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ABSTRACT: This paper presents a miniaturized broadband port-reuse microstrip circuit to address the challenges of bulky volume, ex-
cessive insertion loss, and parameter deviation superposition caused by discrete port design and discrete circuit design in the intercon-
nection between active phased array antennas and T/R components. Based on an integrated design methodology, the circuit achieves
band-pass filtering, bidirectional power coupling output, DC power supply port functionality, and RF/DC isolation through a single-port
interconnection. Experimental results demonstrate that the implemented circuit in Ku-band exhibits 13.5-15.18 GHz band-pass filter-
ing characteristics, bidirectional signal power monitoring capability, 0-12 V/2.5 A DC power supply functionality, and effective RF/DC
signal isolation. The measured results align well with theoretical predictions. This architecture demonstrates exceptional adaptability
and seamless integration capability, showing significant potential for large-scale deployment in various transceiver architectures such as

satellite communication systems.

1. INTRODUCTION

n today’s rapidly evolving information age, the functional-
Iity of communication and electronic devices is becoming in-
creasingly sophisticated, and correspondingly, circuit design is
growing more complex. Miniaturization has always been a cru-
cial direction in the development of complex communication
and electronic devices [1]. With the widespread adoption of
emerging technologies such as phased arrays, the demand for
device miniaturization has become even more pressing [2]. Tra-
ditional designs that rely on separate ports and discrete compo-
nents often occupy a significant amount of space, making it dif-
ficult to meet the requirements for miniaturization and high per-
formance. Achieving more functionality within limited space
while maintaining high performance and reliability has thus be-
come a major challenge for designers.

Active phased array antennas and T/R (Transmit/Receive)
terminals in systems require interconnection through multiple
ports and various cables to achieve signal filtering transmission,
DC power supply for active antennas, and power monitoring of
transmitted signals. However, due to space and size constraints
of the platform, issues such as large wiring volume and incon-
venient maintenance arise. The miniaturization of interconnec-
tions has always been one of the key focuses in the miniatur-
ization of phased array devices [3]. In recent years, research on
single-port multiplexing transmission of multiple signals has
been continuously increasing. By integrating circuit functions
through structural multiplexing and topological fusion, all sig-
nals can be transmitted through a single port. This allows for a
single cable connection between active phased array antennas
and T/R terminals in the system. This approach not only ef-

* Corresponding author: Tao Tang (tangt@swun.edu.cn).

doi:10.2528/PIERC25062701

65

fectively saves space and improves performance indicators but
also provides convenience for subsequent maintenance and up-
grades.

This paper innovatively proposes a miniaturized wideband
port-sharing microstrip circuit, which is integrated at the RF
(Radio Frequency) port of the T/R terminal. It enables single-
port and single-cable interconnection between phased array an-
tennas and T/R components, while simultaneously achieving
band-pass filtering, high current power supply at the antenna
end, and real-time bidirectional power coupling detection of
transmitted and received signals. This greatly simplifies the
interconnection method and optimizes space occupation. This
design not only significantly reduces the size and weight of the
circuit while enhancing performance but also offers excellent
scalability and compatibility, allowing for easy integration into
existing communication systems.

2. SCHEME DESIGN

The miniaturized wideband port-sharing microstrip circuit de-
signed in this paper achieves a single-port and single-cable con-
nection between the antenna end and T/R component end of
phased array devices through topological integration and struc-
tural fusion. Integrating this circuit at the signal port of the
T/R component allows for signal filtering, high current power
supply to active transmit and receive antennas, and real-time
bidirectional power coupling monitoring of the transmission
port. The traditional interconnection method is shown in Fig. 1.
In this scheme, an active antenna port is connected to a T/R
component port through power and RF cables, which transmit
power and RF signals separately. Inside the T/R component,
discrete filters and directional couplers are cascaded to achieve
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FIGURE 1. Schematic diagram of the traditional implementation method.

filtering and coupling detection. The overall circuit volume and
insertion loss are represented as follows:

Viotat = Viitter + ‘/coupler + Veable + AV
ILiotat = ILfjeer + ILcoupler + ILcaple + AIL

(M
2

where AV is the additional volume introduced by the cas-
caded matching structure, and AIL denotes the additional in-
sertion loss due to the matching network [4, 5]. While this dis-
crete combination can achieve the required functions, it has
two inherent drawbacks. First, the physical size and perfor-
mance deviation exhibit a linear superposition effect. Second,
impedance mismatch between cascaded structures may occur,
leading to an increase in insertion loss due to the addition of
impedance matching networks.

