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Abstract- In this article, an analysis of 1×2 array antenna has been presented for multiband applications that is etched on 
FR-4 substrate (tan δ = 0.02, εr = 4.3). This structure contains two rectangular-shaped radiating element, ground plane 
and feed lines.  The position of resonance frequencies (fTM 10 , fTM 02 , fTM 12 , fTM 20) are revised by the length of vertical and 
horizontal arms of the L and T-shaped slot. The proposed antenna exhibits resonances at frequencies 2.18 (2.16-2.2 GHz 
with bandwidth 1.83%), 3.22 (3.2-3.24 GHz with bandwidth 1.24%), 4.32 (4.3-4.34 GHz with bandwidth 0.93%) and 4.56 
(4.54-4.58 GHz with bandwidth 0.87%) GHz. The series of equations have been deduced after studying the surface 
current distribution at resonating frequencies. Deformation of radiation pattern in both principal plans has been 
observed at frequencies 4.32 and 4.56 GHz. 
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I. INTRODUCTION 

Need of small antennas are increasing in modern communication system day by day. The printed antennas 
are potential candidate for wireless technology because of their physical structure. A part from above 
property they also offer some other merits like facile fabrication, small cost, easy integration with microwave 
circuit and ability to produce circular and electrical polarization [1]-[5]. Discontinuities play a prominent role 
in printed antenna which can be truncated on radiating edge or non radiating edge of the patch. These 
discontinuities can be also embedded in ground plane or mid surface of the radiating element. Slots or 
discontinuities alter the position of resonant frequency (𝑓𝑜   = 𝑐 𝐿 𝜀𝑟  )   of resonating modes (fundamental 
mode𝑇𝑀10 , orthogonal mode 𝑇𝑀01  or higher order modes 𝑇𝑀11 , 𝑇𝑀12 , 𝑇𝑀21) by changing the path of the 

length of the current vectors. Slot also affects the phase velocity (𝑉𝑝 = 1  𝐿𝐶 ) of resonating modes by 

changing the value of inductance (𝐿) and capacitance (𝐶) of the antenna [6]-[10]. Several applications like 
sonar, satellite communication radar etc requires high gained antenna [11] & [12]. The high gain of the 
antenna depends on the no of elements, their geometry and arrangement of the elements [13]-[15]. By using 
parasitic element [16] & [17], photonic band gap structure [18], high permittivity substrate the gain of the 
antenna can be enhanced [19]. 

In this communication, we have designed used 1x2 array antenna for multiband operation which is fabricated 
on FR-4 substrate. The effect of lengths of the slot L and T shaped has been investigated on fundamental 
mode𝑇𝑀10 , orthogonal mode 𝑇𝑀02  and higher order modes 𝑇𝑀12 , 𝑇𝑀22 . The experimental results exhibits 
that the proposed antenna is resonating at frequencies 2.18, 3.22, 4.32 and 4.56 GHz. The series of equations 
have been deduced after studying the surface current distribution at resonating frequencies. The detail of the 
proposed antenna has been given below. 
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Figure 1. Optimized geometry of proposed 1x2 array antenna. 

Table 1. Parameters and optimized dimension of proposed 1x2 array antenna. 

Paramete
r 

Dimension 
(mm) 

Parameter Dimension 
(mm) 

Paramete
r 

Dimension 
(mm) 

Paramete
r 

Dimension 
(mm) 

𝑊𝑝  39  𝐿𝑔  61  𝑀𝑙1 6  𝑇𝑙2 15  

𝐿𝑝  29  ℎ  1.6 𝑀𝑙2 5  𝑀𝑤3 2  

𝐿𝑠1 6  𝑇𝑤2 4  𝑀𝑙3 43  𝑇𝑙1 8  

𝐿𝑠2 11  𝑊𝑔  90  𝑀𝑙4 14  𝑀𝑤4 2  

𝐿𝑤1 3  𝑇𝑤1 4 𝑀𝑤1 5  𝑀𝑤2 3  

 

II. ANTENNA CONFIGURATION 

The optimized geometry of 1×2 arrays antenna has been depicted in figure 1 which is printed on FR-4 
substrate with the permittivity (Ɛ) of 4.3, tangent loss (tanδ) 0.02 and height (h) 1.6 mm. The parameters and 
optimized dimensions of the proposed antenna have been listed on table 1. This structure has been placed on 
azimuthal plane and Z-axis is normal to the radiating structure. L and T slots are truncated near to the top 
radiating edge of the each element. These slots basically modify the position of resonance frequencies of the 
modes. The length of vertical arms of these slots affects  

 

the resonance frequency of higher order modes while horizontal arms affect the position of resonance 
frequency of fundamental mode and their harmonics. On bottom radiating edge of the each element is 
integrated with Microstrip feed line which delivers the electromagnetic energy to the elements. The 
characteristic impedance of the feed line depends on the width of feed which is calculated by equation (1). 

