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ABSTRACT This article presents a novel frequency-tapered Ring Bar Slow Wave Structure (RBSWS)
for high-gain and wide-bandwidth Traveling Wave Tubes (TWTs) operating in the K-band for space
applications. Starting from an analytical circuit model of the RBSWS, a conical-cut geometry is introduced
to reduce the phase velocity. Our proposed novel RBSWS operates over a frequency range of 18.8 to 20.1
GHz, under a cathodic voltage and current of 19.8 kV and 0.3 A, respectively. Particle-In-Cell (PIC) results,
carried out by CST Studio 2023, show a very high output peak power of 840.5 W at a gain of 20.2 dB, for
an input power of 8 W, and an electron efficiency of 15.3%. The tapered RBSWS-TWT achieves a wider
bandwidth, higher output power, and higher electron efficiency with respect to the untapered RBSWS-TWT,
demonstrating the effectiveness of the proposed structure.

INDEX TERMS Millimeter-wave Power Amplifier, Ring Bar, Slow-Wave Structure, TravelingWave Tubes,
High power, Wide bandwidth.

I. INTRODUCTION

THE Ring Bar SlowWave Structure (RBSWS) is becom-
ing a key choice for the development of millimeter-wave

high-power devices [1], [2], as the average power capability
of the widely used circular helix is constrained by factors
such as backward wave oscillation [3], [4], [5], [6] and heat
dissipation [7], [8]. However, classical RBSWS is not always
able to provide the desired output power owing its inherently
limited bandwidth. In [9], square-ring vertex-bar (SRVB) and
rectangular-ring vertex-bar (RRVB) Slow-Wave Structures
(SWSs) have been proposed for the development of high-
efficiency Traveling Wave Tubes (TWTs), showing a wider
bandwidth compared to classical structures. A rectangular
split resonant ring (RSRR) metamaterial absorber (MMA)
was proposed to suppress backward wave oscillation (BWO)
in a ring-bar traveling wave tube (RB-TWT). The RB-TWT
with RSRR-MMA achieves a wider bandwidth and lower
electron efficiency than the RB-TWT [10].

One of the major challenges associated with the design
of TWTs is the degradation in performance caused by the
interaction between the electron beam (EB) and the RF signal,
which leads to a decrease in the average electron velocity

[11], [12], [13], [14]. Several methodologies have been sug-
gested to address this problem, notably, the integration of a
tapered configuration at the end of the SWS [15], [16], [17]
[18], [19]. To design a very high-efficiency, wide-bandwidth,
and high output power TWT, a novel tapered ring-bar slow-
wave structure was studied. Such a structure is a modified
geometry of the contra-wound helix, known for its heightened
gain and output power within a narrower bandwidth than the
conventional helix [20], and its results were presented in [21].
In this study, starting from the analytical model reported in
[22], the design of a frequency-tapered structure featuring a
conical cut to broaden the bandwidth of the RBSWS through
resynchronization of the electron beam, is presented. The
results of this analysis provide valuable insights into TWT
design and optimization, particularly those featuring RBSWS
structures. The proposed frequency-tapering approach can
enhance synchronization with an EB, which has given a
portion of its energy, thereby improving the overall electrical
performance. These findings have significant implications for
the development of high-frequency devices that rely on the
TWTs. The complete study of the novel proposed conical
cut, starting from the analytical model, is discussed herein
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and the results in terms of cold and hot-test parameters are
reported. This article is organized as follows. In Section II,
an analytical model of the equivalent circuit for the proposed
novel structure is discussed. In Section III, the cold-test simu-
lation results of the fundamental cell incorporating the novel
proposed conical cut, carried out using CST Studio 2023, are
provided. In Section IV, the hot-test parameters are reported.
Finally, in Section V, conclusions are presented.

II. ANALYTICAL CIRCUIT MODEL FOR A RING BAR SWS
To obtain the dispersion diagram for the tapered circular ring
bar SWS, an analytical model was implemented, starting from
the equivalent circuit of the fundamental cell. In particular, the
novel proposed conical cut is shown in the part marked in red
in Fig. 1.

