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Abstract -- In this study, the design of a microstrip antenna was developed as a type of monopole that supports Ultra-Wideband communication.  The research aims to obtain a minimalist and compact antenna design that works optimally at UWB frequencies. The UWB microstrip antenna design is a planar monopole star patch with increased characteristics bandwidth using Electromagnetic Band Gap (EBG) structure. The design method to obtain bandwidth optimization is done by using a notch band technique in the ground plane and impedance matching of the gap line in the star patch. The type of substrate material used in the microstrip antenna design is the RT DUROID 5880 type. A simulation method was used through the CST studio software application to obtain the dimensions of the antenna design and performance. The results of the simulation show the performance of the antenna parameters, such as 95.87% of fractional bandwidth < -10 dB, VSWR ( 2:1), and maximum directivity the gain and polarization values of the two resonant frequencies obtained are 2.61 dBi and 5.18 dBi. The simulation results of the design dimensions are 40 mm x 40 mm and the achievement of optimization in the C band and X band frequencies.
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INTRODUCTION

The Antenna is a transducer designed to transmit or receive electromagnetic waves. Microstrip antennas have several advantages over conventional microwave antennas and are therefore widely used in many practical applications. On February 14, 2002, the Federal Communications Commission (FCC) amended the Part 15 rules which govern unlicensed radio devices to include the operation of UWB devices. The FCC also allocated a bandwidth of 7.5GHz, i.e. from 3.1GHz to 10.6GHz to UWB applications, by far the largest spectrum allocation for unlicensed use the FCC has ever granted[1] 
The FCC released its Second Report on UWB15 in December 2004[2]. This report gives large systems and devices that just don't meet the definition of UWB technology greater flexibility to be introduced. In accordance with the revised regulations, wide-bandwidth device emission peak power limitations are increased to the same level as UWB devices in the three frequency bands that are previously made available for unlicensed operation, i.e 5925-7250 MHz, 16.2-17.2 GHz, and 23.12-29 GHz. The main problem with UWB antennas is the presence of some services in a narrow band, such as Wireless LAN (WLAN) in the frequency band of 5.15 to 5.85 GHz, X-Band satellite downlink communications in the band of 7.1 to 7.6 GHz, and Direct Broadcast Satellite (DBS) communications in the frequency band of 11.7 to 12.5 GHz, which causes problems with electromagnetic interference in the UWB system[3], [4][5]
Based on the Federal Communication Commission (FCC) as a key component of the UWB system for wireless communication, UWB antennas have their charms and challenges in their design[4]. UWB antennas have design characteristics as an important part of the UWB system and must have a small size, lightweight, omnidirectional radiation pattern, and all other characteristics required for UWB communication. So, it is attracting a lot of interest in the research and development of UWB technology[6].[7], [8][9]
Figure 1 UWB technology is appropriate for a wide range of applications, including communications, geo-location, positioning, and radar or sensor applications. The UWB system has advanced technologically for more than 40 years[4], [10]. 
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Figure 1. UWB versus other Radio Communication Systems.

According to the Shannon-Hartley theorem, in this system, channel capacity improves linearly as bandwidth increases and drops logarithmically as the signal-to-noise ratio decreases (SNR). The power in UWB technology is extremely modest and very close to the noise floor[11], [12] [9]Therefore, it may be said that the UWB system is power limited rather than band-restricted as in the narrowband situation.
Several designs have been carried out for this antenna analysis approach, such as genetic algorithm, rectangular slot, round diamond, trident shape bait, Quasi-self-free, Vivaldi antipodal, and many others that have been published to obtain the UWB frequency band. Ultra-wideband (UWB), a radio transmission technology that occupies an extremely wide bandwidth exceeding the minimum of 500MHz or at least 20% of the center frequency, is a revolutionary approach for short-range high-bandwidth wireless communication[3], [4], [13]. In recent RF communications and remote sensing applications at radio, microwave, and terahertz frequencies, the design of a small ultra-wideband (UWB) antenna printed on short-range radio devices plays a significant role in modern wireless communications. It is a carrier less short-range communications technology that transmits information in the form of very short pulses[14], [15]. 
Several papers that have discussed UWB microstrip antennas with the use of star patches as slits or radiating patches have shown good values with the support of certain grounding models. The grounding model or technique is very important to obtain a wide bandwidth[6]. Fractal geometry plays an important role in this requirement. Fractals have non-integral dimensions and the ability to fill space can be used to miniaturize the antenna size. Optimizing the outcomes by the design aim is done utilizing the Method of the Moment analysis technique[6], [16]. Microstrip antenna development that achieves bandwidth optimization can be accomplished using techniques like coupling proximity, Electromagnetic Band Gap (EBG), and Defected Ground Structure (DGS)[3], [17], [18]. The Electromagnetic Band Gap technique, which is most frequently utilized at UWB frequencies, was applied in this study. Acanctromagnetic waves propagate through the EBG, a periodic structure, at a certain frequency range. The notched band approach is used on the ground plane construction, which is situated at the center point. There are numerous ways to obtain notch bands, including[4], [19]. 
The goal of this antenna design study is to develop a monopole antenna model that is simple, compact, and capable of operating in the UWB frequency band. In order to obtain bandwidth optimization on the results of the antenna design performance using the Defected Ground Structure technique. RT DUROID 5880 substrates from Rogers-Corp with a dielectric constant of 2.2, thickness of 1.57mm, and loss tangent of 0.002[20]. In this study, a simulation model using CST application software was performed to produce results from an overall antenna design. The objective of this project was to create a microstrip antenna prototype that may be used for wireless communication applications. The was designed to be compact and low profile.
METHODOLOGY 
The planar monopole antenna used in the EBG method's antenna design uses magnetic coupling technology. On the top layer of the substrate material, the patch is constructed in opposition to how the ground plane is shaped. Two equilateral triangular patches are used to create a special star-shaped patch [21], [22]. The star-shaped patch created by fusing two triangles and rotating the angle by 180 degrees is depicted in Figures 1 and 2[23].

