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Abstract— This work presents the design of  
2.4 GHz single band inset-fed rectangular 
microstrip patch antenna. The major aspects of 
the procedure utilized in the design include 
specification of key parameters of the antenna, 
determination of key parameters of the patch and 
then the determination of the dimensions of the 
feed network. Afterwards, the parameter values 
obtained are used to carry out the simulation of 
the antenna in Computer Simulation Technology 
(CST) Microwave Studio. Specifically, the key 
design parameters specified include resonant 
frequency 𝐨𝐟 2.45 GHz, substrate dielectric 
constant, 𝐨𝐟 𝟒. 𝟐 and the loss tangent, of 0.019. 
From the simulation, results on the antenna 
performance parameters are obtained such as the 
return loss, Voltage Standing Wave Ratio (VSWR), 
directivity for the H-plane (φ = 90°), directivity for 
the E-plane (φ = 0°) and 3-D gain plot. The 
simulation results show minimum return loss of -
26.394 dB with a bandwidth of 68.3 MHz. The 
results also show that the antenna achieved a 
Voltage Standing Wave Ratio (VSWR) of 1.4032 at 
2.4 GHz. The directivity results show that the H-
plane (φ = 90°) directivity for the insert-fet antenna  
at 2.4 GHz has main lobe magnitude of 6.09 dBi, 
main lobe direction value of 𝟑𝒐  and half power 
beamwidth value of 𝟗𝟕. 𝟐𝒐 . Directivity results for 
the E-plane (φ = 0) achieved a gain of 6.08 dBi. 
The 3-D gain plot at 2.4 GHz showed a gain of 4.85 
dB. In all, the results show that the designed 
antenna has good performance parameter values. 

Keywords— Single Band  Antenna, Return 
Loss, Inset-Fed Antenna,  Voltage Standing Wave 
Ratio (VSWR), Rectangular Microstrip Patch 
Antenna,  Directivity, Bandwidth 

1. INTRODUCTION

Over the years, wireless communication 
technologies have advanced and gained wide adoption that 
they have become the dominant technologies in the 
telecommunication industry [1,2,3]. In any case, wireless 
communications rely on the use of electromagnetic 
spectrum [4,5,6].  The antenna has the ability to radiate and 
receive electromagnetic signals [7,8,9]. As such, antennas 
are needed at the tranmitting end and also at the receiveing 
end of wireless communication systems [10,11,12].  

With the myriad of wireless smart devices 
springing up in number in recent time, the need for a 
comprehensive antenna design and analysis to compliment 
the growing tech trend in order to give engineers and 
technicians options to choose from cannot be over 
emphasized. Accordingly, in this work, the design of  2.4 
GHz single band inset-fed rectangular microstrip patch 
antenna  is presented [13,14,15,16]. In its most basic form, 
a microstrip patch antenna consists of a radiating patch on 
one side of a dielectric substrate and a ground plane on the 
other side [17,18]. The patch is generally made of a 
conducting material such as copper or gold and can take 
any possible shape, but regular shapes are generally used to 
simplify analysis and performance prediction [19]. The 
radiating patch and the feed lines are usually photo-etched 
on the dielectric substrate. Microstrip patch radiate due to 
the fringing fields between the patch edge and ground 
plane. 

The major aspects of the procedure utilized in the 
design include specification of key parameters of the 
antenna, determination of key parameters of the patch and 
then the determination of the dimensions of the feed 
network. Afterwards, the parameter values obtained are 
used to carry out the simulation of the antenna in Computer 
Simulation Technology (CST) Microwave Studio. 
Specifically, the key design parameters specified include 
resonant frequency of 2.45 GHz, substrate dielectric 
constant, of 4.2 and the loss tangent, of 0.019. 
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2. METHODOLOGY 
The procedure employed in the design of the single band 
inset-fed RMSA can be broken down as follows; 
specification of key parameters of the antenna, 
determination  of key parameters of the patch and then the 
determination of the dimensions of the feed network. After 
the parameter values obtained are used to carry out the 
simulation of the antenna in Computer Simulation 
Technology (CST) Microwave Studio. From the simulation, 
results on the antenna performance parameters are obtaibed 
such as the return loss, Voltage Standing Wave Ratio 
(VSWR), directivity for the H-plane (φ = 90°), directivity 
for the E-plane (φ = 0°) and 3-D gain plot.  
 

