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Abstract – This paper presents a theoretical method to
estimate the pulse radiation characteristics of Vivaldi
antennas. Based on the surface current distribution and
the ultra-wideband radiation principle, Vivaldi antenna
is equivalently modeled as a dipole array, and the pulse
radiation characteristics of a single Vivaldi antenna are
brought out utilizing the spatial superposition approach.
Then, the influences and results of the Vivaldi antenna
pulse characteristics prediction with different construc-
tion ways of the dipole array and element numbers are
furthermore investigated. Next, a quadratic spatial super-
position technique is employed to complete the theo-
retical prediction for time-domain radiation characteris-
tics of Vivaldi antenna arrays. Experiments and simu-
lations are conducted separately to verify the proposed
method for both single Vivaldi antenna and array. The
validated results demonstrate that the dipole array-based
theoretical prediction method can effectively capture the
pulse radiation characteristics for both individual Vivaldi
antenna and array operating in different modes, thereby
addressing challenges associated with estimating radia-
tion characteristics in ultra-wideband pulse applications.

Index Terms – Antenna array, beam scanning, dipole
array, pulse radiation characteristics, Vivaldi antenna.

I. INTRODUCTION
The Vivaldi antenna, also known as the tapered slot

antenna, is a planar end-fire antenna initially proposed
by Gibson in 1979 [1]. Owing to its exceptional char-
acteristics of ultra-wideband operation, high gain, low
profile and excellent directivity, it has garnered signif-
icant attention and extensive applications in the field
of radio communication technology [2–10]. Particularly,
the attributes of stable phase center behavior, easy inte-
gration capability and cost-effectiveness exhibited by the
Vivaldi antenna render it highly suitable for time domain
radiation applications such as through-wall radar [11–
12], ground-penetrating radar [13–14], non-destructive

testing [8, 15] and biomedical imaging [16–18]. In
comparison to traditional pulse radiation antennas like
TEM horn antennas [19–20] or IRA [21–22], the Vivaldi
antenna offers numerous advantages. Furthermore, akin
to most antennas, Vivaldi antenna can be employed
as array elements. Radiation gain enhancement can be
achieved while enabling functionalities like beamform-
ing and beam-scanning through precise control of exci-
tation timing [23–34]. However, despite the remark-
able advantages mentioned above, this type of antenna
also encounters several technical challenges. Foremost
among them is accurately calculating the radiation char-
acteristics of Vivaldi antenna array in time domain. The
absence of clear field distribution function poses diffi-
culties for large-scale synthesis and beamforming oper-
ations on Vivaldi antenna arrays [25], thereby signifi-
cantly limiting the engineering realization and practical
application.

The computational electromagnetics methods and
commercial electromagnetic simulation software can
accurately compute the radiation characteristics of the
array antennas [26–28]. However, when dealing with
very short excited pulses and excessively large array
scales, the computation grid number becomes too
large, leading to significant consumption of computing
resources and time due to limitations in computer hard-
ware conditions. Consequently, the calculation efficiency
becomes extremely low or even impractical. In order to
address this challenging issue associated with calculat-
ing radiation characteristics for large-scale array anten-
nas, Pozar proposed the active element pattern method
[29], which predicts the total radiation field by combin-
ing the active patterns of each array element using super-
position principles. Building upon this approach, Yang
introduced the subarray equivalent extrapolation method
[30] to enhance computational efficiency for determin-
ing array antenna radiation characteristics. Zhang et al.
applied the active element pattern method to calculate
time-domain patterns for TEM horn antenna arrays [31].
Although widely utilized and validated, employing the
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active element pattern method requires extensive data
measurement efforts that are labor-intensive, costly and
tedious. Additionally, when there are changes in excita-
tion pulse waveforms, re-measurements become neces-
sary. Theoretical predictions have also been explored in
relevant studies. For instance, Mikheev et al. derived an
electric field calculation formula based on electromag-
netic tensor methods for arbitrary wire antennas [32],
enabling prediction of radiation characteristics for wire
antenna arrays through superposition principles. Refer-
ence [33] has employed multiple reflection theory-based
estimations to determine time-domain radiation charac-
teristics of bowtie antennas. Theoretical methods, how-
ever, are confined to a subset of radiating antennas with
relatively simplistic structures that lend themselves to
analytical solutions.

