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 This paper presents a slotted design for ultra-wideband (UWB) antenna. 

Design of a rectangular UWB antenna covering the frequency range 3.1-10.6 

GHz, to achieve notch characteristics in the bands at 3.1-8.4 GHz and 8.6-

10.6 GHz. By changing the direction of distribution of current to apply this 

technique by inserting three C-shaped holes and two pairs of rectangular 

notches below the antenna. The simulation results reveal that the proposed 

structure is in good accord with the simulation results. The proposed UWB 

antenna size is (100x90x1.6 mm)3. This proposed design could provide a 

solution to eliminating bands that interfere in a UWB band depending on the 

aperture design. The simulated findings reveal that the UWB antenna 

operates in the 8.5 GHz center frequency range and rejects all frequency 

bands utilizing slits. This antenna design can provide a solution to remove 

UWB bands from 3.1-10.6 except for 8.5 GHz which only works. By using 

the notch, we got a large increase in the gain. makes to be a suitable 

candidate for X-band-UWB applications. 
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1. INTRODUCTION 

Due to their traditional frequency band assignments, many overlapping radio systems are crowded 

due to the proliferation of wireless communications and the increasing demand for operating frequency 

bands. The ultra-wideband (UWB) systems' wide frequency ranges, which the Federal Communications 

Commission (FCC) distributes through 3.11-10.6 GHz, will cause interference in current wireless 

communication systems such as the IEEE 802.11a wireless local area network (WLAN) operating in the 

5.15-5.35 GHz and 5.725-5.825 GHz bands UWB antenna with single band-stop performance is required for 

(WiMAX) operating in 3.3-3.6 GHz and C-band running in 3.7-4.2 GHz [1]-[3]. To improve the quality of 

communication by preventing unwanted frequencies, we use filters. However, the utilization of filters 

increases the value and volume of the system also as insertion losses [4], [5]. 

As a result, a lot of research has gone into developing UWB antennas with band rejection capabilities 

to avoid any interference from existing bands. Many notched band UWB antennas have been designed in recent 

studies utilizing multiple approaches to prevent interference concerns. These approaches for band rejection on 

the patch, include etching slots [6]-[8]. Fixing resonance slots in the radiating patch or its ground plane is the 

most typical way [9]. By cutting two slots with modified dimensions on the patch, the antenna can show a  

dual-band notch function in the integrated frequency ranges. The slots on the radiating stub distinguish extra 

https://creativecommons.org/licenses/by-sa/4.0/
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surface current pathways and vary the current flow direction, resulting in the necessary notched frequency 

attenuations [10]. The type and location of the resonant structure to be employed are taken into account while 

configuring notch attributes. Slot resonators are the most commonly utilized resonator kinds [11]-[13]. 

Microstrip [14], [15] coplanar waveguide (CPW) [16] and metamaterial [17]-[19] resonators. The patch within 

the antenna is made of a conducting material such as Cu (Copper) or Au (Gold) and comes in a variety of 

shapes, including rectangular, circular, triangular, elliptical, and other variations [20]. Two pairs of L-shaped 

resonators are introduced with the design to remove the WLAN at 5.2 GHz and 5.8 GHz domains,  

respectively [21]. With wire-tape feed, complementary slotted ring resonators (CSRRs) are loaded into a UWB 

antenna patch. The helical gap is put onto the feeder, while the J gap is symmetrically loaded onto the bottom 

plate. At 3.22-3.97 GHz, 4.94-5.84 GHz, and 7.25-7.86 GHz, the triple band is obtained [22]. By drilling an  

S-shaped slot in the tiny tape feed line and an asymmetric C-shaped parasite above the defective ground 

structure (DGS), two rejected bands 5.02-5.97 GHz and 7.23-7.72 GHz are obtained, respectively [23]. 

The proposed antenna consists of a rectangular patch with a slot and two symmetrical slits in the 

patch plane also cutting ground structure will produce a single band to prevent interference with all other 

bands. According to the size of the slot rectangular resonator and its signal rejection showing, it is etched in 

the rectangular patch of the UWB printed rectangular antenna to achieve band-notched characteristics at the 

center frequency 8.5 GHz band. The slit resonator is placed close to the feed line. By enrollment of the equal 

slits in the patch, the plane provides rejection of all interfering signals.  

