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INTRODUCTION

One of the main goals that microwave space components’ designers strive to, is the ability of the devices to withstand the
increasingly higher radiofrequency (RF) power requirements that must be considered at the output stages of transmitters.
Nevertheless, these designs might suffer from the multipactor effect. Multipactor can be present in a wide variety of
scenarios, such as satellite communication payloads or particle accelerators, for instance. This undesired effect occurs
due to an avalanche of electrons in the component under vacuum conditions with high power and high frequency signals.
This avalanche produces a resonant discharge inside the component with many possible harmful consequences. Among
them, we can mention noise increase, signal degradation due to noise, local thermal heating, damage on the surface area
where it occurs, and even the physical damage of the component, all of which finally lead to a limitation of the power
level for satellite operations. Thus, in the last decades, the microwave space components' designers have focused their
attention on the study of multipactor effect in the scenario of RF systems for space applications. This has been done in
several types of microwave waveguides with different geometries, including empty waveguides [1-6], and also partially
dielectric-loaded waveguides [7-12], although less work has been devoted to the avoidance (or reduction) of such effect.

Traditionally, two possible solutions have been addressed to minimize an electron discharge, and by that the damage it
may cause. The first one is based on the use of material coatings or micro-porous surfaces with low secondary emission
yield, obtaining an increase in the multipactor power threshold level of the component. These surface coatings reduce the
multipactor effect, but their lifetime need to be demonstrated to be an optimum solution for space applications [13, 14].
Furthermore, the effect of an irregular micro-porous surface depends on the details of the manufacturing process and may
yield to unacceptable variations from one piece to the other [15]. The second possible solution is to design the waveguide
component in such a way that its electromagnetic field distribution may prevent the discharge. This can be done either
avoiding regions of high field intensity and/or small gaps, or modifying the waveguide cross-section, like in [16], where
a wedge-shaped hollow waveguide (instead of a conventional rectangular one) proved to deviate the resonant paths of the
electrons toward regions with lower voltages. In this way, the probability of multipactor threshold for a certain input
power level is reduced. However, the use of non-standard waveguides makes it necessary the design of expensive and
bulky waveguide transformers.

Alternatively, as we will show, different profiles of 1-D or 2-D periodic grooved surfaces in the rectangular waveguide
(RW) may lead to the increase of its multipactor power threshold level [17]. In this work, we propose a periodically
grooved metallic surface profile on the waveguide walls of a RW to reduce the occurrence of multipactor effect under
vacuum conditions. This profile has been applied to both, the top and bottom surfaces of the RW, showing a significant
increase of the multipactor power threshold level compared to the same waveguide with smooth surfaces.

The reason why the resonant multipactor effect between the top and bottom grooved waveguide walls is reduced, differs
from classical solutions based on the use of material coatings with low secondary emission yield. In the proposed
rectangular waveguide with periodically grooved surfaces, the significant reduction of the multipactor effect achieved is
caused by the decrease of the electromagnetic field intensity near the periodic grooves. Consequently, the electron staid
time and the temporal dispersion of the secondary electron generation are increased. In this way, the generated secondary
electrons are deviated from the resonant phase associated with the double-surface resonant multipactor effect.



ANALYSIS OF THE MULTIPACTOR EFFECT IN A RECTANGULAR WAVEGUIDE WITH SMOOTH
SURFACES

As mentioned in the introduction, a comparative study has been performed of the power level at which the mutipactor
breakdown occurs. To do so, we first analyse the effect in a nonstandard aluminium RW of width a = 22.86 mm, height
b = 0.4 mm (a reduced height in order to lower the power threshold values to measurable ones), and length / = 18 mm, in
which no changes regarding the metal surfaces are made. The electromagnetic fields in all the analyzed waveguides have
been obtained with the full-wave electromagnetic (EM) analysis tool HFSS (v.2022.R2, Ansys), while the software tool
used to study the multipactor effect in the RWs is SPARK3D (v2022, Dassault Systems), which first imports the EM
fields inside the RW (previously computed with HFSS in this case), and then tracks the resulting electron motion by
solving the 3-D Lorentz force equation, given the complex waveguide surfaces considered in next Section. The initial
RW with smooth surfaces design is called ‘Case A’ in this paper.

In Fig. 1, the electric field intensity in the XY-plane is shown inside the waveguide, with a maximum of approximately
1.6 - 10* V/m in the centre of the waveguide.
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Fig. 1. Electric field intensity in the cross section of the RW with smooth surfaces (case A).

DESCRIPTION OF THE PROPOSED SURFACE PROFILE FOR THE REDUCTION OF THE
MULTIPACTOR EFFECT

As already mentioned, this paper proposes to apply periodic grooves on the inner waveguide surfaces to avoid or reduce
the possibility of an electron discharge. In particular, the grooves consist of a regular three-dimensional (3-D) triangular
surface profile as shown in Fig. 2, whose base has been fixed to s = 50 um (given that it must be small compared to the
waveguide height so it slightly modifies the field distribution), and different depths ¢ (see Fig. 2) have been considered.
In all cases, a small chamfer of 3 um on the peaks and on the valleys has been considered to take into account a practical
implementation. The 3-D electric field distribution inside the proposed waveguide with metallic grooved surfaces has
been calculated for different groove depths along either the longitudinal or transversal propagation direction, in order to
search for an optimum configuration for reducing the multipactor effect. In all cases, we have checked that a good
matching is achieved when connecting the proposed waveguides with periodically grooved metallic surfaces to waveguide
ports with the same dimensions and smooth surfaces, which means that the proposed surface profile does not significantly
modify the electrical response of the smooth waveguide. It must be said that a standard height RW will be even less
affected by the surface corrugations. For comparison purposes, we have considered four different designs of RW with top
and bottom grooved surfaces, which have been named as cases B, C, D and E, as detailed in Table 1.



