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Abstract— This paper proposes a simple and versatile 

distributed port model (a soft-type excitation source) for the 

standard finite-difference time-domain method. The model 

represents the port as a thin line formed by a sequence of mesh 

cell edges. The model allows for arbitrary port orientation, 

including orientations non-orthogonal to the mesh lines, without 

significant loss of simulation accuracy. The paper provides a 

detailed description of the proposed model and its 

implementation details. Specifically, the paper presents the 

modified electric field update equations that account for the port 

internal resistance, the soft-source excitation equation, and the 

equations for computing the port current and voltage. The model 

is validated by computing the parameters of an arbitrarily 

oriented patch antenna and a conformal phased array wrapped 

around a cylinder. Validation was performed using a custom-

developed finite-difference time-domain solver and a commercial 

solver based on the finite integration technique. The mean 

relative deviation of the computed parameters was less than 3%, 

confirming the validity and acceptable accuracy of the proposed 

model. 

Keywords— distributed port, discrete port, excitation source, 

finite difference time domain method, soft-type source.  

I. INTRODUCTION 

The finite-difference time-domain (FDTD) method is one 
of the widely used numerical methods for solving 
electromagnetics problems [1]. To excite simulated structures 
such as antennas and microwave devices, FDTD commonly 
employs ports, categorized into two main types: waveguide 
ports [2], [3], [4] and discrete ports [5], [6]. Waveguide ports 
are used to excite structures with a known field distribution, 
whereas lumped ports are employed when the source needs to 
be represented as a lumped or distributed element. Among 
lumped ports, the simplest implementation is the 
feed gap [7], [8], [9]. In FDTD, this type of port is defined as a 
one-cell-wide source placed between two conductors or in a 
gap in a thin wire. The feed gap is simple to implement; 
however, its accuracy is highly sensitive to the mesh cell size 
and spatial port orientation. The distributed port overcomes 
these drawbacks by dividing the excitation amplitude across 
several mesh cells located within a limited volume. Although 

implementations of the distributed port for FDTD exist in the 
literature [10], they are limited to cases where the source is 
oriented along the coordinate axes. In engineering practice, 
however, arbitrary (non-orthogonal to the coordinate axes) port 
placement is often required, for example when simulating 
wearable electronics, conformal phased arrays, bent microstrip 
structures, etc. The objective of this paper is to develop a 
simple and robust distributed port model with arbitrary 
orientation, suitable for simulating such structures. 

The remainder of this paper is organized as follows. 
Section II describes the proposed distributed port model and its 
key implementation details. Section III presents the results of 
the model validation using a patch antenna and a conformal 
phased array. Section IV describes the results of the work. 
Section V concludes the paper. 

II. DISTRIBUTED PORT MODEL 

According to the proposed model, the distributed port is 
represented as a virtual line defined by two arbitrary user-
defined points. The total excitation amplitude and the port 
internal resistance are distributed among the segments forming 
this line. Since in FDTD the source current density Jsrc is 
defined on the edges of Yee cells, the virtual line must align 
with mesh edges. Consequently, for an arbitrary-oriented 
distributed port, the line is approximated by a staircase polyline 
consisting of segments parallel to the coordinate axes. 

To obtain this staircase approximation, a greedy algorithm 
is used to find the shortest path between two points (Pstart and 
Pend) in a non-uniform mesh. The path selection considers not 
only cell dimensions but also the distance to the ideal virtual 
line connecting Pstart and Pend. The output of the algorithm is an 
ordered set of mesh cell indices corresponding to the x-, y-, and 
z-directions, along which the excitation is subsequently 
distributed. Fig. 1 shows the algorithm’s operation. 
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Fig. 1. Example of the greedy algorithm used for the staircase approximation 

(green) of the ideal virtual line (gray) connecting Pstart and Pend. 

As shown in Fig. 2, during the staircase approximation of 
the port line, short-circuited segments located directly along 
the conductor boundary can often arise. Including these 
segments in the distributed port can lead to simulation errors. 
Therefore, they must be removed. To remove such short-
circuited port segments, point-in-polygon algorithms can be 
used. Alternatively, redundant segments can be filtered based 
on the values of the electrical conductivity σ assigned to the 
Yee cell edges intersected by the port. 
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Fig. 2. Example of short-circuited segments (red) arising during the staircase 

approximation (blue) of the distributed port line. 

Following the removal process, the lengths of the 
remaining segments are summed to compute the total length L 
of the distributed port. The resulting value of L is then used to 
distribute the total internal resistance R of the port along its 
entire length. This is achieved by modifying the coefficients in 
the finite-difference update equations for the electric field 
components: 
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where Δt is the time step, ε0 is the vacuum permittivity, ε is the 
relative permittivity, i, j and k are the spatial indices of the field 

component, and A is the area of the cell around the port 
segment. 

To excite the distributed port, a time-varying signal S(t) 
must be applied to all its segments. To minimize reflections at 
the port location, the excitation is implemented as a soft 
source [5], [11] by adding the excitation current density Jexc to 
equation (1), as follows: 
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where V is the specified peak voltage amplitude at the 
distributed port. 

