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Abstract—The Internet of Things (IoT) engineering demands
compact, scalable, and multifunctional wireless systems and
devices. Conventional wireless architectures rely on multiple and
ever-increasing antennas to support new services, leading to
increased size, design complexity, and mutual coupling, especially
problematic in volume limited terminals. This article presents
the “Active Antenna Hub,” a novel shared-antenna architecture
that enables multiple systems to operate simultaneously using
a single electrically small antenna. The proposed architecture
integrates a passive antenna, an active matching network based
on an ohmic-biased transistor, and Chebyshev bandpass filters for
multiband, multiport functionality, supporting wireless system
scalability without changes to antennas. To validate, an antenna
prototype supporting frequency modulation (FM) and digital
television (DTV) services is developed with the system-level
experiments, demonstrating the high system scalability and
reduced mutual coupling without compromising performance.
The proposed Active Antenna Hub architecture offers a compact,
scalable, and efficient solution of antennas for next-generation
IoT devices.

Index Terms—Active antenna hub, radio frequency (RF)
architecture, scalable terminals.

I. INTRODUCTION

HE Internet of Things (IoT) plays a crucial role in
Tthe future of industrial systems and smart living envi-
ronments by enabling seamless connectivity among smart
devices [1], [2], [3], [4], [5]. As wireless communication
standards continue to evolve rapidly, IoT devices must fre-
quently undergo hardware upgrades to accommodate emerging
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systems and new frequency bands, including but not limited
to sensors, antennas and radars [6], [7], [8]. Hence, there is
a growing demand for hardware platforms that are reusable,
flexible, and easily upgradable with minimal physical mod-
ifications. To address this need, the concept of the scalable
terminal has been introduced [9], [10]. Scalable terminals are
built upon radio frequency (RF) architectures that can be
dynamically configured to operate across arbitrary frequency
bands, providing system expandability for IoT devices. As
conceptually illustrated in Fig. 1(a), conventional IoT devices
typically employ static RF architectures that use multiple
antennas, each assigned to a distinct frequency and wireless
standard [11], [12], [13], [14], [15], [16], [17], [18]. Under this
architecture, expanding systems requires equipping multiple
additional antenna elements with RF circuits. However, this
approach is inherently inefficient for subwavelength-sized
devices, where limited volume restricts antenna deployment
and degrades radiation performance. Furthermore, the close
placement of multiple antennas results in strong mutual cou-
pling, which further compromises system efficiency.

To overcome these limitations, significant research has
focused on antenna design strategies to support scalable
operation. One widely explored solution involves electrically
small antennas, which aim to achieve high radiation efficiency
within limited volumes [19], [20], [21], [22], [23], [24].
For instance, [19] presents an electrically small antenna for
smartwatch applications covering GPS L1, WLAN/Bluetooth,
and 5G bands within a 0.22Ax0.19A footprint. Another
work [21] proposes a wideband LTE antenna covering 698—
960 MHz, 1710-2690 MHz, and 3400-3800 MHz within a
compact clearance of 0.121x0.02A. As an innovative design
method, machine learning-based antenna design has also been
widely investigated recently [25], [26], [27]. As an exam-
ple, work [25] utilizes an evolutionary neural network to
design a wideband antenna covering 1.7-2.7 GHz. However,
the small size of electrically small antennas often restricts
their bandwidth and limits their ability to support future
system expansions. Another line of research has explored
filtering antennas to mitigate interantenna coupling through
out-of-band suppression [28], [39]. These designs incorporate
filtering functions either directly into the radiating structure
or within the feed network. For example, [28] introduces
a waveguide-based filtering antenna that operates at 2.49-
2.56 GHz and 3.37-3.49 GHz, while [29] presents a dielectric
antenna with integrated dielectric strips for operation in
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Fig. 1. Application scenario of IoT device with (a) conventional RF
architecture, and (b) active antenna hub architecture.
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Fig. 2.  Geometrical configuration of the active antenna hub.

