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ABSTRACT New efficient and accurate analytic models of ultra-wideband (UWB) microstrip antennas are introduced to design small printed parabolic shape monopoles with single and dual band notch antennas shaped with rectangular cavities and corrugated edges for wireless applications. Two UWB antennas are made with parabolic shape radiator by using FR4 substrate (3.5 -14.25 GHz) and making half circular patch with four semicircle slot cut at the edges of radiator (3.5-13 GHz).Single notch is designed by making a plus shape cavity( 5-7.5 GHz), with C shape at the end of arms of plus sign cavity( 6.5-7.3 GHz), double parabolic cut at edges of cavity(6.1-7.1 GHz), double parabolic cut at edges of cavity with parabolic cavities at both ends of monopole radiator (6.1-7.5 GHz), by etching a thin line cavity (5.1-6.2 GHz) and inverted C shape cavity (3.1-4 GHz). These single notch antennas are used to cut C Bands and Satellite downlinks X bands. Dual notch bands is also achieved by including thin rectangular   cavity and inverted C-shaped cavity (3.4-4 GHz and 4.8 – 5.9GHz). Band notch characteristics is also designed to eliminate the interference with existing bands of Wi-Max and WLAN. Dual band notch antenna is fabricated and tested for S parameters, VSWR. The designs are applicable in short range, high data speed wireless within the frequency band from (3.1 to 13 GHz and 3.5 to 14.25 GHz). These microstrip antennas along with single and dual band-notch in UWB systems are also compact with multifunctional features reducing the number of antenna in wireless devices. Also useful in wireless networks having a wide radiation pattern and  in biomedical diagnosis. These antennas are light weighted, robust and also give low cost of production.

INDEX TERMS UWB, Monopole, parabolic antenna, WiMAX, WLAN, Notch antennas, Slot, Small antenna  

INTRODUCTION
With the advancement in impulse technology, requirement of low power communication systems and use of Ultra Wide band (UWB) is the most suitable frequency band for short-range wireless communication. UWB technology is used with high data transmission using wide bandwidth. It is also a suitable technology for reducing fading generated by multipath. 
Federal Communication Commission (FCC) [1] allows us to use ultra-wideband (UWB) from 3.1 to 10.6 GHz for commercial purposes. Many types of UWB antenna designs have been suggested. remove

Ultra-Wideband (UWB) wireless technology is preferable for short range, very high data rate wireless applications , UWB Radars and highly secured networks. It has high performance in adverse weather and lightning conditions giving good precision with low output power requirement. UWB technology gives good noise immunity and it can be used to penetrate the  materials easily. UWB communication works at very low energy levels in case of  short range and gives high bandwidth. In Wireless Communication Systems it can be used in LAN & PAN, Short Range Radios. It is also useful in Military Communications, Surveillance and vehicular Radars. It has good immunity to multipath fading at very high data rates. In sensing applications it is used in medical imaging. Despite of its useful applications UWB also suffers from interference with other radio-based technologies. Give the range of these bands

Already existing bands of WIMAX/ WLAN [8,9] and other C bands interferes with the UWB frequency band [6,7] (3.1–10.6 GHz).Hence band notch generation at these interfering bands can  completely eliminate the interference in case of critical applications. Here we have experimented with different designs of UWB antenna and the notch antennas, which rejects the one and two bands.
For planar monopole UWB antennas notch band are designed by many methods. Different techniques used are by changing the length of a slot [2,3,6,7-10]on the ground plane and the length of parasitic elements. Split ring resonators and parasitic elements [8] etched on the antenna tuning stubs are also used to design band notch antennas. Additional frequency notch-bands (WiMAX/WLAN) [1,2,3]  created by inserting the cavity of approximately half of the length of parabolic diameter near  the outer [4]edge and one inverted C[5] cavity near the feed lines. 
In these designs we have achieved the reduction in size of the antenna as compared with the earlier designs available in the literature. 
 The detail design of UWB is discussed in point no 3 where design no A to I elaborates the parabolic structure in monopole and the different cavities formed inside antenna to achieve notch bands single band and dual bands. For simulation and optimization Ansys HFSS  is used. In point no 4 fabrication of dual band rejection antenna is discusses. Point 5 discusses about observation and results. Parametric analysis is done in 6 and point no 7 discusses about advantages and limitation with this structure. Point 8 concludes the design.Ansys HFSS is a 3D electromagnetic (EM) simulation software for designing and simulating high-frequency electronic products such as antennas, antenna arrays, RF or microwave components, high-speed interconnects, filters, connectors, IC packages and printed circuit boards.
No.


