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Abstract—Ultra Wideband (UWB) technology is an unmodulated wireless digital communication system that uses an extremely short 

duration pulse to transmit information bit. Because of this pulse, the UWB system needs a very wide bandwidth. Federal 

Communication Commission (FCC) has regulated the 3.1 – 10.6 GHz frequency spectrum for UWB. Since FCC released this frequency, 

many research in telecommunication have been done on UWB systems. One of them is a development of an Antenna that is suitable for 

UWB devices. UWB antenna characteristics require FCC band, omnidirectional radiation pattern, and compact size. In order to meet 

these needs, an antenna with a simple structure in the form of a monopole patch antenna with a similar patch size and ground width 

has been designed. The antenna is built on an FR4 – epoxy substrate material, with 4.4 dielectric constant and 1.6 mm thickness. The 

antenna feeding structure consists of two 100 Ω and 50 Ω lines with a wideband impedance matching scheme using tapered side and 

tapered transformers. The antenna design and optimization processes are conducted using electromagnetic simulation software, and 

measurements are carried out in an anechoic chamber. Simulation and measurement results show good agreement, and the antenna 

can work at frequencies 3.5 - 11.3 GHz with a gain of 1.5 – 3.25 dBi and stable omnidirectional radiation patterns. The antenna has 

dimensions of 27 × 8 × 1.6 mm, which are smaller than the antenna reported in the last research and suitable to be applied on various 

UWB devices.  
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I. INTRODUCTION 

The development of wireless communication technology 

has a huge impact on our daily lives. It can be seen in the 

increasing interest in and use of wireless technology. The high 

demand for high capacity, fast service, and secure connections 

result in a scarcity of radio frequency spectrum [1]. This is 

because every radio technology occupies a portion of the band 

on the frequency spectrum and does not interfere with the 

others. The Internet of things, one of the current development 

issues, requires wireless technology that can overcome the 

constraints of the scarcity of frequency and large data capacity. 
Ultra-wideband (UWB) technology offers a solution for 

frequency spectrum scarcity and enables coexistence with 

current radio systems with minimal or no interference[2].  

The UWB technology is wireless without a carrier that uses 

very narrow pulses to communicate between the transmitter 

and receiver. This system requires exceptionally low power; 

meanwhile, applying the pulses with very narrow duration 

results in the need for very wide bandwidth. Therefore the 

Federal Communication Commission in America regulates 

the use of UWB frequencies which eventually are used as 
global standards in the 3.1 - 10.6 GHz band [3]. Low power 

allows this system to work without interfering with other 

communication systems in the 3.1 - 10.6 GHz band.  

Since the FCC regulates bands for UWB applications, few 

research have been done on the design and implementation of 

UWB. The antenna is one of the important devices in this 

technology. The antenna designs vary depending on the needs 

and applications, especially for mobile handheld devices, 

which need an antenna with a small size and omnidirectional 

pattern. Three antennas often used in commercial devices are 

microstrip, slot, and dielectric resonator antennas [1]. An 
antenna usually develops an antenna design with a small size 

and an omnidirectional radiation pattern in the form of a 

printed monopole structure. The configurable antenna is also 

required for the UWB antenna design [4], [5]. 
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In recent literature, many antennas have been made for 

UWB applications. For example, the antenna design with 

Tilted Annular-shaped Printed Line (TAPL) structure, 

magnetic transfer (TM11, TM12, and half wave dipole mode), 

and proposed cylindrical Dielectric Resonator Antenna (DRA) 

[1]. Pentagon-shaped planar monopole antenna with a 

pyramid-shaped reflector [6]. The circular monopole antenna, 

which adds a split ring resonator (SRR)  [7], [8] and a 

biconical antenna [9] Wrapped bowtie [10], array structure 

[11], adding frequency selective surface [12], metamaterial 

loaded [13], and Magneto Electric Monopole (MEM)[14]. 
Previous studies produce antennas with UWB characteristics, 

but the antenna becomes thicker due to dielectrics, pyramid 

reflectors, SRR, Array Structure, FSS, metamaterial loaded 

MEM, and biconical forms. 

The circular monopole antenna as on [5], [15]–[18] can 

produce the Antenna with UWB characteristics, but by adding 

the SRR, L-shape stub, and annular ring, the antenna structure 

will contribute to the design complexity of the antenna. 

Meanwhile, the antenna with a rectangular patch structure [5], 

[19]–[24], which is designed to have UWB characteristic, 

generally still have an antenna structure with that relatively 
large dimension.  

