. Wireless universal serial bus (WUSB), introduced 

from USB-IF, is a new wireless extension to USB that 

combines the speed and security of wired technology with 

the ease-of-use of wireless technology has been developed 

and adopted in many multimedia devices including laptops 

and PDAs for connection to various networked 

environments. WUSB provides high-speed data 

transmission rates of 110 Mbps (within 10m) and 480 Mbps 

(within 3m) based on an easy plug-and-play function. Hence 

these UWB antennas are used for DVB application [1], 

wireless application like WiBro, WiMax, WLAN and S-

DMB [5], [6], [9] & [14] and for USB dongle application 

[3], [4] & [12]. Lot of UWB antennas were proposed with 

different geometry not only with ultra wide bandwidth but 

so with constraint size. These include micro strip-fed patch 

type [2] & [3], CPW fed type [6] & [11], folded metal type 

[12] and Co-axial probe feed [5], [9] & [10] respectively. A 

Fork shaped monopole antenna is used for DVB reception in 

UHF [2]. A planar UWB antenna [4] faces size constraints. 

A high gain ultra-wideband micro strip antenna using 

electromagnetic band-gap (EBG) structures concepts has 

been specifically designed [7] in order to increase the gain. 

The coplanar waveguide-fed antenna [11] was not suitable 

for integration with a circuit board because it uses a large 

ground plane. Two U-shaped stubs beside the feeding line 

are first used in the UWB antenna to achieve a notched band 

[14].  

 In this paper, a compact UWB antenna is designed 

by cutting notches in rectangular patch and embedding slots 

which is applicable for wireless USB dongle. Good ultra 

wide band impedance bandwidth with suitable radiation 

characteristics is obtained by properly selecting the 

dimensions of the notches as well as embedded slots for the 

application in WPAN system were achieved. Effects of slots 

and notches on patch on resonance were studied. Under this 

structure this antenna can operate at three different 

frequencies at (i) 4.2 GHz, (ii) 5.5 GHz, (iii) 7 GHz. 

Average gain of 4.5dBi is obtained. High gain ultra-

wideband micro strip antenna can be designed by using 

electromagnetic band-gap (EBG) structure concepts [7]. The 

proposed antenna structure is simulated using the Ansoft 

High Frequency Structure Simulator (HFSS) v14.0, one 

commercial 3-D full-wave electromagnetic simulation 

software with Finite Element Method (FEM). 

II. ANTENNA DESIGN AND DISCUSSION 

Fig.1 shows the configuration of designed UWB slotted 

patch antenna for USB dongle application. It is evolved 

from rectangular patch and hence patch act as a radiator is 

etched on top portion of FR4 epoxy (substrate material) 

whereas on other side of substrate is printed with ground 

plane having dimension of about LgxW. The whole antenna 

is fabricated on FR4 substrate having dimension of about 

37x15 mm
2
 (LxW) which includes the whole size of 

antenna suitable for portable USB dongle device. The 

specified characteristics of this substrate are 0.8mm in 

thickness and 4.4 in relative permittivity (εr) with dielectric 

tangent loss of 0.02 respectively. Dimension of rectangular 

patch is of about LpxW. The antenna is fed by 50Ω micro 

strip line of dimension LsxWs with co-axial cable connected 

to SMA connector for testing the constructed prototype. 

 As seen in the fig.1, at lower two corners of the 

patch dual triangular notches were cut with dimensions of 

LnxWn in order to improve the matching condition and also 

to extend the impedance bandwidth with triple resonance 

property in a limited space for USB dongle application. For 

further bandwidth enhancement, three different straight 

slots with length of L1, L2 &L3 is embedded into the 

notched patch with equal width if 1mm. 

 This is because of introduction of slots, additional 

resonances is excited to produce continuous ultra wide 

bandwidth. In order to examine the performance of this 

antenna configuration to enhance ultra wide bandwidth, 

commercially available software HFSS was used for 

required numerical analysis. Also performance is analyzed 

for each slots as shown in current distribution 2 (a), (b) & 

(c) and at last by combining all three slots, multiple 

resonance in achieved. Ultra wide bandwidth of about 

10.57 GHz (for 10-dB return loss), ranging from 2.88 to 
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13.45 GHz, hence the obtained operating band sufficiently 

covers the requirement of WPAN standard. 