UWB ANTENNA DESIGN AND DEVELOPMENT STAGES FROM UWB TO DIFFERENT NOTCH BAND STRUCTURES

UWB antenna should be small, with omnidirectional pattern with good time domain characteristics and are required to have good impulse response [11,7] with minimal distortions. These antennas are of circular [12,13,9], square, elliptical [8,14,15], pentagonal, and hexagonal disc [11]. Elliptical and circular discs provide UWB characteristics for commercial applications [11] Planar monopoles are reported [6,8,14,16] to provide impedance bandwidth with satisfactory radiation pattern.
In the design a half parabolic radiator is fed by microstrip feed line (MSL). The MSL excites the slot of antenna with an impedance matching.  Ground plane is printed on the opposite of the PCB. FR-4 [6,5,12,8,14,16] substrate glass epoxy is found to be a popular plastic laminate grade with good strength to weight ratios. FR4 has zero water absorption characteristics and is an electrical insulator. It has high mechanical values [5,8], good for both dry and humid conditions. That is the reason it is used in variety of electrical and mechanical applications.Note: length, width, thickness
Near  zero

Substrate in the antenna is of 26mm x27mm x 1.6mm, Patch of (Circle Radius)13mm; Patch Rectangle=13mmx3mm; Ground=11.5mmx27mm Ground Cut=4mmx3mm.Half parabolic disc and 50-ohm micro strip feed line are on the same side of FR-4 substrate. Substrate thickness is 1.6 mm and a relative permittivity is 4.7 with a loss tangent, tan δ = 0.02.

A parabolic radiator designed over a rectangular partial ground plane (table 1). The antenna is then gradually changed from structure A to the band-rejection antenna structure I. In antenna A there is a 50-ohm MSL [3,6,7] on the side of the FR4 substrate. Antenna structures from A to I improves impedance matching. Radiating discs shapes are modified successively. The design parameters of the antennas are labelled in Antenna A (mm). These antenna structures can cover wide frequency bands. 
Antenna A and F cover in full GHz bands from 3.5 -14.25 GHz and 3.5 GHz to 13 GHz respectively. Antenna C covers a notch band (6.5 to 7.3 GHz) in UWB band. In design of Antenna A having half circular patch with radius of 13mm. and it connected with 13mm x 3mm rectangular feeding line[3]. It is BW 3.5 GHz to 13.6GHz and attenuation is s11= -21dB.It VSWR value is 1.1, which is less than 2.Unify all like that: 3.5-13 GHz

Antenna F having half circular patch with radius of 13mm. this half circle path is slot cutting with four half circle with radius of 3mm each. Antenna F having BW 3.5GHz to 13GHz and attenuation is S11= -42dB. Its VSWR value is 1.8 which is less than 2. Unify the symbol