           𝑍0 =
𝜂

2𝜋 𝜀𝑟𝑒𝑓𝑓
ln 

8ℎ

𝑤
+

0.25𝑤

ℎ
  

(1) 

Where 𝜂 and 𝑤 are intrinsic impedance of the free space and width of the feed line respectively. On bottom 
side of the dielectric, rectangular shaped ground plane (𝐿𝑔 × 𝑊𝑔) has been printed The dimension of the each 

element (𝐿𝑝 × 𝑊𝑝) has been calculated from below equation and these elements are designed for resonant 

frequency 𝑓0 = 2.4 𝐺𝐻𝑧. The width of the single element has been determined by equation (2). 
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𝑊𝑝 =
𝐶

2𝑓0 (𝜀𝑟 + 1) 2 
 

(2) 

The fringing fields are responsible for radiation from printed antenna. Due to these fields the electrical length 
of the patch has increased which is larger than the physical length of the antenna. The effective dielectric 
constant and extension in length can be determined by following equations (3) and (4). 

𝜀𝑟𝑒𝑓𝑓 =
𝜀𝑟 + 1

2
+

𝜀𝑟 − 1

2
[1 + 12

𝑊𝑝

ℎ
]−0.5 

(3) 

△ 𝐿

ℎ
=

0.412 𝜀𝑟𝑒𝑓𝑓 + 0.3  
𝑊𝑝

ℎ + 0.264 

 𝜀𝑟𝑒𝑓𝑓 − 0.258  
𝑊𝑝

ℎ + 0.8 

 

 
(4) 

The physical length of the patch can be determined by following equations (5) and (6). 

𝐿𝑒 =
𝐶

2𝑓0 𝜀𝑟𝑒𝑓𝑓
 

(5) 

𝐿𝑝 = 𝐿𝑒 − 2 △ 𝐿 

 
 

(6) 

III. DEVELOPMENT OF 1X2 ARRAY ANTENNAS 

Evolution of the 1x2 array antenna and comparison of  𝑆11  characteristics have been depicted in figure 3. 
Antenna 1 contains feed structure and two rectangular shaped radiating elements which are designed for 
frequency 2.4 GHz. After feeding the electromagnetic energy, the fundamental mode (𝑇𝑀10 ), harmonics of 
fundamental mode (𝑇𝑀20 ), second harmonic of orthogonal mode ( 𝑇𝑀02 ) and other higher order modes 
(𝑇𝑀20 , 𝑇𝑀22 ) are excited. The simulated resonance frequencies of 𝑇𝑀10 , 𝑇𝑀02 , 𝑇𝑀12 , 𝑇𝑀20  and 𝑇𝑀22  modes 
are 2.35, 3.6, 4.42, 4.61 and 5.8 GHz respectively. The difference 
(𝐸(%) = 100 ∗  𝑓𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 − 𝑓𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑  𝑓𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑 ) between simulated and calculated resonance frequencies 
has been also found. Table 2 exhibits an error between simulated and calculated resonance frequencies. 

Table 2. Error between calculated and simulated resonance frequencies.. 

Mode 𝑓𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑  (𝐺𝐻𝑧) 𝑓𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑  (𝐺𝐻𝑧) |𝐸 % | 

𝑇𝑀10  2.36 2.35 0.42 
𝑇𝑀02  3.54 3.6 1.69 
𝑇𝑀12  4.26 4.42 3.75 
𝑇𝑀20  4.72 4.61 2.33 
𝑇𝑀22  5.9 5.8 1.69 

 

IV. RESULTS AND DISCUSSION 

a) 𝑆11  Characteristic and Input impedance 
Prototype of 1x2 array antenna has been depicted in figure 2. The proposed antenna is numerically analyzed 
by CST Microwave studio and Sonnet. The experimental results (𝑆11  characteristic and input impedance) are 
measured through VNA N9923A in frequency band 2 to 6 GHz. The fabricated antenna is resonating at four 
frequencies 2.22, 3.34, 4.5 and 4.76 GHz and covers three frequencies band 2.2-2.22 GHz with bandwidth 
0.9%, 3.3-3.36 GHz with bandwidth 1.8%  and 4.44-4.8 GHz with bandwidth 7.8%. Table 3 represents the 
measured and simulated return loss at resonating frequencies. An error between measured and simulated 
has been found because of fabrication error and variation of dielectric constant. Figure 3 represents the locus 
of input impedance (measured) of the proposed antenna. Loops have been found in smith chart due to 
coupling between modes. 
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Table 3. Measured and simulated resonating frequency. 