In this research, we propose the monopole antenna design 

consisting of a basic rectangular shape and a smaller antenna 

structure size than the previous works. The characteristics of 

UWB are obtained using a combination of tapered side 

connection [25], [26] and linear tapered side transformer [27], 

so the antenna design is simpler than the antennas that have 

been reported in the literature. The antenna design process is 

carried out using electromagnetic simulation software, where 

the antenna structure can be designed, simulated, and 

optimized by conducting a parametric study of the antenna 
structure. 

II. MATERIAL AND METHOD 

In this section, we present the design methodology of the 

UWB antenna. The antenna is designed using a conventional 

patch antenna design, and the feed line is a microstrip line 

which is then designed to be an antenna with UWB 

characteristics. There are some basic formulas for designing 

patch antennas with microstrip lines, and particular antenna 
design steps are needed to obtain the UWB characteristics. 

A. Patch Antenna Design 

A patch antenna has a substrate, the thickness h, and a 

certain dielectric constant ɛr. The antenna can be designed 

using the formula and procedures [28]. For the dielectric 

constant of the substrate ɛr, the thickness (h), and the 

resonance frequency  (fr), then the patch width W and patch 

length L can be calculated as follows [28]. 
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B. Microstrip Line Design 

The most common ways to feed the patch antenna use a 
microstrip line, coaxial probe, aperture coupling, and 
proximity coupling [28]. In this work, the microstrip line is 
chosen because the design is simple and does not change the 
thickness of the antenna. Furthermore, for designing a 
microstrip line with conductor width W, substrate thickness d, 
and relative permittivity ɛr,use the following formulas [29]: 
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Where ɛe = effective dielectric is constant, Z0 = characteristic 
impedance.   

C. UWB Antenna Design 

The antenna design uses electromagnetic simulator 

software. FR4 was chosen as the substrate with consideration 

due to the low price having a thickness 1.6mm and a dielectric 

constant (ɛr) 4.4. The antenna geometry is shown in Fig. 1, 

which consists of a patch with the length L and the width W. 

Two microstrip lines feed the antenna with the impedance of 

50 Ω and 100 Ω as on [27]. Both lines are connected by the 

linear tapered transformer T. The 100 Ω line is connected to 

the patch using the tapered side. The ground part of the 

antenna utilizes the partial ground plane structure. 

The antenna design is initiated by using the equation (1) – 
(4) to calculate W and L; meanwhile, calculating the length 

and the width of the microstrip line uses the equation (5) – (8). 

Furthermore, all the results of the length and width for the 

patch and the microstrip line are simulated and optimized to 

have the UWB antenna characteristic have the minimum size. 

The substrate width and length of the antenna is chosen on a 

similar size to the patch width and length to have minimum 

antenna dimension. 
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Fig. 1  The geometry of the antenna structure 

 

The antenna design uses a conventional patch structure 

[28], which produces a narrow band frequency response. The 

patch antenna is then modified to a monopole patch structure 

for a broadband response by cutting the ground part and 

obtaining the partial ground plane. The broadband impedance 
matching can be achieved by adjusting the partial ground 

plane, the linear transformer T, and the tapered side 

connection. The antenna design's optimum dimension is 

shown in Fig. 1. The figure shows the patch part of the 

antenna with the length L and width W. Meanwhile, t is the 

length of the tapered transformer. The patch is connected by 

a tapered feed line which has a width 0.2 mm on the top and 

gradually widened to 2.16 mm on the bottom. In total, the 

patch and feed line have a length of 27 mm. The antenna's 

ground plane is the dark grey part on the back of the feed line. 

The side view of the design is on the right part of the figure. 
The patch dimension after optimization is 27 × 8 × 1.6 mm. 

Meanwhile, the ground plane dimension is 15 × 8 × 1.6 mm. 

The structure uses the same width of patch and ground plane. 

III. RESULT AND DISCUSSION 

A. Parametric Study 

The parametric study is carried out by adjusting one of the 

Antenna dimensions in Fig. 1 while keeping other dimensions 

constant and then simulating it to have the optimal design. 

