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 A B S T R A C T

The multipactor effect is an electron avalanche type discharge, that poses a significant challenge in radiofre-
quency and microwave high-power devices operating under high-vacuum conditions, affecting their signal 
integrity and device performance. In this paper, we propose to apply a corrugated surface profile over the inner 
metallic walls in several microwave components, especially filters, to mitigate this undesired effect. Through 
numerical simulations, we demonstrate that the introduction of a corrugated surface over critical areas of the 
component significantly increases the multipactor power threshold. The corrugated profile effectively disrupts 
the conditions leading to the electron avalanche formation, thereby increasing the breakdown threshold 
level. We explore the influence of both the geometric parameters of the corrugated profile, and the critical 
region where it should be placed in the microwave component, providing insights into the optimal design 
considerations to alleviate this phenomenon. Our findings not only contribute to a broader understanding of 
the multipactor mitigation techniques in radiofrequency and microwave high-power components, but also offer 
valuable guidance for their application with a band-pass filter example, resulting in a substantial improvement 
of its multipactor power threshold after introducing the corrugated surface profile, while maintaining the 
electric performance of the originally designed component. Moreover, the proposed solution outstands other 
state-of-the-art multipactor reduction techniques, by avoiding the use of material coatings, micro-porous 
surfaces as well as non-standard waveguides, thus confirming very good prospects for its use with filtering 
components in high power demanding applications, such as satellite communication systems.
1. Introduction

One of the main challenges that microwave space components de-
signers usually face, is the improvement of their ability to withstand the 
increasingly higher radiofrequency (RF) power requirements that must 
be considered at the output of transmitter stages. Nevertheless, and 
despite such efforts, these designs usually suffer from the multipactor 
effect [1]. Multipactor can be present in a wide variety of scenarios, 
such as satellite communication payloads and particle accelerators, 
for instance. This undesired effect occurs due to the generation of an 
avalanche of electrons in the component under vacuum conditions, 
dealing with high power and high frequency signals. It strongly depends 
on the surface material property known as the Secondary electron 
Emission Yield (SEY). This avalanche produces a resonant discharge in-
side the component with many possible harmful consequences. Among 
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them, we can mention noise increase and consequent signal degrada-
tion, 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 real power level for satellite operations. Thus, 
in the last decades, microwave space component designers have focused 
their attention on the study of the multipactor effect in the scenario of 
RF satellite payloads. This has been done in several types of microwave 
waveguides with different geometries, including empty waveguides 
[2–7], and also partially dielectric-loaded waveguides [8–11].

Different possible solutions have been addressed to minimize an 
electron discharge, and the damage it may cause, like using material 
coatings or micro-porous surfaces with low SEY, obtaining an increase 
in the multipactor power threshold level (𝑃𝑇𝐻 ) of the component. 
These surface coatings reduce the multipactor effect, but their lifetime 
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still need to be demonstrated in order to become a real optimum 
solution for space applications [12–14]. Furthermore, the effect of an 
irregular micro-porous surface depends on the details of the manu-
facturing process, and may yield to unacceptable variations from one 
piece to another [13]. An alternative possible solution is to design the 
waveguide component in such a way that its electromagnetic (EM) 
field distribution may prevent the discharge. This can be done either 
avoiding regions of high field intensity and/or small gaps [15], or mod-
ifying 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 both cases, the multipactor power threshold levelr level is 
typically increased. Also, high-power low-pass harmonic filters in rect-
angular waveguide technology showed an improved power-handling 
performance, by simply using a sinusoidal profile along the propa-
gation direction [17]. However, the use of non-standard waveguides 
makes it necessary the design of expensive and bulky waveguide trans-
formers. More recently, new approaches have been addressed, like 
applying an electrostatic field inside the component for suppressing 
multipactor breakdown [18], or introducing dielectric material [19,
20] or ridged structures [21] in microwave devices, although they 
do not meet the highly restrictive requirements, in terms of quality 
factor or compactness, requested for filtering components used in space 
applications.

Alternatively, preliminary studies have been performed in which 
different profiles of 1-D or 2-D metallic corrugations over the double-
metal-surface of a waveguide have proven to increase the multipactor 
𝑃𝑇𝐻  [22–24], although it has only been studied in canonical waveg-
uides.