[image: ]
Figure 2. Triangular patch merge direction.
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Figure 3.  Star Patch.

The basic shape of the star patch is formed by two triangular patches. Crosswise, the two triangular patches are 180 degrees apart. The equilateral triangular patch's shape can be determined by calculating the side lengths of the patch. The dimensional value determines the resonance substrate material's resonance frequency and dielectric constant are order modes in the Transverse Magnetic Wave Propagation (TMmn) dominating mode. To determine the triangle's side length, apply the equation below[21], [22].
	         (1)

Where fr is the material's relative dielectric constant, ɛeff is the effective permittivity of the dielectric material, and fr is the resonant frequency in gigahertz. C is the speed of light (3 x 108 m/s). In the case of the dominant mode, m = 1 and n = 0 (TM01). The second equation is created by reducing the first equation as shown below[24]
	 		                   (2)
The length of the side of the triangle (a) can be obtained by the following equation.

 	                                              (3)
 
Design of the Star Patch 
Start with an equilateral triangle-shaped patch to actualize the star patch's dimension value. The operating range of UWB technology is 3.1 GHz to 10.6 GHz, which includes the C band frequency spectrum and the X band frequency spectrum. The resonance frequency or core frequency in this investigation is 6.5 GHz (fr)and the material specification of RT DUROID substrate is a thickness (h) of 1.57 mm and dielectric constant (ɛr) of 2.2. Equation 3 may be used to calculate the side length of the triangular patch, and the result is 20 mm with each side having a 60-degree angle, as illustrated in Figueres 4 [23].
[image: ]
Gambar 4. Design of triangular patch.
[image: ]
Figure 5. Design of star patch
The size of the star patch created by joining two equilateral triangles is seen in Figure 5. The diagonals of the star angles in the figure's two long sides are 12.57 mm and 21.8 mm. Two sides with lengths of 5.14 mm and 7.34 mm make up the corner of the triangle's junction.
Transmission Line
The microstrip transmission line is part of the antenna design element that functions as a power supply. By analyzing the width of the line above the conductor's surface to the thickness of the substrate material, the characteristic impedance of the microstrip transmission line can be calculated. Figure 6 shows a profile of a microstrip transmission line depending on the value of the conductor width (w) and the thickness of the substrate layer (h) [25].  
[image: ]
Figure 6. Microstrip line
The requirements in the medium or substrate type define the characteristic impedance (Zo) of a microstrip transmission line. The equation can be used to determine the characteristic impedance of the microstrip line when the line width (w) to substrate thickness (h) ratio is more than one (w/h > 1) [25][21]
                      (4)
Where Zo is the characteristic impedance in Ohms, ɛeff is the relative dielectric constant of the material, its substrate thickness in meters, and w is the width of the transmission line in meters. By using the calculation of equation 4, we can determine that the width of the transmission line is 4.8 mm when the characteristic impedance (Zo) is 50. 


Design of T-Junction Power Divider  
For this research microwave transmission line as a power supply point to a loaded patch, the T-junction power divider transmission line technique is used. T-junction microstrip is a technique of several types of microstrips in system telecommunication [26]. Tapered microstrip is often found as a power separator or also known as a splitter. The T-Junction power divider circuit shown in Figure 7 is a common design for microstrip antennas, where its performance is comparable to that of the three-port Wilkinson power divider [27]. The impedance value of the circuit is made up of three fundamental components: an input line (Zo), two output lines (Z1), and (Z2). There is no isolation between the output ports so other than at the T junction.
  