Some antenna characteristics are observed continuously, i.e., 
return loss, radiation pattern, gain, and VSWR (Voltage 

Standing Wave Ratio). As explained in the previous section, 

the antenna design is initiated using equations (1) – (4) to have 

the conventional patch antenna with a unidirectional radiation 

pattern. The FR4 substrate with a thickness 1.6 mm and 

dielectric constant 4.4 is applied to these equations to have L 

=11 mm and W = 8 mm. Fig. 2 shows the antenna return loss 

(S11) when using this size. This initial result has a narrow-

band response.  

 
Fig. 2  The  return loss of the initial design of the antenna for different lengths 
of L  

 

There are three antenna lengths (L) have been studied in 

this design, i.e., 8, 9, and 11 mm. The length of L = 8 mm is 
chosen to have a smaller size antenna, and then the frequency 

response with the center frequency between 3 – 12 GHz. The 

next target is adjusting the antenna frequency response 

according to the need of UWB, i.e., in the range of 3.1 – 10.6 

GHz.  

After this initial design, a parametric study is conducted on 

the ground plane area by adjusting the length of a ground 

plane while keeping the substrate width constant. The 

simulation result for this setting is shown in Fig. 3. The wider 

bandwidth can be obtained by adjusting the length of the 

antenna ground plane from 30 mm to 15 mm, even though the 
return loss is not so good (below 10 dB). Meanwhile, the 

figure also shows that reducing the length of the antenna 

ground plane below 15 mm will result in a narrow bandwidth 

frequency response and shift the resonance frequency.  

 

Fig. 3  The  return loss of the initial design of the antenna for different lengths 

of Lg  

The ground plane size reduction also affects the antenna 

radiation pattern as Fig. 4 shows the three-dimensional pattern 
toward some changes in ground plane size, i.e., for Lg is equal 

to 30 mm, 25 mm, 20 mm, 15 mm, and 10 mm. The red 

patterns indicate the maximum radiation of the antenna. The 

figure shows that increasing the patch area will enlarge the 

size of the minor antenna lobe. The simulations also denote 

that reducing the patch area, which is covered by the ground 

plane, will transform the antenna radiation pattern from 

unidirectional to omnidirectional. Fig. 4 also shows that the 
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ground plane length at 15 mm yields the maximum radiation 

and omnidirectional radiation pattern, meeting the need for a 

UWB antenna. Therefore, using this length of ground plane 

size (Lg = 15 mm), the impedance matching will be carried 

out between the antenna and the feed line to have broadband 

impedance matching. The main part of the impedance 

matching procedure is adding the tapered side and tapered 

transformer on the feed line.  

 

 

Fig.4  The antenna radiation pattern for different lengths of Lg 

The simulation result after adding the tapered side and 

transformer is shown in Fig.5, where there are three 

conditions of the antenna feed line, i.e., without tapered, with 

tapered side, and using both tapered side and transformer. 

 

 

Fig. 5  The antenna return loss for different tapered techniques 

 

The design with a tapered side and tapered transformer 

contribute more to impedance matching of the antenna, which 

gives good return loss with wider bandwidth and maximum 

level at -34 dB. Furthermore, smooth impedance matching can 

be made by adjusting the tapered side and tapered transformers 
where the target matches the impedance of the patch antenna to 

the 100 Ω and 50 Ω lines. The simulation results are shown in 

Fig.6, which give good return loss with wide bandwidth and 

maximum level at -40 dB.  

 

Fig. 6  Tuning the impedance matching of the antenna 

In order to reduce the antenna dimensions, the antenna 

substrate is cut at the top of the patch, as shown in Fig.7. 

According to the figure, this cut does not affect the antenna 

frequency response significantly. Thus, the result of this 

parametric study is the antenna structure with the optimum 
design and best dimension with the geometry, as shown in 

Fig.1. 

 
Fig. 7  Antenna substrate cutting 

B. Antenna Measurement 

The antenna design process through parametric studies has 

obtained an antenna with optimal dimensions for UWB 

operating frequency. The next step is validating the 

simulation result by measuring the fabricated antenna in the 

laboratory. The antenna is fabricated on the substrate material 

FR4 with a thickness 1.6 mm and a dielectric constant 4.4 

using the dimension which is based on the optimization 

results. The physical realization of the antenna after 

fabrication is shown in Fig. 8, which has the dimension of 27 
× 8 × 1.6 mm.  

 
Fig. 8  Manufactured Antenna 
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The antenna return loss measurement is performed using 

the devices shown in Fig. 9. The Vector Network Analyzer 

(VNA) Keysight E5071C is shown at the bottom left of the 

figure. Meanwhile, radiation pattern, gain, and VSWR 

measurement is carried on the anechoic chamber where the 

transmitting antenna is shown at the upper right and the 

receiving antenna (this work) at the bottom left of the figure.  