 

 

2. PROPOSED ANTENNA DESIGN 
The antenna consists of basic components length (L) and width (W), an insulating substrate of fixed 

(ε r), patch height (h), and width (t) supported by a ground plane. The rectangular patch antenna is made to 

operate at a resonant frequency. The length to be patched consists of the height, width, and insulating 

substrate. In the Table 1, look at the specific values of each factor. 

 

 

Table 1. Limits of the parameter in rectangular patch antenna 
Parameters Specified Values 

Length of the patch 0.333λ < L < 0.5 λ 

The wideness of the patch under t << λ 

Height h of the dielectric substrate among 0.003 λ & 0.05λ 

The dielectric constant, ( εr  ) among 2.19 & 12 

 

 

Different microstrip antenna structures exist in a wide range of antenna models, but in general, an 

antenna has four essential elements [24]. They are (patch, an insulating substrate, ground level, feed line). 

The region where the ground level is usually of the same material is the thin metal zone with various shapes 

and sizes. The RF supply of power to the patch is a common process that we must be aware of. The 

insulating material is sometimes referred to as the substrate' [25]. One of the most important difficulties in 

ultra-wideband (UWB) communication systems is the creation of low-cost, small-size components [26]. The 

cost of the material, the dielectric loss tangent, the conductor coatings' surface adhesion qualities, and the 

ease of production are all factors to consider [27]. For the planar and conformal antenna orders, there are 

numerous types of materials available for the substrate option. The materials' dielectric constants ranging 

from 1.17 to 25 [28].  

The rectangular antenna without notch on the patch is shaped UWB antenna is shown in Figure 1 (a) 

which operates within a bounded frequency range between 3.1-10.6 GHz. It is fed by using a waveguide port 

(WGP). On the patch plane, two small, shallow slits and C-slots are integrated is shown in Figure 1 (b). 

Finally, change the dimensions of the ground plane results in the single-band antenna. The antenna is 

simulated using (CST) where an FR4-lossy substrate with relative permittivity (εr) of 4.3 hight of the 

substrate (H) and thickness of groud (t). area of slots, (A1, A2, A3), slits (As, Az) respectively all dimensions 

are illustrated in Table 2. The simulated reflection coefficients of the antenna are shown in Figure 2.  
 

2.1.  Notch design 

To produce band-notched characteristics, the UWB antenna discussed in the previous section is 

modified by adding a resonant structure to the patch plane. This is accomplished by inserting two 

symmetrical slits with area (As and Az) and dimensions (xs, ys) (xz, yz) at the patch's bottom edge. Except 

for the core frequency 8.5 GHz, the two slits are designed to notch out all frequencies between 3.1 and 10.6 

GHz. The slots have three regions (A1, A2, A3) their dimensions (x1, y1), (x2, y2), and (x3, y3), 

respectively. Figure 3 shows the reflection coefficient of the band-notched UWB rectangular antenna. In 
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addition, a single band frequency at the center frequency 8.5 GHz is achieved, as demonstrated by 

comparison in Figure 4, entirely notching out all frequency bands.  

During the design, processes such as cutting a rectangular slot and a side slit on the patch are 

utilized to produce a large bandwidth. The slots and slits website has been made bandwidth-friendly. The 

current path and input impedance are changed to achieve this. While cutting any slot, we check at the existing 

distribution in the patch to get the required band. We can trim the patch's slot if we only want single 

frequencies. 