Antenna B having half circular patch with radius of 13mm. this half circle patch is slot cutting PLUS-design (+), with dimension 12mmx16mm and width of the dimension is 4mm. Antenna B is used for BW of 3.2GHz-13.2GHz which can cover a large bandwidth and offers low attenuation with S11= -39dB.It’s VSWR value is 4 which is greater than 2.It is having notch at 5GHz to 7.5GHz.
[bookmark: _Hlk117149472]Antenna C having half circular patch with radius of 13mm. this half circle patch is slot cutting ‘PLUS-design’ (+) with dimension 12mmx16mm and 4mm width. The ‘PLUS’ shape is further slot cut to the end of each side with half circle with the radius of 2mm each. Antenna C is used for BW of 3.2GHz-14.2GHz which can cover a large bandwidth and offers low attenuation with S11= -24. 5dB.Its VSWR value is 2.5 which is greater than 2.it having notch at 6.5GHz to 7.3GHz.
Antenna D having half circular patch with radius of 13mm. this half circle patch is slot cutting ‘PLUS-
design’ (+) with dimension 12mmx16mm and 4mm width. The ‘PLUS’ shape is made with a slot cut to the end of each side with half circle with radius of 2mm each and this half circle is further slot cut with reverse circle with radius of 1mm.Antenna D is used 
for BW of 3.1GHz-14.3GHz which can cover a large bandwidth and offers low attenuation with S11= -15. 5dB.Its VSWR value is 3 which is greater than 2.it having notch at 6.1GHz to 7.1GHz.

Table 1: Selected Antennas 
Antenna E having half circular patch with radius of 13mm. this half circle path is slot cutting with two half circle with radius of 3mm each. this half circle patch is slot cutting ‘PLUS’ design with dimension 12mmx16mm and 4mm width. The ‘PLUS’ shape is made with a slot cut to the end of each side with half circle with radius of 2mm each and this half circle is further slot cut with reverse circle with radius of 1mm.Antenna E is used for BW of 3.3GHz-13.6GHz which can cover a large bandwidth and offers low attenuation with S11= -29dB.Its VSWR value is 3 which is greater than 2.5.it having notch at 6.1GHz to 7.5GHz.
Antenna G has half circular patch with radius of 13mm. This circular patch further slot cut by a straight line[2] with dimension  5mmx13mm.Antenna G is used for BW of 3.2GHz-15.0GHz which can cover a large bandwidth and offers low attenuation with S11= -16dB.Its VSWR value is 3 which is greater than 2.it having notch at 3.1GHz to 4GHz. What: length, width, thickness

Antenna H has half circular patch with radius of 13mm.This circular patch further slot cut by inverted C shape [6,7,12] with dimension 8mmx3mm.Antenna H is used for BW of 4GHz-15.0GHz which can cover a large bandwidth and offers low attenuation with S11= -16dB. Its VSWR value is 2.1 which is greater than 2.it has notch at 3.1GHz to 4GHz.What: length, width, thickness

Antenna I has half circular patch with radius of 13mm.This circular patch slot cut by a straight line with dimension 0.5mmx13mm and also in inverted C shape with dimension 8mmx3mm.
Antenna I is used for BW of 3GHz-12.0GHz which can cover a large bandwidth and offers low attenuation with S11= -16dB. Its VSWR value is 3.2 which is greater than 2.it is having notch at 3.1GHz to 4GHz. Its VSWR value is 5.1 which is greater than 2.It is having another notch at 4.8 GHz to 5.9GHz.
In this work rejection of the WiMAX (3.3–3.6 GHz), WLAN (5.15–5.82 GHz) bands[2]  and X band Satellite Communication bands rejection are shown[8,15,2].
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III. FABRICATION AND TESTING OF DUAL BAND REJECTION ANTENNA:
 
Figure 1 shows the dual band antenna fabrication using FR4 substrate. Parabolic radiator is shown in figure 1 a and ground plane in figure 1 b. S parameters and VSWR are analysed using Network Analyzer figure 1 c. In the anechoic chamber radiation patterns as shown in Figure 5 are observed (figure 1 d).Unify small or capital letters, my be like Fig. 


Figure 2 shows the results obtained by VNA for S parameters and VSWR parameters. 
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Figure 1.  Fabrication of dual band rejection at WIMAX and WLAN (a) Patch Side Antenna Design G, (b) Ground Side Antenna Design G, (c). Testing with VNA,(d). Measuring radiation in anechoic chamberPlace a coin or scale to show the size of the antenna.
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Figure 2. Testing with VNA (a) Antenna Testing Result (S Parameter) (b) Antenna Testing Result (VSWR) 