To summarize, the theoretical prediction method
stands out as the most cost-effective and ideal approach,
primarily based on calculating the time-domain radiation
field of a single antenna and employing spatial superpo-
sition principles. The spatial superposition process takes
into account the influence of array factors, thereby elim-
inating the need for additional extraction of array fac-
tor. Therefore, accurately predicting the radiation char-
acteristics of an array antenna in the time domain hinges
upon precisely calculating the radiation field of the array
element. This paper proposes a dipole array-based theo-
retical method for predicting radiation characteristics of
Vivaldi antennas and their array in time-domain, build-
ing upon surface current distribution and wideband radi-
ation principles, and verified by experiments and numer-
ical simulation. This paper is organized as follows. The
first section is the introduction, the second section out-
lines prediction concepts and implementation processes,
the third section presents the verification, and the final
section is the conclusion.

II. PREDICTION METHOD
Figure 1 illustrates the typical Vivaldi antennas,

coplanar Vivaldi and antipodal Vivaldi [34], respectively.
The sole distinction lies within the feeding structures,
while the radiation principle remains unaltered. In accor-
dance with the theory of time-domain electromagnet-
ics, the pulse radiation characteristics of the antenna can
be acquired utilizing the Maxwell’s equations and time-
domain retarded potential after determining the antenna
surface current distribution. However, for most UWB
pulse radiating antennas, the time-domain surface cur-
rent distribution is so complicated that there are chal-
lenges in providing an analytical solution. Therefore, it
is imperative to reasonably approximate and solve for
the current distribution in order to address this prediction
problem.

Fig. 1. Typical Vivaldi antennas: (a) coplanar Vivaldi and
(b) antipodal Vivaldi.

Firstly, the investigation focuses on the antenna sur-
face current distribution. Figure 2 illustrates the current
distribution at typical frequency points of the two Vivaldi
antennas, obtained using the time-domain finite integral
techniques.

Fig. 2. Current distributions of the Vivaldi antennas in
typical frequency points.

Figure 2 qualitatively demonstrates that the surface
current of the Vivaldi antenna is primarily concentrated
along the exponential gradient edge of the radiation
patch, with minimal contribution from other positions on
the patch. Consequently, it can be inferred that the pri-
mary path of the surface current flow corresponds to this
exponential gradient line. Therefore, the Vivaldi antenna
can be considered as a curvilinear radiator composed of
two exponential gradient lines, as illustrated in Fig. 3.

The simplification of the solution difficulty is greatly
facilitated by the equivalence based on surface current
distribution. Upon examining the operating principle and
radiation process of Vivaldi antenna, it becomes appar-
ent that the ultra-wideband feature stem from the varied
length between the gradient slots, radiating electromag-
netic waves with distinct wavelengths while preserving
relatively stable phase centers [35]. Thus, the equivalent
curvilinear radiator shown in Fig. 3 can be further mod-
eled by a dipole antenna array, as plotted in Fig. 4.

In order to elucidate the estimation idea more
clearly, Fig. 4 only employs an array consisting of
three dipole elements to simulate the Vivaldi antenna.
It is worth noting that the array with multiple elements
can also be utilized, wherein the curvilinear radiator is
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Fig. 3. Vivaldi antennas and the equivalent curvilinear
radiators: (a) coplanar Vivaldi and (b) antipodal Vivaldi.