[image: ]
Figure7. T-Junction Power Divider.
The third relationship of the transmission line impedance of the T-junction power divider is as follows [26]:
	                                          (3)
Where Z0 is the characteristic impedance of the input line, Z1 and Z2 are the characteristic
impedances of both output lines, and B is the reactance created at the junction of the three
lines. Thus, given an input impedance, the two output impedances can be matched to the
input impedance. Furthermore, if assuming the value of B (imaginary side) is zero, then the value of the characteristic impedance of all becomes real. So that obtained a relationship value of the three impedances of Zo, Z1, and Z2 through the following equation: 
				(4)
If the characteristic impedance (Zo) in equation 4 is 50, then the output line impedances (Z1 and Z2) are 100, respectively. As an outcome, the impedance of Z1 and Z2 has a 1.4 mm line width in the design of the microstrip transmission line.    

Defected Ground Structure
DGS this technique merely denotes the placement of a "defect," which is often regarded as an approximate representation of an endless, perfectly-conducting current sink, in the plane's ground. Although the additional DGS perturbations change the ground plane's homogeneity, they do not cause it to be flawed. A resonant gap or slot in the ground metal that is positioned directly beneath a transmission line and is oriented for effective coupling to the line is the fundamental component of DGS. DGS can be used as a filter in antennas operating in the UWB spectrum to lessen the effects of interference [19].
As it can decrease sidelobes in phase arrays, enhance the performance of couplers and power dividers, and decrease the response to band signal for both transmit and receive, this is the most typical use of DGS for the antenna. Different dumbbell forms are employed as part of the DGS technique in this study [19][28]. The geometry of the DGS construction using a microstrip antenna's ground plane is depicted in Fig. 7. Lg and Wg are the length and breadth of the ground plane, respectively, on the structure's DGS side. For a notch with the same size as the ground plane's opening (Gp).
 
[image: ]
Figure 8. The ground plane's DGS.
RESULTS AND DISCUSSION
Results for antenna design were obtained in this work using the simulation method. Two things may be seen from the simulation results: the antenna configuration's form and the antenna's parameters. With a length and width of 40 mm for the first result, the substrate material has the smallest possible dimensions. The investigation of the antenna's performance parameters follows, including measurements of bandwidth, VSWR, input impedance, radiation pattern, gain, and so forth.
Figure 9 shows the front view configuration of the antenna design along with the star patch and transmission line structure. Table 1 displays the results of the antenna design configuration in two components. The radiating patch that is directly connected to the transmission line's power supply is shown in the figure as the modeling design of a small antenna. The substrate material used for antenna modeling is required with a length and width of 40 mm (Ws) x 40 mm (Ls). A transmission line with a characteristic impedance of 50  is designed with a length of 7.4 mm (Lt) and a width of 4.8 mm (Wt). Furthermore, the T-Junction power divider circuit has two output transmission lines with a gap of 11 mm (GD) with a line length of 10 mm (LD) and each has an impedance of 100 (WD). 
The lower layer of the ground plane is designed in Figure 10 using the DGS technique, and table 2 provides an explanation of the ground plane's dimensions. The ground plane area is limited to a width of 38 mm (Wg) and a length of 12.2 mm (Lg). The notch field has a slit width of 11 mm (Wn) and a length of 5 mm (Lp), where the width of the slit to the edge of the ground plane is 13.5 mm (W1 = W2) each.
Figures 11 and 12 show the constructed prototype of the monopole antenna's structure and profile. A microstrip antenna of 40mm in length and 40mm in width was constructed on the RT DUROID substrate material. The antenna is joined to the edge of the model with an SMA connector. Figure 11 shows the profile shape of the antenna structure as seen from the front. In this design, a star-shaped patch model is used to connect a monopole antenna to a power divider circuit. Figure 12 shows the DGS structure at the base of the ground plane. Validation is done using measurements once the antenna manufacturing process is finished. To get parameter validation for the simulation results, measurements were made. The measurement in this study is only limited to S11 parameters. 
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Figure 9. Design of antenna top view.
[image: ]
Figure 10. Design of antenna bottom view.
[image: ]
Figure 11. Prototype Antenna Top View.
 [image: ] 
Figure 12. Prototype Antenna Bottom view. 