IV.OBSERVATIONS AND RESULTS

Simulation results of antenna A , F and B,C,D,G,H,I (table 1) are shown in table 2.The table shows S parameter, VSWR, attenuation and bandwidth of band reject and passband.
For antenna A ( 3.5 -14.25 GHz) and Antenna F (3.5 GHz to 13 GHz)  VSWR ≤ 2.In the band rejection modes, VSWR > 2 for  Antenna B,C,D,E (X band Satellite  bands 6-7.5 GHz), Antenna G (WLAN)[6,7] 5.1 to 6.2 GHz Antenna, H- shows strong rejections.
Thus, the strong rejections are in range for antenna B, C, D, E more than 15 dB. Similarly for antenna G (-16dB) and H (-14dB). In the dual rejection mode in Antenna, I it is more than 10 dB. Figure 3 (a- d)                                                                                        
  				It is possible to draw the shapes using well-known drawing programs such as : Origin lab, GraphPad Prism. 



TABLE 2: Simulation results of antenna A , F and B,C,D,G,H,I 
	

Type
	

Antenna
	

Bandwidth
	

Notch 
	

s11(reflection coefficient)
	

VSWR
	

Gain

	
UWB
	antenna A
	3.5 -14.25 GHz
	--
	-21dB
	1.1
(<2)
	4.1

	
	antenna F
	3.5 GHz to 13 GHz
	--
	-42dB
	1.8
(<2)
	3.9

	
	antenn A
	Rejected BW
	Notch
	S11
	VSWR
	Gain

	
	antenna B
	5 to 7.5 GHz(including military X Band)
	-4dB
	-39dB
	4.0
(>2)
	3

	single
	antenna C
	6.5 to 7.3 GHz
	-7.1dB
	-24.5dB
	2.3
(>2)
	5

	band
	antenna D
	6.1 to 7.1 GHz
	-6.5
	-15.5dB
	3
(>2)
	4

	notch
	antenna E
	6.1 to 7.5 GHz
	-7.1
	-29dB
	2.5
(>2)
	4

	antenna
	antenna G
	5.1 to 6.2 GHz
	-5.1
	-16dB
	3.5
(>2)
	3

	
	antenna H
	(WIMAX)3.1 to 4      GHz
	-4.1
	-14dB
	2.1
(>2)
	2

	dual
band
notch
antenna
	antenna I
	(WIMAX)3.4 to 4 GHz
And
(WLAN)4.8 to 5.9 GHz
	-5

And

-4.2
	

      -18dB

         
	3.2
(>2)

5.1
(>2)
	