The present study focuses on exploring the impact of different corru-
gation profiles, including rectangular and triangular shapes, as well as 
their size, ranging from dimensions of the order of tens of microns up to 
the millimeter. Not only do we aim to understand how these parameters 
affect the effectiveness in suppressing the multipactor effect, but also 
to assess the feasibility of implementing these corrugations in critical 
areas of a real filtering structure. This approach intends to explore the 
capability of these techniques on more complex components, and to 
open up new possibilities for design and optimization of passive devices 
for microwave space applications.

2. Corrugation profiles effect on rectangular waveguides

In this section, we explore the impact of different profiles of metallic 
corrugations on the resulting multipactor power threshold on rectan-
gular waveguides. In this regard, the boundary conditions of the fields 
within the corrugated regions (which make that there is no tangential 
field over the metal surfaces) make that the field intensity inside the 
corrugations, which is responsible of driving out the secondary elec-
trons emitted at the inner surfaces of the corrugations, is significantly 
reduced. When comparing different corrugation profiles, like those 
with rectangular or triangular shapes, a key difference in terms of 
multipactor is that, in the triangular configuration case, there is also 
almost no surface, and consequently, no field between corrugations, 
because nearly no space needs to be left between them. However, 
this is not the case in other possible corrugation profiles, which could 
be manufactured with metallic 3D printing or Computer Numerical 
Control (CNC) techniques, like in the rectangular case, in which certain 
horizontal surfaces must be kept between corrugations, where the 
field intensity (above the horizontal metal surfaces) does not vanish. 
Although alternative corrugated profiles (avoiding horizontal surfaces) 
could be more optimal for this problem (such as 3-D metallic profiles, 
with conical or pyramidal shapes, that mimic the geometry of the 
absorbing material in anechoic chambers), we believe that increased 
complexity may arise in their fabrication process, along with higher 
insertion losses. Thus, we have first considered a rectangular profile, 
and secondly, a triangular one, for comparison purposes.
2 
In this work, such two profiles have been applied to both, the top 
and bottom surfaces of a rectangular waveguide (RW). Differently from 
classical solutions based on the use of material coatings with low SEY, 
in the proposed approach, the significant reduction of the multipactor 
effect achieved is caused by the decrease of the EM 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.

The results of the comparative study of the 𝑃𝑇𝐻  level at which 
multipactor occurs are shown next. For this purpose, the effect is first 
analyzed on a non-standard aluminium RW (a finite conductivity value 
of 3.8 ⋅ 107 S/m has been considered) of width 𝑎 = 22.86 mm, height 
𝑏 = 0.4 mm (a reduced height to obtain measurable threshold power 
values) and length 𝑙 = 18 mm with smooth metallic surfaces, considered 
as a reference, and whose insertion loss is lower than 0.1 dB in the 
waveguide operating band. A lower conductivity value will translate 
into a lower level of available field in the component for the same input 
power and, therefore, it will have a direct relationship with the value 
of the 𝑃𝑇𝐻 , which will be increased.

The magnitude of the electric field distribution in the central part 
of the cross section of this waveguide is shown in Fig.  1(a) (for a power 
level of 1 W at the waveguide input port), with a maximum value close 
to 14 kV/m. The EM fields of all analyzed waveguides and filters have 
been obtained with the full-wave EM analysis tools HFSS [25] and 
CST Studio Suite [26], whose simulation methodology and boundary 
conditions are detailed in [27], while the software tool used to study 
the multipactor effect on the RWs is SPARK3D -as part of CST Studio 
Suite- [26]. The tool SPARK3D first imports the EM fields inside the 
component (previously computed with HFSS in this case), and then 
tracks the resulting electron motion by solving the 3-D Lorentz force 
equation. In order to perform all the accurate multipactor simulations 
included in this article with SPARK3D, a homogeneous electron seeding 
of 104 initial electrons has been defined inside the component under 
study, and the SEY of aluminium material (𝛿𝑚𝑎𝑥 = 2.92, 𝛿0 = 0.8, 𝐸1
= 17 eV, 𝐸𝑚𝑎𝑥 = 276 eV) has been used. This practical information 
has been extracted from the corresponding European Cooperation for 
Standardization (ECSS) document [28]. The computed 𝑃𝑇𝐻  value of 
this waveguide without corrugations, at a frequency of 10.7 GHz (cor-
responding to a possible experimental test campaign to be performed 
in this waveguide in the near future, which is within its monomode 
frequency range), is found to be 1.07 kW.

