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ABSTRACT
This paper presents a compact ultra‐wideband (UWB) power divider that uses microstrip lines to achieve stable performance over a 
wide frequency range. The circuit is designed for wideband operation as well as being easily fabricated using standard FR‐4 substrate. 
Simulation results show that a bandwidth of 5.38 GHz is achieved in the frequency range of 1.6–7.0 GHz and the minimum S11 value is 
–31.78 dB. The measured transmission coefficients (S21 and S31) are in close agreement with the simulated data, both around –3.56 dB, 
confirming consistent power splitting. The proposed design has been optimized through a detailed parametric study and demonstrates 
improved isolation and reduced reflection while maintaining simple rectangular geometry. Compared with previous multilayer or 
high‐cost laminate designs, the proposed FR‐4‐based divider achieves 125% fractional bandwidth and high fabrication tolerance while 
maintaining a simple geometry suitable for wide‐band microwave and communication systems.

1 | Introduction 

Ultra‐wideband (UWB) power dividers are passive RF components 
that split input signals into multiple outputs and are designed to 
operate over several gigahertz of bandwidth. They are widely used 
in multi‐band RF front ends, modern communication systems, 
radar networks, antenna arrays, and measurement setups [1–5]. In 
wideband applications, parameters such as impedance matching, 
return loss (RL), isolation, and power balance are critical to 
achieving high efficiency and accurate signal division. Therefore, 
the design of wideband power dividers directly affects the overall 
performance of RF systems.

Several studies have been reported in the literature to improve the 
performance and bandwidth of UWB power dividers [6–12]. For 
instance [13], proposed an efficient out‐of‐phase divider with less 
than 0.5 dB insertion loss (IL) and a 3.1–10.6 GHz bandwidth. A 
dual‐band Wilkinson divider was developed in [14] using even‐ 
mode analysis, operating precisely at 1 and 2 GHz. In [15], bandpass 
filters employing uniform and step impedance resonators were 

introduced to direct different frequency components to separate 
output ports. A neuro‐based miniaturized Wilkinson divider in [16] 
achieved nearly 50% size reduction while suppressing unwanted 
bands. The work in [17] introduced a five‐resonator design pro
viding high isolation and signal filtering, while [18] demonstrated a 
tapered‐line structure that improved impedance matching and 
achieved a bandwidth of 2.0–10.2 GHz with 15 dB RL. In [19], a 
Gysel‐type divider offered adjustable power ratios by tuning cou
pling strength and placing transmission zeros for sharp filtering. A 
multilayer divider with 85% relative bandwidth and strong 
common‐mode suppression was introduced in [20]. However, its 
complex three‐layer structure resulted in increased fabrication dif
ficulty and height.

In [21], an alternative Wilkinson design was proposed, using multi‐ 
mode resonators and parallel‐coupled lines instead of conventional 
λ/4 transformers, achieving approximately 78% fractional band
width (FBW) but at the cost of added structural complexity. Simi
larly [22], presented a square‐ring multiple‐mode resonator divider 
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with 109% FBW and ~3 dB IL, while [23] utilized open‐circuited 
stubs and coupled lines to realize 97% FBW. A more complex 
multilayer aperture‐backed interdigital structure was introduced in 
[24], achieving 109% FBW, and [25] demonstrated a broadside‐ 
coupled multilayer microstrip divider with 109% FBW and 
4.77 dB IL.

Most of the previously reported UWB dividers rely on multi
layer configurations or costly high‐performance substrates such 
as RO4003 and RT5880 to achieve wide bandwidth. In contrast, 
this work highlights a single‐layer FR‐4 application that main
tains UWB performance while offering high fabrication toler
ance to dimensional changes, making it highly practical for low‐ 
cost mass production. The proposed circuit provides wideband 
operation from 1.6 to 7.0 GHz (125% FBW), showing good 
agreement between simulation and measurement and main
taining stable output balance. The complete design process, 
simulation results, fabrication, measurement, and parametric 
analysis are presented in the following sections.

2 | Theoretical Analysis 

Power dividers are essitial passive components in RF and micro
wave engineering and are designed to split an input signal into two 
or more output signals. They play an important role in commu
nication systems, measurement setups, and antenna networks that 
require wide‐band signal distribution. The operating principles of 
the proposed design is based on the conventional Wilkinson type 
divider, which provides equal power distribution and good 
impedance matching through a λ/4 impedance transformer.

The basic theoretical relationships that show the operation of a 
two‐way power divider are summarized below [26].

Calculation of line impedance (ZL):

Z Z=
2
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The formulas given use various symbols to represent certain 
parameters. In this context, Z0 represents the characteristic 
impedance of the transmission lines. RL is used to indicate the 
load resistance, which represents the resistance connected to 
the output ports. Pin indicates the input power, which is the 
power supplied to the system. Additionally, Pout1 and Pout2 

represent the output powers at Port 1 and Port 2, respectively, 
indicating the power distributed to these respective ports.