 

 

  
(a) (b) 

 

Figure 1. Rectangular antenna: (a) prototype antenna and (b) rectangular notch-band antenna 
 

 

 
 

Figure 2. The reflection coefficient versus frequency without the notch 
 

 

Table 2. Design parameters 
Parameters Values in mm Parameters Values in mm Parameters Values in mm 

Wg=Ws 100 Lg=Ls 90 H 1.6 

wf 3.2 Lf 22.5 t 0.035 
wp 50 Lp 45 A3 44 

A1 44 A2 34 Xz 17 

As 34 Az 34 Yz 2 
Ys 2 Xs 17 Y2 2 

Y1 2 X1 22 Y3 2 

X2 7 X3 22   

 

 

  
 

Figure 3. The reflection coefficient versus with notch 
 

Figure 4. Compere reflection coefficient frequency 

versus with and without the notch 
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2.2.  The size and position of the slots 

To choose the size and position of the slits and slots we derive the following equations. In the 

beginning the area of the rectangle patch (𝐴𝑝𝑎𝑡𝑐ℎ  ) is equal to the side area of the cylinder (𝐴𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟). 
 

𝐴𝑝𝑎𝑡𝑐ℎ  =  𝐴𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟           (1) 
 

𝐴𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟 = 2𝜋ℎ𝑟          (2) 
 

𝐴𝑝𝑎𝑡𝑐ℎ = 𝑤𝑝 𝑙𝑝           (3) 
 

where   𝑤𝑝&  𝑙𝑝  width and length of patch. 

By subtracting the sum both of the area of slit and slot from an area of patch and substitutein to the 

(1) we get; 
 

𝐴𝑝𝑎𝑡𝑐ℎ  − (𝐴slit + 𝐴slot) =  𝐴𝑐𝑦𝑙𝑖𝑛𝑑𝑒𝑟        (4) 
 

where 𝐴𝑠𝑙𝑖𝑡&  𝐴𝑠𝑙𝑜𝑡 is the the area of slit and slot respectively we can find the area of slit from the (5). 
 

𝐴slit = 𝐴𝑠 + 𝐴𝑧                    (5) 
 

Where 𝐴𝑠 &  𝐴𝑧  is the area of right and left slit in Figure 1 (b) 
 

𝐴slit = 𝑥𝑠𝑦𝑠 + 𝑥𝑧𝑦𝑧        (6) 
 

𝐴𝑠 = 𝑥𝑠𝑦𝑠          (7) 
 

where 𝑥𝑠 &  𝑦𝑠 are the width and length of (𝐴𝑠 ) 
 

𝐴𝑧 = 𝑥𝑧𝑦𝑧          (8) 
 

where 𝑥𝑧   𝑎𝑛𝑑  𝑦𝑧 are the width and length of (𝐴𝑧). Also, the area of the slot is; 
 

  𝐴slot  = 𝐴1 + 𝐴2 + 𝐴3                                                                                   (9) 
 

where 𝐴1 & 𝐴2  & 𝐴3 are the area of slots which is shown in Figure 1 (b) 
 

𝐴1 = 𝑥1𝑦1         (10) 
 

𝑥1  &  𝑦1 are the width and length of 𝐴1 
 

𝐴2 = 𝑥2𝑦2         (11) 
 

where 𝑥2 and  𝑦2 are the width and length of 𝐴2 
 

𝐴3 = 𝑥3𝑦3         (12) 
 

where 𝑥3  𝑎𝑛𝑑  𝑦3 are the width and length of 𝐴3. When substituting these (10), (11) and (12) in (9) we get 
 

𝐴𝑠𝑙𝑜𝑡 = 𝑥1𝑦1 + 𝑥2𝑦2 + 𝑥3𝑦3       (13) 
 

to find the ratio of the slit area to the patch area substituting these (3), (5) and (9) in (4) we get 
 

𝑤𝑝𝑙𝑝 − (𝐴𝑠 + 𝐴𝑧 +  𝐴1 + 𝐴2 + 𝐴3 ) = 2𝜋ℎ𝑟                (14) 
 

𝑤𝑝𝑙𝑝 − (𝑥𝑠𝑦𝑠 + 𝑥𝑧𝑦𝑧 + 𝑥1𝑦1 + 𝑥2𝑦2 + 𝑥3𝑦3           (15) 
 

we can find the area of patch (Apatch) from (3) we get Apatch  is 2250 mm2 also we can find both areas of the 

slit ( 𝐴slit)and   𝑠𝑙𝑜𝑡 (𝐴slot)  from (5) and (9) respectively we get 𝐴slit 𝑖𝑠 68 mm2 and   𝐴slot 𝑖𝑠 122 mm2. 