FIGURE 1. Fundamental cell of the RBSWS with the novel proposed
conical cut.

The primary purpose was to determine the equivalent ca-
pacitance between the two rings and the inductance caused
by the metallic bar between them, as highlighted in the blue
section in Fig. 2.

FIGURE 2. Front view of the SWS with a detail on the metallic bar
between two consecutive rings.

It may be worthwhile to consider the capacitance that exists
between the two parallel plane disks:

C =
ε0πr2

d
(1)

where ε0 is the vacuum permittivity, d is the distance
between the two adjacent disks, and r is the radius. Although
this formula may serve as an initial approximation, it may
not be sufficient for our scenario because we deal with two
rings instead of disks. Therefore, adjustments were necessary.
Furthermore, the formula may not fully account for fringing
effects, which can be particularly significant when dealing
with rings.
To approximate the capacitance of a ring-shaped capacitor,

the following equation can be used:

C =
ε0π(r21 − r22 )

d
(2)

where r1 and r2 denote the outer and inner radii of the
ring, respectively. The capacitance diminishes as the com-
bined area of the two metal walls constituting the capacitor
decreases. Notably, this equation has been found to provide
a more precise estimation of capacitance than prior method-
ologies. Nonetheless, it is pertinent to acknowledge that the
distance between the two walls of the capacitor may vary with
radius. To obtain more accurate calculations, it is essential
to consider the variability of this distance by defining it as a
function of radius. This is achieved through a summation ap-
proach, as shown in (3), where the distance is iteratively cal-
culated and incorporated into the overall capacitance estima-
tion process. This careful consideration of the distance-radius
relationship ensures robust results, enhancing the reliability
of the capacitance calculations for the ring-shaped capacitor
configuration. To address this task, we divided the surface of
the rings into an equal number of n sections, each with an
infinitesimal height h. Then, we calculated the capacitance
of each of these individual rings. The cumulative capacitance
was then determined by summing the capacitances of the
individual rings as they operated in parallel.

C =

n∑
i=0

ε0π(r2ext(i)− r2int(i))
d

(3)

where rext(i) = (r2 + ∆r) + i∆r = r2 + (1 + i)∆r
and rint(i) = r2 + i∆r are the external and internal radii of
the discretized segments, respectively, and n = r1−r2

∆r The
maximum value that rext can reach is r1 = r2 + n∆r .
Fig. 3 illustrates the geometry that may be helpful in de-

termining the equivalent circuit, where α is the cut angle, d0
is the distance between the two rings when α = 0, h is the
height of the cut, and∆di(r) is the infinitesimal d0 increment
depending on α and h is given by:

∆di(r) = h tanα = (r1 − r2) tanα (4)

Starting from simulations, an optimum α value equal to 5°
has been obtained.
Therefore, in general, considering the value of r between

r1 and r2, we can write

di(r) = d0 + 2∆di(r) = d0 + 2(r1 −∆ri) tanα (5)
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FIGURE 3. A geometric approach to solving radius-based calculations.

where∆ri is the infinitesimal radius increment.
Then, (3) becomes

C =

n∑
i

ε0π(r2ext(i)− r2int(i))
d0 + 2(r1 −∆ri) tanα

(6)

Similar to the effect of cuts, fringing effects need to be
taken into account. These effects are crucial to consider for a
structure such as this, and they becomemore significant in the
presence of cuts. In the analytical model, the consideration of
these effects could be a complex task, and some assumptions
are necessary to simplify the model. The fringing effects in
a capacitor composed of two parallel disks can be calculated
using Sloggett’s approach [23].

