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A Compact Meandered Monopole Antenna
with Controlled Frequency Reconfiguration
for LoRa IN865 and AS923-3 Bands

Chaya Devi Pothala and Ramarakula Madhu

Abstract— The global demand for compact and low power loT
devices is rapidly increasing, particularly in countries like India
and those in South Asia. Low Power Wide Area Networks
(LPWANS) equipped with LoRa antennas are well-suited to
address this need. Most existing LoRa antennas are multiband
microstrip designs with the operating bands usually limited to
one of the LoRa bands AS923-1, EU868, IN865, and RUS864,
along with other sub-GHz ranges. In this paper, we present a
compact, low-cost, reconfigurable Meandered Monopole antenna
(MMA) designed to operate only in the LoRa IN865 and AS923-3
bands. To keep the antenna compact and economical, a
meandered monopole structure has been employed with an RF
PIN diode on an FR-4 substrate. Unlike existing designs, the
proposed antenna is accurately tuned and is dedicated solely to
the LoRa frequency band. The design was simulated using CST
Microwave Studio (CST-MWS) and validated through prototype
measurements. Furthermore, a unique lumped equivalent circuit
model was developed using Keysight ADS. The proposed antenna
has shown good pattern stability and achieves a gain of 2.07 dBi.
With the diode in the active (ON) state, the antenna resonates at
866.2 MHz (IN865 LoRa Band) with an S11 of -17.22 dB and
Bandwidth of 19 MHz. In the inactive (OFF) state of the diode,
the antenna resonates at 916.5 MHz (AS923-3 LoRa Band) with
an S11 of -15.24 dB and Bandwidth of 22 MHz. The results
confirm that the proposed antenna provides reliable
reconfigurability for LoRa applications in the specified bands.

Index Terms—LoRa-10T, IN865, AS923-3, Reconfigurable
Antenna, Meandered Monopole, ADS Keysight, CST Microwave
studio

. INTRODUCTION

n the age of intelligent gadgets, there is an increasing need
for communication technologies that provide long distance
communication with affordable pricing and employs energy-
efficient techniques. LPWANSs because of versatile, energy-
efficient, and long-distance communication infrastructure have
emerged as a vital option to address this requirement in the
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applications of Internet of Things (1oT) [1]. According to [2]
there will be an 267.8% growth in usage of 10T devices in
India and South Asia followed by 197.14% growth in East
Asia with 640% raise in devices enabled with non-mMTC
(massive Machine Type Connectivity) LPWA private
networks [3]. Hence, LPWANS that rely on LoRa radio as its
physical medium protocol proved to be one finest technology
in demand addresses the above requirements.

LoRa stands for Long Range and is a sub-GHz wireless
technology used to establish communication among LoRa
devices with in the unlicensed spectrum [4]. Due to the
robustness in communication over long distance with minimal
power consumption, it has wide spread applications in the
fields of automation, environmental monitoring, smart
environment, health care, tracking etc. [3]. The frequency gaps
in the Industrial, Scientific, and Medical (ISM) band which do
not need regulatory licensing for their usage can be the LoRa
band of operation [5]. Unlike, standard technologies such as
Bluetooth that works on the globally available unlicensed 2.4
GHz band, LoRa do not have a fixed operating frequency band
[6]. It is being operated globally at various frequency bands
allowing flexible deployment as per the regional regulations
and environmental conditions. The various regional specific
dynamic channel plan operating bands of LoRa is shown in
table 1 [7].

