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Abstract

This research presents the design and analysis of a 5G harvesting energy Circuit (MIMO-rectenna)
to receive wireless power at Sub-6 frequencies (5.6 GHz) as a power source for some medical
devices carried by a patient and moved from one place to another, whether they are diagnostic or
therapeutic devices. This concept aims (MIMO-rectenna) to increase the likelihood of obtaining
electricity from the ambient field by harvesting energy at 5G- frequencies. The tiny MIMO (2x1)
antenna measuring 30 by 40 mmz2 is the antenna portion of this rectenna. It has been built and tested
to operate at Sub-6 frequency, or 5.6 GHz, for wireless power transmission applications related to
5G technology. The MIMO antenna has parameters of E = 4.4, h = 1.6 mm, and tand = 0.025 when
printed on an FR4 substrate. A significant section of the antenna's rear was removed to carry out the
broadband process, and the material's front side was composed of a series of circular slits. In this
antenna, the parasitic approach was employed to decrease the mutual coupling between two ports
by creating an inverted T with precise dimensions. The CST software 2024 was used to assist with
the design and simulation results of this MIMO antenna. It was discovered through the simulation
that the mutual coupling for these ports, S;,and S,,, is equal to -51.476 dB, and that the
S-parameters, S; 4, S,,, equal -22 dB. That is, there is very little signal loss while switching from the
first port to the second and vice versa. This antenna's rectifier comprised an AC-to-DC conversion
circuit, a DC filter, and an impedance-matching network. With the use of ADS software 2024, this
rectenna's design and simulation results were completed. The greatest conversion efficiency of this
rectenna at the frequency of 5.6 GHz is determined to be between 65 % and 65.01% for load
resistance between 12 KQ and 15 KQ at an input power of 14 dBm.

Keywords: Rectenna, HSMS-282B Schottky Diode, Conversion Efficiency, MIMO Antenna,
Mutual Coupling, Fifth Generation (5G), Impedance Matching Networks (IMN),
Dc. Filter, Parasitic Method and Wireless Power Transmission.

1 Introduction

In the last two decades, wireless communication systems have received unrivalled growth and have
been developed from analogue to digital signals due to the modern techniques that increase their
performances (Dabhri et al., 2017). The main demands of the researchers in this field are to get, discover
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and propose novel techniques that provide very good benefits (unique advantages) such as increasing
the data rate transfer, increasing the level of diversity and decreasing the probability of error, etc., and
this is the real reason for the emergence of generations and their evolutions in wireless networks (Wu et
al., 2013; Dabhri et al., 2017; Kim, 2020). Using multi-input multi-output (MIMO) technology has
advanced modern wireless communication systems to a new stage of development. This is because
higher data rates result in higher channel capacity and dependability as well as a lower chance of error.
Masoodi et al., (2021) The majority of modern mobile terminals use printed antennas that leverage the
device's system ground plane. As a result, printed antennas are inexpensive, simple to fabricate, and can
be tailored to the specifications of the device (Ramakrishna et al., 2021; Zhu et al., 2021). MIMO-based
mobile devices for wireless communication rely on integrated multiple antennas (Ramakrishna et al.,
2021; Gaurav et al., 2018). MIMO-based wireless communication devices rely on multiple antennas that
are integrated within the mobile device (Alkaraki & Gao, 2020; Ram & Chakraborty, 2024). The use of
multiple antennas can increase data rate and thus provide users with more multimedia, real-time video
connectivity, and data transfer capabilities (Masoodi et al., 2021; Hussain et al., 2019). All upcoming
wireless generations will employ MIMO technology, hence for the system to reach the high data rates
that are anticipated, the antenna component of the system needs to be carefully built and characterized.
(Khan et al., 2020; Abdalla & Ibrahim, 2017).