The ratio between the area of the patch to the total area of slit and slot are; 
 

𝐴𝑝𝑎𝑡𝑐ℎ

𝐴𝑠𝑙𝑖𝑡+𝐴𝑠𝑙𝑜𝑡
 = 11. 8         (16) 

So 
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𝐴𝑝𝑎𝑡𝑐ℎ = 11.8(𝐴𝑠𝑙𝑖𝑡 + 𝐴𝑠𝑙𝑜𝑡)        (17) 
 

substitute (17) in (4) we get 
 

11.8(𝐴𝑠𝑙𝑖𝑡 + 𝐴𝑠𝑙𝑜𝑡) − (𝐴𝑠𝑙𝑖𝑡 + 𝐴𝑠𝑙𝑜𝑡)    = 2𝜋ℎ𝑟                  (18) 
 

10.8(𝐴𝑠𝑙𝑖𝑡 + 𝐴𝑠𝑙𝑜𝑡) = 2πhr                    (19) 
 

(𝐴𝑠𝑙𝑖𝑡 + 𝐴𝑠𝑙𝑜𝑡)    =
2𝜋ℎ𝑟

10.5
         (20) 

from (6) 𝐴slit = 68 mm2 substitute in (20) weget the area of slot 
 

(68 + 𝐴𝑠𝑙𝑜𝑡)    =
2𝜋ℎ𝑟

10.5
        (21) 

 

So, the area of the slot is; 
 

𝐴𝑠𝑙𝑜𝑡  =
2𝜋ℎ𝑟

10.5
  − 68         (22) 

 

from (13) 𝐴𝑠𝑙𝑜𝑡 = 122 mm2 substitute in (20) weget the area of the slit 
 

(𝐴𝑠𝑙𝑖𝑡 + 122)    =
2𝜋ℎ𝑟

10.5
         (23) 

 

Also, the area of the slit is; 
 

𝐴𝑠𝑙𝑖𝑡  =
2𝜋ℎ𝑟

10.5
  − 122           (24) 

 

from (22) we can determine the area of the specified slots that can be clipped from patch. Also, from (24) we 

can determine the area of the specified slits that can be clipped from patch. the area of slits (As, Az) rejected 

frequency band 3.1-5.2 GHz and the area of slots (A1, A2, A3) removing frequency band at  

5.3-8.4 GHz, 8.6-10.6 GHz. 

 

 

3. RESULTS AND DISCUSSION  
In this section Antenna design results refer to working with a single band that operates within a 

single frequency without any interference with the specified frequencies from 3.1-8.4 GHz and  

8.6-10.6 GHz also, there is a significant increase in the antenna gain at value 4.4 dBi when using notch and 

without using notch as shown in Figures 5 and 6 respectively.  

Figure 7 shows the voltage standing wave ratio (VSWR), which is less than 2 of the band necessary 

so that the VSWR is the current at any point it considers as a measure of the line-to-load mismatch. At center 

frequency 8.5 GHz, the final antenna has a single bandwidth. The parameters sweeps are used to discover the 

best slit and slot placement on a patch for both circumstance and size as shown in Figure 8. 

Surface current distributions for the UWB planar antenna for the center frequency 2 GHz are shown in 

Figure 9 (a) (see Appendix) to get rid of the unwanted frequencies, we go to the distribution of the current, 

where the concentration of the current is high. Put the slot to block the passage of the current and change the 

direction of the current, the current concentration is reduced and concentrated at the edges by adding rectangular 

slots (A 1, A2, A3). Both of the slots are designed to notch out all frequencies from 3.1-10.6 GHz except center 

frequency, the area of slots removes frequency band at 5.3-8.4 GHz, 8.6-10.6 GHz and the area of slits rejected 

frequency band 3.1-5.2 GHz. In Figure 9 (b) (see Appendix) showing the current concentration is higher at 

frequency 8.5 GHz.  