Fig. 4. Utilizing the dipole array to model the curvilinear
radiator and the primary path of the surface current flow.

divided into several segments and each segment corre-
sponds to an equivalent dipole antenna at the respec-
tive position. However, it should be emphasized that this
dipole array differs from the conventional arrays in terms
of the spatial distribution of the array elements, which
follows the exponential gradient lines of the Vivaldi
antenna. Moreover, unlike independently feeding ele-
ments in traditional arrays, current propagates along the
previous dipole element towards the end and then contin-
ues into the subsequent dipole element. The total length
of all elements of the dipole array matches that of the
dimensions in the E-plane of the Vivaldi antenna. Over-
all, this equivalence effectively divides a dipole antenna
with the length identical to the E-plane size of Vivaldi
antenna into smaller dipoles, distributed according to
the exponential gradient line structure characteristics of
Vivaldi antenna. From the perspective of current ele-
ment, when the element number of the dipole array is
sufficient, the dipole array can be regarded as a col-
lection of current elements, which is equal to solve the
radiation characteristics of Vivaldi antenna utilizing the
current element analysis. In fact, the Vivaldi antenna is
considered as the dipole array in y direction, disregard-
ing the x component current of the curvilinear radiator.
This is because, from an external viewpoint, the current
flows in the x-direction on the upper and lower poles

of the curvilinear radiator are opposite, and the contri-
bution to the field on the yoz plane is zero. For other
field points, the contribution of the x component remains
negligible.

The above-mentioned equivalence simplifies the
radiation characteristics prediction of the Vivaldi antenna
to the calculation of the radiated field of a dipole array
in time-domain, the foundation of which is the pulse
radiation of a single dipole antenna. Figure 5 illustrates
the radiation process of the dipole antenna, which is
positioned along the y axis. To differentiate the source
point and field point, the coordinates of source points are
attached by a superscript s.

Fig. 5. Radiation process of the dipole antenna.

According to the theory of multiple reflections, the
frequency domain current distribution of dipole antenna
can be elegantly expressed as [36]:

−→
I (l,ω) = I0 (ω)

e− jkl +Γ2e− jk(2L−l)

1−Γ1Γ2e− jk2L , (1)

where I0 represents the amplitude of excitation current,
k is the propagation constant, l refers to the distance
between the current element and the feeding point of
dipole, L denotes the length of dipole arm, and Γ1 and
Γ2 stand for the reflection coefficients at the feeding and
terminal end, respectively.

The current distribution reveals that the magnetic
vector potential in the y-direction at the field point −→r
is:

−→
A (−→r ,ω) =

µ0I0 (ω)

4π

∫
2L

e− jkl +Γ2e− jk(2L−l)

1−Γ1Γ2e− jk2L
e− jkR

R
dl,

(2)
where R is the distance between field and source points:

R =

√
(x− xs)

2 +(y− ys)
2 +(z− zs)

2
∣∣∣∣for dipole

xs=0,zs=0
. (3)

The magnetic field at the field point can be derived
from equation (2), thereby enabling us to ascertain the
components of the electric field in each direction:
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−→
E (−→r ,ω)x =

I0 (ω)(x− xs)

j4πωε0

∫ L

−L
i(R, l)(y− ys)aRdl,

(4)

E⃗ (⃗r,ω)y =
I0(ω)

j2πωε0

∫ L

−L
i(R, l)bRdl

− I0(ω)z2

j4πωε0

∫ L

−L
i(R, l)aRdl (5)

− I0(ω)(x− xs)
2

j4πωε0

∫ L

−L
i(R, l)aRdl,

−→
E (−→r ,ω)z =

I0 (ω)z
j4πωε0

∫ L

−L
i(R, l)(y− ys)aRdl, (6)

where the mentioned functions are designated as:
i(R, l) =

e− jk(R+l)+Γ2e− jk(2L+R−l)

1−Γ1Γ2e− jk2L

aR =−k2R−3 +3 jkR−4 +3R−5

bR = jkR−2 +R−3

. (7)

By performing the inverse Fourier transform on
equations (4-6), the corresponding radiation field in
time-domain of the dipole antenna can be acquired, and
the electric field in y direction is the principle polarized
component, which is the subsequent focus to be investi-
gated.

A simple verification to the theoretical calculation of
the radiation field for dipole antenna is presented below,
employing the time-domain finite integral techniques. As
marked in Fig. 5, a dipole is positioned along the y direc-
tion with the pole length of 15 cm and the feeding gap of
4 mm. Utilizing a Gaussian pulse with pulse width of 0.6
ns shown in Fig. 6 as the excitation, the principle polar-
ized electric field at the field point (5,0,0) is obtained, as
plotted in Fig. 7.