The resulting characteristics of the distributed port are 
computed using all of its constituent segments. The total 
current In at the n-th time step is calculated as the arithmetic 
mean of the currents Is in each of the S segments along the port 
line, which, in turn, are determined from the magnetic field 
components surrounding the segments: 
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The voltage response Vn at the distributed port is computed 
as the sum of the electric field intensities in each segment 
multiplied by the lengths Ls of those segments: 
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III. MODEL VALIDATION 

Validation of the proposed distributed port model has been 
performed. First, a simple rectangular patch antenna (Fig. 3) 
rotated by 30° about the z-axis was used as a test structure. The 
radiating element had dimensions of 30×40×3 mm, and the 
dielectric substrate with a relative permittivity of εr = 4 had 
dimensions of 60×60×6 mm. Due to the rotation of the 
structure, the distributed port exciting it was oriented non-
orthogonally to the mesh lines. Fig. 4 illustrates the hexahedral 
discretization of the test structure and the staircase-
approximated distributed port line. For the described test 
structure, the reflection coefficient |S11| and the time-domain 
voltage response at the port were computed. The results 
obtained using our FDTD solver and a commercial solver 
based on the finite integration technique (FIT) [12] with 
conformal mesh cells were compared. 
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Fig. 3. Test structure of the patch antenna rotated by 30° about the z-axis. 
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Fig. 4. Discretization of the patch antenna with hexahedral mesh cells. The 

black line indicates the approximate location of the staircase-approximated 
line of the distributed port. 

The frequency range for |S11| simulation was 0–10 GHz, 
and the voltage was computed over the interval from 0 to 
3.6 ns. A Gaussian pulse was used as the excitation signal S(t), 
and the mesh step size was λ/55. A uniaxial perfectly matched 
layer (UPML) [8] with a thickness of 10 mesh cells was used 
as the boundary condition. The computed frequency- and time-
domain results are shown in Fig. 5 and Fig. 6. 

-5

-4

-3

-2

-1

0

0 1 2 3 4 5 6 7 8 9 10

FIT

Our

|S
11

|, dB

Frequency, GHz
 

Fig. 5. Frequency dependences of |S11| for the patch antenna with the 

distributed port, obtained using FIT and our FDTD. 
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Fig. 6. Time-domain voltage responses at the distributed port of the patch 

antenna, obtained using FIT and our FDTD. 

As shown in Fig. 5 and Fig. 6, the results obtained with the 
proposed model and those computed by the commercial FIT-
based solver are in good agreement. The characteristics exhibit 
similar behavior and negligibly small differences in the 
extrema. The mean relative deviation δ between the two 
frequency dependences of |S11| is only 0.75%. For the time-
domain voltage responses, the value of δ is even smaller and 
does not exceed 0.42%. 

Next, a conformal phased array (Fig. 7) consisting of 2×5 
patch antenna elements was analyzed using FIT and our 
FDTD. The elements were square with 10-mm sides and were 
fabricated on 20×20-mm substrates with εr = 4. The phased 
array was placed around a cylinder with a diameter of 120 mm, 
meaning that each antenna element was tilted by 20° relative to 
the previous one. The gap between adjacent elements was set 
to 1 mm. For validation, the radiation patterns |E| of the phased 
array at a frequency of 12 GHz were computed and compared. 
A mesh with a step size of λ/35 was used. The distributed ports 
on all antenna elements were set as active with amplitudes of 
14.14 V, zero phases, and an internal resistance of 50 Ω. The 
obtained results are presented in Fig. 8. 
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Fig. 7. Test structure in the form of a conformal phased array consisting of 

2×5 patch antenna elements. 



  

|E|max = 22.7 V/m |E|max = 22.1 V/m 

   

Fig. 8. 3D radiation patterns of the conformal phased array at 12 GHz, 

obtained using our FDTD (left) and FIT (right). 

Fig. 8 shows that the results computed by the commercial 
FIT-based solver and our FDTD algorithm with the proposed 
distributed port model are in good agreement. The shapes of 
the 3D patterns are similar, and the amplitude values of |E| 
differ by less than 3%. Thus, the obtained results confirm the 
validity and acceptable accuracy of the proposed distributed 
port model, as well as its applicability to various 
electromagnetic problems. 

IV. RESULTS 

This paper proposes a simple and versatile distributed port 
model. A description of the model and the key aspects of its 
implementation in the standard FDTD algorithm is provided. 
The model has been validated. It was found that the mean 
deviation between the results obtained using FDTD with this 
model and those from a commercial FIT-based solver does not 
exceed 3%. This confirms the validity and acceptable accuracy 
of the model. 

V. CONCLUSION 

The key advantage of the model is the ability to place the 
port at an arbitrary position and orientation within the 
computational domain. This enables the simulation of complex 
structures such as conformal phased arrays, waveguide bends, 

and microwave devices on flexible substrates without the need 
to adapt their geometry to the computational mesh. To further 
improve the accuracy of the model, future work will focus on 
generalizing it for planar distributed ports with arbitrary 
orientation. 
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