The theoretical λ/4 transformer confirms impedance matching 
between the input and output ports, while the resistive network 
provides isolation and suppresses reflections. In the proposed UWB 
configuration, these relationships were used as initial design con
straints, and further parametric optimization in Sonnet software 
adjusted the geometry to maintain low reflection and equal output 
levels over the 1.6–7.0 GHz band. The combination of analytical 
design and EM‐based optimization provides wide‐band load 
matching and stable amplitude balance.

3 | Design and Analysis of the Equal Power 
Divider 

During the initial design phase, each side of the structure was 
symmetrical by removing various sections. The etched areas 
between the two output ports were then combined to improve 
isolation and reduce reflections. When these previously dis
connected sections were directly connected, simulation results 
showed a significant improvement in the overall amplitude 
response. After the connection was completed, impedance match
ing was performed at the two output ports to make sure equal 
power division.

It was observed that long and narrow microstrip sections 
obstructed current flow at certain frequencies and cause 
unwanted reflections. Therefore, most of these long strips were 
removed to reduce S11 and increase the stability of S21 and S31 

FIGURE 1 | Proposed design layout. (a) Parametric dimensions (b) 3D view. 
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by approximately −3.0 dB across the operating band. This 
optimization improved both bandwidth uniformity and power 
balance between the output ports.

Figure 1a shows the top view layout of the proposed power divider 
with key geometric parameters labeled as a, b, c, and d. These 
parameters were determined to have the most significant impact 
on the device performance and manufacturing accuracy. They 
were selected for the parametric analysis which will be presented 
later in the measurement and tolerance study section. Figure 1b
shows the port numbering: Port 1 is the input, while Ports 2 and 3 
correspond to the output ports that transmit the divided signals.

The simulated S‐parameters of the proposed divider are pre
sented in Figure 2. As can be seen from the figure, the design 
provides a wide and stable operating bandwidth suitable for a 
various RF and microwave applications. The proposed power 

divider operates effectively between 1.62 and 7.0 GHz and 
provides a bandwidth of 5.38 GHz. This performance represents 
a significant improvement over many conventional power 
dividers, which typically have narrower bandwidths and are less 
suitable for wide‐band signal processing.

To further analyze the electromagnetic behavior, current dis
tribution simulations were performed using the Sonnet software 
at selected frequencies. These analyses provided insight into 
how the proposed geometry supports broadband operation and 
uniform field distribution. Figure 3 illustrates the current dis
tribution at 1.84 GHz, where different colors indicate varying 
current densities along the transmission lines. The results 
confirm that the optimized geometry ensures efficient current 
flow and uniform power distribution between the output ports, 
validating the effectiveness of the structural modifications.

FIGURE 2 | Simulated result of S‐parameters of the proposed power divider. 

FIGURE 3 | Current distribution at 1.84 GHz. 
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4 | Measurement Results and Parametric Study 

The proposed divider was fabricated on a double‐sided copper‐ 
clad FR‐4 laminate with a thickness of 1 mm. FR‐4 was chosen 
because it is widely used in practical RF and microwave circuits 
due to its low cost and widespread availability. The circuit was 
fabricated using a high‐precision LPKF milling machine, that 
precisely removed unwanted copper areas according to the 
design layout. The design file was transferred as a Gerber file to 
the milling machine and the layout pattern was precisely milled 
to form the microstrip structure. After the milling process, the 
fabricated circuit was carefully separated from the main FR‐4 
panel.

During assembly, the SMA connectors were soldered to the 
ports. The upper ground pins of the SMA connectors were 
shorted to prevent possible short circuits between the ground 
and signal lines. Since output ports were located near the circuit 
edges, the connectors were connected slightly away from 

boundaries to maintain mechanical clearance and minimize 
parasitic effects. The fabricated prototype and the measurement 
setup are shown in Figure 4. The image was taken prior to the 
experimental analysis.

The measured S‐parameters of the fabricated prototype are 
presented in Figure 5. The measured S21 shows a similar trend 
to the simulated results, indicating that the design performs as 
expected. The small difference observed between simulation 
and measurement is mainly due to the dielectric and conductive 
losses of the FR‐4 substrate. This substrate is known to have 
relatively high loss tangent at microwave frequencies. However, 
the divider maintains its satisfactory performance over the en
tire operating range.

To evaluate the effect of fabrication tolerances, parametric analysis 
was performed by varying four critical geometrical parameters, 
denoted as a, b, c, and d. Each parameter was adjusted within 
practical limits to observe its effect on bandwidth and magnitude 

FIGURE 4 | Fabricated power divider and measurement setup. 

FIGURE 5 | Measurement results of S‐parameters. 
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TABLE 1 | Effect of the dimension a.