Table 1. Dimension of antenna top view.
	Symbol
	Dimension
	Size (mm)

	Ws
	Width of Substrate
	40

	Ls
	Length of Substrate
	40

	Wt
	Width of the transmission line
	4.8

	Lt
	Length of Transmission line 
	7.4

	WD
	Width of the output line power the power divider 
	1.4

	GD
	Gap of two output line power divider
	11

	LD
	Length of the output line   power divider 
	10



Table 2. Dimension of antenna bottom view
	Symbol
	Dimension
	Size (mm)

	Wg
	Width of the ground plane
	38

	Lg
	Length of the ground plane
	12.2

	W1=W2
	Size of the ground's void between the left and rig.
	13.5

	Wn
	Width of notch ground plane
	11

	Ln
	Length of notch ground plane
	6.5



Antenna Parameters S11
A graph of the measurement findings for the S11 parameter based on the outcomes of the simulation and measurement approaches is shown in Figures 13 and 14. The simulation's output shows that a cut-off frequency of 2.157 GHz (marker 1) to 8.7616 GHz limits the return loss's bandwidth (marker 4). (95.87%) of UWB is covered by the obtained fractional bandwidth. With a bandwidth improvement of more than 500 MHz or 20%, the wireless system's bandwidth value is Ultra-Wideband. The measuring method's obtained bandwidth ranges from 9,7 GHz (marker 3) to 13,6 GHz, which is resonant in the X band-limited frequency cut-off (marker 4).
A graph of frequency versus VSWR obtained by simulation and measurement is shown in Figures 15 and 16. The VSWR (2:1) resonant frequency in the simulation method is at 5.796 GHz in the C-band (marker 2) and 8.161 GHz in the X-band (marker 3). The C-band measurement result for VSWR (2:1) in Figure 15 is 1.14 (marker 2), and the X-band measurement result is 1.8. (marker 3).
A Smith chart showing the outcomes of the simulation and measurement is shown in Figures 17 and 18. Zin= 0.9945 - j0.008 or Zin= 49.53 are the mismatch impedance values found in the simulation for resonance on the C-band (marker 1), and Zin= 1.096 + j0.102 or Zin= 54.8 are the values obtained for the frequency of the X-band (marker 2). The resulting X-band is 50.49 -j32.88 and the band is 87.38 + j1.43 for the measurement result of mismatch impedance at the resonant frequency on the C- (marker 3).

Radiation Pattern 
       In this study, experimental activities on antenna radiation propagation were only carried out using the simulation method. Fig.18 and fig.19 show the shape of the plane (theta) and angular (phi) radiation patterns normalized at the resonant frequencies of 5.796GHz and 8.161 GHz. The formed radiation obtained the maximum directivity (Gain) values of 2.61dBi and 5.18dBi. Fig.20 and fig.21 The radiation polarization of each frequency takes the form of bidirectional (Main lobe directional) with the angle plane (phi) being 1610 and 1560, thus forming an omnidirectional radiation polarity.
The omnidirectional radiation polarization forms the polarization of the two resonant frequencies in the theta plane with two beam width angles. At the frequency of 5.796 GHz, the maximum beam width with a magnitude of magnitude 3dB is 84.5 degrees. Figure 21 shows the beam-width angle at the frequency of 8.161 GHz is 52.90 degrees.

[image: ]
Figure 13. Return loss V.s Frequency of simulation result.   

[image: ]
Figure 14. Return loss V.s Frequency of measurement result.
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Figure 15. VSWR V.s Frequency of simulation result.

Figure 16. VSWR V.s Frequency of measurement result.
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Figure 17. Graph of Smith Chart for impedance.
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Figure 18. Impedance matching measurement result. 
[image: ]
Figure 18. Radiation pattern at a frequency of 5.796 GHz
[image: ]
Figure 19. Radiation pattern at a frequency of 8.161 GHz
[image: ]
Figure 20. Far-field on the frequency of 5.796 GHz in the theta
[image: ]
Figure 21. Far-field on the frequency of 8.161 GHz in the theta.


 
CONCLUSION
The results of the fractal type microstrip antenna design show a simple, compact, and minimal structure and design. At C-band and X-band frequencies, the unique star-shaped patch adds value by impedance matching. With respect to boundaries antenna performance, WLAN 802.11a on UWB communication systems is supported by a resonant C-band frequency at 5.8 GHz.  Furthermore, the radiation pattern's propagation characteristics have shown the performance of an antenna with omnidirectional features and linear vertical polarization. The development of the research area for wireless communication applications is greatly aided by the prototype antenna's small dimensions, low profile, and low costs of use. With the DGS technique, the concept of fractal types has gained popularity in broadband and wideband bandwidth optimization, enabling high-speed data network access on wireless networks. 
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