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Abstract—A block-by-block performance analysis of a novel
Metal Oxide Semiconductor Field Effect Transistor
(MOSFET)-based absorber antenna has been presented. The
proposed integrated antenna is a solution to the negative
effect of impedance mismatch between the power amplifier
and antenna in the front end of communication systems. The
clockwise diode base quasi circulator device used in the
proposed design has been observed to have an insertion loss
(S21 and S32) of 7 dB and 9.2 dB, respectively, with a return
loss (S22) of 2.8 dB. The MOSFET-based absorber presented
an insertion loss, return loss, and absorption efficiency of 2.75
dB, 3.3 dB, and > 90%, respectively. The switching speed for
the proposed MOSFET-based absorber antenna model has
been observed as 0.15 ns.

Keywords—absorber, antenna, pulse generator, circulator,
solid-state electronics

I. INTRODUCTION

Various transmit and receive front-end systems benefit
from active integrated antennas because they can minimize
the size, weight, and cost. This antenna device combines
components like transistors with antenna elements to offer
oscillation and amplification capabilities, thus allowing
sophisticated devices [1]. Telecommunication systems,
Radio Frequency ldentification (RFID) tags, radio-sensors
radiating systems for automobile and radar applications,
and high-impedance nano-scale devices are using these
antenna types [2, 3]. The Active Integrated Antenna
(AIA) is an antenna with integrated signal-processing and
wave-processing capabilities [3]. A typical AIA comprises
planar antennas like dipoles, microstrip patches, bowties,
or slot antennas, as well as active components like Gunn
diodes or three-terminal components to create an active
circuit. Active integrated antennas may considerably
improve the performance of wireless communication
systems, especially in the 5G era, where wireless
equipment that will enable new 5G communication
applications must be capable of handling large data rates
[4]. Several antenna-integrated devices exist, including
power amplifiers and integrated antennas, which have
already in [5].
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Some are antennas with active components that give
oscillation function [6], antenna integrated with a low
noise amplifier [7], voltage-controlled oscillators antennas
[8], filtering antenna [9], antennas with injection-locking
[10], antennas with oscillators that can switch bands [11],
rectifier antenna [12], and antennas with switchable
radiation patterns [13]. The antenna integration process
entails numerous independent processes that often do not
overlap in one design flow, but this technique includes all
of them and provides reciprocal advantages for all
components.

The rectifier antenna (rectenna) is remarkably popular
due to its application in energy harvesting. This integrated
antenna device captures ambient wireless electromagnetic
energy via an antenna connected to rectifying diodes,
which transform the received energy into Direct Current
(DC) [12, 13]. They have a virtually infinite lifespan and
are non-polluting, two significant benefits of batteries.
Different design methodology has been adopted for this
type of antenna. In [14], a flexible 50 m thick co-planar
waveguide rectenna filament and a spray-coated
supercapacitor were combined to create a "“e-textile"
energy supply module. The meandering antenna maintains
an Sy; 6 dB inside the fabric, outside of it, and when was
observed to have a gain of 2.3 dBi gain. The rectifier has
an 80 % peak RF-DC efficiency across a 4.5 kQ load and
a 1.8 V open-circuit voltage from -7 dBm. The combined
module has an end-to-end efficiency of 38 % at 1.8 m from
the transmitter. The rectenna harvests 4 mJ from
approximately 16.6 W/cm? power densities in 32 s with an
on-body efficiency of 4.8 %, accounting for in-body losses
and transient shadowing. The researchers came to the
conclusion that e-textile rectennas are the most effective
way to power wearables at W/cm 2 power density.

Also, Muhammad et al. [15] have presented a Global
System for Mobile communication (GSM) 900 and 1800
long-range dual-band rectenna for harvesting ambient RF
energy. In this design, using a dual-band Impedance
Matching Network (IMN) reduces the rectenna circuit
complexity, which helps to improve the harvester's RF-to-
dc power conversion efficiency. At 0.9 GHz and 1.8 GHz,
the proposed device produced a peak RF-to-dc power
conversion efficiency of 12.93% and 8 %, respectively,
with an input power of 30 dBm. The output dc voltage of
the RF harvester ambiance measurement was 0.374 V.
Using a low-powered evaluation module, the circuit
generates 0.747 V. As a result, the proposed rectenna's
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energy management may be utilized to power several low-
powered devices using the gathered ambient RF energy.