7.3-8.16 GHz and 13.1-13.6 GHz bands. Similarly, [36]
uses a dual-band filtering feedline to excite the antenna at
1.71-2.17 GHz and 3.22-3.7 GHz. Although these filtering
antennas improve out-of-band isolation, their fixed frequency
responses lack the dynamic configurability necessary for
scalable terminals. In summary, current RF architectures
and antenna designs are inadequate for scalable terminal
requirements, necessitating the development of a novel RF
architecture suitable for future IoT devices.

In this article, we propose an innovative architecture
termed the “Active Antenna Hub,” tailored especially for
scalable IoT devices. As depicted in Fig. 1(b), this architecture
employs a single electrically small antenna that concur-
rently supports multiple wireless systems through multiple
configurable ports. Each port in the active antenna hub is
assigned a customizable frequency window, i.e., operating
frequency and bandwidth, to accommodate different com-
munication standards. Unlike conventional architectures, the
proposed design enables system expansion without adding new
antennas or redesigning the existing one, while maintaining
high intersystem isolation within a compact footprint. The
active antenna hub is realized by integrating an electrically
small passive antenna with an active impedance matching
network based on an ohmic-biased transistor (OBT), and a
set of parallel Chebyshev lumped-element bandpass filters.
The active matching network compensates for impedance
mismatches and enables broadband frequency agility. The
Chebyshev filters provide sharp out-of-band rejection, effec-
tively minimizing cross-band interference and enhancing
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signal-to-noise ratio (SNR). To validate the proposed archi-
tecture, we designed and fabricated a two-port, dual-band
prototype supporting frequency modulation (FM) and digital
television (DTV). The prototype achieves operating bands of
74-108 MHz (FM) and 476-764 MHz (DTV), with reflection
coefficients below -10 dB and interport isolation exceeding
45 dB. Additionally, the design exhibits steep roll-off charac-
teristics of 121.5 dB/GHz in the FM band and 129.5 dB/GHz
in the DTV band. The successful system-level demonstration
of simultaneous FM and DTV reception verifies the feasibility
of the proposed concept and highlights its promise for future
scalable and volume-limited IoT devices.

II. ANTENNA CONCEPT AND DESIGN
A. Active Antenna Hub Configuration

The perspective view of the proposed active antenna hub is
illustrated in Fig. 2. The active antenna hub is constructed by
compactly integrating an OBT circuit and bandpass filters with
a small monopole antenna. The monopole antenna is fabricated
on an FR-4 epoxy substrate (¢, = 4.4, tan § = 0.02, where ¢,
represents the relative permittivity and & represents dielectric
loss angle). The substrate thickness is 0.6 mm, with a length
of /; = 60 mm and a width of w; = 40 mm. The monopole
structure consists of an elliptical radiator and a ground plane.
The radiator has a major radius of r» = 19.2 mm and a minor
radius of r; = 17.8 mm, while the ground plane spans the full
substrate width with a length of [, = 24.6 mm. To realize the
filtering functionality, the active filtering circuit is implemented
on the top side of the substrate, and the ground plane on the
bottom side also serves as the circuit ground. The microstrip
lines in the active filtering circuit have a width of wp = 1.2 mm,
corresponding to a 50 2 impedance. As illustrated in Fig. 2, the
circuit elements are denoted by color-coded blocks: black for
the field-effect transistor (FET) functioning as the OBT, green
for inductors, yellow for capacitors, and blue for resistors. Two
SMA connectors are mounted on opposite sides of the antenna,
serving as output ports to support multisystem operation.