The wideband port-sharing microstrip circuit proposed in
this paper is shown in Fig. 2. The innovative design is pri-
marily reflected in three aspects: (1) The interconnection be-
tween active antennas and T/R terminals carries RF and DC
signals simultaneously through a single cable, thereby reduc-
ing the space occupied by interconnection cables; (2) The inte-
gration of comb-line coupling filters and coupler structures not
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FIGURE 2. Schematic diagram of the novel integration method.
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only effectively reduces the insertion loss of the circuit but also
prevents DC power from entering the T/R signal chain; (3) By
utilizing terminal open-circuit transmission line theory, the DC
input node is cleverly designed to achieve power supply within
the existing space without introducing additional circuit loss.
Based on the relationship between the discrete design size and
wavelength, the physical size of the new structure is reduced by
approximately 50% compared to the traditional solution under
the same operating frequency band [6, 7], while the insertion
loss is reduced by approximately 30%.

This design significantly reduces the volume of the original
interconnection method. When being used at the end of the
transmitter output signal, it can improve the transmitter’s effi-
ciency, reduce heat generation, and lower power consumption.
When being used at the front end of the receiver chain, it can
directly improve the receiver’s sensitivity and enhance its work-
ing performance [8, 9]. The reduction in size will bring consid-
erable benefits to the miniaturization design of transmitters or
receivers.

3. CIRCUIT DESIGN

3.1. Design of the Circuit Evolution Process

Traditional discrete port feeding designs, separate microstrip
filter designs, and separate microstrip parallel coupler designs
are numerous. Significant progress has been made in the re-
search and methods of miniaturization in recent years. This
paper does not elaborate on discrete design methods and pa-
rameter calculations but focuses on the research and design of
port sharing and structural fusion.

The implementation forms of separate designs for microstrip
filters, microstrip couplers, and microstrip port feeding tech-
nologies are diverse [10]. If an integrated design of the three
is required, it should be achieved through topological integra-
tion and structural fusion, as shown in Fig. 3. Among them,
Fig. 3(c) shows the integrated design of the port circuit. The
transmission and reception RF signals are transmitted from
port 1 to port 4, and the coupled monitoring signals are out-
put from port 3 (transmit signal) and port 2 (receive signal).
From the total port 1, according to the transmission line ter-
minal open-circuit impedance transformation theory, A is the

WWwWw.jpier.org



Progress In Electromagnetics Research C, Vol. 159, 65-69, 2025

PIER C

”H-ﬁrnununuﬂizgi}””_ﬂfg

FIGURE 3. Minimization multiplexing superposition process, (a) coupler, (b) filter, (¢) integrated design.

dielectric wavelength corresponding to the center frequency of
the RF signal. When the length between node 1 and node 5 is
A/4 and the length between node 5 and node 6 is A/4, the in-
put impedance Zj, at node 1 of the main channel can be made
equal to +o0o. Thus, the RF signal at this point in the branch
can be regarded as an open-circuit signal with full reflection,
avoiding power loss in the main signal channel of the port due
to the absorption or reflection by other branches or inductive
feeding circuits. Moreover, port 5 becomes an excellent DC
input port [11].

3.2. Circuit Implementation and Simulation

The proposed circuit utilizes an RO4350B substrate with a
thickness of 0.508 mm and a microstrip copper cladding thick-
ness of 2 ounces [12]. Through topological integration and
structural prototyping adjustments. The circuit integrates mul-
tiple functions, including high-current power supply (from P5
to P1), RF/DC isolation (from P1 to P4), bidirectional signal
level monitoring for both transmission and reception (from P1
to P2 or from P4 to P3), and band-pass filtering for both trans-
mission and reception signals (from P1 to P4). The relevant
structures and dimensions are shown in Fig. 4 and Tab. 1.
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FIGURE 4. The proposed microstrip circuit structure.

TABLE 1. The dimension parameters of the proposed microstrip circuit.

A | 2100 | C6 | 1.06 | D2 | 1.14 D9 | 0.75
B | 13.00 | C7 | 350 | D3 | 0.64 | D10 | 1.11
Cl | 7.71 C8 | 2.80 | D4 | 12.34 | D11 | 2.15
C2 | 3.13 C9 | 280 | D5 | 9.85 | D12 | 0.81
C3 | 380 | C10 | 0.30 | D6 | 7.14 E 1.14
C4 | 1.00 | C11 | 1.11 | D7 | 0.50
C5 | 5.10 D1 | 528 | D8 | 0.70
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FIGURE 5. Simulated results.