Since semiconductor technology has advanced, wireless electronic devices have become increasingly
common (Wu & Ma, 2013; Rajesh et al., 2023). These devices require little power and are typically
battery-powered, which has drawbacks such as the need for constant maintenance due to the battery's
short lifespan and increased cost when operating in harsh environments (Bobir et al., 2024). As a
solution, ambient power harvesting techniques have been proposed. A rectenna is a device that
transforms microwave energy into direct current (DC) electricity (Ibrahim et al., 2022; Zhu et al., 2021)
is a rectifying antenna, which functions without an internal power supply by combining an antenna with
a nonlinear rectifying device (Schottky diode, IMPATT diode, etc.) (Muhammad et al., 2020).
Figure 1 displays the rectenna schematic diagram. The selection of the working frequency in a rectenna
design is contingent upon its intended application (lbrahim et al., 2022; Prabhu et al., 2013). As
frequency increases, the amount of power that an antenna receives at a given distance from the emitter
drops. Friis equation provides the available power (Pr) at a certain distance from the emitter (Hussain et
al., 2019; Prabhu et al., 2013). The equation (1) is given as,

A 2
PT' = Pt' Gt' GT' (m) (1)

Where A is the wavelength being used, R is the distance between the transmitter and the receiver, G;
and G, are the transmitter and receiver antenna gains, and P; is the transmitter power (Sanad & Hassan,
2014).
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Figure 1: Block Diagram of a Rectenna
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In 1964, the rectenna was invented and later patented in 1969 by William C. Brown, an electrical
engineer from the United States (Brown, 1984). Brown demonstrated the technology using a model
aircraft powered by microwaves, which were transmitted from the ground and received by an attached
rectenna. Since the 1970s, a significant driver of rectenna research has been the development of receiving
antennas for solar power satellites. These satellites would collect sunlight in space using solar cells and
beam the energy down to Earth as microwaves, which would be captured by large rectenna arrays (Wu
et al., 2013). Two rectenna circuits were designed for operation at 2.45 GHz and 35 GHz (McSpadden
etal., 1992). They achieved efficiencies of 85% at 1.2 W input power and 29% at 120 mW input power,
respectively. In another study, a compact rectenna circuit with an output voltage of 50 V—suitable for
powering mechanical actuators—was introduced (Epp et al., 2000). The circuit used double rectenna
elements to boost the output voltage. Additionally, a small circularly polarized rectenna was designed
to operate at 5.5 GHz, incorporating a built-in band-reject filter to suppress out-of-band harmonics at 11
GHz (Ali et al., 2006). This rectenna demonstrated more than 50 dB of harmonic suppression and a
conversion efficiency of 74%. A compact circularly polarized patch antenna rectenna with an RF-to-DC
power conversion component operating at 2.45 GHz was also proposed. The selected antenna, built on
a low-cost FR4 substrate, had a measured bandwidth of 137 MHz and a circular polarization bandwidth
of 30 MHz (3 dB axial ratio). With a 1 KQ load resistor, the RF-to-DC conversion efficiency reached
75% (Yo et al., 2008). Furthermore, a small, programmable rectenna operating at 5.2 GHz and 5.8 GHz
for wireless power transfer was developed. The simulated efficiencies for input power of 16.5 dBm were
calculated as 70.5% and 69.4%, respectively (Lu et al., 2014). Another circularly polarized rectenna
with harmonic suppression, designed to operate at 5.8 GHz, achieved a bandwidth of 31.8% for wireless
power transfer applications (Yang et al., 2018). A quartz clock was also developed, incorporating
wireless energy harvesting and sensing capabilities. Its rectifier was optimized to rectify the power
captured by matching directly with the clock antenna, with a maximum efficiency of 65% achieved
within the 1.4-1.5 GHz and 1.9-2.1 GHz frequency ranges (Song et al., 2018). Mobile Phone Generation
Bands and Features shown in Table 1.

Table 1: Mobile Phone Generation Bands and Features (European 5G Observatory; Babu et al., 2011).