2.1. Corrugations with a rectangular surface profile with different periodic-
ities

The first proposed corrugated surface profile is a rectangular pro-
file in which rectangular grooves are made longitudinally over the 
horizontal walls of the waveguide along the propagation direction, 
characterized by the depth 𝑡 and width 𝑠 of the grooves (see Fig.  2), 
and keeping the same equivalent waveguide height 𝑏𝑒𝑞 = 0.4 mm. The 
depth of the grooves has been fixed to 𝑡 = 50 μm, which has been chosen 
small compared to the waveguide height, so that the field distribution 
in the corrugated waveguide is hardly modified with respect to the 
reference waveguide with smooth surfaces, for a fair comparison, being 
the insertion loss in the waveguide operating band lower than 0.1 dB 
in all cases. Thus, with this rectangular surface profile, here we study 
the effect of the periodicity 𝑝 = 𝑠 + 𝑡 of the corrugations in the 𝑃𝑇𝐻
obtained, being 𝑠 the width and 𝑡 the depth of the grooves. In particular, 
we have analyzed two different periodicities. Firstly, with 𝑡 = 𝑠 = 50
μm (see Fig.  2(a)) and secondly, with the same depth 𝑡 but width of 
𝑠 = 75 μm, as can be seen in Fig.  2(b). This type of corrugated profile 
can be manufactured using laser milling techniques. In both cases, we 
have checked that the S-parameters of the corrugated waveguide with 
respect to the reference waveguide ports are not significantly disturbed 
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Fig. 1. Electric field intensity in the central part of the waveguide cross section under study with (a) smooth surfaces, and with a rectangular surface profile on 
the horizontal surfaces with (b) 𝑡 = 𝑠 = 50 μm, and (c) 𝑡 = 50 μm and 𝑠 = 75 μm. The black squares show some regions between the grooves where there is still a 
high field intensity.
Fig. 2. Rectangular profile with (a) 𝑡 = 𝑠 = 50 μm, and (b) 𝑡 = 50 μm and 
𝑠 = 75 μm.

by the corrugations, i.e. |𝑆11| < −25 dB in the corrugated waveguide 
operating band. On the other hand, we have also checked that the 
insertion loss in the corrugated waveguide is hardly modified with 
respect to the case without corrugations, which will be a key point 
when introducing corrugations in microwave filters, as will be shown 
later.

Fig.  1(b) and (c) show the magnitude of the electric field distribu-
tion in the cross section (central region) of the corrugated waveguide 
(again for a power level of 1 W at the waveguide input port), and as can 
be seen, it remains approximately constant with the y-coordinate, with 
a value close to 14 kV/m, except in the proximity of the corrugations, 
where the field is highly reduced over the grooves (see black squares in 
Fig.  1(b) and (c)), although in the region between the grooves there is 
a high field intensity. In the case with a periodicity of 125 μm (see Fig. 
1(c) where 𝑠 = 75 μm), the region with reduced field intensity (over the 
grooves) is a bit more extense. Considering that the multipactor effect 
is strongly influenced by the electric field intensity in the areas where 
secondary electrons are emitted, an increase of the 𝑃𝑇𝐻  is expected 
in both cases compared with the waveguide with smooth surfaces. 
Moreover, since the area with reduced field intensity in the regions 
over the grooves in the case with a periodicity of 125 μm (𝑠 = 75 μm) 
is bigger, a higher 𝑃𝑇𝐻  is expected to be obtained in this case. The 
computed 𝑃𝑇𝐻  for the case of 𝑠 = 50 μm is 2.69 kW (which is also 
included in Table  1), while a slightly higher 𝑃𝑇𝐻  value of 2.78 kW has 
been obtained for the case of 𝑠 = 75 μm. Thus, in the case of rectangular 
corrugations with the same depth, wider grooves give rise to a slight 
increase in terms of 𝑃𝑇𝐻 . Comparing the 𝑃𝑇𝐻  value obtained in both 
cases with that of the waveguide with smooth surfaces (1.07 kW), 
an increase of approximately 1.7 kW is achieved, which represents 
an improvement of 160%. Although the results are promising, the 
region between the grooves, with high field intensity, is still prone to 
produce an electron discharge. A possible solution to this problem will 
be applied next by considering corrugations with a triangular surface 
profile.

2.2. Corrugations with a triangular surface profile with different sizes

In a previous study [23], the effect of introducing corrugations with 
a triangular surface profile with different depth and orientation with 
3 
Fig. 3. (a) Triangular surface profile defined by the width 𝑠 and depth 𝑡 of the 
3D triangular corrugations. (b) Electric field intensity in the waveguide with 
corrugations of 𝑠 = 𝑡 = 50 μm.