Dimension (mm) Frequeny range (GHz) Magnitude (dB) Bandwidth (GHz)

1.1 mm 1.62–7.0 3.66–4.63 5.42
1.3 mm 1.64–7.04 3.66–4.65 5.4
0.9 mm 1.62–7.0 3.65–4.62 5.38
0.7 mm 1.58–6.94 3.64–4.62 5.36
0.5 mm 1.6–6.94 3.65–4.6 5.34

TABLE 2 | Effect of the dimension b.

Dimension (mm) Frequeny range (GHz) Magnitude (dB) Bandwidth (GHz)

2.0 mm 1.6–7.0 3.63–4.64 5.4
1.9 mm 1.62–7.02 3.66–4.63 5.4
1.8 mm 1.64–7.02 3.65–4.64 5.38
1.7 mm 1.62–7.06 3.65–4.64 5.44
1.6 mm 1.6–7.04 3.65–4.65 5.44

TABLE 3 | Effect of the dimension c.

Dimension (mm) Frequeny range (GHz) Magnitude (dB) Bandwidth (GHz)

5.9 mm 1.6–7.08 3.65–4.66 5.48
5.8 mm 1.6–7.06 3.67–4.67 5.46
5.7 mm 1.62–7.02 3.66–4.63 5.4
5.6 mm 1.64–7.0 3.65–4.61 5.36
5.9 mm 1.64–6.98 3.66–4.63 5.34

TABLE 4 | Effect of the dimension d.

Dimension (mm) Frequeny range (GHz) Magnitude (dB) Bandwidth (GHz)

1.2 mm 1.64–6.88 3.67–4.62 5.24
1.4 mm 1.64–6.96 3.65–4.64 5.32
1.6 mm 1.62–7.02 3.66–4.63 5.4
1.8 mm 1.62–7.08 3.65–4.66 5.46
2.0 mm 1.62–7.12 3.63–4.66 5.5

Note: The results show that the bandwidth remains approximately constant (5.3–5.5 GHz) even with small geometric changes. This confirms that the design is tolerant to 
typical manufacturing deviations. This characteristic makes it suitable for low‐cost PCB production without requiring sub‐millimeter fabrication precision.

TABLE 5 | Comparison between the proposed design and selected studies.

Refs. Bandwidth (GHz) FBW (%) RL (dB) IL (dB) Dimensions (mm) Substrate Topology

[16] 1–3.5 111 > 10 > 4 14.2 × 16.3 RT5880 Filtering‐type
[22] 3.1–10.6 109 > 10 ~3 20 × 30 RO4003B Multimode
[23] 3.5–10.1 97 > 10 ~3 n/a × 35 RT6010 Single layer
[24] 3.1–10.6 109 > 10 ~3 20 × n/a RT5880 Multilayer
[25] 3.1–10.6 109 > 17 4.77 20 × 30 RO4003C Multilayer
This work 1.6–7 125 > 15 3.5 23 × 37 FR4 Single layer

response. The simulated results are summarized in Tables 1–4. 
These results demonstrate the robustness and manufacturability of 
the design. Moderate parameter variatios cause only minor changes 
in the bandwidth and IL.

Table 5 compares the proposed design with previously reported 
UWB dividers in terms of bandwidth, FBW, RL, IL, physical 
dimensions, substrate, and topology. The proposed divider 
achieves the widest FBW (125%) among comparable single‐ 
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layer microstrip structures, with RL better than 15 dB and IL 
around 3.5 dB. The compact size (23 × 37 mm) and low‐cost 
FR‐4 substrate further highlight its practical advantages over 
complex or multilayer designs. As seen in Table 5, the proposed 
design outperforms previous single‐layer configurations in both 
bandwidth and manufacturability, while maintaining compact 
dimensions. Its high FBW, good RL, and consistent power 
balance make it a strong candidate for cost‐sensitive RF and 
microwave applications such as broadband communication and 
measurement systems.

5 | Conclusion 

In this study,a compact UWB power divider is presented that 
combines several advantageous features such as reduced phys
ical size, easy fabrication, and high tolerance to manufacturing 
errors. Implemented on a single‐layer FR‐4 substrate, the design 
provides 125% FBW from 1.6 to 7.0 GHz while maintaining 
approximately 3.5 dB IL and better than 15 dB RL across the 
band. The parametric study shows that small dimensional 
variations have minimal effect on performance. This confirms 
the design's robustness and suitability for low‐cost mass pro
duction. Simulation and measurement results show good 
agreement. This validates the accuracy of the electromagnetic 
modeling and confirms stable power division over the entire 
frequency range. Compared with previously reported designs, 
the proposed design achieves a wider bandwidth and improved 
manufacturability using a simple single‐layer layout without 
utilizing to multilayer or high‐cost laminates. With these 
characteristics, the proposed UWB power divider represents a 
practical and efficient solution for broadband applications such 
as cellular networks, Wi‐Fi and WLAN networks, radar front 
ends, antenna feed networks, and satellite communication 
links.
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