C0 = C
[
1 +

2d
πR

ln
(2eπR

d

)]
(7)

where C0 represents the capacitance of the capacitor when
considering the fringing effects. In this context, d denotes
the distance between the two disks and R is the inner radius
of the waveguide, which is equal to 3.2 mm. The second
term in the equation specifically accounts for the influence
of the fringing effects along the outer edge of the capacitor
plates. However, it is important to note the complexity of our
configuration, as fringing effects manifest along both outer
and inner edges.

We can adapt this formula to our case, so that we obtain C0

as a function of (6), whereas for the second term of (7), we
can write

C0 = C
{
1+

[2d(r1)
πr1

ln
(2eπr1
d(r1)

)]
+
[2d(r2)

πr2
ln
(2eπr2
d(r2)

)]}
(8)

where the distances d(r1) and d(r2) are obtained by sub-
stituting r = r1 and r = r2 into (5), resulting in our case to
C0 equal to 2.08 pF.

This methodological approach serves to comprehensively
address the intricacies associated not only with fringing ef-
fects along the outer and inner edges of the capacitor but also
with the variable nature of the separation between the two
capacitor plates. Significantly, this approach recognizes that
the distance between the capacitor plates at the two edges
is different, and exhibits a more generalized variation as a

function of r . By systematically evaluating the distance at
specific radii within the ring structure, we account for the
relationship between the geometric configuration and the re-
sulting electric field distribution. This consideration ensures
a more accurate characterization of the capacitance of the
ring-shaped capacitor, as it accurately captures the spatial
variations in the distance and the corresponding influence
on the capacitance. Thus, by incorporating these refined dis-
tance calculations into the capacitance estimation process, we
achieved an exhaustive understanding of the behavior of the
capacitor, increasing the reliability of our analysis. Equation
(8) is a comprehensive formula that considers several factors,
including the presence of the cut, the composition of the
equivalent capacitance of two facing rings, and the variation
in plate distance with radius. Additionally, it accounts for
the fringing effects on both the outer and inner edges of
the plates. It is strongly recommended that the blue element
shown in Fig. 4 be ignored at this preliminary stage. However,
it is important to consider that neglecting this element may
potentially result in a reduction in the overall capacitance,
as the effective area of the capacitor walls may be reduced.
Notably, this aspect has not yet been considered. The aim is
to determine the inductance introduced by the blue element. It
is advisable to approach the problem in several stages, starting
with an approximate case and then proceeding with more
detailed considerations.

FIGURE 4. Estimation of inductance through circular sector calculation.

To represent the blue element, we can use a parallelepiped
of length d , thickness h = r1−r2, and width a. The width can
be determined by measuring the length of both the inner and
outer arches and calculating their averages. To estimate the
value of the inductance associated with the bars numerically,
we set the outer and inner arcs, a1 and a2, respectively, as

a1 = 2.88 mm (9)

a2 = 2.16 mm (10)

Hence, β results to be equal to:

β =
a1
r1

=
2.88 mm
1.6 mm

= 1.8 rad ≃ 103.13o
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Using these two values, the mean value was calculated as
a = (a1+a2)

2 = 2.52 mm, which corresponds to the width
of the equivalent parallelepiped. The formula for calculating
the self-inductance of a rectangular-section wire is the well-
known [24]:

L = 2 · 10−3d
[
ln
( 2d
a+ h

)
+ 0.5 + 0.2235

(a+ h
d

)]
=

0.0673 nH (11)

where d = 0.25 mm, h = r1 − r2 = 0.4 mm. It is
recommended that the values in the formula be expressed in
meters.

Taking into account the previous assumptions, it is possible
to propose the equivalent circuit shown in Fig. 5.

FIGURE 5. Equivalent circuit of the inner part of the novel proposed
fundamental cell.

The resonant frequency of this LC circuit is given by the
following equation:

f =
1

2π
√
LC

= 13.5 GHz (12)

Despite the numerous approximations made, the prelimi-
nary results align well with the simulation results, which will
be discussed in the next section. Moving forward, we need
to determine the capacitance Ctot,bar between the SWS and
the external waveguide, which involves breaking down the
problem into several sub-problems. The first sub-problem is
to determine the capacitance between the red surface shown
in Fig. 6, that is, the metal piece connecting the two rings of
the fundamental cell and the external waveguide.