TABLE |
REGIONAL OPERATING FREQUENCY BANDS FOR LORA
Plan Region Default Default Rx;
Frequency receiver
Band Frequency
(MHz2) (MHz2)
EU868 European 863 — 870 869.525
Union
CN779 China 779 - 787 786.0
EU433 European 433 -434 434.665
Union
IN865 India 865 — 867 866.550
KR920 South Korea 920.9-923.3  921.90
AS923-1/2/3 Asia 915-928 923.2/921.4/916.6
RU864 Russia 864 — 870 869.1
The modulation utilised for effectively managing

interference in Lora signals is Chirp Spread Spectrum (CSS)
and it guarantees long-distance connection. Furthermore,
essential LoRa features such as frequency of carrier (CF),
Spreading Factor (SF) and Data rate of code (CR) may be
dynamically modified using the Adaptive Data Rate (ADR)
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method [8]. Apart from its technical aspects, the efficacy of
LoRa is closely tied to the functioning of antennas. Optimal
LoRa antenna selection provides the most effective
transmission, allowing greater connectivity and extended
communication capabilities in a variety of situations [9].
This indicates the requirement for power effective,
multitasking, and portable loT devices with antennas of
reduced footprint and reconfigurable flexibility.

The existing works relative to LoRa MPAs shows that most
of the designs are multiband reconfigurable antennas, out of
which only one band operates in LoRa and the other bands
have different applications [10], [11], [12], [13], [14], [15],
[16], [17], [18], and [19]. The antenna designs are fabricated
on an FR-4 substrate have multiple shapes and are operated at
LoRa frequency bands (915 MHz, 433 MHz, and, 868 MHz),
covering the bands in Asia, Europe, and Russia. These
antennas have the footprint around 70 mm by 50 mm and are
reconfigurable but designed to support other wireless
applications alongside LoRa. However, these designs tend to
focus on LoRa bands in the regions outside India, such as
Europe and Russia, and the antennas are relatively large.

Considering the substantial rise in demand for internet
enabled devices in the regions of India and Asia, this work
focuses in design and development of a cost-effective and
compact frequency reconfigurable LoRa antenna within the
LoRa bands of IN865 (866.5MHz) and AS923-3 (916.6MHz)
addressing the current needs of 10T devices in these regions.
While the underlying techniques such as meandered
monopoles and PIN-diode-based reconfiguration are well
established, the contribution of this work lies in their
integration to realize a compact, single-diode reconfigurable
antenna specifically optimized for LoRa IN865 and AS923-3
bands with reduced design complexity.

The next section presents the design and performance of
two base antennas for individual operation in the IN865 and
AS923-3 bands. This is followed by the development of a
frequency-reconfigurable antenna using a PIN diode, along
with parametric tuning of the meandered dipole and stub
geometries. The equivalent lumped-element model and a
comparison of the simulated and measured performances are
then discussed.

Il. DESIGN AND DEVELOPMENT OF BASE ANTENNA

The intricate antenna design involves strategically folding
the meandered monopoles, a process guided by equations
given below and corresponding to the design of meandered
patch [21],[22].

dp = 0.164, + dc 1)

W = 0.054, + dc (2)

L,=0704,+dc (3)

wy, = 0.424, + 2wy, + dc 4)
Where 4 is the guided wavelength and is given as

'aéi‘ = |‘l_

Here A and €77 are the free space wavelength and effective
dielectric constant respectively, given as
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e =05 (,+1) + 05 (e, — D[1 +10-= ®)

dc = 0.25C 2 (6)

Fres ) er+1
Where
d,,; the distance between successive meandered segments
w,,,; the width of meandered segment
L, the meandered patch length
w,, the meandered patch width
S, the substrate height
S, the substrate length
S, the substrate width
C the velocity of light
€, the dielectric constant
The equations from 7-8 aid in design of substrate [23]
S, = 65, +w, 7
S =65 +L, (8)