In recent years, the amplifier-type active antenna has
been one of the research's key concerns. This type of
amplifier antenna has existed in the form of low noise
amplifier antenna or power amplifier antenna for receiving
and transmitting antenna, respectively [16]. Antenna and
Low-Noise Amplifier (LNA) and antenna Power
Amplifier (PA) co-design is a possible way of making
microwave or millimeter-wave (mmWave) receiver and
transmitter systems more sensitive. In order to reduce extra
noise contributions, the co-design method for the low
noise amplifier antenna presupposes a mutually
advantageous design process for the antenna and LNA. To
enhance the performance of the system, antenna design
should take into account the ultimate output impedance
Zgy of the LNA employed in the co-design [17]. This is
necessary because when a new cascade is introduced, the
amplifier input impedance may shift, affecting the co-
design system's performance. Also, because LNA does not
have a standard impedance matching network in the co-
design method, the antenna reflection coefficient must
offer the ideal impedance for the amplifier noise-gain
trade-off.

Rusdiyanto and Zulkifli [18], developed a low noise
amplifier antenna in the Global Positioning System (GPS)
band. The single passive antenna and low noise amplifier
that make up the antenna integrated LNA were designed
and tested using electronic device simulator. The observed
gain for this LNA is 14.77 dBi, but the simulation indicates
a gain of 28.4 dBi. The antenna features circular
polarization with an axial ratio of less than 3 dB in both
simulated and measured findings, which are 1.58 dB and
1.21 dB, respectively.

On the power amplifier side, active devices and their
associated biasing and matching circuits are directly
integrated with the antenna, and the selection of an antenna
type affects the design architecture and system
performance. Other vital factors to consider when
designing a power amplifier integrated with an antenna are
the operation class of the power amplifier and heat
dissipation inside the device. Several topologies for
antennas are combined with power amplifiers [19].

Demirel et al. [20] designed a power amplifier antenna
using metal oxide semiconductor technology. This design
eliminated the need for a matching network between the
power amplifier and the transmitter. After a complete
analysis, it was observed that there was a reduction in
transmission loss, improved efficiency. The differential
Power amplifier presented a maximum output power of 17
dBm at 79 GHz. The supplied voltage of the chip was 1.8
V using 300 mA current with a gain of —14 dB. The antenna
and PA have respective sizes of 0.7 mm? and 0.75 mm?. A
cooperative design approach for a co-integrated antenna
and PA was presented in reference [21]. This design uses
a high-efficiency Doherty Power Amplifier (DPA)
architecture with a band-pass RF filter. A 9 % fractional
bandwidth (300 MHz) with a Power Added Efficiency
(PAE) at the 6 dB backed-off power level that varies
between 50 % and 55 % was attained after the simulation
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experiment. Between 48 % and 53 %, the efficiency levels
observed were a little lower. Due to the radiating element's
distributed and balanced multi-port feeding architecture,
the antenna pattern variation does not exceed 0.1 dB as the
output power declines from its maximum. This
combination of enhanced efficiency bandwidth and
improved radiation pattern stability significantly improved
over older antenna-integrated DPA systems.

Also, the design presented an increased insertion loss of
approximately 1.5 dB, the projected performance was
expected at S11<-18 dB. In [22] it contains similar research
on integrated designs. However, some of these co-
designed integrated PA antenna arrangements failed to
take into account the detrimental impacts of antenna and
PA mismatches.

A Dblock-by-block performance analysis of a novel
MOSFET-based absorbing antenna design of Omoru and
Srivastava [23] have presented and analyzed using antenna
performance parameters. The suggested antenna's
MOSFET terminal's rectified reflected power may be
boosted and utilized for low-power activities inside the RF
front-end system.

This paper has been organized as follows. Section 1l
presents an overview of the proposed MOSFET-based
absorber integrated antenna. Section Il shows the
mathematical modeling for active 3 port diode base
circulator. Section IV presents a block-by-block
performance analysis of the proposed MOSFET-based
absorber antenna. Also, in this session, the switching speed
of the MOSFET base absorber antenna is analyzed. Finally,
section V concludes the work and recommends future
aspects.