B. Active Circuit Design

The circuit diagram of the proposed active antenna hub
is shown in Fig. 3(a), where color-coded frames represent
the various functional modules. The active filtering circuit
comprises a cascaded configuration of an OBT matching
network and a pair of parallel Chebyshev bandpass filters.
To further explain the operating mechanism, an equivalent
model of the OBT circuit is illustrated in Fig. 3(b). In this
model, the electrically small passive antenna is equivalent
to a voltage source with internal capacitance C4, while the
OBT is a voltage-controlled current source gm with input
and output elements. The transistor gate is equivalent to the
input capacitor Cg, and Rp represents the channel resistance
of the transistor. Additionally, the parasitic capacitor at drain
is represented with Cp. During operation, C4 and Cg form
a capacitance voltage division, converting the electric field
coupled by the antenna to the gate voltage. The field effect then
transfers the gate voltage to the drain current, enabling power
transmission. By biasing the transistor in the ohmic region, the
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Fig. 3. (a) Circuit diagram of the filtering antenna. (b) Equivalent circuit

of the OBT circuit. (c) Current distribution of the paralleled filters at
100 MHz and 600 MHz. (d) Resonator-based topology of the proposed
filtering circuit. (¢) Simulated reflection coefficient of the antenna with OBT
circuit. (f) Simulated S-parameters of the paralleled circuits.

drain resistor is configured to be 50 2, forming a wideband
impedance matching with the port. It is worth mentioning
that the parasitic capacitor Cp determines the bandwidth
of the OBT antenna. The simulated current distribution at
100 MHz and 600 MHz are depicted in Fig. 3(c), and the cor-
responding simulated S-parameters are provided in Fig. 3(f).
As shown, the interfilter isolation exceeds 78 dB within
each filter’s passband, confirming negligible cross-coupling.
The resonator-based topology of the filters is illustrated in
Fig. 3(d), while Fig. 3(e) compares the antenna’s reflection
coefficient with and without the OBT circuit. Without OBT
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TABLE I
CIRCUIT ELEMENT VALUES IN FIG. 3(A)

OBT circuit FM filter DTV filter
Element Value Element Value Element Value
R, 11kQ Ly 180 nF Ly 22 nH
Ry 120 Q Lp 24 nF Ly 4.5nH
R 11Q L 390 nF Ly 43 nH
Ly 180 nH Ly 24 nF Ly 4.5 nH
Cq 47 nF Lis 180 nF Lys 22 nH
Cs 47 nF Cy 17 pF Chy 33 pF
Vee 2.8V Cp 120 pF Cn2 11 pF
Cys 8 pF Chs 1.5 pF
Cy 120 pF Cha 11 pF
Cis 17 pF Chs 33 pF

matching, the reflection coefficient is close to 0 dB, indi-
cating poor impedance matching. In contrast, the inclusion
of the OBT circuit reduces the reflection coefficient below
—10 dB across 10 MHz to 1.8 GHz. Therefore, the achievable
tuning range for the antenna is limited to this frequency
span by the bandwidth of the OBT circuit. Conventional
impedance matching methods employ conjugate matching.
However, the impedance of an antenna at electrically small
size varies rapidly with the frequency, therefore the matched
bandwidth is narrow. Comparing to conventional impedance
matching methods, the OBT circuit matching is based on
the channel resistance Rp of the transistor, which is stable
across the frequency spectrum, and provides a wide bandwidth.
Therefore, the OBT circuit provides the Active Antenna Hub
with a wide frequency window configuration range, which also
supports compact antenna designs. Based on this advancement,
the Active Antenna Hub could be utilized to support arbitrary
wireless systems in IoT devices. This advancement in the
matching methodology is a key enabler for the proposed
Active Antenna Hub, allowing it to flexibly accommodate
various wireless standards. Such capability is particularly
valuable in IoT devices, where compactness, frequency agility,
and support for diverse communication protocols are essential.

The specific component values used in the circuit are listed
in Table I. In the configuration of the proposed Active Antenna
Hub, the passive antenna element is connected to the gate
of the OBT, and bias resistors R;, Ry, and Ry are used for
the gate, drain and source, respectively, ensuring operation in
the ohmic region. According to the datasheet, the transistor
operates in its ohmic region with near 50 2 drain impedance
with bias voltage Vgs = —0.22 V and Vs = 0.18 V, where
Ip = 20 mA. The gate resistor R, = 11 k€ is first chosen
to ensure that the gate is at 0-V bias. Then, source resistor
Ry is calculated as -Vgs/Ip = 10 . R; is chosen as 120 Q.
Therefore, the biasing voltage yields Vce=Vps-Vgs+Ip x
Ry = 2.8 V. Choking inductor L; = 180 nH and blocking
capacitors Cy and C; of 4.7 nF isolates the RF signal from
the direct current (DC) bias.