 

 

Fig. 9  Measurement devices 

 

Fig. 10 shows the return loss of the antenna for both 
simulation and measurement results. According to this 

measurement result, the antenna bandwidth is obtained in the 

3.5 – 10.8 GHz range. The figure shows good agreement 

between the measurement result and simulation results. The 

discrepancy occurs possibly because of the presence of a 

soldering part to join the SMA connector and the antenna. The 

fabrication inaccuracy in transferring antenna size from the 

simulation process is another possibility of causing the 

discrepancy.  

 

 

Fig. 10  Return loss of the antenna for simulation and measurement 

 
The measurement result of the antenna radiation pattern is 

shown in Fig. 11. The pattern is measured for the frequencies 

of 4 (Fig.11a), 6 (Fig.11b), 8 (Fig.11c) dan 10 GHz (Fig.11d), 

which represents the UWB operating frequencies. The figures 

also show the antenna's horizontal radiation pattern, which 

has an omnidirectional radiation pattern at an average level of 

-5 dBm for all of the measurement frequencies. The cross-

polarization is mainly on a quite low level except for some 

increments at higher frequencies. The vertical radiation 

pattern of the antenna indicated that the antenna is identical to 

the monopole antenna radiation pattern. Furthermore, antenna 

gain is 1.2 - 4.5 dBi on the antenna working frequency band. 

This low gain is due to the very small antenna size.  

 

Fig. 11  Antenna radiation pattern measurement results. (a) 4 GHz, (b) 6 GHz, 

(c) 8 GHz, (d). 10 GHz. ( Blue = x – y plane, red = x – z pattern, green = cross 

polar)  

 

Fig. 12  Gain of proposed Antenna 

TABLE I 

COMPARISON OF THIS ANTENNA WITH OTHER DESIGNS 

Ref. Dimension (mm) Footprint 

(mm2) 

Freq. Range 

(GHz) 

[9] 40 × 40 × 12 1600 3 – 11.8  
[30] 45 × 54 × 1.52  2430 3.1 – 10.6 
[7] 50 × 50 × 1.575 2500 2.6 – 10.8  
[17] 24 × 28 × 1.6 672 2.1 – 11.4 
[31] 15.8 × 22 × 0.78 348 3.1 – 10.6 

[16] 35 × 35 × 0.65 864 3.1 – 11.5 
[21] 12 × 22 × 1.6 264 3.1 – 10.6 
This 
work 

8 × 27 × 1.6 216 3.5 – 10.6 
 

 

Table I compares the antenna size in this study with some 

antennas in previous studies. The maximum footprint area is 

2500 mm2 [7]. The table also shows that the antenna of this 
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design has the smallest size with a footprint area of 216 mm2 

which is suitable for various UWB devices application.  

IV. CONCLUSIONS 

The UWB antenna design, which has a simple design and 

small size, has been presented. The small antenna with a 

dimension of 27×8×1.6 mm is suitable for various UWB 

communication devices. The antenna with tapered 
transformer and tapered side feeding point has been studied 

and discussed where it can improve the antenna bandwidth 

proper for the UWB system. The antenna has a bandwidth of 

4.4–10.8 GHz and radiates the stable omnidirectional 

radiation pattern on UWB band. The research has met the 

main target where the antenna size is smaller than the latest 

literature, meets the UWB bandwidth, and has a stable 

radiation pattern. This antenna design can be developed in the 

future to get the lowest bandwidth according to FCC 

requirements on 3.1–10.8 GHz. 

ACKNOWLEDGMENT 

We thank Politeknik Negeri Padang, Ministry of Research, 

Technology and Higher Education of Indonesia that 

sponsoring this study through Applied Research Grant, 

contract No: 058/PL9.1/PP/2018. 

REFERENCES 

[1] A. Sharma, G. Das, and R. K. Gangwar, “Composite antenna for 

ultrawide bandwidth applications: Exploring conceptual design 

strategies and analysis,” IEEE Antennas Propag. Mag., vol. 60, no. 3, 

pp. 57–65, 2018, doi: 10.1109/MAP.2018.2818013. 

[2] J. Reed, “Introduction to ultra wideband communication systems,” 

Mns.Ifn.Et.Tu-Dresden.De, pp. 1–44, 2005. 