Table 1
Comparison of the computed 𝑃𝑇𝐻 in a non-standard aluminium RW (𝑎 =
22.86 mm, 𝑏 = 0.4 mm) with different corrugation profiles on the horizontal 
walls.
 Type of corrugated surface profile 𝑃𝑇𝐻 (kW) 
 No corrugations 1.07  
 Rectangular grooves with 𝑡 = 𝑠 = 50 μm 2.69  
 Rectangular grooves with 𝑡 = 50 μm and 𝑠 = 75 μm 2.78  
 Triangular grooves with 𝑡 = 𝑠 = 50 μm 3.72  

respect to the propagation direction was analyzed (in the same RW as 
in the previous Section 2.1). This study revealed that the most effective 
strategy to increase the 𝑃𝑇𝐻  was the implementation of triangular 
profile corrugations placed longitudinally to the propagation direction, 
which were chosen with a depth and width of 𝑠 = 𝑡 = 50 μm. The 
triangular profile of these corrugations is shown in Fig.  3(a), where 
a small chamfer of 3 μm is introduced at the peaks and valleys for 
practical implementation. With this profile, a 𝑃𝑇𝐻  of 3.72 kW was 
achieved, as can be seen in Table  1, revealing that this triangular 
surface profile offers the best 𝑃𝑇𝐻  results among all previous ones. This 
is due to a higher reduction of the field intensity in the vicinity of 
the corrugations in such configuration (see Fig.  3(b)), differently from 
the rectangular surface profile. This is because the proposed triangular 
profile shows no flat regions with high field intensity where secondary 
electrons may be accelerated, thus causing an electron discharge.

Taking this in mind, next we will study the dependence of the size 
of the corrugations in this triangular surface profile on the resulting 
𝑃𝑇𝐻  in the waveguide where it is applied. For this purpose, a rect-
angular waveguide with the same width and length as in Section 2.1 
(𝑎 = 22.86 mm and 𝑙 = 18 mm), but with a higher height of 𝑏 =
5 mm has been chosen, so the effect of bigger corrugations can be 
analyzed without perturbing the transmission characteristics of this 
waveguide (see Fig.  4). Again, the 𝑃  value of this waveguide without 
𝑇𝐻



S.M. Bonte et al. AEUE - International Journal of Electronics and Communications 202 (2025) 156036 
Fig. 4. S-parameters of a section of 𝑙 = 18 mm of the corrugated rectangular 
waveguide of dimensions 𝑎 = 22.86 mm and 𝑏 = 5 mm with different size 
of the triangular corrugations, being 𝑠 = 𝑡 in all cases (a section of 1 mm 
of waveguide with smooth walls at the ports ends has been added).  (For 
interpretation of the references to color in this figure legend, the reader is 
referred to the web version of this article.)

corrugations has been computed, as a reference, obtaining 22.97 kW. 
Next, 𝑃𝑇𝐻  has been studied when inserting triangular corrugations of 
different sizes over the inner horizontal metallic walls of this waveg-
uide, maintaining an equivalent height of 𝑏𝑒𝑞 = 5 mm, equal to the 
original height of the rectangular waveguide without corrugations. In 
all cases, corrugations with a triangular profile placed longitudinally 
to the direction of propagation have been applied. The S-parameters 
of this waveguide with different corrugation dimensions have been 
obtained with respect to the reference waveguide ports (with smooth 
surfaces), by adding a 1 mm long section of the reference waveguide 
at its ends, in order to check the range of the corrugation dimensions 
where the electrical response of the waveguide is hardly modified by 
the corrugations, as shown in Fig.  4. Corrugations with the following 
dimensions (in mm) have been studied: 𝑠 = 𝑡 = 0.05, 0.5, 1.5 mm and 
2.5 mm. This last value is the limit for which the electrical response 
of the waveguide is not significantly disturbed by the corrugations, 
i.e. |𝑆11| < −25 dB in the waveguide operating band (see also the blue 
curves related to the 𝑠 = 2.5 mm case). Additionally, we have checked 
that the insertion loss in all cases is hardly increased with respect to the 
waveguide of aluminium without corrugations, being in all cases lower 
than 0.07 dB in the waveguide operating band. The computed 𝑃𝑇𝐻
in these cases ranges from 66.87 kW for 0.05 mm corrugations up to 
105.46 kW for 0.5 mm corrugations, and from this size of corrugations, 
the 𝑃𝑇𝐻  starts to decrease again. Having these results in mind, as a 
general rule, we can conclude that a greater depth and width of the 
corrugations provides a higher 𝑃𝑇𝐻  value, up to a certain limit, which 
in this waveguide is of about 0.5 mm, from which the 𝑃𝑇𝐻  is no 
longer increased. However, a particular study of the dependence of the 
corrugation dimensions on the obtained 𝑃𝑇𝐻  should be performed in 
each particular microwave component.