LoRa frequencies have global classifications, with 866.5
MHz predominantly utilized in India and 916.6MHz favored
in the Asian regions. In line to the frequency bands, figure 1.a
illustrates the geometry of a basic LoRa meandered monopole
antenna simulated in CST-MWS, resonating at a center
frequency of 916.5MHz (AS923-3) with an S11 of -15.21dB.
Figure 1.b presents a modified antenna geometry, featuring an
increased physical length of the meandered monopole patch
that is shown in figure 1l.a. An additional meandered
monopole element, measuring 32mm in width and 1mm in
length, is attached to the design given in figure 1.a via a patch
measuring 3mm in width and 3mm in length. This modified
antenna resonates at a center frequency of 866.1MHz (IN865)
with S11 of -13.30dB. The ground plane in both the designs
incorporates a defected ground structure, depicted in figure
lc.

n

n

Sk L
M . B

(@) (b)

(©)
Fig. 1. Base antenna design a) Patch geometry for AS923-3 band
b) Patch geometry for IN865 band ¢) Ground plane for AS923-3 & IN865
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Parameters such as stub length (SL), stub width (SW), and
stub start (SS) have been carefully chosen as 4mm, 19.5mm,
and 0.5mm, respectively, to achieve maximum impedance
matching at both resonant frequencies. This stub helps in
reducing power loss between the antenna and the feed ling,
thereby ensuring efficient signal transmission and reception.
Its incorporation enhances the antenna's overall efficacy,
making it well-suited for diverse applications within the
specified frequency bands.

The patch is designed on the upper surface of an FR4
substrate, 1.6mm thick, with tand = 0.02 and dielectric
constant of 4.4. The antenna's performance in terms of gain,
VSWR, and S11 at the respective center frequencies has been
tabulated in table 2. The return loss observed from simulating
the antenna geometries is shown in figure 2. Consequently, the
antenna geometry is considered as the basis for designing the
proposed frequency reconfigurable antenna for LoRa.

@

(b)
Fig. 2. Simulated return loss of the base antenna design a) AS923-3 band
(916.5 MHz) and IN865 Band (866.1 MHz)

TABLE Il
PERFORMANCE METRICS OF THE BASE ANTENNA DESIGNS
Resonant frequency | 916.5 MHz 866.1 MHz
S11 -15.21 dB -13.30dB
Gain 2.07dB 2.05dB
VSWR 1.42 1.38

I1l. DESIGN AND DEVELOPMENT OF PROPOSED ANTENNA

This section presents the design of the proposed
reconfigurable antenna, which is specifically engineered to
operate within the IN865 and AS923-3 LoRa frequency bands.
To achieve compact dual-band performance in the UHF range,
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meandered radiating structures and folded inverted-F antennas
are commonly employed due to their space-efficient
characteristics. Leveraging these principles, the antenna
designs discussed in the previous section form the basis for the
development of the proposed antenna.

The primary aim is to combine the two designs and
seamlessly switch between the designs, a task made possible
by the integration of a single RF PIN Diode (BAR50-02V)
manufactured by Infineon. The antenna design shown in figure
3 has been reciprocated from the base antenna designs and the
parameters W6 and L6 are meticulously determined to ensure
resonance in both IN865 and AS923-3 LoRa bands, depending
on the mode of the diode. The detailed design, tuning, and
analysis are conducted using CST-MWS software, with
excitation accomplished through a microstrip feed line
measuring 3 mm in width.

(@)

(b)

Fig. 3. Proposed antenna design a) Patch b) Ground plane

The lumped equivalent model of the PIN Diode during its
active and inactive states and its biasing circuit is given in
figure 4. During forward biasing, the opposition offered to the
change in current by the diode at high frequencies, is
represented with series combination of an inductor and a
resistor. In reverse bias, PIN Diode acts as a capacitor
controlled variable resistor and its behaviour at high frequency
operation can be approximated with the model shown in figure
4b and the biasing of PIN Diode is shown in figure 4c.

The biasing network, comprising bias lines, RF chokes,
and DC blocking capacitors, is represented using lumped
element models rather than explicit electromagnetic structures
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in CST-MWS simulations. At sub-GHz frequencies (866-916
MH?z), these components are electrically small relative to the
operating wavelength and therefore have a negligible
influence on the antenna radiation characteristics. Hence, their
effects are incorporated through equivalent lumped elements
that capture the relevant parasitic RLC behavior, as presented
in Section 1V, without introducing additional computational
complexity.