3
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                                The table is not clear, format the table more clearly. It is possible to draw the shapes using well-known drawing programs such as : Origin lab, GraphPad Prism. 
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Figure 3. S parameter and VSWR of UWB and notch antennas:(a) Design A, B, C, D, E and F (S Parameter),(b) Design G, H and I (S Parameter), (c) Design A, B, C, D, E and F (VSWR), (d) Design G, H and I (VSWR) 
Figure 3 shows the comparative simulation results of S parameters and VSWR parameters.  Antenna A, B, C, D, E and F S parameters are shown in figure 3 a, VSWR in figure 3 c. For design G, H, I the  S parameters shown in figure 3 b and VSWR is plotted in figure 3 d.
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Figure 4. Current density plots of dual band notch antenna for WIMAX and WLAN (a) 0 degree,(b),(c),(d) 90 degree, (e)170 ,(f)180 degree,(g) 270 degree (h) 350 degree 
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Figure 5 Electric fields patterns at (a) 12 GHz at o degree and 90 degree  (b) 5GHz 
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Figure 6. Gain total at (a), (b) 3D Gain at 5GHz frequency (c) 12GHz at 90 degree 3 notches are shown (d) 3D gain at 12 GHz
V. PARAMETRIC ANALYSIS AND COMPARISION:  
A. As looking into the rapid development of communication [27] we need to design tuneable antennas. Coming to the advanced design of the antenna which consisted of an inductor between the slot length or at the power feedline to the antenna can be done through a small sized rectangle [28]. The inductor controls the frequency of the antenna while using it. The omega () is the frequency factor that is responsible for the change in frequency of the inductor. Also a  zig zag pattern of rectangles gives us the exact shape like an inductor but instead of making a zig zag rectangle, only a simple rectangle can be placed by assigning it as a lumped port RLC. Addition of parasitic elements gives notched frequency band and an open-end slit of the antenna structure and a tuning stub which can control notched band [24]. Tuning stubs in the slots in the ground plane and in feed line are reported to give dual band and triple band notch antennas [28].
Several simple and tunable filtering systems are integrated on the monopole. It can also be attached to  the ground plane or to the feeding line. Step etching techniques [29] on the ground plane is also used. Using metamaterials, [21] resonant structures are introduced in the monopole to achieve special electromagnetic performances. 
Recent research also shows that two notch bands [27, 30] can be controlled by a single varactor diode. For this PIN diodes and varactor diodes are used. Capacitance tuning  of the varactor diode 
is done by changing the reverse bias voltage across the diode [27, 30, 31]. Main radiator via a single varactor diode [27,30] is connected or varactor diode can be connected across the gaps [30]. Tunable band-notched characteristics of final structure are measured by VSWR characteristics. 
RLC equivalent circuits are drawn to analyze the performance of the antenna at different frequencies and under different conditions. UWB antenna band can be achieved by the large number of independent resonances overlapped [17]. These are concatenation of RLC components. Input impedance is matched [17] for Antenna A and F (Figure 7 a) over the entire bandwidth. notching structures [17] are designed by a series of RLC circuit which is connected in parallel with the input impedance in case of notched band centered at 3.5 GHz [17] such as  Antenna H and I (Figure 7 b) for single notch antenna in earlier experiments[17].
Resonating frequency is given by-
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					   TABLE 3: Characteristics of the Antennas with their application 

                                
[image: A diagram of a circuit

Description automatically generated with low confidence]
                                                     (b)
Figure 7 (a)Equivalent circuit UWB antenna [Fig 2b[17]] (b)Single band rejection equivalent circuit [Fig 3[17]]
[bookmark: _Hlk158268506]                       ,      
(For the resonant frequency  ,relative permittivity   and slot length L ). In the proposed design the slots are of much smaller lengths which is an added advantage with the design.
2-Two nested structures of C-shaped slots and two independent C-shaped slots are also used for generation of dual band-notched frequencies thus making tuning of antenna more simple [20].
B. Comparison with earlier designs
Earlier designs also triple-notch UWB circular monopole antenna in WiMAX, WLAN and X-Band downlink satellite communication bands have been presented [17, 18]. 
Table 3 shows the comparision of the antennas proposed with earlier designed antennas in entire UWB range with single band and dual band rejection ranges.






	Sl.l no
	Size of an antenna and structure 
	Substrate used
	Applications
	Bands of frequency rejections

	1
	Parabolic structures in monopole [23] size is 90mm x 85mmx 1.6mm
	FR4 epoxy substrate
	Dual band rejections 

	WIMAX
WLAN

	2
	Table 2 Antenna I half circular patch with radius of 13mm. slot cut by a straight line with dimension 0.5mmx13mm and also in inverted C shape with dimension 8mmx3mm Circle patch radius=13
Cutting line=0.5X13
H-Shape size=3X8
      (In mm)
With ground plane
	Substrate FR4
	Dual band rejections (WIMAX)
(WLAN)
	3.4 to 4 GHz
4.8 to 5.9 GHz

	3
	Circular patch and circular arc slot is designed annular ring patch and a partial ground plane with a rectangular slot[24]
	Substrate FR4
	Dual band rejections WLAN & DSRC systems (dedicated short-range communication)
	WLAN and at 5.5 GHz

	4
	
antenna B 
antenna C	
antenna D	
antenna E	
antenna G	
antenna H	
(size mentioned in table 1 all in mm not exceeding 12- 13 mm radius)	

	Substrate FR4
	Single band rejections 
including military X Band (antenna B)




(WIMAX)(antenna H)
	
5 -7.5 GHz(B)
6.5 -7.3 GHz(C)
6.1 -7.1 GHz(D)
6.1 -7.5 GHz(E)
5.1 -6.2 GHz(G)

