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Abstract— This paper presents the outcomes or effects of 

the slots in ground plane and patch on resonant frequency, 

impedance bandwidth, gain and side lobe. The microstrip 

antennas have been designed on εr = 4.3 and h = 1.53 mm. It 

has been observed as the slot length boosts the resonant 

frequency shifted to the lower side by 19.05 % and 5.04 % 

of fundamental frequency of slotted patch and slotted 

ground plane patch respectively. This shows the size 

reduction of slotted patch antenna is more than slotted 

ground plane patch. Likewise as the slot width increments 

the resonant frequency further shifted to lower frequency 

side. The shift in the fr (frequency response) due to length 

variation is more in both cases in comparison to width 

variation. The impedance bandwidth, Gain, side lobe and 

radiation efficiency effect due to slots have also been 

studied. This type of study is useful to design the compact 

antennas for Mobile communications. 
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I. INTRODUCTION 

Mobile communication systems wireless computer links, 

remote controls, satellite mobile phones and wireless 

internet have shown a incredible growth in present days. 

Now a days, the size of electronics needed for mobile 

applications have decreased hugely, where as their 

functionality has increased. The antennas essential for the 

various applications should be of small sizelight weight, low 

profile; broad bandwidth, low cost, high portability must 

and multiple frequency demands for wireless 

communication devices boost the interest for compact, low-

profile, and multiband antennas in recent years. The 

frequency ranges of 5.15–5.35 and 5.725–5.825 GHz in the 

US and 5.15– 5.35 and 5.470–5.725 GHz in Europe a reused 

for wireless local area network (WLAN) that bids data rate 

up to 54 Mb/s. Different techniques for design of dual-band 

WLAN antenna have been noted in [1]– [4]. WLAN 

communication systems generally require two-way sending 

and receiving data in a quick, high-efficiency and reliable 

way, which is reflected in the antenna subsystem .Thus 

antenna is an vital part of the wireless communication 

system. The microstrip patch antennas have many 

compensation such as small size, low-cost fabrication, low 

profile, light weight, compatibility, ease of setting up and 

integration with feed networks. For efficient radiation, the 

size of Microstrip antenna should be λ/2. If the size reduces 

less than λ/2, the radiation efficiency of antenna decreases 

along with other antenna parameters. The miniaturization of 

antenna and improvement in bandwidth can be achieved by 

etching the slot in ground and patch of Microstrip antenna of 

proper length and width [5-7]. This paper concentrates on 

the effect on antenna resonant frequency and other antenna 

parameters due to slots in patch and ground plane to design 

the compact antenna with improved bandwidth and 

efficiency. 

II. PROPOSE OF RECTANGULAR MICROSTRIP PATCH 

Rectangular Microstrip patch has been designed on εr =4.3 

and h = 1.53 mm. It is decided to design the rectangular 

patch for 2.42 GHz. For a dielectric substrate of thickness 

'h', relative dielectric constant εr and antenna operating 

frequency fr. For the efficient antenna the width and length 

of the patch can be calculated by W = c/2f [(∈r + 1) /2]-1/2 

and L = c / 2f √∈e − 2 l Where, ∈e l . The antenna has also 

been designed using electromagnetic simulator 

III. THE GROUND PLANE SLOT IN RECTANGULAR PATCH 

In the simple rectangular microstrip patch, three slots in the 

ground plane have been made as shown in Figure1. The 

three slots have been made along the axis of resonating 

length. The two are in one side and third is in other side in 

the midest of two. The slot length is varied around the axis 

of the resonating length of the rectangular patch. This 

antenna has been studied by varying slots length and width 

in the ground plane. The reference antenna and its 

prototypes were designed and studied in depth using 

Electromagnetic simulator. The antenna has a rectangular 

radiating patch of dimensions L x W printed on the same 

substrate as that used for simple reference antenna. Three 

identical slots are etched in the antennas ground plane and 

aligned with an equal spacing of L/4 and in parallel with the 

patches radiating edges or the y-axis as shown in Figure 2. 

In this design, the slot width are kept very narrow 2mm and 

have a slot length of (lin + lout) where lin and lout are 

theslot length inside and projection image of the rectangular 

radiating patch in the ground plane. The microstrip patch is 

fed coaxially at distance of L/4 from the centre of the non-

radiating edge for good impedance matching. The antenna 

has been studied using electromagnetic software. 

IV. SQUARE MICROSTRIP PATCH ANTENNA 

Nearly square microstrip Patch was designed on a FR4 

substrate εr = 4.3 and h = 1.53mm with aspect Ratio =0.985. 

The microstrip patch was coaxially fed at position (- 4.5, - 

5.5) mm along the diagonal as shown in Figure 3. The 4 

slots have been etched in patch. The effect of slot has been 

studied by varying length and width of slot. The effect on 

impedance bandwidth, half power beamwidth, gain and 

efficiency has been measured as the slot length and width 

varies. 
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Fig. 1: Microstrip Rectangular Patch Antenna                                       