0.6nH 3Q 0.6nH 3kQ

R TV p— Q_EPWTWL
i }j

@ 0

Fig. 4. Lumped equivalent model of the PIN diode (BAR50-02V)
a) Active state b) Inactive state c) Biasing circuit of the PIN diode

IV. PARAMETRIC OPTIMIZATION OF PROPOSED ANTENNA

The design was optimised in two stages. Initially, the
parametric sweep of L6 and W6 was performed to set the
fundamental resonant frequencies (866 and 916 MHz). After
optimising these parameters, the stub parameters (SS, SL, SW)
were tuned to refine impedance matching and mitigate the
reactive effects of the PIN diode. This approach is standard in
antenna design that separates resonance control from matching
optimization [24].

A. Parametric optimisation of Dipole element (L6, W6)

The parameters L6 and W6 were opted as they directly
govern the fundamental resonance and impedance behavior of
the antenna. From Eq.3, it is evident that L, is proportional to

Ag, which depends on the effective dielectric constant Eff .

Increasing L6 extends the current path (L), and results in

increasing Ag and lowering in the resonant frequency (fres).
Similarly, W6 influences both the total patch width W, and

eff. According to Eq.5, a wider dipole slightly reduces ef7,
increasing Ag, and produces minor downward shifts in fres
while primarily improving impedance matching.

The parametric optimization of the dipole element
dimensions (L6, W6) is carried out while keeping the
geometry of the stub and meandered monopoles identical to
that of the base antenna. During this process, the parameter
W6 is varied from 16 mm to 18 mm, and L6 is varied from 1
mm to 3 mm. The effect of these variations on the return loss
under the Diode ON and OFF states is illustrated in figure 5,
while the corresponding resonant frequency and return loss
values are summarized in table 3.

From the table it is observed that varying L6 and W6 results
in minor changes in S11, with values remaining between -17
and -18 dB in the diode ON state and around -22 to -24 dB in
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the OFF state. However, the diode’s presence consistently
degrades impedance matching, as seen by the higher S11
values when the diode is active. Therefore, the stub parameters
(SS, SL, SW) are tuned next to compensate for the diode’s
effects and achieve optimal matching.

(b)
Fig. 5. Effect of L6 and W6 variations on S11 a) diode ON b) diode OFF
TABLE Il
EFFECT OF L6 AND W6 ON ANTENNA RESONANT FREQUENCY AND RETURN
Loss
Diode ON Diode OFF
L6 (mm) W6 (mm) fres S11(dB)  fres S11
(MHz) (MHz) (dB)
1 16 883.2 -17.2 916.8 -21.8
1 17 881.4 -17.1 916.8 -21.9
2 16 876.0 -17.3 915.9 -22.7
2 17 874.2 -17.4 915.9 -22.8
3 16 869.7 -17.6 915.0 -235
3 17 867.0 -17.7 914.2 -23.6
3 18 866.1 -17.9 914.1 -23.7

B. Parametric optimisation of Stub (SS, SL, SW)

Considering the optimal values of L6 and W6 to be 3 mm
and 18 mm, respectively, the variation of the stub geometry
and its effect on the S11 parameter and resonant frequency are
illustrated in figure 6, while the corresponding numerical
values are provided in table 4.