2.1 Specification and determination of  key design 
parameters for the single band inset-fed RMSA 

 
In the design of the single band inset-fed RMSA, some 
key desing parameters are specified while others are 
computed based on the specified parameters. 

i. The values of the following parameters are 
specified; 

a) the resonant frequency, f୰  (in this 
study f୰ =2.45 GHz),  

b) substrate dielectric constant, ε୰  of 
the substrate (ሺin this study ε୰ୀ ൌ
4.2 )  

c) the  loss tangent, tanδ (in this study  
tanδ = 0.019)  

ii. The substrate thickness (h) is calculated  as 
follows;  

λ଴  ൌ
ୡ

୤౨
          (1) 

h  ൑   0.3 x 
஛బ

ଶ஠√க౨
          (3) 

where ε୰  = 4.2,  c = 3 ൈ 10଼m/s  and  f୰  =2.45 

ൈ 10ଽ  Hz  hence, λ଴ ൌ  
ଷ ൈ ଵ଴ఴ 

ଶ.ସହ  ൈ ଵ଴వ 
 ൌ

 122 mm    and  h ൑  0.3 x 
଴.ଵଶଶ

ଶగ√ସ.ଶ
 ൌ 2.8 44m . A 

value of h = 1.6 mm is chosen for this study. 
iii. The width ሺW୔ሻ of the patch is calculated  as 

follows; 
W୔ ൌ   

ୡ

ଶ୤౨ටሺ಍౨శభሻ
మ

                        (3) 

Then, W୔     ൌ   
ଷ ൈଵ଴ఴ

ଶሺଶ.ସ  ൈ ଵ଴వሻටሺర.మశభሻ
మ

   = 37.97 mm 

iv. Effective dielectric constant (Ԑ୰ୣ୤୤) is 
calculated  as follows; 

Ԑ୰ୣ୤୤ ൌ
Ԑ౨ାଵ

ଶ
൅

Ԑ౨ିଵ

ଶ
ቂ1 ൅ 12 ቀ

୦

 ୛ౌ
ቁቃ

ିଵ/ଶ
               (4) 

Hence; 

Ԑ୰ୣ୤୤ ൌ
ସ.ଶାଵ

ଶ
൅

ସ.ଶିଵ

ଶ
ቂ1 ൅ 12 ቀ

଴.଴଴ଵ଺

଴.଴ଷ଻ଽ଻
ቁቃ

ିଵ/ଶ
ൌ  3.90 

v. Effective Length (Lୣ୤୤) is calculated  as 
follows; 

Lୣ୤୤ ൌ    
ୡ

ଶ୤౨ඥԐ౨౛౜౜
                   (5) 

Hence;  Lୣ୤୤ ൌ  
ଷ ൈଵ଴ఴ

ଶሺଶ.ସ  ൈ ଵ଴వሻ√ଷ.ଽ଴
  ൌ  31 mm 

vi. Extension length (ΔL) is calculated  as 
follows;            

ΔL ൌ  0.412h
ሾԐ౨౛౜౜ା଴.ଷሿቂ

౓
౞

ା଴.ଶ଺ସቃ

ሾԐ౨౛౜౜ି଴.ଶହ଼ሿቂ
౓
౞

ା଴.଼ଵଷቃ
                       (6) 

Hence; ΔL ൌ  0.412ሺ1.6ሻ
ሾଷ.ଽ଴ା଴.ଷሿቂ

బ.బయళవళ
బ.బబభల

ା଴.ଶ଺ସቃ

ሾଷ.ଽ଴ି଴.ଶହ଼ሿቂ
బ.బయళవళ
బ.బబభల

ା଴.଼ଵଷቃ
 = 

0.74 mm. 
vii. Actual patch length ( L୔) is calculated  as 

follows;            
              L୔    =   Lୣ୤୤ - 2ΔL               (7) 