OVERVIEW OF PROPOSED MOSFET- BASED
ABSORBER INTEGRATED ANTENNA DESIGN

Four design stages have been adopted to realize a fully
parameterized circuit model of the proposed MOSFET-
based absorber integrated antenna. Stage one involves the
design of a double-material cylindrical patch antenna
(DMS CSPA). The technique used for this antenna design
has been observed to provide increased bandwidth. Also,
it is a solution to the problem of dimensional inaccuracy
during the fabrication of a microstrip patch antenna [23].
Stage two involves the design of a diode-based active 3
port circulator. Stage three involves the MOSFET-based
absorber design. Finally, integration of designed devices
from stage one through stage three.

The author's previous work presented various views and
basics of adopted modeling for cylindrical surrounding
patch antenna used in the design [24, 25]. To extend that
research, the proposed MOSFET-based absorber antenna
designs antenna dimensions are shown in ref. [24].

The MOSFET based antenna employs a distinct quasi-
circulator model based on diodes. Using a unilateral power
divider/combiner, the features of a 3-port active diode base
quasi circulator, and adopted modeling of a MOSFET base
absorber, an example of a schematic is shown in Fig. 1. To
realize the fully parameterized MOSFET base absorber
antenna in Fig. 2, port-2 of the circulator is linked to the
DMS CSPA, while port-3 of the circulator is connected to
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the MOSFET-based absorber. To test these combined
devices (double material cylindrical patch antenna, 3 port
active circulator, and MOSFET based absorber), the
circulator's port-1 receives the excitation signal supplied
by the pulse generator [25].

Proposed MOSFET Based Absorber
Integrated Antenna

Power

DMS CSPA I Amplifier

|
¥y

MOSFET Based
Absorber

Figure 1. Proposed MOSFET base absorber antenna block diagram.

TABLE I. TERMINAL VALUES

Terminal Voltage (mV) Current (mA)
Source (P11) 0 -3.6
Drain(P10) 466 3.6

As seen in Fig. 2, if the conditions Is < Ip (current at p10
less than or equal to current at p11) and Vps = 0 (voltage
at p10 equal to 0) are met, the MOSFET in the antenna is
considered to have accomplished its role of absorbing
reflected signal from the antenna.

_ (1 rJE8]
= 1

The drain current and voltage of the MOSFET are also
noted and shown in Table I following the execution of a
transient simulation on the suggested MOSFET-based
absorber antenna design. It demonstrates that the proposed
device satisfies the requirement for MOSFET absorption
(source voltage is zero and source current is negative
relative to drain current, implying a requirement of Is </p).

I1l. MATHEMATICAL MODELLING OF 3 PORT DIODE-
BASED QUASI CIRCULATOR

There are several microwave devices that are realized
using a three-port network. To analyze this type of device,
it is necessary to understand the s parameters and
properties [26]. The operating condition of any three-port
network is important in determining the type of microwave
device. The first condition is to determine if it is a matched
network. The second condition is to determine if the device
is reciprocal or non-reciprocal, and lastly, check if the
device is lossy or lossless. However, it is critical for these
three conditions to be satisfied for a three-port microwave
device [27].

For a three-port network, the matching condition is: S11
= Sy = S33=0. Also, for a three-port network, the condition
for reciprocity is: Sij= Sj;, for j # i meaning S1o= Sy1, S13=
Sa1. Applying these two conditions, the S matrix becomes:

0 812 513
[s]=|s, 0 s,
S§|.3 S23 0
i riph] PEIR’TS: 1 P
e e fl
Erar—
=
1
Pl lpoORT 3
. E
e 1 1
[ = I
DIODE 4
:

Figure 2. MOSFET-based absorber antenna design [25].

A lossless condition can be applied by taking the
conjugate of the S-matrix derived from the matching
condition and condition combination for reciprocity. First,
consider the unitary case where the summation of the
square of any column is equal to 1:

Column 1= |s12|2 +|513|2 =1 (1a)

2 2
Column 2 = |512| +|523| =1 (1b)
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Column 1= Js,,| +|s,s| =1 (10)
Now, for a lossless condition:
513* X S23 =0 (23.)
*
S, xS, =0 (2b)
*
S %S, =0 (20)

where Si3” and Sp3” represent conjugates of Si3 and Sgs,
respectively. To fulfill the above losses condition, either
S13, S12, and Szz must be equal to zero. Now, three possible
combination exist, combination one, Si3 = Sz = 0,
combination two, Si3= Sz3 = 0 and combination three Sys
= S1, = 0. Substitute these values into Eq. (1) using any of
the combinations; it is observed that Eq. (1) is not valid for
any of the possible combinations. Therefore, it can be
concluded that there is no three-port circulator that can be
reciprocal, lossless, and matched simultaneously.

