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Abstract--A rotating radiation beam C-band microstrip antenna for 
5G applications is proposed.Two orthogonal resonant frequencies 
radiated at 4.21 GHz and 4.82 GHz provide a scanning beam that 
can rotate clockwise or anti-clockwise  at every 60O. Two slots on 
every patch provide two orthogonal radiation beams. Direction 
of beam can be adjusted by changing dimensions of  slots. Six 
patches are used to cover six directions. For exciting patches, six 
p-i-n diodes are integrated with the antenna.They are turned on 
one-by-one with the help of an ATMEGA 2560 microcontroller. 
The scanning rate of 0.36 deg/ms is obtained, which can be changed 
by means of microcontroller.

Keywords: Beam reconfigurable antenna, Embedded biasing network, 
Beam scanning; Non-stationary target, p-i-n diode

I. INTRODUCTION
CURRENTLY, reconfigurable micro-strip antennas (RMA) are 
in great demand [1]. Four types of RMAs, namely Frequency 
reconfigurable antenna, Pattern reconfigurable antenna, 
Polarization reconfigurable antenna, and the combination of 
these three are used [2]. Many techniques are adopted to scan 
non-stationary target. Patch antenna array with multi-feeding 
techniques face difficulties in mounting [3]. A travelling 
wave antenna was proposed [4] with rectangular waveguide 
for frequency beam-scanning array antenna operating in 
220-325 GHz. Beam steering is achieved by changing RF 
signal relative phase and switching antenna elements [5]. All 
mutually synchronized patches of equal sizes are used for beam-
scanning. Directivity of antenna decides the direction of target 
[6]. Sensors may be attached with reconfigurable antenna to 
make it as a smart sensing antenna [7].
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To provide safety of the driver, UBW automotive radar sensor 
has been proposed with grid antenna of 33 radiating elements 
[8]. Direct sequence ultra wideband system could be used 
for measurement of short range radar system [9]. Strohmet 
al. [10] considered two nested C slots on the patches and 
CPW transmission line with two distinct characteristics for 
Wi-MAX and WLAN (3.4/3.5) [10]. Considerable research 
was done on microcontroller based electronic beam steering 
system for stationary and non-stationary system targets. This 
study suggests design and develop rotating antenna based on 
six micro-strip patches, six p-i-n diodes and microcontroller 
based driver circuit. ATMEGA 2560 microcontroller and six 
p-i-n diodes were used for it. Frequency reconfigurable behavior 
is achieved by varactor diode [11]. A microcontroller-based 
embedded biasing network (EBN) is employed for switching 
positions of these diodes. No biasing for passive elements are 
required in microcontroller-based EBN.

Here, a beam-steering radiation beam is achieved via six p-i-n 
diodes. Switching positions of these diodes is controlled by a 
microcontroller-based EBN. It allows EBN to be integrated 
with Microstrip antenna on a single PCB, obviating need for 
passive elements for biasing [12]. As the target enters into 
radiation beam of the antenna, the echo signal is detected. The 
patch radiating at that instant provides information about the 
direction of the target as shown in Fig. 1a. When the target 
enters the radiation pattern, the amplitude of the received 
echo is very small. When the target penetrates deeper into the 
radiation pattern, the amplitude of the received echo is large as 
shown in Fig. 1b [13]. With knowledge of amplitude and time 

(a)                                                                     (b)
Figure 1.  Application of beam scanning antenna (a) Direction and (b) Speed/distance detection.
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interval between two consecutive echoes, speed and distance 
of the target is calculated.

II. ANTENNA DESIGN CONSIDERATION
First we discuss design of antenna. Next, methodology of 
achieving reconfigurable behavior in the radiation pattern 
is explained. Resonant frequency remains same for every 
radiating patch, and only radiation direction changes. To 
achieve this, an angular patch is designed. Sectoral micro-
strip patch antenna design formulae for calculating the radius 
R3 of the patch are used [14]. R3 is optimized and is found to 
be 31 mm. Similar six angular patches of angular width 50o 
are designed. All six small patches of angular width 50o are 
kept 10o apart from each other (Fig. 2a). R1, the feed circle 
radius  is optimized and is found to be 4.2 mm. Feed circle 
is excited by a 50-Ω coaxial probe. Six p-i-n diodes are used 
for connecting six patches with feed circle (Fig. 2a). When an 
individual patch is excited, the corresponding p-i-n diode is 
turned on and other five are OFF. ON-OFF controlling of is 
done by a microcontroller via a program that provides a 100-
ms delay between switching of two consecutive p-i-n diodes. 
Since switching time is negligible, each patch will radiate for 
100 ms. Two designs of the patch are highlighted, one without 
a rectangular slot and other with a rectangular slot. 