Fig. 2. Proposed grooves consisting of a three-dimensional (3-D) triangular surface profile with base s and depth ¢.
Table 1. Details of the different waveguide designs considered in the present study.
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Fig. 3. Electric field intensity in the cross section of the RW with longitudinal grooves of t =25 um along the direction

of propagation (case B).

Case C: RW with longitudinal grooves of # =50 um.
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Fig. 4. Electric field intensity in the cross section of the RW with longituinal grooves of ¢ =50 um along the direction
of propagation (case C).



Case D: RW with transversal grooves of £ =25 pm.
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Fig. 5. Electric field intensity in the cross section of the RW with transversal grooves of # =25 um along the direction of
propagation (case D).

Case E: RW with transversal grooves of t =50 um.
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Fig. 6. (a) Electric field intensity in the cross section of the RW with transversal grooves of # =50 um along the direction
of propagation (case E).

Figs. 3-6 reveal that when performing grooves in the top and bottom waveguide surfaces, the otherwise uniform E-field
distribution of the TE o fundamental mode of the RW with smooth walls is substantially reduced near the top and bottom
grooved waveguide walls. This reduction of the electric field at the waveguide walls is more accentuated for deeper
grooves (i.e., for =50 um), which will result in an increase of the multipactor power threshold, as we will see next. The
following step is to analyze the multipactor power threshold in each one of these designs in order to find the best
configuration.

STUDY OF THE MULTIPACTOR EFFECT IN A RECTANGULAR WAVEGUIDE WITH PERIODICALLY
GROOVED METALIC SURFACES

Figs. 3-6 reveal a significant reduction of the electric field intensity inside the triangular corrugations with respect to case
A (smooth surfaces), in which the TE electric field is uniform with the Y coordinate. Keeping in mind that multipactor
is highly dependent on the electric field intensity in the regions where the secondary electrons are emitted, we can expect
that a multipactor power threshold increase occurs. So, we can guess that the best results will be obtained with the design
with the longitudinal corrugations and a depth of # = 50 um (Case C).

Next, the multipactor effect is analysed in each one of the proposed designs with SPARK3D. In order to perform all the
accurate multipactor simulations included in this article with SPARK3D, a homogeneous electron seeding has been
defined inside the waveguide under study, and a number of 300 initial electrons have been considered. As SPARK3D is
a simulation program, we repeated every analysis five times and then calculated the mean value of multipactor power



threshold, to obtain a final result that will be used to compare the proposed structures. The multipactor effect has been
studied at the frequencies of 10 GHz, 11 GHz and 12 GHz.

In Table 2 the mean results for each design at the three studied frequencies can be seen, along with the increase in dB

with respect to the waveguide with smooth surfaces. Next, Fig. 7 shows the multipactor power threshold of the transversal
and longitudinal groove designs.

Table 2. Mean power threshold results for the multipactor analysis of the designs at 10 GHz, 11GHz and 12 GHz.
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Fig. 7. Power threshold of the transversal and longitudinal groove designs at the different frequencies in dB.

In Table 2 it can be seen that in both cases, with transversal and longitudinal grooves, it is possible to improve multipactor
with respect to the case without grooves. However, the improvement margins of the designs with the transversal
corrugations are approximately 1 dB lower compared to longitudinal corrugations.. This means that, a priori, the
transversal corrugations are less interesting than the longitudinal ones.

The table also shows that for all frequencies the design ‘Case C’ is the best one (see Table 2), looking at the power
threshold at which the multipactor effect appears, because this case has the highest power threshold at all frequencies.



The greatest increase in the threshold power with respect to the threshold power of the smooth waveguide (case A) is for
the frequency of 10 GHz. For this case, an increase of 5.83 dB is observed with respect to the power obtained for case A.
For the waveguide with transversal grooves, the best result is obtained for the design ‘Case E’. Once again, it corresponds
to the design with the triangle depth of # = 50 um and at the frequency of 10 GHz.

CONCLUSION

In this work, the goal was to reduce the multipactor effect by designing a surface profile that would decrease the electric
field at the walls of the rectangular waveguide.

Indeed, the electric field was significantly decreased in the grooves near both walls of the waveguide, compared to that
in the central region of the waveguide. To demonstrate the significant reduction in the expected multipactor effect, the
power threshold in a rectangular waveguide with different depths of the grooved surfaces has been calculated, showing a
significant increase in terms of the power handling capability of the waveguide with the proposed technique. Between the
four possible considered designs, the optimal solution is obtained with the design of longitudinal corrugations and a depth
of the periodic corrugations of ¢+ = 50 um. In the future, this surface profile could be tried with other more complex
microwave devices.
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