3. Multipactor analysis of more complex microwave components 
with corrugations

In this section, we have analyzed the multipactor effect of more 
complex microwave components that might suffer from the multipactor 
phenomenon, such as filters at the output stages of satellite communica-
tion payloads. It is important to note that filtering structures, differently 
from waveguides, suffer the effect of field amplification in their res-
onant cavities, and they can have relatively low 𝑃  levels within 
𝑇𝐻

4 
their passbands. Afterwards, we will introduce corrugations in such 
critical areas using a triangular surface profile, which has resulted more 
effective to mitigate the multipactor effect. Both the resulting electrical 
response and the new 𝑃𝑇𝐻  value will be obtained. The configuration 
used in this section to perform all multipactor simulations is the same 
as the one described before in Section 2 of this article.

To this end, we have chosen a 3rd-order waveguide band-pass 
filter with interdigital configuration loaded with metallic strips of flat 
geometry (Fig.  5(a) displays the analyzed filter with corrugations) made 
of aluminium and operating at S-band, with a center frequency of 3 GHz 
and a bandwidth of 200 MHz. This filter was initially designed in [27], 
and its electrical response is represented in Fig.  6 with black line, 
obtaining an insertion loss (IL) mean value of 0.1 dB in the nominal 
passband (2.9–3.1 GHz). To be able to compare 𝑃𝑇𝐻  results, this 
parameter is first obtained without the insertion of corrugations. For 
this purpose, we have first identified the critical zones of the proposed 
microwave filter where the field intensity is higher, and therefore more 
prone to suffer a multipactor discharge.

Fig.  5(b) shows the electric field distribution in this filter computed 
at 𝑓0 = 3 GHz (with values scaled for an input power level of 1 W), 
which reveals a high concentration of the electric field around all the 
metallic strips. Therefore, a multipactor analysis in several isolated 
regions of the filter is required to identify the critical zones in terms of 
multipactor. We have identified that the critical areas in this structure 
are the flat surfaces of the first and last resonator strips along with 
the front and back walls of the rectangular enclosure facing such strips 
(where the distance is of 3 mm), where the electromagnetic fields are 
more intense. These zones are the most critical regions in terms of 
the multipactor phenomenon. We have computed the 𝑃𝑇𝐻  value at the 
central frequency of the filter (𝑓0 = 3 GHz), and also at the frequencies 
𝑓1 = 2.86 GHz and 𝑓2 = 3.15 GHz where the 𝑆21 parameter group delay 
and stored energy are maximum, and thus more prone to a multipactor 
discharge. The obtained results are: 𝑃𝑇𝐻,𝑓0 = 170 W, 𝑃𝑇𝐻,𝑓1 = 72.8
W and 𝑃𝑇𝐻,𝑓2 = 83.5 W. Although the obtained multipactor power 
thresholds are lower at frequencies 𝑓1 and 𝑓2, in practice, the frequency 
bandwidth of the employed signals do not usually reach such extreme 
values, so in the following we will focus on the obtained value of 𝑃𝑇𝐻
at the center frequency of the filter.

Subsequently, we have placed triangular corrugations of 0.5 mm 
width and depth over the front and back walls of the rectangular 
enclosure of the filter, above the coaxial ports (see Fig.  5(a)), and 
whose electric field distribution at 3 GHz (represented in Fig.  7) shows 
a decrease of the field intensity inside the corrugations, as expected. 
Once again, this reduction of the electric field intensity, when applying 
corrugations over the critical surfaces of the component, leads to an 
increase of the 𝑃𝑇𝐻 , now obtaining a value of 420 W at the center 
frequency of the filter, which represents an improvement of 147%. 
However, although the modified filter with corrugations shows an 
improved power performance, its electrical response does not meet the 
original filter specifications in terms of return losses (RL > 25 dB) (see 
the electrical response of the original filter in Fig.  6 represented in black 
line), as can be seen in Fig.  6 with green line, showing that RL < 15 dB 
in the frequency range [3.015–3.07] GHz. Thus, the modified filter with 
corrugations needs to be redesigned in order to recover the original 
filter response.