Fig. 6. Excitation pulse with pulse width of 0.6 ns.

The radiated electric field waveforms of the dipole
antenna obtained by the prediction method, as depicted

Fig. 7. The normalized principle polarized electric field
waveform at the field point (5,0,0).

in Fig. 7, exhibits remarkable concordance with the
numerical results with the pulse mean square error of
0.43. Only a slight discrepancy in pulse duration is
observed. This variation is primarily attributed to the
pole radius of the dipole. Current concentration occurs
along the dipole axis during the equivalence process,
while the practical current is distributed across the dipole
surface, thereby inducing a certain degree of broadening
on the radiated electric field waveform.

The pulse radiation characteristics of a dipole array
can be obtained by combining the radiation field of a
single dipole with the principle of spatial superposition.
However, for the dipole antenna array proposed and con-
structed in this paper, slight deviations in the calcula-
tion of radiation field arise due to differences in feeding
ways and structure. These deviations are manifested in
the integral range. For the ith element in Fig. 4, the inte-
gral range of [-L,L] in equation (5) should be replaced by
[-yi+1,-yi] and [yi,yi+1], while the pole length L remains
unchanged. That means, the current distribution of the
ith element is equal to that on the corresponding position
of the dipole with total length of 2L, reflections resulted
by the feeding gap and the terminal end of the dipole
with length of 2L has been taken into account. More-
over, the reflections present in the current distribution on
the ith element are generated by both the feeding gap
of the first element dipole and the terminal end of the
nth element dipole. And the positional difference among
array elements has already been considered through R in
equation (5).

According to the radiation process, there exist two
approaches for calculating the radiation field of the pro-
posed dipole array. The first approach involves direct
superposition, whereby the radiation field generated by
each individual dipole element at the designated point is
considered. Consequently, the overall radiation field of
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the dipole array can be determined:
−→
E a (

−→r , t) =
n

∑
i=1

−→
E i (

−→r i, t) , (8)

where −→r i refers to the position vector of the field point
−→r relative to the feeding center of the ith element.

A more sophisticated approach involves treating the
dipole array as an individual dipole, thus solving the
radiation field of each segment. Subsequently, spatial
superposition is performed while considering the time
delays determined by the actual distance between field
and source point:

−→
E a (

−→r , t) =
n

∑
i=1

−→
E di (

−→r , t − tdi) , (9)

where tdi indicates the relative time delays of the array
elements.

Take an antipodal Vivaldi antenna with the dimen-
sions of 200 mm ×300 mm as an example. Figure 8 illus-
trates the antenna model and the excitation pulse with the
upper frequency limit of 3 GHz.

Fig. 8. Antipodal Vivaldi antenna and the excitation
pulse.

Employing the aforementioned prediction method,
the normalized electric field waveform in the principle
polarized direction at the distance of 5 m along the main
axis of the Vivaldi antenna is obtained, as depicted in
Fig. 9. Subsequently, a comparison was made with the
numerical results.

As observed in Fig. 9, the main pulse features of
the predicted radiation waveform are in good agreement
with the simulated results, except for a slight discrepancy
in the tail oscillation. The corresponding pulse mean
square error is 0.28. This can be attributed to the differ-
ent treatment of the reflections at the feeding and termi-
nal end in the simplified equivalent process, compared
to the actual radiation. However, these predictions ade-
quately meet the requirements for capturing the primary

Fig. 9. Normalized radiated waveform at a distance of 5
m along the main axis of the Vivaldi antenna.

pulse characteristics. Furthermore, the impact of various
dipole array elements on the radiation field of Vivaldi
antenna is investigated. As depicted in Fig. 10, a com-
parative analysis is conducted to examine the predicted
results of the radiation field with different dipole array
elements.

Fig. 10. Radiation field waveforms estimated by dipole
array with different element numbers.