Sonnet CST Measured 
Frequency 

(GHz) 
Return loss 

(dB) 
Frequency 

(GHz) 
Return loss 

(dB) 
Frequency 

(GHz) 
Return loss 

(dB) 
2.18 -8.33 2.18 -11.61 2.22 -12.84 
3.24 -45.23 3.22 -20.399 3.34 -17.29 
4.36 -21.13 4.32 -19.86 4.5 -11.83 
4.56 -17.76 4.56 -17.994 4.72 -17.83 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Evolution of the proposed antenna and comparison of 𝑆11  Characteristic of antenna1, 2 and 3.
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b) Surface current distribution 
 
The vector current distributions have been depicted in figure 5 at each resonating frequency. At 𝑓1 2.18 GHz, 
The current vectors are distributed along the length of the patch which is similar to 𝑇𝑀10  mode. It  
 
can be also noticed that current density is maximum around L and T shaped slot. The horizontal arm of L and 
T shaped slots are perpendicular the current vectors which are distributed along the length. Horizontal arm 
of the both slots increases the patch length of current vectors. The resonance frequency 𝑓1 can be determined 
by following equations  
(7) and (8).  

 

Figure 3. Fabricated antenna and comparison of measured and simulated 𝑆11  characteristics 

 

 

Figure 4 Measured input impedance of the proposed antenna. 

𝑙 = 𝐿𝑝 + 𝐿𝑠2 2  

 

(7) 

 

𝑓1 =
𝑐

2 ∗ 𝑙 ∗  𝜀𝑟
 

 

(8)  
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The calculated value of 𝑓1 is 2.1 GHz which is nearly equal to 2.18 GHz. An error (3.66%) between simulated 
and calculated has been found and can be estimated by below equation (9). 

𝑒(%) =
𝑓𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 − 𝑓𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

𝑓𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑

∗ 100 

 

(9) 

 

At 𝑓2 3.22 GHz, current intensity is maximum around the slot as well as two half wave variation of current 
vectors have been investigated which is similar to 𝑇𝑀02  mode. Vertical arm of the both slots affect the current 
distribution. The resonance frequency 𝑓2 can be determined by following equations (10) and (11). 

 

 

Figure 5. Current distribution at resonating frequencies 

 
  

𝑙1 = 𝑊𝑝 + (𝑇𝑙1 + 𝑇𝑤2) 2  

 

(10) 

𝑓2 =
𝑐

𝑙1 ∗  𝜀𝑟
 

 

(11) 

The calculated value of 𝑓2 is 3.2 GHz which is nearly equal to 3.22 GHz. An error (0.6%) between simulated 
and calculated has been found and can be estimated by below equation (12). 

𝑒1(%) =
𝑓𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 − 𝑓𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

𝑓𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑

∗ 100 

 

(12) 

At 𝑓3 4.32 GHz, current distribution is similar to 𝑇𝑀12  mode. This mode is affect by both arms of the slots. It 
has been inspected that the current is maximum around the slots. At 𝑓4 4.56 GHz, the current vectors are 
distributed along the length of the patch which is similar to 𝑇𝑀20  mode. The horizontal arm of L and T shaped 
slots are perpendicular the current vectors which are distributed along the length. Horizontal arm of the both 
slots increases the patch length of current vectors. The resonance  

frequency 𝑓4 can be determined by following equations (13) and (14). 

𝑙2 = 𝐿𝑝 + 𝐿𝑠2 2  (13) 
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𝑓4 =
𝑐

𝑙2 ∗  𝜀𝑟
 

 

(14) 

The calculated value of 𝑓4 is 4.2 GHz which is nearly equal to 4.56 GHz. An error (7.89%) between simulated 
and calculated has been found and can be estimated by below equation (15). 

𝑒2(%) =
𝑓𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑 − 𝑓𝑐𝑎𝑙𝑐𝑢𝑙𝑎𝑡𝑒𝑑

𝑓𝑠𝑖𝑚𝑢𝑙𝑎𝑡𝑒𝑑

∗ 100 

 

(15) 

c) Radiation Pattern 
 
The far field patterns of the proposed antenna have been displayed on figure 6. Far field patterns of this 
antenna are simulated in H-plane and E-plane with 10 degree increment at 2.18, 3.22, 4.32 and 4.56 GHz. It 
has been investigated that number of modes are increased as frequency increases. As shown in figure 6, the 
patterns are distorted in both planes which confirm that existence of higher order modes. The directionality 
of the E plane pattern has been reduced as frequency increases. 
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Figure 6. E plane and H plane pattern at resonating frequencies 

 
 

 

V. CONCLUSION 

An analysis of 1x2 array antenna has been designed and experimentally verified. This structure is resonating 
at four frequencies 2.18, 3.22, 4.32 and 4.56 GHz. It has been  
also investigated that the vertical and horizontal arms of the L and T shaped slot affect the current 
distribution. Due to slot resonance frequency position of the fundamental mode and other higher order 
modes have been changed. The formulation of each resonating frequencies is also done. It has been noticed 
that the radiation pattern is distorted at higher frequencies.
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