3.1. Optimization of the modified filter by adding an offset 𝛥𝑙 to improve 
the RL within the passband

A first attempt to recover the original filter response in the modified 
filter with corrugations has been made, through the modification of 
the distance 𝑙 between the metal strip closest to the excitation and the 
plane where the coaxial excitation is located, which was originally fixed 
to 3 mm for this filter, by adding an offset 𝛥𝑙 (see Fig.  5(a)). Fig.  6 
shows that, when this offset 𝛥𝑙 has a value of −0.3 mm, RL > 25 dB 
within the passband, and IL < 0.11 dB, revealing that the introduction 
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Fig. 5. (a) 3D model of the interdigital 3rd-order band-pass filter with corrugations inserted over the vertical walls above the coaxial ports. (b) Electric field 
distribution (𝑓0 = 3 GHz) in the original filter without corrugations.
Fig. 6. S-parameters of the filter without and with corrugations, for different 
values of the 𝛥𝑙-parameter adjusted to improve the RL within the passband. 
(For interpretation of the references to color in this figure legend, the reader 
is referred to the web version of this article.)

of corrugations does not increase the insertion losses of the filter 
(provided that a good matching is achieved in the passband). However, 
the response does not yet meet the original filter specifications in 
terms of center frequency and bandwidth, so alternative methods for 
recovering the original filter response are studied next for this filter.

3.2. Optimization of the modified filter by changing the number of corruga-
tions

A different approximation to recover the frequency response of 
the original filter (without modifying the aforementioned distance 𝑙, 
i.e., with 𝛥𝑙 = 0 mm) consists of reducing the number of corrugations 
inserted over the vertical walls of the band-pass filter, beginning from 
the coaxial ports side. We have consecutively removed the nearest 
corrugations to the coaxial ports in several stages, being removed 5, 
8, 12, and finally 15 corrugations, keeping the corrugations in the 
region where the electric field is maximum, i.e., near the open-ended 
terminations. For each case, the electrical response is compared to 
that of the original filter without corrugations. Eventually, the 𝑃𝑇𝐻
parameter has been also computed for each case to make sure that an 
increase in the 𝑃𝑇𝐻  value is still obtained, as this is the original aim of 
the insertion of the corrugations.
5 
Table 2
Change in 𝑃𝑇𝐻 when removing different number 𝑁 of corrugations.
 𝑁 𝑃𝑇𝐻 (W) 
 0 420  
 5 388  
 8 376  
 12 345  
 15 291  

In Fig.  8 it can be seen that removing 12 or 15 corrugations results 
in a frequency response very close to that of the original filter without 
corrugations. In Table  2 it can be observed that the 𝑃𝑇𝐻  is progressively 
reduced as more corrugations are removed, as expected. Thus, although 
the reduction of some corrugations near the coaxial ports provides an 
improved electrical response, the 𝑃𝑇𝐻  value is considerably reduced. As 
a conclusion, a trade-off between the obtained 𝑃𝑇𝐻  and the electrical 
response must be reached, and the case when removing 12 corrugations 
may be a good compromise, where the electrical response of the filter is 
very close to that of the original filter without corrugations, while the 
𝑃𝑇𝐻  value has been reduced from 420 to 345 W (a reduction lower than 
20%). Therefore, a different optimization approach is explored next to 
address this limitation.

3.3. Redesign of the modified filter

This new optimization approach consists of redesigning the inter-
digital filter with corrugations, with the aim of recovering an electrical 
response similar to the one obtained with the original filter without 
corrugations. The 3D model of the original filter with its main dimen-
sions is shown in Fig.  9, and its electrical response was represented in 
Fig.  6 with black line, but with a reduced 𝑃𝑇𝐻 .

The design process used for this purpose is similar to the one 
detailed in [27], where it was explained how to design an interdigital 
filter with the specifications collected in Table  3. However, in this case 
where the complexity of the filter has increased due to the insertion 
of the corrugations, the design process has been completely performed 
using the commercial software CST Studio Suite [26] and including the 
corrugations from the beginning, as detailed below.