 
Fig. 2: Slotted Ground Plane  Rectangular Microstrip Patch 

 
Fig. 3: Nearly Square Microstrip Patch with Four Slots 

V. OUTCOME AND DISCUSSION 

A. Slot in Ground plane 

The simple rectangular microstrip patch antenna Ref. and its 

four prototypes of the proposed antenna (Rect-1 to4) were 

designed on a FR4 substrate εr = 4.3 and h = 1.53mm. The 

dimensions of the microstrip patch have been taken L x W = 

29.57 x 38.08 mm at the fundamental resonant frequency of 

fr = 2.42 GHz. The slot length lout for the prototypes was 

fixed to be (L/4) and the slot length lin is varied in steps of 2 

mm from 10 mm to 16mm. The reference antenna is having 

lin = lout =0. The feed position has been taken 5.3 mm 

down from the centre of the antenna. The effect of 

embedding meandering slots length on the return loss and 

resonant frequency is clearly visible in Figure 4. From the 

Figure4, it is clear as the slot length increases, the 

fundamental resonant frequency shifted to lower frequency 

side which indicates the size reduction of antenna. For a 

fixed lout, but with increasing lin it is observed that the 

fundamental resonant frequency is lowered. In the case of 

rect-1 with the slot lengths of 10 mm the resonant frequency 

is initially shifted to 2.353 GHz with Return loss –18.58 dB, 

BW 37.2 MHz, directive gain of 6.908dBi and radiation 

efficiency of 93.27%. The Rect-2 exhibits the maximum 

bandwidth 38.8 MHz and rect-4 exhibits 17.7 MHz 

bandwidth as shown in table 1. The measured radiation 

efficiency of the ref. antenna is 87.89%. The efficiency 

increases to 93.27% for rect-1, 91.55% for Rect-2, 98.10% 

for rect3, and 92.45% for rect-4. Table 2 shows the behavior 

of fundamental frequency as the slot width varies. As the 

slot width of Rect -2 antenna increases from 1 mm to 6 mm, 

the resonant frequency shifted slightly to lower side. The 

impedance bandwidth of Rect – 2 antennas with width 2mm 

exhibits maximum bandwidth 42.9 MHz. The gain of the 

antenna increases by 0.32dB and efficiency by 6.28%. 

 
Fig. 4: Simulated Return loss Vs Frequency of Rectangular 

Microstrip Antennas 

 
Table 1: Performance Comparison of the Proposed Antena 

with Different Slots Length in Ground Plane 

 
Table 2: Performance Comparison for Rect-2 for Different 

Slot Widths in the Ground Plane 

  
Table 3: Comparison of varying Slot Lengths and Width of 

Nearly Square Microstrip Pathch 

B. Slot in Patch 

Nearly square microstrip Patch was designed on a FR4 

substrate εr = 4.3 and h = 1.53mm. The 4 slots have been 

made by etching in the patch. The effect of slot has been 

studied by varying length and width of slots. Table 3 reveals 

as the length of slot varies from 3 mm to 14 mm with fix 
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width 1.5mm, the resonant frequency of the patch shifted 

from 1.714 GHz to 1.388 GHz i.e 19.05 % down of 

fundamental frequency The simulated gain of antenna 

decreases drastically from 6.106 dB to 5.57 dB. With the 

varying length, efficiency and impedance bandwidth of the 

patch are also decreases as shown in Table 6. Table 3 also 

shows the effect of width on the antenna parameters. As the 

width of slot increases from 1 mm to 2.5 mm, the resonant 

frequency shifted lower side from 1.7148 GHz to 1.6861 

GHz. The gain, HPBW, efficiency and impedance 

bandwidth remain almost same as shown in table 3 and table 

6. 

 
Table 4: Comparison of Radiation Patterns of Proposed 

Antenna & Table 5: Antenna Rect.-2 for Defferent Slot 

Width. 

VI. RADIATION PATTERN MEASUREMENT 

The radiation patterns of all the antennas were simulated for 

the entire prototype antenna Rect-1 to Rect -4. In table 4, the 

Gain (dB), Half Power Beam Width (HPWB) and side lobe 

in dB have been tabulated. It is observed as the slot length 

increases, the side lobe remain same except the rect -1 

antennas the side lobe level is better around –15.4 dB in 

comparison to other antennas. A Good broadside Radiation 

pattern HPBW of 89.3° is observed for rect-1and 71.1° for 

rect-4. Table 5 shows as the slot width increase from 1 mm 

to 5mm, the HPBW varies from 70.8 deg. to 69.7 deg. and 

side lobe levels remain almost same. Table 6 shows, for 

nearly square patch the HPBW decreases from 114.9 deg. to 

100.6 deg. as slot length increases from 3 mm to 14 mm. 

But effect of width on , efficiency and BW is negligible for 

nearly square patch as shown Table 6. The radiation patterns 

of Rect.-1 antenna have been shown in Figure 5. 

 
Table 6: Comparison of Varying Slot Length and Width of 

Nearly Square Patch 

VII. CONCLUSIONS 

The Rectangular Microstrip Patch Antenna has been 

analyzed for the varying slot lengths and width in patch and 

the ground plane of the antenna. It is demonstrated as the 

slot length and width increases, the resonant frequency 

shifted towards lower side. The effect on resonant frequency 

shift is more pronounced for slots in patch than slots in 

ground plane. This indicates the more size reduction due to 

slots in patch in comparison to slots in ground plane. It has 

been observed that bandwidth and gain are more affected 

due to slot in patch than slot in ground plane. The return loss 

variation exhibits impedance match as the function of slot 

length and width. By proper selection of feed, slot length 

and width, the antenna performance can be optimized which 

can be effectively and efficiently utilized for mobile 

communications Applications. 

 
Fig. 5: Radiation Patterns of Rect- 1 antenna 
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