FIGURE 6. CST schematic model of a fundamental cell with a detail on the
interface between the SWS and external waveguide.

The overall capacitance Ctot,bar will be determined by the
sum of two different contributions:

Ctot,bar = C0,ext + Cfringing (13)

where C0,ext is the capacitance between the metal piece
connecting the two rings of the fundamental cell, and waveg-
uide, as shown in Fig. 6, and Cfringing is the capacitance
resulting from the fringing effects. The first term can be
obtained by using a method similar to that employed to derive
the capacitance of a coaxial capacitor. It may be helpful to
consider Gauss theorem for the electric field:∮

S
E⃗ · n̂dA =

Q
ε

(14)

To determine the surface area of the red element, the length
of circumference arc a1 described in the previous equation
can be calculated and then multiplied by the length along ẑ:∮

S
E⃗ · n̂dA = l

( β

360
2πr

)
E⃗ =

Q
ε0

(15)

The electric field can therefore be expressed as:

E⃗ =
Q
ε0

360

β

1

2πrl
r̂ (16)

The aim was to calculate the voltage difference between
the outer and inner conductors.

V =

∫ R

r1

E⃗ · d⃗lp =
Q
ε0

360

β

1

2πl

∫ R

r1

1

r
r̂ · (r̂dr) =

=
Q
ε0

360

β

1

2πl
ln
( R
r1

)
(17)

where R is the inner radius of the waveguide.
And then the capacity can be calculated:

C0,ext =
Q
V

= ε0
β

360

2πl

ln
(
R
r1

) = 6.62 · 10−2 pF (18)

Calculating fringing capacity in this situation can be a
complicated task. It is suggested to start by determining the
electric field expressions along the x and y axes, as illustrated
in Fig. 7, and then substituting them into (17).

FIGURE 7. Representation of electric field lines.
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FIGURE 8. Simplified structure through a linearized circuit representation.

This structure is quite complex, but it is possible to repre-
sent a linearized version, as shown in Fig. 8.

The fringing capacity for this structure is known and is
defined as:

Cfringing =
2πε0

log
(
R−r1
r1−r2

)d0 = 1.00 · 10−2 pF (19)

And so, the total capacity will be given by:

Ctot,bar = C0,ext+Cfringing = ε0
β

360

2πl

ln
(
R
r1

)+ 2πε0

log
(
R−r1
r1−r2

)d0 =

= 7.62 · 10−2 pF (20)

The inclusion of fringing effects in the capacitance model
significantly improved the accuracy of our predictions. By
considering these effects, we obtained a capacitance value
which aligns well with theoretical expectations and experi-
mental results. This adjustment ensures that our model accu-
rately reflects the physical behavior of the capacitor, leading
to more reliable performance metrics.

Then, it is necessary to determine the coupling capacities
Ctot,rings between the elements marked in blue in Fig. 9a and
the waveguide.

FIGURE 9. CST schematic model of a SWS with rings marked in blue used
to calculate the coupling capacities between the SWS and waveguide (a),
and bars marked in red used to calculate the associated capacitance and
inductance (b).

Ctot,rings = C0,ext (21)

Following an approach similar to that in (19), we can con-
sider the capacitance resulting from the uniform distribution
of the electric field. However, in this case, we do not have an
arc of a circle but a complete circle; therefore, β is equal to
360°:

Ctot,rings =
Q
V

= 2

[
ε0

2πl
ln( Rr1 )

]
= 4.01 · 10−2 pF (22)

The reason for placing number 2 in front of the square
brackets is that we consider two rings instead of one. Even-
tually, we need to derive the capacitance and inductance
associated with the two elements in red illustrated in Fig. 9b,
in which case the problem is solved using (11) and (20).
The equivalent circuit is illustrated in Fig. 10, and the

parameter values are listed in Table 1.