The first step in the design process consists of characterizing the 
input/output coaxial excitation. Compared to the previous filter, the 
new structure under analysis contains the corrugations block, as shown 
in Fig.  10(a). As the external quality factor, 𝑄𝑒𝑥𝑡, must be the same in 
the two filters, both the height 𝐻1 of the first strip and the position 𝑑
of the input/output coaxial feedings need to be re-designed. The new 
obtained dimensions are collected in Table  4, where a slight variation 
can be observed with respect to the filter with no corrugations.
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Fig. 7. Electric field intensity distribution (𝑓𝑐 = 3 GHz) -longitudinal section view- after inserting the corrugations in the interdigital 3rd-order band-pass filter.
Fig. 8. Comparison of the electrical response of the original interdigital band-
pass filter (without corrugations) with the corrugated filter when removing a 
different number 𝑁 of corrugations.

Fig. 9. 3D model of the original interdigital filter with its main dimensions 
(with 𝐴 = 𝐵 = 26 mm).

Table 3
Interdigital filter specifications.
 Filter type Band-pass (Chebyshev)  
 Center frequency 3 GHz  
 Order 3  
 Bandwidth 200 MHz  
 Fractional bandwidth 6.67%  
 Return losses 25 dB  
 Waveguide dimensions 𝐴 × 𝐵 = 26 mm ×  26 mm 

In the next step, the coupling between resonators is addressed. As 
it is well known, the EM coupling between resonators depends on the 
distance 𝑠 between the flat strips. The topology depicted in Fig.  10(b) 
is used to obtain an initial value for the distance 𝑠, taking into account 
the required value for the coupling coefficient. Since the corrugations 
hardly modify the electrical response of the component, the new value 
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Table 4
Dimensions of the designed interdigital filters: without corrugations vs. with 
corrugations (designed and optimized)
 Without corr. With corr. With corr.  
 [mm] (designed) [mm] (optimized) [mm] 
 𝐻1(=𝐻3) 23.683 23.550 23.590  
 𝐻2 20.320 20.280 20.323  
 𝑠 17.721 17.500 17.929  
 𝑑 6.076 6.080 6.924  

obtained for the spacing between the strips is very similar to the one 
we obtained for the filter without corrugations, as we can observe in 
Table  4.

Table  4 collects the dimensions of the designed interdigital filters, 
while in Fig.  11(a) a comparison is shown of the electrical response of 
the original filter (without corrugations, black lines) with that of the 
redesigned filter with corrugations (red lines). Although the performed 
redesign procedure has provided a good electrical response in terms of 
center frequency and return losses, a final optimization step over the 
obtained redesigned filter dimensions has been done, and whose dimen-
sions are also included in Table  4. In Fig.  11(a), the electrical response 
of the redesigned filter with corrugations after the final optimization 
step is also represented (blue lines), where it can be checked that a 
very good agreement has been achieved in this case with the original 
filter response. Additionally, for validation purposes, a comparison of 
the wideband electrical response of this optimized filter, calculated 
with two well-known electromagnetic simulation tools (Ansys HFSS and 
CST), can be seen in Fig.  11(b), showing a very wide rejection band 
(up to 7.7 GHz), and revealing a very good agreement between both 
computed electrical responses in all the analyzed frequency range, thus 
validating the obtained response.

We have also represented the group delay of the filter within 
the passband (see Fig.  12(a)), showing little variation with frequency 
(from 0.5 to 3 ns). We have also calculated the unloaded 𝑄 factor for 
the two different resonators considered in the designed filter. In this 
regard, note that, in contrast to the central resonator, the input/output 
resonators include a corrugated surface in the front/back wall of the 
rectangular enclosure. To do that, the eigenmode solver of the com-
mercial software Ansys HFSS has been employed, using an equivalent 
conductivity value of 3.8⋅107 S/m (aluminium). The obtained values are 
𝑄𝑢 = 1542 for the central resonator, and 𝑄𝑢 = 1394 for the input/output 
resonators including the corrugated surface. On the other hand, if the 
formula (4.147) collected in [29] is used to compute the filter quality 
factor, a value of 1506 can be obtained.