After modeling, analysis, and optimization, the simulated re-
sults are presented in Fig. 5. With port 1 excited at 14 GHz and
1 W, Fig. 6 depicts the surface current distribution of the multi-
plexed microstrip circuit. The primary signal undergoes band-
pass filtering along P1 to P4, while a secondary coupling route
emerges from P1 to P2. The observed current patterns confirm
the validity of the proposed design.

4. MEASUREMENT RESULTS AND ANALYSIS

The physical prototype is depicted in Figs. 7(a) and (b). As
shown in Fig. 7(c), S-parameters of the prototype were mea-
sured using Keysight’s vector network analyzer, which oper-
ated within a frequency range of 30 kHz to 26.5 GHz.

The response of the circuit’s S-parameters was recorded,
with the results presented in Fig. 8 and Tab. 2. The measured
results are in good agreement with the theoretical simulations.
However, there is a certain amount of drift in the filter passband

TABLE 2. The measured results of the proposed microstrip circuit.

Test Parameters Coupling Metric Results

Frequency (GHz) 13.5 14 14.5 15
Insertion Loss (dB) 147 | 1.23 | 1.26 1.58
Coupling (dB) 27 26 25 26.5
Test Parameters Filter Metric Results
Pass Band (GHz) 13.5-15.18

> 26 @10 GHz_13 GHz
> 28 @16.5 GHz-18 GHz
VSWR (dB) 1.82

Out of Band Rejection (dBc)

Temperature (°C) 25
Test Parameters Power Supply Results
Load Capacity 0-12V@2.5A
DC Blocking Blocked
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TABLE 3. Comparison with previous related works.

Num Article Frequency (GHz) Size (unit: mm) Integrated Function
1 Ref. [13] 2.7 about 50.0 x 16.5 Multi-Way Filtering Power Dividers
Frequency Division, Frequency Selection,

2 | Ref [14] | 1.05,140,1.72,2.05 | about5.7 x 2.8 dueney BIvision, Trequency
and Power Division

DC ly, RF DC isolation, bidirectional

3| This work 14.0 about 13.0 x 21.0 POWET SUppR, 1 - IsoTation, bidirectiona

power monitoring, Frequency Selection

JsurflA_per_m]
2.8644e+003
1.5184¢+0883
7.9642e+002
4.1995e+882

2.2144e+0802

1.1676e+862
6.1569e+001
3.2465+801
1.7119+881
9.8266e+000
4.7537e+000
2.5898¢+000
1.3234€+000
6.9782e-801

3.67966-801

1.9482e-001

1.9231e-001

FIGURE 6. The surface-current distribution.

FIGURE 7. The prototype and measurement environment, (a) top view,
(b) back view, (c) measurement setup.

and some deviation in the coupling compared to the simulated
values. By improving the manufacturing process and strictly
controlling the precision of the process, the performance errors
can be controlled within the acceptable range.

Table 3 shows a comparison of the proposed work with pre-
vious related works, from which it can be seen that our new
design has certain advantages.
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FIGURE 8. Measured results.

5. CONCLUSIONS

This study introduces a miniaturized wideband port-sharing
microstrip circuit designed to address the issues of large size
and compounded performance deviation in the interconnec-
tion between active phased array antennas and T/R compo-
nents. Utilizing an integrated design approach, the developed
circuit, when being integrated at the T/R component port, en-
ables simultaneous signal filtering transmission, DC high cur-
rent power supply, and bidirectional signal power monitoring
through a single port and a single cable. This design not only
significantly reduces volume, weight, and production cost but
also markedly enhances performance metrics, thereby improv-
ing the working performance of phased array transceiver de-
vices.

Experimental results indicate that the circuit can achieve
band-pass filtering in the Ku band, provide a 0-12 V/2.5 A DC
power supply, and monitor bidirectional signal power transmis-
sion. The measured results align with theoretical estimates,
thereby validating the circuit’s effectiveness and reliability.
The design concept presented in this paper is universal and
transferable. Future work will continue to explore the appli-
cation potential of this design approach in the multiplexing of
other microwave devices.
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