3.1 - 4  GHz(H)

	5
	Structure in z-shape [22] dimensions 38 mm × 35 mm × 1.57 mm.
with ground plane

	Roger5880 substrate 
	 UWB,wireless communications applications, microwave imaging 
	 2.8–22.7 GHz

	6
	TABLE 2 Antenna A 
Circle patch radius =13,
Rect. strip patch=13X3( mm)
Antenna F 
Circle patch radius =13mm, Small circle patch R=3mm
Rect. strip patch=13X3( mm)
With ground plane 
	Substrate FR4
	
Entire UWB bandwidth
	3.5-14.25 GHz

3.5 – 13 GHz



The table is not clear, format the table more clearly. 

Mushroom like structure cavity [18] and several other structures [20] such as etching in shapes of C, L, T, H, U, E and half-circle slots are also made either on the radiation patch or on the ground plane. Parasitic strips [20, 18] are also used for dual band-notched functions [20].
1-The proposed UWB antenna with band rejection re configurability differs than the earlier designs as it works in the four modes-full UWB mode, individual Wi-Max rejection mode, WLAN rejection mode, Satellite X rejection modes and dual rejection modes (Wi Max and WLAN).
2-The proposed monopole antennas are designed using a ground plane in UWB bands, single notch and dual notch bands. A ground plane prevents interference of the outside circuitry [21] due to adverse effects caused by surface waves [21]. By using the ground plane emission of electromagnetic signal is maintained in the horizontal plane.
2- In the design efficient band rejections are obtained by cavities of different shapes such as rectangular and plus shape cavity, inverted C shape, combination of plus shape cavity with etched in shape of arc at the edges of square shape cavity. All cavities are gradually changed and tested in simulation for notch bands mentioned in table 1. The basic design is of parabolic monopole structure with ground plane. All cavities are etched on that parabolic patch.
Radiation patterns for the UWB and notch bands are shown in figures 5 .E field at 12 GHz and 5GHz showing notch below 0 dB. Gain is more than 15dB at 12 GHz. Except the notch E field shows strong omnidirectional gain more than 5 dB.
Size reduction: The most of the work is found on the wide bandwidth in UWB or the notch double and triple bands antennas in UWB [17, 18, 19,22] . The designs are in either EBG or complicated structures. Here in this research all antennas UWB to single notch and double notch shows drastic size reduction and all antennas are achieved step by step by modifying the previous structure using a single parabolic structure which is a cost reduction as compared to other available designs in literature.