FIGURE 10. Final representation of the equivalent circuit.

TABLE 1. Values of equivalent circuit parameters.

Parameter Value Units
C 2.08 · 10−12 F
L 6.73 · 10−11 H

Ctot,bar 7.62 · 10−14 F
Ctot,rings 4.01 · 10−14 F

III. COLD-TEST PARAMETERS

FIGURE 11. CST schematic model of the fundamental cell without (a) and
with (b) the novel proposed conical cut.

Fig. 11 shows the fundamental cell of the RBSWS with-
out (a) and with (b) the proposed conical cut. Owing to its
introduction, the distance between the two rings of the fun-
damental cell becomes a function of the radius r and the cut
angle α. Consequently, there is a reduction in the capacitive
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effect between them, when α is positive, as depicted in the
figure. The capacity between the two rings can be calculated
using (6):

C0 =

n∑
i

ε0π(r21 − (r2 +∆ri)2)
d0 + 2(r1 −∆ri) tanα

A. EIGENMODE ANALYSIS
This type of simulation is used to determine the natural fre-
quencies and corresponding propagation modes of a system
by analyzing the fundamental cell of the structure [25]. The
fundamental mode with the first two higher-order modes is
depicted in Fig. 12, and Fig. 13 shows the phase velocity
versus frequency for different α values. When α is equal to
zero, the configuration returns to the classical RBSWS.When
was greater than zero, there was a slight decrease in the phase
velocity of the RF signal inside the fundamental cell.

FIGURE 12. Categorizing mode frequencies: representation of the first
three modes.

FIGURE 13. Normalized phase velocity versus frequency for different
values of α.

1) Dispersion diagram
From the parameters previously determined using the analyt-
ical approach, MATLAB code was implemented to visualize
the βL graph as a function of frequency. These results were
then compared with eigenmode simulations obtained using
CST. In the first analysis, the area occupied by the dielectric
rods, which accounted for 20.45% of the total area, was
considered. The reactance required for the calculation of the
βL product was determined through the study of the ABCD
matrix [26], [27] where C represents the susceptance:

[
V1

I1

]
=

[
A B
C D

] [
V2

−I2

]

FIGURE 14. Dispersion diagram: Analytical model versus CST simulation.

Fig. 14 shows a comparison between the dispersion dia-
gram obtained via the analytical model and that achieved by
CST simulations. It can be observed that both the analytical
and the CST simulation graphs show a frequency of approxi-
mately 17.7 GHz at the 90° phase.

B. S-PARAMETERS ANALYSIS
The S-parameters for the proposed structure were simulated
using CST, and are shown in Fig. 15.

FIGURE 15. S-Parameters simulation using CST.

S11 parameter demonstrates a good matching over the K-
band. The input-output isolation is provided by the sever,
which provides an S21 of -80 dB in the matching band.
A schematic of the designed RBSWS with details of the

last n fundamental cells of the second period with the novel
proposed conical cut configuration is shown in Fig. 16.
To effectively separate the first section from the second sec-

tion within the RBSWS, a high-loss section was introduced.
This high-loss section was constructed using an AlN/SiC
dielectric rod selected for its specific material properties,
assuming a loss tangent (tan(δ)) of 0.28 and a dielectric
constant of 21. The use of this dielectric material creates a
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FIGURE 16. CST schematic model of a two section RBSWS with the novel
proposed conical cut tapered section.

distinct boundary between the two sections of the RBSWS,
allowing for efficient signal propagation while minimizing
the unwanted interactions between them. In contrast, the di-
electric material used in the remaining portion of the structure
was Boron Nitride (BN), which was selected for its tan(δ)
and dielectric constant characteristics. With a significantly
lower dissipation factor of 0.0009 and dielectric constant of
4.6, BN offers superior performance in maintaining signal
integrity and minimizing signal loss within the structure.
Coaxial cables with a characteristic impedance of 50 Ω were
used to facilitate the input and output connections to the
RBSWS. These cables provide impedance matching between
the external components and RBSWS, optimizing the signal
transfer efficiency and minimizing signal reflections.