Figures 2a, 2b and 2c show design of a simple patch, ground 
plane, and slotted patch respectively. Table 1 lists the 
dimensions. The designed antenna is fabricated and tested. 
Figure 3 shows the fabricated antenna. Notice that two small 
rectangular slots are fabricated on every patch  to achieve 
antenna radiation in the desired direction (Fig. 2c). Additionally, 
it results in a new resonant frequency. To ensure that radiation 
remains between the x- and y-axis, length and width of the slot 
are optimized. Radiation is obtained orthogonal to each other 
at both received resonant frequencies.

TABLE 1 -- DIMENSIONS OF THE PROPOSED ANTENNA
Radius /angle mm/degree

R1 4.2 mm
R2 6 mm
R3 31 mm
R4 25 mm

L (slot length) 10 mm
W (slot width) 3 mm

θ1 50 degree
θ2 10 degree

Figure 2.  Antenna design (a) Patch without slot, (b) Ground plane, (c) Slotted patch.

Figure 3.  Fabricated antenna (a) Patch without slot (b) Ground plane (c) Slotted patch.
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Dual frequency band operation is achieved to suit requirements 
of modern communication. Rectangular slot performs as a 
series resonant circuit altering total impedance of the patch 
[15]. Due to impedance change, another current flows on the 
patch and antenna resonates at a different frequency.

III. EMBEDDED BIASING NETWORK
The microcontroller-based EBN is used as a driving circuit that 
works on DC supply. But, it may get damaged on receipt of  
an AC signal at its terminals. Separation is necessary between 
AC signals from antenna and DC signal from EBN. This is 
achieved by a circuit made up of capacitors and inductors (Fig. 
4). Two capacitors Cb1 and Cb2 of  0.1μF block the DC signal 
from EBN to protect the AC source and antenna. Likewise, two 
6.8 nH R.F. coils block  the AC signal from source or antenna 
and protect the EBN.

Figure 4.  DC biasing circuit of a p-i-n diode using 
embedded biasing network.

The circuit in Fig.5 consists of ATMEGA 2560 microcontroller, 
Signal conditioning circuit, and AC-DC separator circuit.  
Microcontroller sends the DC signal in a required fashion to 
turn p-i-n diodes ON and OFF, whose logic configuration is 
given in Table 2.

IV. RESULTS AND DISCUSSION
HFSS is used for designing and simulation. The simulated and 
measured return loss for a design 1 (simple patch) and design 
2 ( slotted patch) of the proposed antenna are shown in Figs. 
6a and 6b. Figure 6 shows that the proposed antenna resonates 
at a single frequency with design 1 while it resonates at two 
frequencies with design 2. Table 3 shows the value of simulated 
and measured return loss for both designs. The simulated and 
measured resonant frequencies remain the same for all six 
patches.

Resonant frequency depends on radius of the patch (Fig. 7). 
Table 4 lists radius of the excited patch and the corresponding 
resonant frequency. On varying patch radius from 28 to 33 mm, 
resonant frequency changes from 4.82 to 4.52 GHz. Return loss 
is found better than -23 dB at resonant frequency.

TABLE 2 -- SWITCHING COMBINATIONS OF PIN DIODES
PIN1 PIN2 PIN3 PIN4 PIN5 PIN6
ON OFF OFF OFF OFF OFF
OFF ON OFF OFF OFF OFF
OFF OFF ON OFF OFF OFF
OFF OFF OFF ON OFF OFF
OFF OFF OFF OFF ON OFF
OFF OFF OFF OFF OFF ON

Figure 5. Embedded biasing network using ATMEGA 2560 microcontroller.
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TABLE 3. RESONANT FREQUENCIES AND CORRESPONDING RETURN LOSSES

Type of Design Parameters Simulated Measured

Design 1 (patch without slot) Resonant Frequency (GHz) 4.66 4.6

Return Loss (dB) -30.5 -28

Design 2 (patch with slot) Resonant  Frequency (GHz) 4.21 4.82 4.23 4.91

Return Loss (dB) -22.2 -31.6 -25.16 -30.9

Figure 6. The simulated and measured return losses of the antenna with
design1 (patch without slot)  (b) design 2 (slotted patch).

Figure 7. Return loss at different values of patch radius.

