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Abstract 

A single and double slot loaded microstrip antenna is designed to analyze for frequency miniaturization. The 

antenna is designed with FR4 substrate on a ground plane with dielectric permittivity 4.4. The radiating patch has a 

dimension of 25 mm  30 mm fed by a microstrip line feed. The surface current is increased with the slits achieving 

frequency miniaturization of 60%. A resonant frequency estimating formula for calculation and optimization on single and 

double slot loaded multiband antenna is presented. The resonant frequency values are found to be in good agreement with 

calculated, simulated and tested results. The antenna works in multiband covering the major wireless bands.  
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Introduction  
The field of communication has grown past 

with the developments in the field of electronic industry. 

In competition the development of the antenna design is 

also reaching its edge in miniaturization. Among the 

different methods of miniaturization presented [1] slot 

antenna is an attractive candidate [2]. The introduction of 

the slots on radiating patch helps to achieve frequency 

miniaturization with different shapes and sizes [3-7]. The 

resonant frequency estimate for dual band antenna is 

presented for slot perturbated antenna structures [8-12]. 

The antenna with slots helps to achieve miniaturization 

and multiband [13-15]. The effects on inducing slits in 

the radiating patch enable the antenna to operate at 

further lower frequencies with meandering effect [16-

17]. This work presents the slot loaded multiband 

antenna and its resonant frequency determination using 

relations for lower and higher bands. The antenna design 

also exhibit the effect of inserting slots on the patch 

having variable lengths, width and similar slot 

arrangements for achieving miniaturization. 

 

Design of Slot Loaded Patch 

 The rectangular patch antenna is designed to 

operate at a resonant frequency of 2.4 GHz with a 

dimension of 27.1 mm  37.9 mm. It is designed and 

fabricated  with FR4 dielectric as substrate having height 

h = 2.4 mm on a ground plane having a dimension of 

44.1 mm  54.9 mm using formulas [18]. The antenna 

achieved a reflection coefficient of -23.03 dB with an 

impedance bandwidth of 4.9% as given in Figure 1. 
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Figure 1. Microstrip Fed Patch Antenna and S11 vs 

Frequency Characteristics 

 

 The designed structure is introduced with a 

single slot parallel to the length of the antenna with a 

width of 1.5 mm and length 15 mm. The antenna 

structure with the specific dimension is given in the 

Figure 2. 

 

Figure 2. Single Slot MPA with SL = 15 mm and Width 

SW =1 mm 
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The insertion of the slot in the patch alters the 

surface current and changes the electrical length of the 

antenna. The insertion of the slot changes the reactance 

of the patch antenna influencing the new resonant 

frequencies. The multiband with new resonating bands is 

shown in the Figure 3. It resulted with six bands with the 

lower operating band having the center frequency 

shifting to 1.81 GHz with S11 -13.3 achieving a 

frequency miniaturization of 24.58%. 

 

 
 

Figure 3. S11 vs Frequency of Single Slot MPA 

 

Design Formula for Slot Loaded Antenna 

A design model equation is derived to 

determine the lower band frequency and higher band 

frequency.  The resonant frequency of an antenna is 

obtained using the formula given in equation  

𝑓𝑜  =
𝑐

𝐿 𝜀𝑟
 

where L is the length of the antenna. The slot on a patch 

alters the operating frequency of the antenna by changing 

the effective electrical length with surface current path. 

The length of the slot on a patch is usually chosen as half 

wavelength or quarter wavelength. Based on the length 

of the slot the antenna operates with new resonant 

frequencies resulting with dual or multiband 

characteristics. To estimate the multiband characteristics 

for the single slot antenna a formula is derived. The 

resonant frequency formula given in equation (1) is used 

to obtain the multiband formula including the slot length 

and width with two constants n and a. The formula is 

used to estimate the resonant frequency in the lower 

band covering till 5 GHz and upper band above 5 GHz.   

 

The lower bands till 5 GHz of the antenna are 

calculated using the formula as given in equation (2). 