The main aim is to satisfy the design condition where a
microwave device will be matched, lossless and non-
reciprocal. However, achieving a 100 percent matched or
losses microwave device will be difficult. The S matrix for
a matched, non-reciprocal and lossless circulator is:

0

[s]=|5x
s31

13

Applying lossless condition to the s matrix of a three-
port circulator, we have

S31 x 53;|< =0 (3&)

Spp X 513* =0 (3b)
*

Sy xSy, =0 (3¢)

Also, consider unitary case for the 3 port circulator:

|821|2 +|831|2 =1 (4a)
|Slz|2 +|823|2 =1 (4b)
|813|2 +|st|2 =1 (4c)

To satisfy EQ. 4, Sz, S12 and Sz must be 0. Then, Sy,
Saz, and Si3 will be 1. In this case, power transfer is from
port-1 to port-2, port-2 to port-3 from port-3 to port-1. The
s matrix for the clockwise non-reciprocal three-port
circulator becomes:

0 0 1
[s]=]|1 0 0
010

To realize an anticlockwise, non-reciprocal three-port
circulator where power transfers from port-1 to port-3, port
3 to port 2, from port 2 to port 1, Si3, Sz1 and Sz, must be
0. Then, S1o, Sy3, and Sz; will be 1.
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0 0 1
[s]=|1 0 0
010

The three-port diode-based quasi-circulator used for the
proposed MOSFET-based absorber antenna has been
observed as a clockwise circulator. The performance of the
circulator has been analyzed using technical parameters
like return loss, reflection coefficient, insertion loss, and
VSWR. Firstly, the authors generate the S-parameters of
the circulator. To compute the S-parameters, use:

Re flected power at port -1

Transmitted power to port -1
Sy = =

S12 -

incident power at port -1 incident power at port - 2

Transmitted power to port -1

Transmitted power to port - 2
Sy3 = =

incident power at port - 3 incident power at port -1

Re flected power at port2

2 =
incident power at port2

Transmitted power to port2

S Sys =

incident power at port3

Transmitted power to port3
3L~

Transmitted power to port3

S Sy =

incident power at portl incident power at port?2

Re flected power at port - 3

incident power at port - 3

Table 11 shows 70.559 mW incident power at port 1 of
the circulator. However, in connection with the DMS
CSPA, 14.2 mW power is observed at the input terminal of
the DMS CSPA connected to port 2, signifying an 80 %
loss of power. Since 80 % of power transferred from port
1to port 2 is lost, 20 % of power reflected from the antenna
branch will be seen at port 3 of the circulator, and the value
has been observed as 3.2 mW, as shown in Table II.
Meaning 20 % of reflected power- from the antenna branch
is lost within the circulator.

TABLE Il. POWER DESCRIPTION

Power | Transmitted(mW) | Reflected(mW) | Incident(mW)
Port-1 70.559 0 70.559
Port-2 14.2 16 304
Port-3 3.2 0 0

To generate the S matrix of the diode-based quasi
circulator, substitute values of transmitted, reflected, and
incident power at each port into the formula for computing
S-parameters of a three-port circulator. Now the S matrix
for the diode-based quasi circulator is:

0 0 0
[s]=|02 053 0
0 012 0

From the S-matrix, it is observed that the insertion
losses S»1, Sis, and Ss, are 0.2 (7 dB), 0, 0.12 (9.3 dB),
respectively. The return loss at port-1 (S11), port-2 (Sz),
and port-3 (Ss3) have been observed as 0, 0.53 (2.8 dB) and
0, respectively. Various microwave devices have different
permissible return loss limits; for circulators, antennas,
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and other microwave devices, 15 dB or less is the typical
limit [28]. Also, the isolation are equal to zero meaning,
S12 = Sp3= S31= 0. However, for a practical circulator, Sy,
Sa3,and Sz, are not equal to zero.

IV. PERFORMANCE ANALYSIS OF MOSFET-BASED
ABSORBER ANTENNA DESIGN

Various essential characteristics that impact antenna
performance, including resonance frequency, impedance,
gain, radiation pattern, polarization, efficiency, and
bandwidth, may normally be modified throughout the
antenna design process [29]. After simulating the
integrated design, return loss, bandwidth resonance
frequency, directivity, gain, and efficiency have been used
to analyze the antenna's performance in the proposed
design.