TABLE 4.  RESONANT FREQUENCY AND RETURN LOSS ON 
DIFFERENT  RADII OF EXCITED PATCH

The radius of the 
patch (mm)

Resonant 
frequency(GHz)

S11(dB)

33 4.52 -23
32 4.60 -25.7
31 4.66 -30.5
30 4.72 -26.8
29 4.76 -25
28 4.82 -23.5

The best return loss -30.5 dB is obtained at patch radius 31mm 
at 4.66 GHz. As we provide the input to the single antenna 
element without slots, the antenna will radiate in the direction 
70o to 90o from the ground. This will not address the issue 
as an antenna is required that can radiate in between vertical 
(broadside) and the horizontal axis. By the introduction of 
slots, the path of the current changes (circulates around the 
slot) that changes the direction of magnetic field intensity, this 
variable magnetic field intensity generates variable electric field 
intensity and propagation of wave gets changed according to 
the direction of E and H fields. By changing the dimensions 
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and position of slots, direction of propagation is changed. 
Dimensions and position of slot were chosen so that its radiation 
is around 40o-70o from the ground. In case, all six elements are 
fed at the same time,  then it will radiate in broadside direction 
covering 70o-90o from the horizontal (ground).

3D radiation patterns for design 2 when p-i-n diodes are turned 
ON successively are depicted in Figure 8. First, p-i-n1 turns 
ON, Patch 1 (φ= 90o) radiates in the direction of φ=0o (Fig. 
8a). On turning ON p-i-n 2, Patch 2 (φ=150o) radiates in the 
direction of φ= 60o (Fig. 8b). Direction of the exciting patch 
and the direction of maximum radiation is shown in Table 5. It 

Figure 8. 3D Radiation patterns for design 2 (slotted patch) of proposed antenna when  
(a) p-i-n 1 on (b) p-i-n 2 on (c) p-i-n 3 on (d) p-i-n 4 on (e) p-i-n 5 on and (f)  p-i-n 6 on.

is noticed that radiation pattern gets rotated by 60o for change 
in the excitation of the consecutive patch. 

Two-dimensional radiation pattern of design1 in the X-Y 
plane gets rotated by 60o for change in the excitation of the 
consecutive patch (Table 5). Figure 10 shows two-dimensional 
radiation patterns (simulated and measured) for the slotted patch 
at both frequencies. Notice from Figs. 10a to 10f that radiation 
of both frequencies is perpendicular to each other. When p-i-n 
1 turns ON, patch (φ= 90o) radiates in the direction of φ= 0o at 
4.82 GHz and in the direction of φ= 90o at 4.21 GHz.

TABLE 5. DIRECTION OF THE EXCITING PATCH AND ITS MAXIMUM RADIATION

Patch 
Excited

PIN diode con-
figuration

The direction of 
the Excited patch            

( φ in degree)

Design -1 Design -2
The direction of maximum 

radiation at a frequency 
(4.66GHz) ( φ in degree)

The direction of maximum 
radiation at a frequency 

(4.21GHz) ( φ in degree)

The direction of maximum 
radiation at a frequency       

(4.82 GHz) ( φ in degree)
Patch 1 p-i-n 1 on 90o 0o 90o 0o

Patch 2 p-i-n 2 on 150o 60o 150o 60o

Patch 3 p-i-n 3 on 210o 120o 210o 120o

Patch 4 p-i-n 4 on 270o 180o 270o 180o

Patch 5 p-i-n 5 on 330o 240o 330o 240o

Patch 6 p-i-n 6 on 30o 300o 30o 300o

SLOTTED ANTENNA FOR 5G APPLICATIONS
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Figure 9. 2D radiation patterns (simulated and measured) of the antenna (patch without slot) when  
(a) p-i-n 1 on (b) p-i-n 2 on (c) p-i-n 3 on (d) p-i-n 4 on (e) p-i-n 5 on and (f) p-i-n 6 on.

Figure 10.  2D radiation patterns (simulated and measured) of the slotted patch antenna when  
(a) p-i-n 1 on (b) p-i-n 2 on (c) p-i-n 3 on (d) p-i-n 4 on (e) p-i-n 5 on and (f) p-i-n 6 on.
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It is observed that radiation beam of design 2 moves at 60o 
with the excitation of the next patch which is similar to design 
1. Table 5 depicts direction of the exciting patch and their 
radiations in terms of angle φ corresponding to p-i-n diode 
configuration. By rotating  radiating patch by 60o clockwise, 
Radiation pattern also rotates by 60o clockwise.When electronic 
switching is used for rotating beams, direction of the radiated 
beam is adjusted by cutting two parallel slots in the radiating 
patch. Both these methods give novelty to the poposed work.

V. CONCLUSION
A rotating radiation beam slotted antenna with two orthogonal 
frequencies is designed, simulated and tested. The simulated 
and measured results are in good agreement. This antenna 
radiates in C-band (4-8 GHz) at two frequencies 4.21 and 4.82 
GHz with radiation pattern 90o away from each other. The 
proposed antenna can be used for short-range radar ground 
surveillance, missile control, and mobile battlefield surveillance 
for military.  It is suitable for 5G applications.

As beam is controlled electronically, no mechanical movements 
are required unlike conventional radar systems. Here, a single 
patch provides two radiation beams 180o apart simultaneously 
doubling rate of scanning rate to the switching rate. 
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