IV. HOT-TEST PARAMETERS
Preliminary simulations were performed to investigate the
power saturation and Fig.17 shows the power saturation graph
[28]. In particular, power saturation was investigated in a
single-section structure composed of 50 periods without ta-
per, using an operating voltage of 19.8 kV, a current of 0.3
A, and a frequency of 19.4 GHz. The analysis was conducted
by gradually increasing the input power and evaluating the
output power response. Specifically, we monitored the output
power as the input power was increased until the output
power no longer increased linearly. The point at which the
output power began to grow non-linearly was identified as
the saturation value. It can be observed that the output power
begins to saturate at an input power of approximately 250 W.

Starting from the results shown in the previous sec-
tion, Particle-In-Cell (PIC) simulations were performed on
a two-section RBSWS, each consisting of 50 periods using
54.014.512 meshcells. Moreover, boundary conditions such
as Et = 0 have been considered in the edges and in the
external surfaces of the waveguide, and an adiabatic system
has been considered. To evaluate the performance of the
RBSWS under operational conditions, PIC simulations were
performed using CST Studio 2023 software, with an applied
operating voltage of 19.8 kV and a current of 0.3 A. The
electron beam within the structure was operated at a current
density of 15 A/cm2 and subjected to an analytic magnetic
field of 0.5 T. The results of these simulations are shown
in Fig. 18, which illustrates the relationship between the

FIGURE 17. Preliminary simulations: Power saturation.

output power and frequency at varying values of the tapering
parameterα, with the optimum value of tapered cellsNcells set
at 7. For a given structure, saturation occurs when electrons
lose synchronism with the phase velocity of the traveling
wave. The optimum value of tapered cells was determined
by varying the number of tapered cells and analyzing the
resulting performance through simulations. Our simulations
demonstrated that altering the number of tapered cells, either
by increasing or decreasing, resulted in variations in the out-
put power, specifically leading to a power decrease, as shown
in Fig. 19. This graphical representation provides valuable
insight into the performance characteristics of the RBSWS
under different operating parameters, which helps optimize
the device design and performance.

FIGURE 18. Output power vs frequency for different values of α with
Ncells = 7.

When the input signal power is equal to 6 W, the structure
without a taper presents a maximum output power of 790
W, whereas the tapered structure presents a maximum output
power of 1 kW, with α equal to 10°. The introduction of the
tapered section allows an increase in the output power by a
factor of 25-35% in the frequency range between 18.8 and
20.1 GHz. The significant increase in output power observed
with the tapered structure implies that, compared to the clas-
sic structure, achieving the same output power requires less
input power, thereby reducing overall power consumption.
As shown in Fig. 20, the PIC simulations were performed
with an input power of 8 W, resulting in an output power of

VOLUME 11, 2023 7

This article has been accepted for publication in IEEE Access. This is the author's version which has not been fully edited and 

content may change prior to final publication. Citation information: DOI 10.1109/ACCESS.2024.3440519

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 License. For more information, see https://creativecommons.org/licenses/by-nc-nd/4.0/



G. Comparato et al.:A Novel Conical Cut Frequency-Tapered Ring Bar SWS for High-Power and Wide-Bandwidth K-Band TWTs

FIGURE 19. Output power for different values of tapered cells.

840.5 W. In Table 2, a comparison between the performance
of the classical RBSWS and our novel proposed structure is
presented, showing the effectiveness of our structure.

FIGURE 20. PIC simulation conducted on the two-section structure.

TABLE 2. Comparison between the novel structure and the classical SWS.

Performance Classic RBSWS Novel RBSWS Units
Frequency Range 19.3-20.2 18.8-20.1 GHz
Cathodic Voltage 20.6 19.8 kV
Beam Current 0.3 0.3 A
Input Power 8 8 W

Output Peak Power 578 840.5 W
Gain 15.9 20.2 dB

Electron Efficiency 9.3 15.3 %

In Table 3, the performance comparison between our
proposed conical cut configuration and state-of-art similar
works, is presented.