As illustrated in Fig. 10, the discrepancy between
the theoretically estimated radiation waveforms and the
numerical results diminishes with the increase of the
dipole array element number, denoted as n. This con-
vergence can be attributed to the increasing equiva-
lence between the proposed dipole array and the gradient
curve, aligning with expectations. It is well established
that the time-domain radiation waveform of an antenna
is determined by its current distribution. The duration
of the radiation field waveform pulse is not only related
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to the excitation pulse but also to the relative position
of the current elements. As the number of equivalent
dipole array elements increases, the positional equiv-
alence becomes more pronounced. In essence, when
the element number of the dipole array becomes suffi-
ciently large, it approximates decomposing the gradient
curve into an adequate number of elementary currents. It
should be noted that a larger number of array elements
leads to increased computational complexity, hence, the
element number of the dipole array should be not over-
much in practical calculations and applications.

The dipole arrays utilized in the prediction process
are uniform arrays with equidistant spacing along the
x-axis. However, it is worth noting that non-uniform
arrays can also be employed for an equivalent purpose.
Figure 11 illustrates the schematic diagram of both a uni-
form dipole array and a non-uniform dipole array with
the same element number of n=6. In the case of the
non-uniform dipole array, the spacing along the x-axis
adheres to a relationship of equal proportional variation,
where q represents the common ratio.

Fig. 11. Modeling methods of the curvilinear radiator: (a)
uniform dipole array and (b) non-uniform dipole array.

The normalized radiation waveforms at the distance
of 5 m along the main axis of the Vivaldi antenna
obtained through the utilization of both uniform and non-
uniform arrays is depicted in Fig. 12.

Figure 12 reveals that the non-uniform dipole array
can also achieve a good prediction of Vivaldi antenna
radiation field waveform. Specifically, for Vivaldi anten-
nas, the initial section of the exponential gradient slot
line primarily facilitates current propagation with min-
imal contribution to radiation, while it is the sharply
changing length in y-direction in the end part of the
exponential gradient slot line that plays a crucial role
in generating radiation. In other words, the terminal part
can be considered as the main radiating section. How-
ever, given that an excessive number of segments would
lead to a significant increase in computational load, non-
uniform segmentation allows for a more precise focus on
the principal radiating components of the antenna. This
precisely highlights the advantages offered by the non-
uniform dipole array depicted in Fig. 11.

This section presents the concept and methodology
of the dipole array-based prediction, while also analyz-

Fig. 12. Normalized radiated waveforms estimated by
uniform dipole array and non-uniform dipole arrays.

ing the impact of array construction ways and element
number on prediction effectiveness. Moreover, it should
be noted that the discrete equivalent approach described
herein can also be applied to antennas with more intricate
structures as well as for estimating time domain radiation
characteristics. In the following section, experiments and
simulations are employed to further validate the predic-
tion method.

III. VALIDATION AND DISCUSSION
A. Fabrication and measurement of antipodal Vivaldi

To validate the proposed theoretical prediction
method, an antipodal Vivaldi antenna is designed and
fabricated, as depicted in Fig. 13, which is printed on
a FR-4 dielectric substance with thickness of 2 mm, rel-
ative dielectric constant of 4.3 and loss tangent of 0.025.

Firstly, the S11 of the antipodal Vivaldi antenna
is measured within the frequency range of 10 MHz
to 6 GHz, employing a vector network analyzer of
KEYSIGHT E5080B. Figure 14 presents the measured
curves, compared with numerical results obtained by
finite integral techniques.

Fig. 13. The designed and fabricated antipodal Vivaldi
antenna.

As depicted in Fig. 14, the measured results exhibit
excellent agreement with the numerical simulations. The
measured lower cut-off frequency (S11≤-10 dB) is 0.64
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Fig. 14. Comparison of the measured and simulated S11
parameter.

GHz. Aperture width is about 0.43λ 0 where λ 0 is
the maximum operating wavelength. The measured fre-
quency upper limit exceeds 6 GHz, resulting in a propor-
tional bandwidth close to 10, proving that the fabricated
antipodal Vivaldi antenna is a typical ultra-wideband
antenna.