A. Return Loss, Bandwidth, and Resonance Frequency

The design specifications of an antenna can be altered
to improve the return loss. Engineers have adopted
different design methodologies to improve return loss
value. One of such involves combining a substrate material
as presented in [24]. This technique has also been found

useful in improving the bandwidth of patch antenna design.

Considering the antenna used for the proposed design, a
return loss of -19.22 dB and -14.6 dB have been observed
at a resonance frequency of 2.5 GHz and 5.3 GHz,
respectively, as shown in [25]

A bandwidth of 1 GHz (2 GHz to 3 GHz) and 1.5 GHz
(4.6 GHz to 6.1 GHz) has also been recorded for the lower
and upper bands, respectively, as shown in ref. [25]. This
bandwidth qualifies the proposed integrated design for use
in 2.4 GHz (2.4 GHz to 2.484 GHz), 5.2 GHz (5.15 GHz to
5.35 GHz), and 5.8 GHz (5.725 GHz to 5.825 GHz) WLAN
standards, IEEE 802.16 Worldwide Interoperability for
Microwave Access (WiMAX) standards of 2.5 GHz (2.5
GHz to 2.69 GHz) and 5.2 GHz (5.2 GHz to 5.8 GHz), and
middle band of 5 G

B. Simulated Total Efficiency and Radiation Efficiency

The total simulated efficiency of an antenna takes into
account both the losses at the input terminals and the losses
within the antenna construction [30]. The predicted
fluctuation of total efficiency and radiation efficiency of
the antenna utilized for the proposed MOSFET-based
absorber antenna with frequency is depicted in Fig. 3.

Efficiency—’— Radiation Efficiency

0 -0.527
-0.5 -0.962
s 1.141
0.5995 '
1.5
-1.63
-2
22 28 34 4 46 52 58 6.4
Frequency/GHz
Figure 3. Simulated antenna total efficiency and radiation efficiency
plot.
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Total efficiency rises from -0.855 dB to -0.5995 dB (an
improvement of 82-87 %) in the lower band region with
the resonance frequency of (2.5GHz). Also, when we
move from the higher frequency (6.1 GHz) to the
resonance frequency (4.6 GHz), of the upper band region,
an improvement in overall efficiency is observed.

C. Insertion Loss and Return Loss of MOSFET-Based
Absorber

Engineers  utilize total wvoltage and current
measurements to assess any electronic, electrical, or
microwave network operation, especially at microwave
and millimeter-wave frequencies, when measuring full
voltage and current is complex. Scattering parameters are
mathematical structures that are used to distribute
information [31]. To compute these parameters, the S
matrix of the absorber has been generated using the S
parameters equation in Section IlIl. Now, Transmitted
Power (TP) to port-1 has been calculated using:

TP to port-1 = RITC xRITV (5)

Here, RITC and RITV stand for the simulated current
and voltage at the rectifier's input terminal, respectively.
The rectifier input terminal current and voltage are 4.36
mA and 722 mV, respectively, as shown in [25]. The
reflected power from the circulator incident on port-1 of
the absorber is 3.2 mW. However, at port-2, of the two-port
network, the transmitted power to port from port one is
computed as follows:

TP to port-2 = STC x VDMC (6)

Here, STC and VDMC represent simulated source
terminal current and the voltage drop across the MOSFET
channel, respectively. The source terminal current and
voltage drop across the MOSFET channel is 3.6 mA and
466mV, respectively, as shown in Table IIl. When these
values are substituted into Eg. (6), the transmitted power
to port-2 is 1.677 mW.

The Incident Power (IP) on port 1 of the two-port
network is equal to the transmitted power to port 3 of the
circulators and this value is 3.2 mW, as shown in Table Il1.
To compute reflected power at port-1 and port-2, as:

RP at port-1 = IP on port-1 —TP to port -1

U]
®)

The incident power on port 1 and transmitted power to
port 1 are equal and the value has been observed as 3.2 mW.
Therefore, the reflected power at port 1 is zero. For port-
2, the incident power on port 2 is 3.2 mW. Substitute this
value into Eq. (8). The reflected power at port-2 has been
calculated as 1.5 mW. Table Il shows a summary of power
values at each port of the absorber.