[3] F. C. C. U.S., “Revision of part 15 of the commission’s rules regarding 

ultra-wideband transmission systems,” vol. 24558, no. 98, 2010. 

[4] J. Nan, J. Zhao, M. Gao, W. Yang, M. Wang, and H. Xie, “A Compact 

8-States Frequency Reconfigurable UWB Antenna,” IEEE Access, vol. 

9, pp. 144257–144263, 2021, doi: 10.1109/ACCESS.2021.3122250. 

[5] A. S. Kaddour, S. Bories, A. Bellion, and C. Delaveaud, “Frequency 

Reconfigurable Low-Profile UWB Magneto-Electric Dipole in VHF 

Band,” IEEE Access, vol. 9, pp. 61269–61282, 2021, doi: 

10.1109/ACCESS.2021.3073094. 

[6] S. Saxena, B. K. Kanaujia, S. Dwari, S. Kumar, and R. Tiwari, “A 

Compact Dual-Polarized MIMO Antenna with Distinct Diversity 

Performance for UWB Applications,” IEEE Antennas Wirel. Propag. 

Lett., vol. 16, pp. 3096–3099, 2017, doi: 

10.1109/LAWP.2017.2762426. 

[7] J. Y. Siddiqui, C. Saha, and Y. M. M. Antar, “Compact SRR loaded 

UWB circular monopole antenna with frequency notch characteristics,” 

IEEE Trans. Antennas Propag., vol. 62, no. 8, pp. 4015–4020, 2014, 

doi: 10.1109/TAP.2014.2327124. 

[8] H. T. Chattha, F. Latif, F. A. Tahir, M. U. Khan, and X. Yang, “Small-

Sized UWB MIMO Antenna with Band Rejection Capability,” IEEE 

Access, vol. 7, pp. 121816–121824, 2019, doi: 

10.1109/ACCESS.2019.2937322. 

[9] Z. Chen, W. Zhou, and J. Hong, “A Miniaturized MIMO Antenna with 

Triple Band-Notched Characteristics for UWB Applications,” IEEE 

Access, vol. 9, pp. 63646–63655, 2021, doi: 

10.1109/ACCESS.2021.3074511. 

[10] D. Lee, G. Shaker, and W. Melek, “A Broadband Wrapped Bowtie 

Antenna for UWB Pulsed Radar Applications,” IEEE Trans. Antennas 

Propag., vol. 68, no. 12, pp. 7803–7812, 2020, doi: 

10.1109/TAP.2020.3000556. 

[11] F. Abushakra et al., “A Miniaturized Ultra-Wideband Radar for UAV 

Remote Sensing Applications,” IEEE Microw. Wirel. Components 

Lett., vol. 32, no. 3, pp. 198–201, 2022, doi: 

10.1109/LMWC.2021.3129153. 

[12] A. J. A. Al-Gburi, I. B. M. Ibrahim, M. Y. Zeain, and Z. Zakaria, 

“Compact Size and High Gain of CPW-Fed UWB Strawberry Artistic 

Shaped Printed Monopole Antennas Using FSS Single Layer 

Reflector,” IEEE Access, vol. 8, pp. 92697–92707, 2020, doi: 

10.1109/ACCESS.2020.2995069. 

[13] T. Shabbir, R. Saleem, S. S. Al-Bawri, M. F. Shafique, and M. T. Islam, 

“Eight-Port Metamaterial Loaded UWB-MIMO Antenna System for 

3D System-in-Package Applications,” IEEE Access, vol. 8, pp. 

106982–106992, 2020, doi: 10.1109/ACCESS.2020.3000134. 

[14] N. Miniaturized et al., “Communication,” vol. 69, no. 7, pp. 4195–

4200, 2021. 

[15] Z. L. Zhou, L. Li, and J. S. Hong, “Compact UWB printed monopole 

antenna with dual narrow band notches for WiMAX/WLAN bands,” 

Electron. Lett., vol. 47, no. 20, p. 1111, 2011, doi: 

10.1049/el.2011.2299. 

[16] O. A. Safia, M. Nedil, L. Talbi, and K. Hettak, “Coplanar waveguide-

fed rose-curve shape UWB monopole antenna with dual-notch 

characteristics,” IET Microwaves, Antennas Propag., pp. 1112–1119, 

2018, doi: 10.1049/iet-map.2017.0852. 