1st an 3Td 4th 5th
Properties . . . . q
generation generation generation generation generation
Appearing 1980s 1988s 2006s 2010s 2020s
year
Radio - - - -
St analogue digital digital digital digital
. Voice call .
Customized \:::;etg:l Voice call and and text Voice call and text VO];:;;:;‘ :I::l;e"t
for text message message message and video . &
message . video
and video
. HSPA, LTE(MIMO)WiMA | LTE(MIMO)Wi
Technique AMPS GSM WCDMA X MAX
Weight Heavy Light Mire light Very light Very light
900/1800
900/1800 900/1800 210072600
Frequency 3500
850 MHz 900/1800MHz | 2100/2600 2100/2600
band MHz 3500 MHz [ Sub-6 (3.3-6)
GHz & mm-wave
(23-40) GHz]
Upload data Very few 56 Kbps,118 384Kbps,5.
rate data rate Kbps TMbps 75 Mbps 20Gbps
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In the field of medical devices today, A large number of medical devices are being discovered that
help people get rid of their diseases or relieve their pain. Some of them may be portable devices on the
patient's body, such as the electronic pancreas and Holter ECG. In addition, a large number of devices
are implanted in patients' bodies to carry out certain tasks, such as controlling their heartbeat, and these
devices need energy to function, which comes from batteries. Exposure results from the process needed
to remove and recharge these batteries when their energy runs low. Through a wireless communication
mechanism between the devices and the surrounding signals, such as telecom or Internet signals and
other signals that have the same frequency as the medical device, the Rectenna devices function to
provide electrical energy to the batteries of medical equipment (Andrea, 2013; Zhang et al., 2014). This
leads to reducing the risk to the patient during operations and his comfort in using it. Some Medical
Devices Require Portable DC Power shown in Figure 2.

Holter ECG pace maker Electronic pancreas

Figure 2: Some Medical Devices Require Portable DC Power

2 Antenna Design

In this paper, the proposed antenna is a monopole antenna consisting of two ports operating at frequency
Sub-6 frequency 5.6 GHz compact size (30x20) mm?. The focus of this antenna is to design the parasitic
to reduce the mutual coupling between the two ports. There are two cases to study the effect of plastic
in reducing the mutual coupling between the two antennas:

Case one the antenna was designed without a parasitic separating the two ports, as in Figure 1 to see
the extent of the effect of the mutual coupling between the two ports and the S-parameter. Printed MIMO
Antenna Without Parasitic shown in Figure 3.

O O

(@) (b)
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(c)
Figure 3: Printed MIMO Antenna Without Parasitic

() Top View (b) Back View (c) 3D View

Figure 4 shows that S - parameter for each S;4, S,, eual -16 dB, S;,and S,; equal -14 dB It has a
signal of less than 10 dB at frequency 5.6 GHz, which makes the antenna able to receive a signal well,
and the loss of the signal as a result of its transmission from the first to the second port and vice versa is
also small, but when using the antenna in rectenna, the antenna needs to harvest the energy surrounding
it with the largest possible signal, and the loss of the signal is due to mutual coupling as little as possible.

S-Parameters [Magnitude in dB]

d=1
3 : H H ) H H H H H H ) H H H H H ) H H H H H Sl'i
5 — 3521
— 51,2
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51 i N s
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-24-569‘y ] D T ———————
3 S N N/ s
-40 ; ‘ ; : : ‘ ;

35 36 37 38 39 4 41 42 43 44 45 46 47 48 49 5 51 525305554 55 56 57 58 59 6 6.1 626305554 6.5
Frequency / GHz

Figure 4: S - parameter without Parasitic

Figure 5 shows the isolation between the two ports, as some of the signals move from the first port
to the second and vice versa in a large proportion, this will lead to an increase in mutual coupling because

no spacer between them prevents the transmission of that antenna, in this case, is weak in the
performance of work.
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Figure 5: Current Distribution (Surface Current) MIMO Antenna Without Parasitic
a) Port 1 (b) Port 2

Case two parasitic is designed in the front face of the antennas in the form of a letter T upside down
in the middle, as shown in Figure 6. Its usefulness is to reduce the signal exchange between the two
antennas to prevent lost signal losses as a result of this exchange and to send the signal with the largest
possible energy. Printed MIMO Antenna with s Parasitic Shown in Figure 7. The Optimum Design
Dimensions of Parasitic MIMO Antenna shown in Table 2.