The radiation patterns for the E and H fields are stable but have asymmetry throughout the 

frequency range. The asymmetry could be due to the structure in the correction plane and the ground. The  

E-plane is omnidirectional as shown in Figure 9 (c) (see Appendix) while for the H field, electromagnetic 

waves can be easily attached to the structure as the dimensions of the antenna are reduced, as shown in 

Figure 9 (d) (see Appendix) and therefore, while more often, the waves change to distort, a stepwise pattern 

of the radiation due to a change in the flow of current at the edge of the structure, as shown in Figure 9 (e) 

(see Appendix) and simulated radiation patterns of the proposed antenna in the 8.5 GHz case, including  

H-plane and E-plane.in Figure 9 (f) (see Appendix). The overall gain pattern with 3 dB angular width is  

4.4 dBi, 0.227 dBi in Figure 9 (g) (see Appendix) at f=8.5 GHz and at Figure 9 (h) (see Appendix) at 

f=2 GHz, respectively. Also, with a 3 dB angular width, the total gain pattern is 4.11 dB. Figure 10 depicts the 

proposed antenna's far-field broadband. Also, the comparition reults with others work as showen in Table 3. 
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Figure 5. Variation of gain with the frequency of the 

proposed antenna without the notch 

 

Figure 6. Variation of gain with the frequency of the 

proposed antenna with the notch 

 

 

 
 

 

Figure 7. The VSWR of the proposed antenna 

 

Figure 8. The parameters sweep with using notch 

 

 

Table 3. Copmpartion result with other work 
Ref dimension (mm)

3
 Band Notching structure Removed band (GHz) 

[29] 20×20×0.8 On the radiating patch, cut two slots and embed two (PIN)diodes 3.15-3.85 

5.13-6.1 
[30] 40×35×1.5 Complementary Split ring resonators 3.3-3.7 

5.15-5.35 

[31] 34×27×0.787 Strips that are rectangular and U-shaped 2.97-4.7 
4.97-6.62 

[32] 40×30×0.787 U-Shaped slot etched on the feedline 5.1-5.8 

[33] 72×23×1.6 Square and circular rings with a split phi form 5.1–6.2 
4.9-5.9 

[34] 12×19×1.6 split ring resonator slot & two L-shaped 3.3-3.8, 5.1-5.825,  

7.25-7.75 
[53]  37.8×27.1×1.6 inverted pi-slot & double split ring resonators (DSRRs) 3.2-3.67 

4.32-5.81 

This work 100×90×1.6 Rectangular notches 3.1-8.4 
8.6-10.6 

 

 

 
 

Figure 10. The proposed antenna's gain pattern for fairfield broadband 
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4. CONCLUSION  

New design notchd-band UWB antenna with single-band selection between bands for  large gain in the 

range 2.2-4.4 dB. The first part of design model is simple and works with S11 requirements below -10 dBm in 

the range 3.1-10.6 GHz. The simulated data shows that the proposed antenna can produce a relatively single 

frequency. at second part of design we got slots for rejecting the frequency range 3.1-8.4 GHz and  

8.6-10.6 GHz. The center frequency of the grooved band 8.5 GHz by changing the slit position. the position of 

slits dependent on  distribution technique for current where the current is at edge of the slots thus,we remove the 

unwanted frequencies. Simulation results for antenna reflection coefficient using computer simulation 

technology (CST). From the simulation we get anew antenna of low cost, with the ability to reject any unwanted 

frequency. This antenna works with UWB applications. Hence, we can operate at one frequency without 

interfering with other bands in the rang 3.1-10.6 GHz.  
 
 

APPENDIX 
 

  
(a) (b) 

  

  
(c) (d) 

  

  
(e) (f) 

  

  
(g) (h) 

 

Figure 9. Current surface distribution at ((a) current surface distribution at f=2 GHz, (b) current surface 

distribution at f=8.5 GHz) and farfield 2D/3D results at ((c) E-Field at f=2 GHz, (d) H-field at f=2 GHz) 

Farfield 2D/3D results at ((e) E-Field at f=8.5 GHz, (f) H-field at f=8.5 GHz, (g) farfield polar form at  

f=8.5 GHz, (h) farfield polar form at f=2 GHz) respectively 
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