Secondly, the time-domain radiation characteristics
of the antipodal Vivaldi antenna are demonstrated. The
excitation pulses utilized in the second section are all
ideal Gaussian pulses, which is too difficult to imple-
ment. Hence, an ultra-wideband solid-state pulse gen-
erator based on avalanche transistor is designed and
employed to output the excitation pulse for the Vivaldi
antenna. The measured excitation pulse is shown in
Fig. 15. Then, a testing apparatus is established to mea-
sure the radiation field waveform of the antipodal Vivaldi
antenna. Figure 16 illustrates the experimental setup.
The antipodal Vivaldi antenna is feeding via TNC coax-
ial cable which is connected to the solid-state pulse
generator. The field measurement system comprises a
monopole probe and photoelectric module with the band-
width up to 3 GHz and response time less than 150 ps.
An oscilloscope of TELEDYNE LECROY 806Zi-B with
the bandwidth of 6 GHz and sampling rater of 20 GSa/s
is utilized. The measured radiation field waveform at the
distance of 5 m along the main axis of the antenna is pre-
sented in Fig. 17, which is compared against theoretical
estimation and numerical results.

As observed from Fig. 17, the radiated electric
field waveforms are bipolar pulses under the excita-
tion of the pulse depicted in Fig. 15. It is evident that
the measured bipolar pulse accurately matches both the
numerical and theoretical estimated results, demonstrat-
ing the effectiveness of the proposed prediction method
for Vivaldi antenna radiation field. Comparatively speak-

Fig. 15. The measured excitation pulse generated by the
solid-state pulse generator.

Fig. 16. Experimental setup for antipodal Vivaldi
antenna.

Fig. 17. Comparison of the measured radiated field wave-
forms of Vivaldi antenna with theoretical prediction and
numerical results.

ing, there are no related studies on the prediction of
the radiated electric field for Vivaldi antenna in previ-
ous references, which further emphasizes the innovation
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and significance of this work. Additionally, the pro-
posed method and the conducted work in this paper
offer a novel approach to analyze Vivaldi antennas. For
instance, the theoretical prediction method enables quick
examination of the impact of antenna dimensions on the
radiation field, which is beneficial for antenna design and
UWB pulse generator development. The time-domain
pattern of single Vivaldi antenna is not particularly sig-
nificant and was not elaborated here. In the subsequent
section, the temporal pattern of the Vivaldi array will be
analyzed and predicted.

B. Antipodal Vivaldi antenna array
The prediction of pulse radiation characteristics of

Vivaldi antenna array primarily relies on the spatial
superposition of the radiation field of each element
antenna, in which the array factor has been incorporated.
To differentiate with the aforementioned spatial super-
position, the new spatial superposition in this step is
referred as the quadratic spatial superposition. Assum-
ing a M×N Vivaldi antenna array with a relative delay
sequence between excitation pulses of each element rep-
resented by matrix τ , the radiation field waveform at
any field point of the array can be obtained using the
quadratic spatial superposition:

−→
E AC (

−→r , t) =
M,N

∑
i=1, j=1

−→
E i, j (

−→r i, j, t − τi, j) , (10)

where −→r i, j stands out the position vector of the field
point −→r with respect to the (i,j) element,

−→
E i, j refers to

the radiated electric field of the (i,j) element antenna.
For cost reasons, numerical simulation is employed

to validate the prediction method to the pulse radiation
characteristics of antenna array. A 6×12 array is con-
structed using the antipodal Vivaldi antenna in previous
part as the array element, as shown in Fig. 18, with spac-
ing of 250 mm in E-plane between each element and
spacing of 200 mm in H-plane.

The excitation pulse of each element in the array
remains as the measured output waveform from the
pulse generator, as depicted in Fig. 15. First consider
synchronous excitation, where the time delay sequence
matrix is set to zero. The theoretical prediction approach
is utilized to obtain the radiated waveforms at the dis-
tance of 10 m along the main axis of the array antenna, as
illustrated in Fig. 19, and then a comparison is made with
numerical results acquired by finite integral techniques.
Additionally, Fig. 20 presents the predicted temporal pat-
terns for both E-plane and H-plane under synchronous
excitation of the Vivaldi antenna array.