— W2—

L2

wi |

$ L1

o

Figure 6: Dimension of Parasitic
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Table 2: The Optimum Design Dimensions of Parasitic MIMO Antenna

Material type Copper
Conductor thickness | 0.035 mm
L1 10 mm
L2 10.615 mm
W1 0.5 mm
W2 0.6 mm

Figure 7: Printed MIMO Antenna with s Parasitic

(b)
Figure 8: Printed MIMO Antenna with Parasitic (a) 3D Top View (b) 3D Back View
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Figure 8 shows that the S- parameter for each S;;, S;; ,S,;and S,, after adding a parasitic.
S - parameter for each S;4, S,, equal - 23 dB , S;,and S,; equal - 51.545 dB, at frequencies from 5.6
GHz. The results of the antenna after adding the parasitic are much better than before adding the parasitic
in terms of loss of signal energy transmitted from the first port to the second port and vice versa. Also,
the antenna can harvest the energy surrounding it as much as possible in the first case. S - Parameter
with Simple Parasitic shown in figure 9.

S-Parameters [Magnitude in dB
) [Vag ] d4=0.96845
N — 51,1
S : ; ; : — s
m— SN RN HNE S e
R E A ; D el 522
T SR R -—____ o f/ /- \ e e S e ‘
f T H i i i Sl S o
20 // \ N / ; : \\ L :
- e G 4 N
P T~
25/ .................... JRS o L SR SO ST SRS S50 NS 4 OSSO SO AU SONOE B SO SN SN
[=2]
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30 \ f d=41.545
35 ‘
-40
-45
-51.545
55 — i ; — ; CHR S S ; — ; —
35 36 37 38 39 4 41 42 43 44 45 46 47 48 49 5 51 95.2667] 54 55 56 57 58 59 6 6.1 (623513 64 65
Frequency / GHz

Figure 9: S - Parameter with Simple Parasitic

The mutual coupling as shown in Figure 10 has become less than the first case. The method of
designing the parasitic led to the prevention of the exchange of signals between the two antennas, and
improvement in the signal of the S- S-parameter in general and this is what we aspire to reach.

Afm
71

Afm
64.9

(b)
Figure 10: Current Distribution (Surface Current) MIMO Antenna with Parasitic: (a) Port 1 (b) Port 2
210



Design and Analysis of Wireless Power Transmission (2X1) Ahmed Abdul-Kadhem Salih et al.
MIMO Antenna at 5G - Frequencies for Applications of Rectenna
Circuits in Biomedical

3 Simulation of Antenna Design

1) Reflection Coefficient

The reflection coefficient is defined as the ratio of the power reflected to the source (Pr) to the power
transmitted from the source (Pi). When broadcasting from a transmitter to an antenna, the power loss
can be calculated by computing the reflection coefficient (Wu & Ma, 2013). The reflection coefficient
values (in dB) as a function of frequency are displayed in Figure 11.

S-Parameters [Magnitude in dB] m'

0 H H H H H H H H

S i i i i i i i i — st

s T e : — s
10 i = : : : P 2
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H — : H

dB

30 R S S S \[ , e 141,545

45

5154]

-55

35 36 37 38 39 4 41 42 43 44 45 46 47 48 49 5 51 §52667) 54 55 56 57 58 59 6 6.1 62351 64 6.5
Frequency / GHz