VI.ADVANTAGES AND LIMITATION:
A. Advantages
Printed monopoles are found useful in many portable [21] devices which are integrated with the Radio Frequency circuits. Because of loses due to the presence of surface waves in dielectric materials substrate material of low dielectric constant is recommended for such devices.
1-The proposed design in UWB has found its importance in medical imaging and Radar surveillance. Different designs including UWB antennas with single notch and dual band notch antennas in simplified way has been structured. Both UWB antennas A and F  have wide bandwidth 3.5 to 14.25 GHz ‘A’ and 3.5 to 13 GHz ‘F’. First UWB frequency bands with single notch is simulated at different frequencies by cutting slots of different shapes. Then dual frequency band rejection is simulated coming in between the UWB transmission. Keeping the design simple and basis structure same our aim is to incorporate the notch bands gradually changing the slot dimensions inside the parabolic patch. It has single notch as well as dual notch characteristics giving high VSWR more than 3 at all notch frequencies clearly (figure 3).
Hence the proposed antenna is suitable for the high-performance UWB systems which can reject the waves of WiMAX/WLAN and X band waves of downlink satellites. The UWB antenna is preferable for the very high data rate, short range wireless applications and UWB Radars and highly secured networks. 
2-The Proposed antennas are in single notch structure ‘B’ (5 to 7.5 GHz (including military X Band)) , ‘C’ (6.5 to 7.3 GHz), ‘D’ (6.1 to 7.1 GHz), ‘E’ (6.1 to 7.5 GHz), ‘G’ (5.1 to 6.2 GHz) and in ‘I’ dual notch (WIMAX 3.4 to 4 GHz, WLAN 4.8 to 5.9 GHz). The basic design in monopole has UWB pattern from 3.5 to 14.5 GHz. First antenna design is made UWB which is a parabolic structure in monopole, second design is circular patch with slots in the shapes of circular arcs at the edges. In order to achieve notch at different frequency bands parabolic monopole antenna design is gradually changed by cutting slots in rectangle and arcs at the edges of rectangular slots as visible in B,C, D,E and H for single bands. We achieve different notch frequencies (table 2). Similarly Dual band notch are also achieved by inserting slots of rectangular shape and inverted C shape in the same basic parabolic monopole structure(table 2). This makes the designs a unique proposal of antennas where single structure can be explored for multiple functions in UWB including single notch and dual notch frequency bands.
3-As discussed proposed design in monopole is simpler and smaller in design and dimensions than earlier available [18] designs. 
4- Its bandwidth is ranging from 3.5 GHz to 14.25 GHZ. Peak gain exceeds 4dB at 12 GHz. Antenna can exhibit omnidirectional radiation patterns E fields as shown in figure 5 shown at 12 GHz and 5GHz. Antenna shows high gain and radiation efficiency in UWB frequency band and rejections at notched frequencies. Dual band Antenna gain and efficiency decreases at around 5 GHz and 3.5 GHz Figure 6 . Gain total at 12GHz at 90-degree notches are shown. 
5- The antenna designed is light weight and small in size. It has symmetric radiation patterns and  satisfactory gain. It is suitable for different UWB applications[20].We successfully obtained both IEEE 802.16 WiMAX system and IEEE 802.11a WLAN system dual band rejections in Antenna I.
As in 5G Communication will need massive MIMO antenna system to match high data rate. UWB-MIMO is a suitable application where 2 such monopoles [18, 32] or four monopoles [29] can be connected 90 degree apart to achieve isolation among monopoles. Decoupling strips with the  slotted ground plane [18]  for diversity applications are used.Circular shaped and rectangular shaped monopoles [31, 32] gives good multiband characteristics. These antennas are suitable [31] for satellite services and Land mobile navigation services. Hence band notched re configurability in  (UWB) and UWB-MIMO design will lead to high data rate antennas which are switchable and tunable [24,28]at the desired notched frequencies. 
UWB antennas [23] are also found suitable for imaging in the biomedical systems as the bandwidth of antenna ranges from 3.5 GHz to 14.25 GHz.The bandwidth is also required for outdoor and indoor wireless communication systems [24]. We experimented with the different designs of UWB antenna and the notch antennas, which rejects the one and two bands. The Proposed Ultra-Wideband (UWB) wireless technology similar to other UWB antennas is preferable for the very high data rates[26], short range wireless applications and UWB Radars [22]and highly secured networks [26].It has good noise immunity and signals can penetrate the variety of materials. UWB communication uses very low energy levels for short range [22]. UWB can be used in LAN & PAN, Short Range Radios [17, 19, 22] and Military Communications.
0. Limitations 
The antenna is designed for single, dual or UWB range bandwidth. To incorporate further band rejections of undesired signals future experiments can be performed in this design. Group delay and ringing effects are there in ground plane. To remove these difficulties new metamaterial geometries are found suitable[21]. The antenna is fixed at the designed single or dual notch characteristics which can be made tunable further incorporating the changes in design as a tunable antenna. 
VII. CONCLUSION
In this paper, a compact parabolic monopole antenna is presented and designed over a partial ground plane. The structure is low cost, planar wideband. UWB antenna with band-rejection can work in four modes – full UWB, individual WiMAX or WLAN rejection or Satellite X band rejection and dual rejection (WiMAX and WLAN). The full operating band works from 3.5 to 14.25 GHz. The antenna is of low-cost FR4 substrate and has been tested for band rejections which are found about 16 and 10 dB in WiMAX and WLAN bands. The range of X band

Future scope lies in analyzing this design for triple band and multiple band notch antennas in wireless applications.
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