 
Fig 1: Configuration of Compact Slotted Patch Antenna 

Parameter W L LP Lg Ls Ws Wn 

Size (mm) 15 37 11 25.5 4 1 5 

Parameter L1 L2 L3 D1 D2 Ln 

Size (mm) 8.7 4 5 3 4 5 

Table 1: Optimal Geometrical Parameters Of Uwb Antenna 

 Fig.2 (a) & (b) Presents the simulated current 

distributions on the antenna surface when operating at 4.2, 

5.5, and 7 GHz. Obviously, for the lower frequency 

excitation (4.2 GHz), along the edges of the left horizontal 

slot more surface current density is observed, whereas for 

the 5.5GHz excitation, along the edges of not only the left 

horizontal slot, but also the down vertical slot the current 

distribution is concentrated. Finally, as the operating 

frequency increases as 7GHz, the current density becomes 

more concentrated along the edges of all the three slots. 

This illustrates the significant effect of the embedded slots 

to resonate at different frequencies of the proposed antenna. 

Fig.2(c) shows the electromagnetic current distribution over 

the whole antenna. 

 
(a)                         (b)                (c) 

Fig 2: Current Distribution 

III. MEASURED RESULTS AND DISCUSSION 

Fig.3 represents the photograph of the constructed prototype 

and the measured return loss against the frequency for the 

obtained antenna. The obtained bandwidth and band range 

are 10.42 and 2.86–13.38 GHz, respectively. 

 This antenna resonates at three frequencies at 

4.2GHz, 5.5GHz and at 7 GHz which covers C band (from 4 

to 8 GHz mainly used for long distance radio 

communication), suitable for WPAN standard for USB 

dongle application. 

 
Fig 3: Return Loss Vs Frequency Curve 

 
Fig 4: Photograph of Uwb Antenna 

 

 
Fig 5: Radiation Pattern At (I) 8.5 Ghz, (Ii) 4.2ghz, (Iii) 

5.5ghz, (Iv) 7ghz 

 Fig.5 shows the radiation pattern at different 

frequencies. Also, even to the three bands with a worse 

matching condition, the overall VSWR is still better than 

2.5 (i.e. VSWR < 2.5, ), and this makes the whole available 

bandwidth, if defined for VSWR < 2.5 , reach 10.28 GHz 

(3.1–13.38 GHz), fully covering the requirement of a UWB 

operation. For the case of the antenna without being 

attached to the laptop, an average gain of 4.9 dBi ranging 

from 3 to 6.9 dBi across the measured band was obtained. 

Fig.5 shows the radiation pattern at two different angels at 

ɸ and θ respectively at three different frequencies at 4.2, 5.5 

and 7 GHz respectively.  

Parameters Values 
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Peak Gain 3.19244 

Peak Realized Gain 2.45588 

Radiation Efficiency 93.73% 

Table 2: Parameters and Its Values Obtained For Uwb 

Antenna 

IV. GAIN ENHANCEMENT 

A periodic structure type Bragg mirror can create a 

frequency band within which any electromagnetic 

propagation is impossible. Fig.6 shows EBG structure [7]. 

EBG resonator antennas typically consist of an EBG 

material placed above a ground plane with half-wavelength 

containing a single source [8]. The EBG material and 

ground plane form a single resonator that acts as a spatial 

filter to the source and creates high gain and directional 

radiation characteristics. Several different types of EBG 

materials have been used to create these antennas, and the 

materials may be differentiated according to the 

dimensionality of the periodicity. The electromagnetic wave 

propagation within these materials generates strong 

interactions with the components of materials. As soon as 

the wavelength becomes less than spatial period of material, 

the laws of propagation become dispersive and anisotropic. 

This creates spatial and frequency filtering, creating the 

band gap with high gain. Hence this structure gives high 

gain ultra-wideband (UWB) micro strip antenna. Fig.7 

shows the implementation of EBG structure in UWB 

antenna for further increasing the gain. [7] 

 
Fig 6: Representation Of A Schematic Bragg Mirror 

Consists Of Two Types Of Layers; One Of Permittivity Єr 

And The Other Is Air. 

 
Fig 7: Antenna Ultra Wide Band Using Ebg Structures 

V. CONCLUSION AND FUTURE WORK 

A novel compact co-axial feed planar slotted patch antenna 

was designed by simply notching and slotting the patch for 

UWB operation has been presented. With an antenna size 

of only 11x15mm
2
, multi-resonance having ultra wide 

bandwidth and suitable radiation performance to cater for 

the WPAN standard for USB dongle device is achieved. 

Also, the prototype has been constructed and measured to 

show a good agreement with the simulated results. Gain of 

UWB antenna can be enhanced using EBG structure. 
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