Figure 11: Reflection Coefficient

2) Mutual Coupling Enhancement

In MIMO systems, mutual coupling is the main issue. Impedance matching degradation, efficiency
reduction, channel capacity reduction, correlation increase, coupling power increase, and radiation
power reduction are examples of how it affects MIMO antenna characteristics (Lee et al., 2012). Many
techniques exist for reducing the mutual coupling, some of which lead to single or multiband behaviours.
As Figure 12 illustrates, the reflection coefficient in this configuration between the four ports is
extremely tiny.
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Figure 12: Reflection Coefficient: (a), S$12. (b) S5

3) Voltage Standing Wave Ratio (VSWR)

The feeder line and antenna must match the feeder line to transfer the maximum amount of energy from
the transmitter to the antenna. To accomplish this, the VSWR range at the antenna’s intended frequency
needs to be between 1 and 2 (Park & Sung, 2012). The response of VSWR against frequency is displayed
in Figure 13. For frequencies of 5.6 GHz, the value of the vector signal-to-noise ratio (VSWR) is limited
to 1.1509 and 1.161. This is because the majority of the signal will be transmitted while a tiny portion
will experience reflection.

W Voltage Standing Wave Ratio (VSWR)
9 —_——
: — VSWR1
8 — VSWR2
7
6
5
4
3
2
111;251;...‘...“...‘...“..‘...“..'d=0'01°127
35[/36 37 38 39 4 41 42 43 44 45 46 47 48 49 5 51 52 53 54 5.5 57 58 59 6 61 62 63 64 6.5
Frequency / GHz

Figure 13: VSWR vs. Frequency of the Single Band Printed Question Mark Patch Antenna

4) Radiation Pattern

Figure 15 displays the MIMO antenna’'s H-plane and E-plane patterns at 5.6 frequency. This MIMO
antenna's 3D radiation patterns are displayed in Figure 13 and (a) E-plane Pattern of the MIMO Antenna
(b) H-plane Pattern of the MIMO Antenna shown in Figure 14.
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(2) (b)

Figure 14: (a) E-plane Pattern of the MIMO Antenna (b) H-plane Pattern of the MIMO Antenna

16.8
13.1
0.48
5.85
2.21
-l.42
-5.08

-19.4

Figure 15: 3D Radiation Pattern of the MIMO Antenna

4 Rectifier Circuit Design

ADS software 2024 created the construction of the classical single-band rectenna, which operates at
frequencies of 5G (5.6 GHz), as seen in Figure 16. Two impedance matching networks (IMN), each
consisting of two capacitors and one inductor, are used in a single-band rectifier circuit to establish a
resistance of 50 ohms between the antenna MIMO and the rectifier. The two HSMS-282B Schottky
diodes (D4, D5) and the antenna are linked to the first IMN (L5, C8, C11). The two HSMS-282B
Schottky diodes (D1, D3) and the antenna are linked to the second IMN (L2, C2, and C3). The diodes
D1, D3, D4, and D5 of the HSMS-282B rectify the RF signal at 5.6 GHz. Next, a DC filter is created
using capacitor C5. Parametric research was used to determine the ideal values for the DC filter, load,
and components of the two IMNs. Optimum Values of Double-band Rectifier shown in Table 3.
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Table 3: Optimum Values of Double-band Rectifier

Component Name | Value | Component Name | Value

L2 0.3 nH L5 0.968 nH
C2 400 pF C3 2.212 pF
C8 400 pF Cc1 0.39 pF
Cs 1.47 pF RL 12 KQ

i 2 [1

! on :_‘ ¥ e
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o
I+

oi 3
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By

Fraltje54GHz Lo
Ometiet 16 Grz

Figure 16: The Single-band Rectifier was Designed Using the Advanced Design System (ADS)
Software Package

5 Simulation of Rectenna Design

The analysis was conducted using the ADS 2024 program software at a frequency of 5.6 GHz the
following results were calculated:
a) The reflection coefficient values of the single-band rectifier circuit are found as -17 dB at 5G
5.6 GHz as shown in Figure 17. This value allows the rectifier to receive a signal of 96% from
the antenna.
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Figure 17: Reflection Coefficient vs. Frequency of the Single-band Rectifier Circuit