TABLE 3. Comparison between our work and state-of-art similar works.

Performance
[This work]
Conical Cut
RBSWS

[9]
Square-and

Rectangular-Ring
Vertex-Bar

[10]
RSRR-MMA Units

Frequency Range 18.8-20.1 28.5-35.5 9.1-12.7 GHz
Cathodic Voltage 19.8 15.7 27.5 kV
Beam Current 0.3 0.23 1.2 A

Peak Output Power 840.5
616 (Square),

695.6 (Rectangular) 5000 W

Electron Efficiency 15.3
17 (Square),

19 (Rectangular) 15 %

V. CONCLUSIONS
This article investigated the interaction of beam particles
within a two-section RBSWS with a novel frequency-tapered
section. The primary aim of the proposed conical cut was to
reduce the equivalent capacitance between the two rings of the
fundamental cell, resulting in a slight reduction in the phase
velocity compared with the classical configurations. Particle-
In-Cell (PIC) simulations, carried out using CST Studio 2023,
show the effectiveness of integrating the tapered section with
the proposed conical cut at the end of the slow-wave structure.
The obtained results pave the way for developing a TWT
based on the novel SWS, specifically designed for space ap-
plications. Before proceedingwith the fabrication of the TWT
based on the novel conical SWS, it is necessary to design all
the essential parts of the amplifier for the physical realization
of the TWT, specifically the electron gun [29], the collector,
and the magnetic focusing system. We are currently develop-
ing an electron gun that employs scandium-doped cathodes.
The use of scandium is crucial as it helps reduce the operating
temperature, significantly enhancing the lifespan of the TWT.
The structure of the electron gun is being meticulously de-
signed to ensure optimal electron beam quality and stability.
Lower operating temperatures achievedwith scandium-doped
cathodes are essential for efficient thermal management in the
harsh space environment. Detailed simulations and prelimi-
nary tests are underway to optimize the electron gun design,
focusing on beam convergence and minimizing beam spread.
Regarding the collector, achieving an overall TWT efficiency
higher than 50% is our primary goal. This efficiency target
is critical for minimizing power consumption, which is a
key consideration for space applications. The collector de-
sign is based on the electron efficiency obtained with the
proposed interaction structure. To maximize energy recovery
from the spent electron beam and enhance overall efficiency,
we are designing a five-stage multistage collector (MSC),
each stage coated with graphite. This coating is essential
to minimize secondary electron emission, thereby increasing
collector efficiency and stability. The design aims to recover
as much energy as possible from the electron beam, reducing
the thermal load on the collector. The focusing structure will
employ a Periodic Permanent Magnet (PPM) configuration
using samarium-cobalt magnets, chosen for their high resid-
ual magnetization. This selection ensures robust magnetic
focusing, crucial for maintaining beam alignment and min-
imizing beam spread. We are exploiting a focusing structure,
proposed by the same authors in [30], that promises to halve
the weight of the focusing system. This innovative approach
leverages advanced magnetic design techniques to reduce the
system’s weight without compromising performance, a crit-
ical consideration for space applications. The realization of
the TWTwith the novel conical SWS depends on the detailed
design and optimization of the electron gun and collector. By
employing scandium-doped cathodes, we aim to enhance the
TWT’s lifespan and reliability. The multistage collector, with
its graphite coating and efficient energy recovery, is pivotal
for achieving the desired efficiency. Additionally, the PPM
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focusing structure, enhanced by our collaborative research
on lightweight designs, will ensure robust beam focusing
while minimizing the system’s weight. We are committed
to integrating these advanced design considerations into our
TWT development to meet the stringent requirements of
space applications. Detailed design studies and simulations
are ongoing, and we will provide further updates as our
research progresses.
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