It is observed that when the stub parameters SS, SL, and
SW are set to 0.5 mm, 4 mm, and 19 mm, respectively, the
antenna resonates at 866.2 MHz with an S11 of -17.22 dB in
the diode ON state. In the diode OFF state, the antenna
resonates at 916.5 MHz with an S11 of -15.24 dB.
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(b)
Fig. 6. Effect of stub geometry on return loss a) diode ON b) diode OFF

TABLE IV
EFFECT OF STUB GEOMETRY ON ANTENNA RESONANT FREQUENCY AND
RETURN Loss

sS SL SW fDiode ONSll fDiode OFFSll
res res

(mm) —(mm) (mm) O @B  (MH)  (dB)
05 20 190 8688 -103 9165  -1.7
10 20 190 8679 -99 9147  -10.9
15 20 190 8670 96 9156  -134
05 25 190 8688 -11.6 9147  -156
10 25 190 8670 -111 9120  -142
15 25 190 8661 -108 9129  -184
05 30 190 8679 -131 9120  -225
10 30 190 8661 -125 9084  -18.2
15 30 190 8652 -120 9156  -120
05 35 190 8670 -150 9147  -138
10 35 190 8643 -141 9129  -1238
15 35 190 8634 -134 9138  -16.1
05 40 190 8662 -17.2 9165  -15.2
10 40 190 8634 -159 9093  -168
15 40 190 8616 -147 9111  -238

C. Lumped Equivalent Model

Representing the antenna with its RLC lumped equivalent
model aids in easier analysis of antenna behavior, reduced
simulation times, and seamless integration with other circuit
components in design processes. The lumped equivalent
model of the proposed antenna is given in figure 7. The model
was simulated in Keysight ADS and the simulated S parameter
behavior of the model over the frequency range 100MHz to
10GHz is shown in figure 8. The model has been terminated
with a 50Q input impedance network to match to the
impedance of a microstrip feed line. This enables maximum
power transfer from the input port to the radiating patch. The
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values RoLoCo, L1 and C; are carefully identified to resonate
within AS923-3 band, while the R;L,C,, Ls and Cs resonate
the antenna in IN865 band. The inductor Le compensates
impedance mismatching if any introduced by the biasing
components of the diode. In the circuit, the resistor Ry is used
to provide the bias current. The input matching and output
matching is provided with L4, C4 and L3, Cs respectively.
Also, the return path to the dc bias current is provided through
Le. The Lumped model simulated results show that the
antenna resonates with in the desired LoRa operating Bands
and aligns with the CST-MWS simulated model behavior.

Fig. 7. RLC lumped equivalent model of the proposed antenna

@

(b)
Fig. 8. Return loss of lumped equivalent model a) diode ON b) diode OFF
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The values of the lumped elements in the equivalent circuit
model were determined through a systematic extraction and
optimization process. Initially, the resonant frequencies
obtained from CST simulations were used to estimate the
inductance and capacitance values based on standard LC
resonance relations. The resistance components were
approximated from the impedance matching characteristics in
the simulated S11 response. Following this initial estimation,
the circuit parameters were refined using optimization in
Keysight ADS to closely match the S11 characteristics of the
CST model.

D. Performance Measure of Prototype Antenna

The proposed antenna with its optimized geometry is
fabricated, and the prototype is shown in figure 9. A Keysight
Vector Network Analyzer (VNA, P5003A) is used to measure
the antenna characteristics. A comparison between the
measured and simulated S11 parameters is presented in figure
10, showing that both results exhibit closely matching
performance. It is observed that when the diode is in the active
state, the prototype antenna resonates at 866.8 MHz within the
IN865 LoRa band, with an S11 -15.32 dB. Conversely, when
the diode is in the inactive state, the antenna resonates at 916.9
MHz within the AS923-3 band, with an S11 of -14.38 dB.
Furthermore, the antenna performance at various stages of the
design process is summarized in table 5, indicating that the
resonant frequency remains stable throughout the different
design stages, with only minimal variations observed in the
return loss.