214



Design and Analysis of Wireless Power Transmission (2X1) Ahmed Abdul-Kadhem Salih et al.
MIMO Antenna at 5G - Frequencies for Applications of Rectenna
Circuits in Biomedical

b) The relationship between input power and output power. When the input power changes
from -30dB to +26dB, it is found that the output power changes nonlinearly, as its best value is
equal to 9.1dB when the input power is 14dB when the load is fixed to 12 KQ, as in Figure 18.
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Figure 18: Input Power vs. Output Power of the Single-band Rectifier Circuit

c) The effect of load resistance on output power. It is divided into three cases according to the input
power rating:

Case 1: When the input power was fixed to 0 dB from the antenna receiving the signal, it was found
that the change in load was accompanied by a change in the output power, a nonlinear change. Also,
changing the value of the load resistance in the Rectenna system changes the value of S;,. Therefore,
using the Steady resistance parameter, it was found that the value of the load resistance less than 12 KQ
gives an output power less than 1.4 dB, and the value of the load resistance greater than 15 KQ gives an
output power less than 1.5 dB. The best value for the load resistance, which gives the best and greatest
output capacity for the relay system, is between (12-15) KQ, which gives 1.51 dB, as in Figure 19.

1.53

152 4 Pin=0 dBm
151 1.51dBm ey
15 + e
149
1.48 -
147
1.46
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m 1.44
E 143 -+
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S 141 -
n" 14 -+
1.39 +
1.38 -
1.37 +
1.36
1.35
1.34
1.33
1.32
01 2 3456 7 8 91011121314151617 181920 212223 24 2526 27 28
RL(KQ)

Figure 19: Output Power vs. Load Resistance at Input Power is 0 dB
215



Design and Analysis of Wireless Power Transmission (2X1) Ahmed Abdul-Kadhem Salih et al.
MIMO Antenna at 5G - Frequencies for Applications of Rectenna
Circuits in Biomedical

Case 2: When the input power was fixed to 14 dB from the antenna receiving the signal, it was found
that the change in load was accompanied by a change in the output power, a nonlinear change. Also,
changing the value of the load resistance in the Rectenna system changes the value of S;;. Therefore,
using the Steady resistance parameter, it was found that the value of the load resistance less than 12 KQ
gives an output power less than 8.994 dB, and the value of the load resistance greater than 15 KQ gives
an output power less than 9.016 dB. The best value for the load resistance, which gives the best and
greatest output capacity for the relay system, is between (12-15) KQ, which gives 9.1 dB, as in
Figure 20.

9.12 +

9.11 Pin=14 dBm
9.1 |
9.09 +
9.08 -
9.07 -
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9.05 -
9.04
9.03 -
9.02 +
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8.99 4
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8.97 4
8.96
8.95 4
8.94 4
8.93
8.92 4
8.91

001 2 3 4567 8 910111213141516171819 2021222324 252627 28
RL(KQ)

Figure 20: Output Power vs. Load Resistance at Input Power is 14 dB

Case 3: When the input power was fixed to 26 dB from the antenna receiving the signal, it was found
that the change in load was accompanied by a change in the output power, a nonlinear change. Also,
changing the value of the load resistance in the Rectenna system changes the value of S;;. Therefore,
using the Steady resistance parameter, it was found that the value of the load resistance less than 12 KQ
gives an output power less than 8.133 dB, and the value of the load resistance greater than 15 KQ gives
an output power less than 8.165 dB. The best value for the load resistance, which gives the best and
greatest output capacity for the relay system, is between (12-15) KQ, which gives 8.249 dB, as in
Figure 21.