On the other hand, we have conducted a sensitivity analysis re-
garding manufacturing tolerances in the final filter (with corrugations), 
considering 17 design parameters (regarding the different filter geomet-
rical dimensions), to which we have applied a 10-μm tolerance using a 
uniform distribution criterion. This study has been carried out using the 
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Fig. 10. (a) Structure used for determining the values of 𝐻1(= 𝐻3) and 𝑑 of the redesigned interdigital filter, and (b) of the distance 𝑠 between resonators.
Fig. 11. (a) Comparison of the electrical response of the original filter (without corrugations, black lines) with that of the redesigned filter with corrugations, with 
red lines, and after the final optimization step, with blue lines. (b) Comparison of the wideband electrical response of the final optimized filter with corrugations 
calculated with two well-known electromagnetic simulation tools (Ansys HFSS and CST.).  (For interpretation of the references to color in this figure legend, the 
reader is referred to the web version of this article.)
‘‘Statistical’’ tool in HFSS, and the results obtained for 100 iterations 
have been included in Fig.  12(b). Additionally, a sensitivity analysis 
has also been done regarding the corrugations dimensions, to analyze 
the effect of possible variations of the corrugations depth, considering 
20-μm steps around the design value (𝑡 = 500 μm) and the results 
have been included in Fig.  12(c). These good results allow to conclude 
the potential manufacturing of the designed filter, without the need 
of using additional tuning screws, using a high-precision (with 10-μm 
tolerances) milling technique available in the market.

Additionally, the computed 𝑃𝑇𝐻  of the final optimized filter with 
corrugations is 425 W, which is still a 150% higher than that of the orig-
inal filter, thus fully validating the proposed approach. Finally, Table  5 
shows a comparison between the results of this work and other studies 
in the literature regarding the reduction of multipactor effect, which 
stands out the proposed approach in this work in terms of multipactor 
reduction, with demonstrated lifetime and reproducibility (differently 
from those using material coatings or micro-porous surfaces), and no 
need of non-standard waveguides, thus avoiding the use of expensive 
and bulky waveguide transformers.

4. Conclusions

In this work, the impact on the 𝑃𝑇𝐻  when introducing a surface 
corrugation profile over different microwave components has been 
studied, including rectangular and triangular shapes, and with dimen-
sions ranging from tens of microns to millimeters. We have sought to 
understand how these parameters affect the effectiveness of mitigation 
of the multipactor effect, and to assess the feasibility of implementing 
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Table 5
Comparison between the results of this work and other studies in the technical 
literature regarding the reduction of multipactor effect.
 Ref. Technique Non-standard 𝑓0 Component Increase  
 waveguides (GHz) size (mm) of 𝑃𝑇𝐻 (%)  
 [12] Micro-porous No 11.8 40.0 × 20.0 × 110.0 No discharge 
 surfaces  
 [13] Micro-porous No C-band  – 162  
 surfaces  
 [14] Material No 0.7 – No discharge 
 coating  
 [17] Smooth Yes 11.7 19.0 × 9.5 × 218.0 1550  
 profile  
 [20] Dielectric No 3.2 72.0 × 5.0 × 80.0 No discharge 
 material  
 [21] Ridged Yes 1.2 – 150  
 structure  
 This Corrugations No 3.0 26 × 26 × 45 150  
 work  

these corrugations in critical areas of an example of filtering structure 
without degrading its electrical response. This comprehensive approach 
aims to validate the effectiveness of these techniques in more complex 
components, and to open up new possibilities for device design and 
optimization of microwave devices for space applications. Specifically, 
it has been observed that there is a higher mitigation of the multi-
pactor effect in a waveguide with triangular corrugations compared 
to rectangular ones. It was also found that the greater the depth of 
the corrugations, the greater the 𝑃  value, up to a certain limit, 
𝑇𝐻
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Fig. 12. (a) Group delay of the final optimized filter with corrugations. Sensitivity analysis of the filter with corrugations (b) with 100 iterations and 10 μm of 
tolerance, and (c) with 5 different corrugation depth values.
which in the case of the RW under study was 0.5 mm. Finally, the 
triangular profile has been tested with a band-pass filter case with 
promising results in terms of 𝑃𝑇𝐻 , even when the electrical response 
of the filter was affected by the introduction of corrugations, in which 
case a redesign procedure of the filter dimensions has proved to recover 
a good electrical response while keeping a great improvement of its 
power handling capability. The proposed approach in this work stands 
out with respect to other traditional multipactor reduction techniques, 
like using material coatings or micro-porous surfaces, and without 
need of non-standard waveguides, thus avoiding the use of expensive 
and bulky waveguide transformers, and meeting the highly restrictive 
requirements (in terms of quality factor or compactness) for filtering 
components used in space applications. In the near future, it is planned 
to manufacture the components studied to carry out power tests, in 
order to obtain experimental validation of the studies performed.
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