As discussed in [42], an electrically small monopole antenna
exhibits an impedance that can be expressed as

Z =80 AN i - 50 cot 7l (1)
= — ] —7-30cot{ —
ANT 3 ) Y
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where [ is the physical length of the antenna, and
A represents the free-space wavelength of the operating
frequency. In the context of FM and DTV applications,
the antenna length (/; = 60 mm) is much smaller than
the corresponding wavelength (I<<iA), resulting in a capac-
itive input impedance unsuitable for direct reception. To
achieve broadband impedance matching, OBT technology is
adopted [41], [42], where the antenna is connected to the gate
of the FET, and the drain is connected to the output port. The
drain impedance of the OBT is derived as [43]

1
Zirain = 2
T 2K, (Vas —Vr—Vps)]

where K, represents the conduction parameter of the FET;
Vs and Vpg denote the gate-source and drain-source bias
voltages, respectively, and Vr is the FET threshold voltage.
By tuning the bias voltages, the impedance can be flexi-
bly matched over a wide frequency range. Notably, (2) is
frequency-independent, which supports the frequency- win-
dow configurability required by the active antenna hub-based
scalable terminals. In Fig. 3(a), the OBT matching network is
highlighted in green. In this configuration, the passive antenna
element is connected to the gate of the OBT, and bias resistors
Ry, Ry, and R, are used for the gate, drain and source,
respectively, ensuring operation in the ohmic region. Choking
inductor Ly and blocking capacitors Cy and Cy isolate the RF
signal from the DC bias. It is noticeable that as shown in
the circuit diagram, the antenna in its current configuration is
that it is receive-only. However, by incorporating technologies,
such as reconfigurable antennas, the design’s capability could
potentially be extended to support transmission as well.

Two Chebyshev bandpass filters operating at the FM and
DTV bands are connected in parallel to the drain of the OBT,
indicated in yellow and blue in Fig. 3(a). These filters share
a common input impedance Zgrin, as the OBT and have an
output impedance of 50 Q2 to match the port. The transfer
function of an nth order Chebyshev bandpass filter is given by

1
1+82T”2|:w26?w| (w%)_%)]

where ¢ represents the ripple constant; Tn is the nth order
Chebyshev function; wi, wy and wq represent the lower and
upper cut-off frequencies, and passband center frequency,
respectively. Using the insertion loss method, filters with
arbitrary passbands can be flexibly designed, supporting cus-
tomizable frequency windows [44], [45]. In this design, a
Sth-order Chebyshev filter is selected for its steep roll-off and
low-insertion loss. A series-first topology is used so that each
filter presents an open-circuit characteristic in its stopband.
This ensures minimal cross-talk when filters are paralleled,
thereby maintaining high interport isolation. Additionally,
since the filters are implemented using lumped inductors and
capacitors, their passbands can be dynamically tuned. As
demonstrated in [46], varactor diodes and p-i-n diodes can be
used to tune capacitive and inductive elements, respectively,
enabling reconfigurability of the filtering antenna.

| Hy ()] = 3)

45715

GND

gve filtering

Monopole Antenna

Fig. 4. Application scenario of the active antenna hub: sharing a single
antenna by multiple communication systems.