Fig. 9. Fabricated prototype of the proposed antenna a) Front plane
b) Ground plane

TABLE V
RESONANT FREQUENCY AND S11 AT DIFFERENT STAGES OF THE DESIGN
PROCESS
Design Measurement Diode ON Diode OFF
Process echnique fros s11 fros s11
(MHz) (dB) (MHz) (dB)
Base design CST-MWS  866.1 -13.30 916.5 -15.21
Proposed CST-MWS  866.2 -17.22 916.5 -15.24
reconfigurab
le design
Proposed ADS 866.5 -20.35 916.6 -15.56
design —
Lumped
model
Prototype of  VNA 866.8 -15.32 916.9 -14.38
the design
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@

(b)
Fig. 10. Measured and simulated S11 of the proposed antenna
a) diode ON b) diode OFF

The measured impedance bandwidth of the proposed
antenna is 19 MHz at 866 MHz and 22 MHz at 916 MHz,
which is sufficient to cover the IN865 and AS923-3 LoRa
frequency bands [7]. To further evaluate the antenna’s
performance, the radiation characteristics, Co and Cross-
polarization are shown in figure 11, where subplots (a)-(d)
correspond to the diode ON state, subplots (e)-(h) represent
the diode OFF state and (i)-(I) represent Co and Cross-
polarization. The 2D radiation polar plots in the XZ-plane (H-
cut) and XY-plane (E-cut), along with their 3D counterparts,
are provided for both operating states. At 866 MHz, the
measured peak gains are 2.07 dBi in the E-plane and 2.03 dBi
in the H-plane, while at 916 MHz, the corresponding gains are
2.07 dBi and 1.98 dBi, respectively. In both resonance states,
the major lobe is consistently directed at 277°, demonstrating
the stability of the antenna’s radiation performance across
both frequency bands. The results show that the co-polarized
component dominates, while the cross-polarization levels
remain significantly lower, confirming acceptable radiation
performance of the proposed antenna. The simulated model
exhibits good radiation efficiency of 86.2% (916 MHz) and
72.3% (866 MHz) as shown in figure 12, indicating minimal
losses in the antenna structure.

The PIN diode introduces parasitic resistance, inductance,
and capacitance, which affect both impedance and radiation
characteristics. The series resistance leads to additional losses,
slightly reducing radiation efficiency and gain, while the
parasitic inductance and capacitance alter the current
distribution on the radiating element, causing minor variations
in the radiation pattern. Due to the electrically small size of
the diode, these effects remain limited, as reflected in the
stable gain and radiation patterns observed.
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Table 6 Compares the Innovative aspects of the Proposed
design with the several other related works in terms of design
and dimensions. From the table, it is evident that while several
antennas such as [10], [11], [12], and [15] are non-
reconfigurable, recent designs like [17], [19], and [20] employ
reconfiguration techniques to achieve multiband operation.
However, these works do not specifically target the LoRa
frequency bands considered in this study (IN865 and AS923-
3). In addition, their overall antenna dimensions are
significantly larger than the proposed design. Although [20]
offers the desired radiation characteristics, it does so at the
cost of increased size and circuit complexity.

@ (b)

0] @)
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These approaches also typically require multiple PIN diodes
or tunable capacitors, which increase biasing requirements,
circuit complexity, and cost.

Though the proposed design achieves a gain of 2.07 dBi and
a S11 of -15 to -17 dB, which are moderate compared to
designs [10], [11], and [14], these values represent a practical
trade-off to maintain a compact size (42 x 40 x 1.6 mm3) and a
simple reconfiguration network. The antenna also exhibits
stable radiation patterns, and the measured bandwidths
sufficiently cover the target LoRa bands, offering a balanced
and reliable solution for 10T deployments.