RP at port - 2

IP onport-2 —TP to port -2

TABLE Ill. POWER VALUES AT EACH PORT OF THE ABSORBER

Port
Port 1
Port 2

Transmitted(mw)
3.2
1.67

Reflected(mw)
0
15

Incident(mw)
3.2
3.2
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Substituting these values into the S parameter equation,
S11, S12, S21, and Sy, have been calculated as 0, 1, 0.53, and
0.47, respectively. Now the S matrix for the MOSFET-

0 1

based absorber is:
0.53 047

To compute the insertion loss and return loss of the
MOSFET base absorber as:

ILgg =10l0g S| ©)

RLgg =10log|Sy,| (10)

Engineers formerly used the word attenuation to
describe an absorber's absorption, but insertion loss is now
the acknowledged standard for describing absorption
levels [32]. Here, the insertion loss and return loss were
computed as 2.75 dB and 3.3dB. This insertion loss value
is typical of most absorber materials, which are most
helpful at higher GHz frequencies.

D. The Efficiency of MOSFET Base Absorber

Absorbers are designed to provide a volumetric effect,
which reduces heat loss and increases absorber efficiency.
On the other hand, experiments with volumetric absorbers
have not revealed this effect, and the Absorbers' Efficiency
is often in the 70% — 80% range rather than the desired
range of over 90% [33]. Also, absorbers could be designed
using metamaterial as presented in [34]. The efficiency of
the MOSFET base absorber used for the proposed design
was computed as a function of Total Power Absorbed by
the MOSFET (TPAM), Total Power Lost in Rectifier
(TPLR) circuit, and Reflected Power (RP) from the
circulator's port-3. The total power absorbed by MOSFET
is equal to the power transmitted to port two of the
MOSFET-based absorber; total power loss to the rectifier
circuit equals reflected power at port-2 of the two-port
MOSFET base absorber. Also, the reflected power from
port-3 of the circulator is equal to the power incident on
port one of the MOSFET base absorber.

Now the TPAM, TPLR, and RP port-3 are 1.67 mW, 1.5
mW, and 3.2 mW, respectively, as shown in Table I1I.

To compute the efficiency of the MOSFET-based
absorber, use:

TPAM +TPLR y

RP port-3

Substituting the values of TPAM, TPLR, and RP port-3

into Eq. (11), the absorber efficiency has been computed

as 100 %. A summary of absorber performance parameters
is shown in Table V.

Eff 100 (11)

TABLE IV. ABSORBER PERFORMANCE PARAMETER

Reflected Insertion loss | Return loss Efficiency
power (mW) (dB) (dB) (%)
3.2 2.75 3.3 >90

However, because rectification is part of the RF power
absorption process, it may be assumed that the rectifier and
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MOSFET absorb all reflected power from port-3 of the
circulator, and so the model is nearly 100 percent efficient
in general. Conclusively, the overall performance of the
proposed MOSFET base absorber antenna design is a
combination of the performances of individual blocks
(double material cylindrical patch antenna, active 3 port
circulator, and MOSFET based absorber) used in the
proposed design circuitry. Since individual blocks have
been observed to have good and acceptable performance
characteristics, the proposed MOSFET base absorber
antenna design will operate at maximum efficiency.

E. Switching Speed of Proposed MOSFET Base Absorber
Antenna

With respect to the proposed model, the switching speed,
often referred to as switching time, is expressed as a
function of the total time taken for signal transmission
from circulator port-1 (directional coupler D4) to circulator
port-2 (directional coupler D), Signal reflection from
circulator port-2 to circulator port-3 (directional coupler
Ds) and signal absorption from circulator port-3 to
MOSFET source terminal. Now the switching speed is
computed as:

Tsuien = AT, + AT, + AT, (12)
where AT, AT, and ATsare represented as:
AT, =Toos = Toorus (13a)
AT, =Toons = Toonz (13b)
AT, =Tprain = Toorts (13c)

where Teort1, Trortz, Trorts, @Nd Tsource are peak current signal
time at port-1, peak current signal time at port-2 peak
current signal time at port-3 and current signal time at the
drain terminal of MOSFET, respectively.

Port 2 peak current time

) - -Port 1 peak current time
Time domaim cuurent

0.0269

o.oneﬂ

~—
4 0

0.03

o
o
o

o
o
=

o

Current/A

0.3
-0.01

-0.02

-0.03

Time/ns

Figure 4. Simulated equivalent signal time at port-1 and port- 2.