III. SIMULATION AND MEASUREMENT RESULTS

Based on the design analysis, a prototype of the active
antenna hub for FM and DTV bands is fabricated. A pho-
tograph of the fabricated prototype is shown in Fig. 4. The
antenna configuration and circuit design follow the schematic
in Fig. 2, where an active filtering circuit is integrated with
a printed monopole antenna. The circuit is implemented on
the top side of the substrate, with all components soldered
in place. A high-electron mobility transistor (HEMT), model
NE3509M04, is employed as the OBT in the filtering circuit.
Copper wires are used to supply the DC bias voltage to
the circuit, and two SMA connectors serve as the signal
ports of the active antenna hub. To evaluate the prototype’s
performance, both electromagnetic and circuit simulations
are conducted. The electromagnetic structure is analyzed
using full-wave simulation software (HFSS), while circuit-
level simulations are performed in Cadence Microwave Office.
The monopole antenna is first modeled in HFSS, and its
radiation and impedance characteristics are extracted and
imported into the circuit simulator for co-simulation with the
OBT circuit and filters. Measurements are then carried out
to validate the simulation results. During the measurement
process, the antenna is biased using a DC voltage source.
The S-parameters of the active antenna hub are measured with
a Keysight N9951B vector network analyzer, and gain and
radiation patterns are evaluated in an anechoic chamber. To
measure gain, a standard procedure is followed using half-
wavelength dipole antennas, each fabricated to resonate at
specific test frequencies. The gain G, of the dipole antenna
is first measured in the chamber. A continuous-wave signal
is then transmitted by a signal generator through one of
the dipole antennas. An identical dipole, connected to a
spectrum analyzer, receives the signal, and the received power
is recorded as Pj. The receiving dipole is then replaced by
the active antenna hub, with the position and input power kept
unchanged. The received power at the active antenna hub is
recorded as P;. The realized gain of the proposed antenna is
calculated using the relation G = G; + P> — Pj.

The noise figure of the OBT matching circuit is measured
and presented in Fig. 5. The maximum noise figure of the
OBT circuit is 2.08 dB across the operating bandwidth. It is
important to note that the noise figure is higher than that of
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Fig. 5. Measured noise figure of the OBT matching circuit.

a typical low-noise amplifier (LNA) due to the ohmic-region
operation. However, the signal-to-noise degradation introduced
by the OBT circuit remains acceptable.

The simulated and measured S-parameters of the proposed
active antenna hub are shown in Fig. 6. As indicated by the
solid lines, the simulated S;; of the active antenna hub is
below —10 dB from 73 MHz to 110 MHz in the pass band,
while it approaches O dB in the stopband, demonstrating a
clear filtering response. Similarly, the simulated Sy, is below
—10 dB from 471 MHz to 769 MHz in the passband. The
measured S11 and S»2 are represented by the dashed lines.
Port 1 has a bandwidth from 74 MHz to 108 MHz, while port
2 spans from 476 MHz to 764 MHz. The measured results are
in well agreement with the simulations. Notably, S>; remains
lower than —45 dB and is approximately —60 dB across the
frequency spectrum. This high cross-band isolation is achieved
by the paralleled bandpass filters. To demonstrate the tunability
of the frequency window, we used two sets of element values
for the DTV filter and ran simulations on the antenna (Set 1:
Ly = Lys = 22 nH, Lyp = Lyg = 4.5 nH, Lz = 43 nH,
Cy1 = Cps=3.3 pF, Cjp = Cps = 11 pF, Cp3 = 1.5 pF; Set 2:
Lyy =Lys =15nH, Lyy = Lpy = 5.5nH, Lz =40 nH, Cy =
Cns = S pF, Cpp = Cpa = 12 pF, Cj3 = 2.2 pF). As illustrated
in Fig. 7, altering the element values in the DTV filter modifies
the frequency window of port 2, while having minimal effect
on the reflection coefficient of port 1. The simulation results
confirm that the frequency window of the proposed antenna
can be independently tuned.