E-Vector

E-Vector

(k) M
Fig. 11. Radiation patterns of the proposed antenna a) 2D H-cut (XZ-Plane) with diode ON b) 2D E-cut (XY-Plane) with diode ON c) 3D H-cut with diode ON
d) 3D E-cut with diode ON e) 2D H-cut (XZ-Plane) with diode OFF b) 2D E-cut (XY-Plane) with diode OFF c) 3D H-cut with diode OFF d) 3D E-cut with
diode OFF i) Co-Polarization at 866MHz j) Cross-Polarization at 866MHz k) Co-Polarization at 916MHz 1) Cross-Polarization at 916MHz
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Fig. 12 Efficiency, Gain vs. Frequency plot a) diode ON b) diode OFF

TABLE VI
COMPARISON OF PROPOSED DESIGN WITH RELATED WORKS

Related Size (mm) Substrate Frequency Gain (dBi) S11(dB) Bandwidth LoRa Only Reconfiguration Pattern Stability
works (MHz) (approx.) Multiband method (major lobe)
[10] 13.1x22.9x1.6 FR-4 923 -11.86 -10 4.5 MHz NA NA NA
[11] 125%20%1.6 FR-4 433 -6.00 -12 38 MHz NA NA NA
[12] 57.9x45.1x1.6 FR-4 871 0.58 -20 28 MHz NA NA NA
[13] 82.6x44x1.6 FR-4 867 (LoRa), 1.78 -21 15 MHz No Non- Yes (0°)
1500 (UMTS) 3.80 -24 80 MHz Reconfigurable
[14] 65x62x1.6 FR-4 868 (LoRa), 3.35 -16 10 MHz No Non- No (180°,0°)
1575 (GPS) 5.08 -32 47 MHz Reconfigurable
[15] 98.8x77.2x1.6 FR-4 922.5 1.04 -21 22 MHz NA NA NA
[16] 102x81x1.6 FR-4 866 (LoRa), -2.00 -34 10 MHz No Non- Partial (0°, 30°)
937 (GSM) -3.00 -32 15 MHz Reconfigurable
[17] 78x88x1.6 FR-4 868 (LoRa), -2.50 -22 No 1-PIN Diode -
401 & 466 -8.50 -14
(Sat com.) -5.20 -26
[18] 22x34x0.5 FR-4 868 (LoRa) 2.56 -12 930 MHz Yes Non- -
915 (LoRa) 2.10 -10 Reconfigurable
[19] 70x70x0.78 Rogers 868 (LoRa) 0.20 -10 6 MHz No Digital Tuneable  No (90°, 0°, 0°)
RO5880 1580 (GPS) 1.80 -25 10 MHz Capacitor
2400 BLE 5.70 -11 10 MHz
[20] 80x50x1.6 FR-4 868 (LoRa) 2.01 -19 Yes 3-PIN Diodes Yes (180°)
915 (LoRa) 2.10 -30
915 & 433 1.98 -25
Proposed 42x40x1.6 FR-4 866 (LoRa) 2.07 -17 19 MHz Yes 1-PIN Diode Yes (277°)
work 916 (LoRa) 2.07 -15 22 MHz
V. CONCLUSION efficiency. Overall, the proposed reconfigurable meandered
In this paper, we present a compact, cost-effective monopole antenna offers a compact, cost-effective solution

reconfigurable MMA designed for operation in the LoRa
IN865 and AS923-3 bands. The design incorporates a
meandered monopole structure along with an RF PIN diode,
resulting in a compact and economical solution. The proposed
antenna is tuned to operate at the target central frequencies of
the LoRa bands. The antenna is fabricated on an FR-4
substrate of size 42 mm x 40 mm with a thickness of 1.6 mm.
An RF PIN diode (BAR50-02V), which operates on 3.0 V DC,
has been employed in the design to switch between the two
LoRa bands. Simulation results conducted using CST-MWS
demonstrate that the antenna achieves a gain of 2.07 dBi with
stable radiation patterns and switches between the frequencies
866.8 MHz and 916.9 MHz with S11 values of -15.32 dB and
-14.38 dB, respectively. These results are corroborated by
measurements taken from the prototyped version of the
antenna. Moreover, the lumped equivalent model developed
using Keysight ADS provides a simplified and accurate
representation of the antenna behavior, further confirming its
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with significant potential for enhancing loT communication
networks in the targeted regions.
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