𝑓𝑙𝑜𝑤 =
𝑐 × 𝑆𝑊

 5 − 𝑛 × (𝑆𝐿+. 𝑎) ×  𝜀𝑟
 

Where “c” is the velocity of light, a constant 3  10
8
, SW 

is the width of the slot, SL is the length of the slot, r is 

the dielectric constant of the substrate, “n” represent the 

number of modes varying from 1,2,3,...for lower band 

and “.a” indicate the number of slots available on the 

radiating patch. To obtain accuracy and minimize the 

error between the calculated and simulated results the 

formula is modified to determine the modes of resonant 

frequency above 5 GHz for the multiband antenna as 

given by the equation (3) 

𝑓𝑕𝑖𝑔𝑕 =
𝑐 × 𝑆𝑊

 1 + 𝑛 × (𝑆𝐿+. 𝑎) ×  𝜀𝑟
 

Here “n” indicating the possible number of modes in the 

higher band for the selected slot length SL and width SW 

takes up the values in odd decimals varying as 0.1, 0.3, 

0.5, 0.7, etc. and the variable, “.a” represents the number 

of slots available on the radiating patch. 

The calculated values for the patch with single slot 

resulting in the lower and higher bands for the design 

with slot length SL = 15 mm and SW = 1 mm is given in 

the Table 1 and Table 2. 

 

Table 1. Comparison of calculated and simulated 

resonant frequency of single slot 

 

n  

value  

flow 

Calculated 

 (GHz) 

flow 

Simulated  

(GHz) 

% of Error 

1 1.89 1.81 4.2% 

2 2.36 2.46   4.06% 

3 3.15 3.16 0.31% 

 

Table 2. Comparison of calculated and simulated 

resonant frequency of single slot 

 

n value  fhigh 

Calculated 

(GHz) 

fhigh 

Simulated  

(GHz) 

% of Error 

.1 8.61 8.10 5.9% 

.3 7.28 7.54 3.44% 

.5 6.31 6.01 4.75% 

.7 5.57 5.26 5.56% 

 

 The simulated results coincided close with the 

calculated values with minimum error. Similarly the 

antenna is introduced with another parallel slot with 

same dimension and its influence on the resonant 

frequency is considered for the analysis and estimation. 

The structure of the antenna with additional slot is given 

in the Figure 4. 

 

 
 

Figure 4. Dual Slot MPA with SL = 15 mm and Width SW 

=1 mm 

 The added slot again changes the current path 

on the radiating patch altering the electrical length and 

influence new modes. The new resonant frequency of the 

antenna shifts to a lower frequency of 1.77 GHz with a 

S11 of -14.56 dB and results with multiband consisting of 
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six bands as shown in the Figure 5. The parallel slots 

achieves a frequency miniaturization of 26.25% 

 

 
 

Figure 5. S11 vs Frequency of Dual Slot MPA 

 

The formula in equation 1 and equation 2 is 

used to estimate the lower and higher band frequencies. 

The values of the calculated and simulated are listed for 

the lower and higher bands of frequencies and given in 

the Table 3 and Table 4. 

 

Table 3. Comparison of calculated and simulated 

resonant frequency of dual slot 

 

n  

value  

flow 

Calculated 

 (GHz) 

flow 

Simulated  

(GHz) 

% of Error 

0 1.88 1.77 5.85% 

1 2.35 2.45 4.08% 

2 3.13 3.16 0.94% 

 

Table 4. Comparison of calculated and simulated 

resonant frequency of dual slot 

 

n value  fhigh 

Calculated 

(GHz) 

fhigh 

Simulated  

(GHz) 

% of Error 

.1 8.55 8.02 6.19% 

.3 7.23 7.50 3.6% 

.5 6.27 6.04 3.66% 

.7 5.53 5.23 5.42% 

 

Conclusion 

 The antenna is designed with the fundamental 

frequency of 2.4GHz and inserted with slots with 

specific length and width to achieve frequency 

miniaturization. The antenna inserted with single and 

double parallel slot antennas is used to analyze the 

resonant frequency of the antenna. The effect of surface 

current and electrical length variation helped to achieve 

multiband operation. The antenna resonant frequency is 

achieved using a mathematical formulation and error % 

between the simulated and calculated values were 

determined. This helps to formulate designs with earlier 

estimation on resonant frequency. 
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