The simulation and measurement results of the active
antenna hub gain are depicted in Fig. 8. The measurement
results display significant out-of-band suppression with a rapid
roll-off. At the FM band, port 1 of the proposed active antenna
hub exhibits a receiving gain of —19.2 dBi, with a roll-off
rate of 2340 dB/GHz at the lower edge and 1215 dB/GHz
at the upper edge. An out-of-band suppression of 60 dB is
observed, confirming its filtering response. Port 2, operating in
the DTV band, achieves a gain of 0.2 dBi, with roll-off rates of
388 dB/GHz at the lower edge and 244 dB/GHz at the upper
edge. The out-of-band suppression for port 2 exceeds 80 dB.
The measurement results validate that the active antenna hub
possesses a rapid roll-off and superior frequency-selective
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behavior. The coupling between ports is minimal, ensuring
highly effective suppression of cross-band interference. Based
on the simulation and measurement results, it is indeed true
that the antenna gain is lower in the FM band compared to
the DTV band. The primary reason for this gain reduction is
that at lower frequencies, the antenna has a smaller electrical
size. As a result, more electromagnetic waves resonate in the
near-field of the antenna, which are then deteriorated due to
the substrate loss (FR-4 epoxy). To mitigate this gain decay,
a feasible solution would be to use a low-loss substrate, such
as Teflon or Rogers.

The 3-D and 2-D radiation patterns are illustrated in Fig. 9.
Fig. 9(a) and (b) represent the simulated and measured radia-
tion patterns for port 1 at 80 MHz and 100 MHz, respectively,
while Fig. 9(c) and (d) showcase the radiation patterns at
500 MHz and 700 MHz fed from port 2. As observed, the
radiation patterns demonstrate a donut-shape, characteristic of
a small monopole antenna.

To highlight the merits of the proposed active antenna hub,
a performance comparison between this work and state-of-the-
art dual-band filtering antennas is presented in Table II. In the
table, Az represents the wavelength at the lower frequency edge
of the lower band, and Ayy represents the wavelength at the
upper frequency edge of the upper band. Among the designs,
References [28], [29], [30], and [38] realize structure filtering
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TABLE II
PERFORMANCE COMPARISON OF MULTIBAND FILTERING ANTENNAS

Reference  Bandwidths (%) Volume (iu.) Fre((liuﬂe;%;aﬁo Sug::;‘;:}gﬁ'zgs) rou-ol;::i: t()g;;iGHz) roll-oltjfl-)lP:tl;: t()glr;(/iGHz)
[36] 4.2/3.8 0.7X0.7X0.03 1.51 25/18 88.4/123.7 41.25/70.7
[35] 123/7.6 0.71X0.71X0.12 1.58 >17.7 29.6/26.3 101.4/26.6
[28] 2.7/3.3 1.05X1.03X0.02 14 38/28.6 131.7/237 79 /237
[29] 11.4/4.8 7.3X7.3X0.66 1.86 >15 11.3/32.7 18.6/36.5
[30] 7.7/ 14 0.34X0.34X0.13 1.52 >17 N.A./79.4 112.5/N.A.
[34] 23.7/13.9 0.24X0.24X0.18 2.16 20/30 35.8/43.4 21.2/58.3
[38] 3.1/9.2 0.41X0.28X0.05 1.5 >13 167/71.4 167/41.7
[39] 24/11.76 0.66X0.66X0.27 1.6 10 45.5/61.8 77.2/96.6

This work 37/46.4 0.014X0.009 X 0.00015 10.3 60 /80 2340/1215 388/244
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Fig. 8. Simulation and measurement results of the realized gain of the active
antenna hub.

antennas, while References [34], [35], [36], and [39] implement
feed filtering antennas. It is noticeable that the frequency ratio
of the previously proposed dual-band antennas is limited to
approximately 2, which does not meet the requirements of
diverse system applications. In contrast, benefiting from the
active filtering circuit based on OBT impedance matching,
the active antenna hub proposed in this work achieves a
much larger frequency ratio of 10.3, revealing its flexibility of
configuration and expansion. Additionally, owing to the small
antenna impedance matching capability of the OBT circuit, the
active antenna hub exhibits a significantly miniaturized volume.
The inclusion of 5th order Chebyshev filters in the active
filtering circuit ensures that the active antenna hub provides
superior out-of-band suppression and roll-off rates compared
to other filtering antennas reported in the literature.

To provide a comprehensive perspective of the Active
Antenna Hub against conventional filtering antennas, the pros
and cons are listed in a bulleted format as the followings.