216



Design and Analysis of Wireless Power Transmission (2X1) Ahmed Abdul-Kadhem Salih et al.
MIMO Antenna at 5G - Frequencies for Applications of Rectenna
Circuits in Biomedical

8.27
8.26 Pin=26 dBm -
2.25 8.249 dBm {~—n
8.24
8.23
8.22
8.21
8.2
8.19
8.18
8.17
8.16
8.15
8.14
8.13
8.12
8.11
8.1
8.09
8.08
8.07

Pout(dBm)

8.06 —T T
01 23 456 7 8 91011121314151617 1819 20 21 22 23 24 25 26 27 28

RL(KQ)
Figure 21: Output Power vs. Load Resistance at Input Power is 26 dB

From the above three cases, found that the best input power value is 14 dB, which gives the greatest
output power value 9.1 dB at the resistance value of (12-15) KQ.

a) The relationship between output voltage and current. When the input power is fixed to 14 dB,
which is considered the best value to give the greatest output power, the output voltage and
output current can be calculated by applying the following equations (2-3) (Wu & Ma, 2013):

I=1 3)
By changing the resistance, we notice a change in the output power when the input power is constant

to 14 dB, as in Figure 20. When the load resistance increases, the output power decreases, but the output
voltage increases because the relationship between the voltage, the output power, and the load resistance
is direct, but an increase in resistance is much greater than a decrease. The output power therefore the
output voltage increases and the output current decreases according to Ohm's law. Output Voltage vs.
Output Current shown in Figure 22.
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Figure 22: Output Voltage vs. Output Current
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b) Conversion efficiency as a function of load resistance at a frequency of 5.6 GHz is depicted in
Figure 23. The maximum conversion efficiency at this frequency is observed to be between 65%
and 65.01% for load resistances ranging from 12 KQ to 15 KQ, with an input power of 14 dBm.
Therefore, the optimal input power for the single-band rectifier at a frequency of 5.6 GHz is
considered to be -14 dBm.
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Figure 23: Simulation conversion efficiencies vs. Load resistance

Figure 24. It shows the variation of simulated conversion efficiency with frequency for the
double-band rectifier at an input power of -30 dBm.
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Figure 24: Variation of Conversion of Efficiency vs. Frequency of Rectifying the Circuit at an Input
Power of 14 dBm and Load Resistance of (12-15) KQ
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6 Conclusion

Using a rectenna is a modern method for harnessing ambient microwave energy. This study presents the
design and analysis of a single-band printed rectenna operating at a sub-6 frequency of 5.6 GHz. By
utilizing multiple antennas, increased data rates can provide users with enhanced multimedia, real-time
video connectivity, and improved data transfer capabilities. This research also discusses the design and
analysis of a broadband MIMO antenna operating at 5.6 GHz for 5G applications. The total dimensions
of this MIMO antenna are 30 x 40 mm?, and it is printed on an FR4 substrate. The design and simulation
results of this MIMO antenna were facilitated using Computer Simulation Technology (CST) in 2023.
In this work, a novel design for parasitic elements is introduced, aimed at reducing mutual coupling. The
parasitic elements are incorporated on the front face of the antennas, with dimensions L1 = 10 mm,
L2 = 10.615 mm, W1 = 0.5 mm, and W2 = 0.6 mm, forming an upside-down letter T shape. This
configuration significantly minimizes mutual coupling. Following the integration of the parasitic
elements, the S-parameters were found to be Si: =-23 dB, S22 =-23 dB, and Si2 and S2: =-51.545 dB at
the sub-6 frequency of 5.6 GHz. This configuration effectively preserves the signal's strength, achieving
a transmission and reception rate of 99%. These results are satisfactory for transmitting the signal at
maximum power without compromising return power. To transfer the maximum amount of energy from
the receiving antenna to the AC-to-DC converter (Schottky diode HSMS-282B) and DC filter, a rectifier
circuit featuring an impedance-matching network is utilized. At an input power of 14 dBm, the maximum
conversion efficiency of the rectenna at 5.6 GHz is found to be between 65% and 65.01% with a load
resistance ranging from 12 KQ to 15 KQ. Consequently, the optimal input power for the single-band
rectifier at 5.6 GHz is determined to be -14 dBm.
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