As observed in Fig. 19, the theoretical predicted
electric field waveform exhibits excellent agreement
with the numerical results, which indicates that the pro-
posed prediction method is capable of achieving accurate
predictions for the array antenna radiation field wave-

Fig. 18. A 6×12 Vivaldi antenna array.

Fig. 19. Radiated waveforms at 10 m along the main axis
of the Vivaldi antenna array.

form. In fact, this outcome is inevitable due to ideal
conditions where the waveforms at the main axis field
point of an array antenna are essentially identical to those
of a single antenna under synchronous excitation. The
array antenna beam exhibits a higher degree of concen-
tration and achieves greater gain compared to an indi-
vidual antenna array element, therefore, it places greater
emphasis on its time domain pattern. As depicted in
Fig. 20, it can be clearly observed that the theoretically
predicted patterns in both E-plane and H-plane for the
array antenna align closely with numerical results across
a wide range of angles. Notably for the concerned 3-dB
beam width, the errors remain below 5%. These findings
demonstrate that the proposed theoretical approach also
yields effective predictions for the time domain pattern
of the Vivaldi antenna array.
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Fig. 20. Temporal patterns of the Vivaldi antenna array
in E-plane and H-plane under synchronous excitation.

The beam width of the antenna is determined by
the size of the radiating aperture. As evident from both
the array aperture dimension and the obtained time-
domain patterns, the temporal pattern of the 6×12 array
in H-plane appears relatively narrow, necessitating beam
scanning in most application scenarios. Beam scanning
operates on the principle of configuring the time delay
sequence based on the desired scanning angle and spac-
ing between array elements, thereby controlling the exci-
tation timing for each element within the array to deflect
the radiation beam, ensuring optimal spatial superposi-
tion at the desired angle. Here, employing the theoret-
ical prediction method to obtain the H-plane temporal
patterns in different scanning angles, compared with the
numerical results, is depicted in Fig. 21.

Fig. 21. Temporal patterns on H-plane within different
scanning angles.

As demonstrated in Fig. 21, the time-domain pat-
tern of the array can still be effectively predicted when
operating in the beam scanning mode, which further val-
idates the correctness and effectiveness of the proposed
theoretical prediction method. Based on the proposed
prediction method, the time-domain radiation charac-
teristics of the array under different excitation delay
sequences can be thoroughly studied and analyzed, lead-
ing to significant cost reduction and facilitating the

design, development and engineering implementation of
array antennas. Moreover, the issues of pattern synthe-
sis for antenna arrays become feasible by integrating
global optimization algorithms and the proposed predic-
tion method. This approach can offer guidance and con-
venience for radiation characteristics measurements of
array via advance prediction.

IV. CONCLUSION
Vivaldi antenna is a widely used ultra-wideband

pulse radiating antenna. Estimating the time-domain
radiation characteristics of Vivaldi antennas holds sig-
nificant importance for antenna design, array develop-
ment and engineering realization. This paper presents a
theoretical method for predicting the radiation character-
istics of Vivaldi antennas in time-domain, in which the
dipole array is employed to model the Vivaldi antenna.
By superimposing the pulsed radiation electric fields
of dipole antennas, the time-domain radiated field of
Vivaldi antenna is obtained. The influence of the con-
struction way and element number of the dipole array on
the estimation effect of Vivaldi antenna radiation field
in time-domain is investigated, and the specific imple-
mentation process of the theoretical estimation method
is presented. Additionally, quadratic spatial superposi-
tion is employed to incorporate the array factor, enabling
the realization of pulsed radiation characteristics of the
Vivaldi antenna array. The measurement of a fabricated
antipodal Vivaldi antenna is conducted, which demon-
strates that the proposed dipole array-based method
can accurately predict the radiation field waveform of
the Vivaldi antenna. Furthermore, numerical simulation
to the Vivaldi antenna array also indicates that this
approach effectively enables estimation of radiation field
waveform and time-domain patterns of Vivaldi array
operating on synchronous excitation and beam scanning
mode. This methodology serves as a foundation for array
temporal pattern synthesize and contributes to designing
and characteristics measurements of the Vivaldi array.
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