1) Conventional Filtering Antennas [28], [29], [30], [31],
[32], [33], [34], [35], [36], [37], [38], [39]:

Pros: high efficiency, no DC power consume.

Cons: lack of configurability, limited dual-band frequency
ratio, narrow bandwidth, relatively large physical size.

2) Proposed Active Antenna Hub:

Pros: frequency window configurability, wide bandwidth,
electrically small size.

270

100 MHz

(a)

(b)

" -
e
| &
X Y
Co-pol. Sim. O Co-pol. Mea.
X-pol. Sim. O X-pol. Mea.
270 270

180
) 700 MHz

180
- 500 MHz

(©) ()

Fig. 9. Simulated and measured radiation patterns of the active antenna hub
at (a) 80 MHz, (b) 100 MHz, (c¢) 500 MHz, and (d) 700 MHz.

Cons: reduced efficiency due to circuit element loss, con-
sumes DC power.

It is notable that a single wideband antenna can cover the
desired bandwidth. However, directly connecting a wideband
antenna to multiple systems can lead to severe mutual coupling
between the systems, resulting in performance degradation.
In contrast, as illustrated in Fig. 5 of the manuscript, the
dual-band filtering antenna not only provides out-of-band
suppression for the systems but also achieves high port
isolation.
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Fig. 10. Demo system of the active antenna hub. (a) Schematic of the demo
system by sharing the active antenna hub with a DTV receiver and an FM
receiver. (b) Photograph of the demo system.

IV. DISCUSSION
A. System Demonstration

To validate the performance of the active antenna hub in
real-life scenarios, a system demonstration for simultaneous
FM and DTV signal reception is conducted. The schematic of
the system setup is illustrated in Fig. 10(a). Port 1 of the active
antenna hub is connected to an FM receiver, while port 2 is
connected to a DTV receiver. In this demonstration, the active
antenna hub receives the broadcasting FM and DTV signals
from the air, and the receivers decode and play the video
and audio, respectively. Fig. 10(b) presents the photograph
of the system in operation. The FM receiver successfully
demodulates the signal at 92.0 MHz, while the DTV receiver
receives the signal at 516 MHz. A video of the demonstration
is provided in the Supplementary Video. Utilizing the active
antenna hub, the video and audio outputs from the receivers are
clear and smooth, without noticeable noise or disruptions. This
system demonstration confirms that the active antenna hub
functions effectively in real-life scenarios, thereby validating
its practical application performance.

B. 3-Port Active Antenna Hub Extension

The framework of designing active antenna hub can be
extended to accommodate additional frequency windows by
adding paralleled bandpass filters in the active filtering circuit.
To demonstrate this flexibility, a 3-port active antenna hub
is designed for receiving FM, DTV and global navigation
satellite system (GNSS) signals. The active antenna hub
configuration is shown in Fig. 11(a). The antenna element is
identical to that used in the 2-port active antenna hub. A 3-port
active filtering circuit is integrated with the monopole antenna,
providing three output ports for FM, DTV and GNSS signals,
respectively. Fig. 11(b) illustrates the circuit diagram of the
3-port active antenna hub. In addition to the active filtering
circuit in the 2-port active antenna hub, an additional 5th order
Chebyshev filter for GNSS reception, is paralleled with the FM
and DTV filters. The circuit element values for the GNSS filter,
including Lg1 to Lgs and Cyy to Cygs, are listed in Table III,
with the remaining element values unchanged from those in
Table I.

The simulated S-parameters of the 3-port active antenna
hub are illustrated in Fig. 12(a). The S;; and Sy of the
active antenna hub are lower than -10 dB in the 73—-110 MHz
and 471-769 MHz bands, respectively, consistent with the
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Fig. 11. (a) Schematic of the 3-port active antenna hub operating at FM,
DTV and GNSS bands, respectively. (b) Circuit diagram of the 3-port active
antenna hub.