From Fig. 4, the peak current signal time at port-1 (Tport1)
and peak current signal time at port-2 (Trorz) have been
observed as 0.28 ns and 0.3 ns, respectively. Substitute
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these values into Eq. (13a), AT1 has been calculated as 0.02
ns. From Fig. 5, the peak current signal time at port-2
(Trortz) and peak current signal time at port-3 (Teors) have
been observed as 0.25 ns and 0.27 ns, respectively.
Substitute these values into Eq. (13b), AT, has been
calculated as 0.02 ns.

Port 2 peak current time

Port 3 peak current time

Time Domain Curren
0.015 e Domain Current

0.01

o
o
S
(9]

Current/A

S o

-0.005

-0.01

-0.015

Time/ns
Figure 5. Simulated equivalent signal time at port-2 and port- 3.

= MOSFET drain terminal
Time domain current
Port 3 peak current time

0.005

0.0046
0.004

Q020
o

0.003

0.002

o
o
S
P

Current/A

0
0.1

(6]

0.3 0.4 0
-0.001

-0.002

-0.003

-0.004

Time/ns

Figure 6. Simulated equivalent signal time at port-3 and signal time at
the MOSFET drain terminal.

From Fig. 6, the peak current signal time at port-3 (Tpors)

and peak current signal time at the MOSFET drain
terminal (Torain) have been observed as 0.27 ns and 0.4 ns,
respectively. Substitute these values into Eq. (13c), ATs
has been calculated as 0.13 ns. Since ATi, ATz, and ATs
have been calculated as 0.02 ns, 0.02 ns, and 0.13 ns,
respectively, substitute these values into Eg. (12). Now,
the proposed antenna's switching speed or switching time
has been calculated as 0.15 ns.

The possible data rate, spectral efficiency, and capacity
of integrated antenna designs are directly impacted by the
speed limitations of viable RF switching devices
(MOSFET and diode [41-44]) when executing transitions
inside antenna-integrated designs. Given that fast data rate
is a priority for design engineers in the 5G domain, the
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proposed MOSFET-based absorber antenna has been
shown to have a very good value of switching speed (0.15
ns). Due to the absence of previously existing absorber
antenna design, the proposed MOSFET-based absorber
has been compared with previously existing active antenna
designs as shown in Table V.

In Table V, ResF and SwSp stand for resonance
frequency and switching speed of the active antenna
designs. Comparing this design with previously designed
active antenna, the absorber antenna has been observed to
have a better return loss value at the lower band frequency
compared to the filter antenna in [30, 40].

TABLE V. COMPARISON WITH EXISTING ACTIVE ANTENNA DESIGN

Ref Antenna ResF SwSp Gain Return
) type (GHz) (ns) (dBi) loss (dB)
[1g] | Lownoise .57 | NA | 28 234
amplifier
[20] Power 77 | NA | 04 14
amplifier
Power
[21] amplifier 7.1 NA 3.6 <-18
[35] | Lownoise | g4 NA 5 36
amplifier
[36] Low noise 39 NA 41 -17.5
amplifier
[37] Power 79 NA | 15 165
amplifier
[38] Filter 20 NA 2 <15
[39] Filter 2.28 NA NA -18
[40] Filter 2.4 NA 4 -175
This | Absorber | 2553 | 15 | 2858 | -26/16
work

Also, the absorber antenna has been observed to
resonate at two frequency bands compared to other forms
of active antenna presented in Table V, making it suitable
for technologies requiring dual-band operations. The
switching speed of the absorber antenna is another
noticeable advantage of the absorber antenna.

V. CONCLUSION AND FUTURE WORKS

A new dual-band MOSFET base absorber cylindrical
patch antenna has been presented for use in IEEE 802.11,
WLAN standard, IEEE 802.16,) and middle band of 5G
(2.3 GHz ~ 2.4 GHz and 2.5 ~ 2.69 GHz). The individual
performance analysis of each block used in the proposed
model circuitry has been used to analyze the overall
performance (insertion loss, return loss, gain, directivity,
and efficiency) of the MOSFET base absorber antenna and
values have been observed to be within acceptable limit.
The low directivity value of the presented design makes it
suitable for use in mobile devices like phones and laptops.

As a continuation of this work, the authors will present
further analysis of the rectifier used for the proposed model
circuitry to validate the usability of the proposed 3D circuit
co-simulation design in the 5 G regime. In addition,
various other MOSFET device structures and various
engineering material scan be used [45, 46].
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