     L୔    =   0.031 – 2(0.0074) = 29.52 mm. 
viii. Ground plane dimensions (Lg and Wg) are 

calculated  as follows;            
Wg =  W୔  + 6h (9) 

Lg =  L୔  + 6h          (8) 
Hence; Lg = 0.02952 + 6(0.0016) = 39.12 mm and  
Wg = 0.03797 + 6(0.0016)  = 47.57 mm 
 

ix. Patch thickness (t) is selected based on the 
following expression ; 

t <<   𝜆଴          (10) 
So, given thta   λ଴ = 122 mm a value of  t = 0.2 
mm is selected. 

 
2.2 Determination of the dimensions of the feed network 
for the single band inset-fed RMSA: 

The  computational formulas and procedure used to 
determine the dimensions of the feed network for the 
single band inset-fed RMSA are presented as follows: 

 
Step 1: Determine the notch width, g using the expression  
(Ramil, Salleh, Ali and Md Tan, 2011); 

g ൌ
c f୰  ൈ  10ିଽ  ൈ 4.65 ൈ  10ିଽ 

ඥ2ε୰ୣ୤୤

                ሺ11ሻ 

Hence, g ൌ
ଷ଴ ൈସ.଺ହ ൈ ଵ଴షవ ൈଶ.ସ ൈ ଵ଴షవ

√ଶ ൈଷ.ଽ଴
ൌ 1.20 mm. 

Step 2: Determine the  resonant input resistance Rin as 
follows; 

R୧୬ሺy ൌ y୭ሻ ൌ
1

2ሺGଵ ൅  Gଵଶሻ
cosଶ ቆ

πy୭

L୮
ቇ            ሺ12ሻ 

The characteristic impedance Zo is defined as follows;
  

𝐙𝟎   

⎩
⎪
⎨

⎪
⎧

𝟔𝟎

ඥ𝛆𝐫𝐞𝐟𝐟

 𝐥𝐧 ൤
𝟖𝐡
𝐖𝐟

൅  
𝐖𝐟

𝟒𝐡
൨           

𝐖𝐟

𝐡
൑ 𝟏

𝟏𝟐𝟎𝛑

ඥ𝛆𝐫𝐞𝐟𝐟

൤
𝐖𝐟

𝐡
൅ 𝟏. 𝟑𝟗𝟑 ൅  𝟎. 𝟔𝟔𝟕 𝐥𝐧 ൬

𝐖𝐟

𝐡
൅ 𝟏. 𝟒𝟒𝟒൰൨       

𝐖𝐟

𝐡
൒ 𝟏

         ሺ13

In this study, the value of  
୛౜

୦
ൌ  

ଷ.ଷ଴

ଵ.଺
ൌ 2.0625 ൐ 1. As 

such, the second expression in Equation 13 applies. 

k ൌ  
2π
λୟ୧୰

          ሺ14ሻ 

 where λୟ୧୰  ൌ λ଴ ൌ  122 mm, then  kൌ
ଶ஠

ଵଶଶ
ൌ  0.0515. 

Iଵ  ൌ  െ2 ൅  cosሺXሻ ൅ XS୧ሺXሻ ൅
sinሺXሻ

X
          ሺ15ሻ 

X = k(Wp)  (16) 
Hence;    X = 0.0515 ൈ 37.97 ൌ 1.955455 ൎ 2.00. Thus;  

Iଵ  ൌ  െ2 ൅  cos ሺ2ሻ ൅ ሾሺ1.912 ൈ 𝑆௜ሺ2ሻሿ ൅ 
ୱ୧୬ሺଶሻ

ଶ
   

= 1.1895 mA 

Gଵ  ൌ
Iଵ

120πଶ              ሺ17ሻ 

Hence, Gଵ ൌ
ଵ.ଵ଼ଽହ

ଵଶ଴ ൈ ஠మ  ൌ  10.043 ൈ
 10ିସ siemens. 
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