TABLE III
CIRCUIT ELEMENT VALUES IN FIG. 11(B)

OBT circuit FM filter DTV filter GNSS filter

Element Value |Element Value |Element Value |Element Value
R, 11 kQ Ly 180 nF L 22 nH Ly 732nH
Ry 120 Q Lp 24 nF Ly 45nH L, 097nH

R 11Q L 390 nF Ly 43 nH Ly 2?1.}216
Lq 180nH| Ly 24 nF Ly  45nH Ly  097nH
Cy 47 nF Lis 180 nF Lys 22 nH L,s 7.32nH
Cs 47 nF Cy 17 pF Cni 33 pF Cy  1.56pF
Vce 28V Cp 120 pF Chy 11 pF Co 43 pF
Cps 8 pF Chs 1.5pF Cys  0.53 pF

Cy 120 pF Cha 11 pF Ces 43 pF

Cis 17 pF Chs 33 pF Cys  1.56 pF

performance of the 2-port active antenna hub. S33 is lower than
—10 dB from 1.15 GHz to 1.64 GHz, covering the required
GNSS band. The isolation between the ports exceeds 50 dB.
The simulation results of the receiving gain are depicted
in Fig. 12(b). All 3 ports exhibit highly effective frequency
filtering responses with rapid roll-off. At the GNSS band, the
gain reaches 4.34 dBi, with a roll-off of 144 dB/GHz at the
lower edge and 108.5 dB/GHz at the upper edge.
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Fig. 12.  Simulation results of the (a) S-parameters and (b) realized gain.

The results confirm that the 3-port active antenna hub
effectively supports the reception of FM, DTV and GNSS
signals. Furthermore, all characteristics of the active antenna
hub can be customized to meet specific requirements. The
number of frequency windows is determined by selecting the
number of filters in the filtering circuit. The width and center
frequency of each frequency window can be independently
configured by adjusting the values of the filter elements. By
increasing the orders of the Chebyshev filters in the circuit, the
roll-off performance can be further enhanced. Additionally, as
discussed in [41] and [42], the frequency window distribution
range can be expanded by selecting a FET with a narrower gate
width, while the overall gain of the active antenna hub can be
increased by enlarging the passive antenna element. Through
this approach, an active antenna hub with arbitrarily distributed
frequency windows and adjustable receiving gain is achieved.
The novelty of the proposed Active Antenna Hub lies in its
shared-antenna architecture, which enables both bandwidth
and center frequency configurability without requiring signif-
icant hardware modifications. This flexible design supports
compatibility with multiple wireless standards and systems,
making it highly adaptable for scalable IoT deployments.
Additionally, the antenna maintains an electrically compact
form factor, allowing seamless integration into terminals of
various sizes and shapes. These features, combined with its
wide bandwidth and tunable frequency range, position the
Active Antenna Hub as a strong candidate for next-generation
IoT devices requiring dynamic, multiband operation in space-
constrained environments.

V. CONCLUSION

This article introduced the “Active Antenna Hub,” a scal-
able, compact RF front-end architecture for IoT devices.
By integrating a passive electrically small antenna with an
OBT impedance matching circuit and parallel bandpass filters,
the design enables broadband matching, effective out-of-band
suppression, and high-intersystem isolation. Unlike conven-
tional multiantenna systems, the Active Antenna Hub allows
multiple wireless systems to operate concurrently through a
shared, electrically small antenna, promoting hardware reuse
and easier adaptation to new frequency bands. To validate the
proposed concept, a dual-band prototype supporting FM and
DTV systems was designed, fabricated, and tested. System-
level experiments, including simultaneous FM and DTV signal
reception, confirm the feasibility and effectiveness of the
architecture. Furthermore, we discuss the extensibility of the
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design, demonstrating its potential to support additional ports
and frequency windows with ease. With its compactness,
flexibility, and scalability, the Active Antenna Hub is well-
suited for emerging IoT applications across smart cities [47],
industrial automation [48], consumer electronics [19], and
connected healthcare [49]. This work establishes a foundation
for further research and commercialization of shared-antenna
solutions in the IoT domain.
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