[17] X. Zhao, S. Riaz, and S. Geng, “A Reconfigurable MIMO/UWB 

MIMO Antenna for Cognitive Radio Applications,” IEEE Access, vol. 

7, pp. 46739–46747, 2019, doi: 10.1109/ACCESS.2019.2909810. 

[18] J. P. Uwiringiyimana, U. Khayam, Suwarno, and G. C. Montanari, 

“Design and Implementation of Ultra-Wide Band Antenna for Partial 

Discharge Detection in High Voltage Power Equipment,” IEEE Access, 

vol. 10, pp. 10983–10994, 2022, doi: 

10.1109/ACCESS.2022.3144416. 

[19] S. Koziel and A. Bekasiewicz, “Compact UWB monopole antenna for 

internet of things applications,” Electron. Lett., vol. 52, no. 7, pp. 492–

494, 2016, doi: 10.1049/el.2015.4432. 

[20] U. N. F. Hendri and M. Silvana, “Compact UWB Band Notched with 

C-Slot Antenna,” Ico-Ascnitech, no. October, pp. 13–15, 2017. 

[21] H. Mardani, C. Ghobadi, and J. Nourinia, “A simple compact 

monopole antenna with variable single- and double-filtering function 

for UWB applications,” IEEE Antennas Wirel. Propag. Lett., vol. 9, 

pp. 1076–1079, 2010, doi: 10.1109/LAWP.2010.2091391. 

[22] S. Y. A. Fatah, E. K. I. K. I. Hamad, W. Swelam, A. M. M. A. Allam, 

M. F. A. Sree, and H. A. Mohamed, “Design and Implementation of 

UWB Slot-Loaded Printed Antenna for Microwave and Millimeter 

Wave Applications,” IEEE Access, vol. 9, pp. 29555–29564, 2021, doi: 

10.1109/ACCESS.2021.3057941. 

[23] M. S. Khan, A. Iftikhar, R. M. Shubair, A. D. Capobianco, B. D. 

Braaten, and D. E. Anagnostou, “Eight-Element Compact UWB-

MIMO/Diversity Antenna with WLAN Band Rejection for 3G/4G/5G 

Communications,” IEEE Open J. Antennas Propag., vol. 1, no. 1, pp. 

196–206, 2020, doi: 10.1109/OJAP.2020.2991522. 

[24] V. S. D. Rekha, P. Pardhasaradhi, B. T. P. Madhav, and Y. U. Devi, 

“Dual Band Notched Orthogonal 4-Element MIMO Antenna with 

Isolation for UWB Applications,” IEEE Access, vol. 8, pp. 145871–

145880, 2020, doi: 10.1109/ACCESS.2020.3015020. 

[25] Z. N. Low, J. H. Cheong, and C. L. Law, “Low-cost PCB antenna for 

UWB applications,” IEEE Antennas Wirel. Propag. Lett., vol. 4, no. 1, 

pp. 237–239, 2005. 

[26] Firdaus, A. N. Fatimah, Yulindon, and R. Dewi, “Design and 

comprehensive testing a 2.4 GHz antenna for WiFi access point,” 

Telkomnika (Telecommunication Comput. Electron. Control., vol. 18, 

no. 3, pp. 1176–1184, 2020, doi: 

10.12928/TELKOMNIKA.v18i3.14940. 

[27] Q. Wu, R. Jin, J. Geng, and M. Ding, “Printed omni-directional UWB 

monopole antenna with very compact size,” IEEE Trans. Antennas 

Propag., vol. 56, no. 3, pp. 896–899, 2008, doi: 

10.1109/TAP.2008.917018. 

[28] C. A. Balanis, “Antenna Theory.” A John Wiley & Son, 2005. 

[29] D. M. Pozar, Microwave Engineering, Fourth Edi. John Wiley, 2008. 

[30] R. A. Moody and S. K. Sharma, “Ultrawide bandwidth (UWB) planar 

monopole antenna backed by novel pyramidal-shaped cavity 

providing directional radiation patterns,” IEEE Antennas Wirel. 

Propag. Lett., vol. 10, pp. 1469–1472, 2011, doi: 

10.1109/LAWP.2011.2179513. 

[31] A. Bekasiewicz and S. Koziel, “Structure and Computationally 

Efficient Simulation-Driven Design of Compact UWB Monopole 

Antenna,” IEEE Antennas Wirel. Propag. Lett., vol. 14, pp. 1282–

1285, 2015, doi: 10.1109/LAWP.2015.2402282.  

 

820




