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Abstract— The objective of this work is to advance the state-

of-the-art in the characterization of the multipactor effect in 
dielectric materials. The materials studied are the most 
commonly used dielectrics in space applications, namely, 
Alumina, Rexolite, Rogers RT5870, Rohacell, Teflon and Ultem 
1000.  In this context, a new family of coaxial waveguide 
components, covering the L- and S-bands, with a wideband, low-
pass response has been designed, and six different prototypes 
have been specifically optimized and manufactured. The six 
prototypes have then been used to simulate and measure the 
multipactor breakdown susceptibility charts for the six dielectric 
materials investigated. Finally, the simulation results are 
compared with the results of the measurement campaign 
indicating good agreement.   
 

Index Terms— Alumina, dielectrics, low-pass coaxial filter, 
multipactor, rexolite, rogers RT5870, rohacell, space 
applications, teflon, ultem 1000 and wide-bandwidth. 
 

I. INTRODUCTION 

IELECTRIC MATERIALS are widely used in many 
passive microwave components for satellite payloads. 

Radio Frequency (RF) Printed Circuits Boards (PCBs), for 
instance, implemented either in single- or in multi-layer 
technology, usually employ high quality substrates such as 
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Teflon® (PTFE) [1]. Conventional planar antennas are another 
example of the practical use of Teflon®-based substrates, like 
Rogers RT5870®, which is able to withstand the 
environmental conditions of outer space. In [2], a compact 
single-layer patch antenna is designed for the HORYU-IV 
nanosatellite S-band communication link. This material 
presents good behaviour up to the millimeter-wave frequency 
range, i.e. the Ka-band (26-40 GHz), and will be widely used 
in new-generation communication satellites [3]. Many other 
dielectric materials can also be found in payload equipment. 

Alumina (Al2O3), for instance, a white and opaque ceramic 
material, is used in RF-windows for high–power klystrons to 
isolate the vacuum inside the tubes, and to allow the RF power 
to go through with a minimum of transmission  losses [4], [5]. 
Alumina disks are also used as dielectric resonators, with a 
very high quality factor (Q), [6]. Alumina substrates can also 
be found in C-band filters realized in microstrip technology 
[7]. Rohacell® foam composite is also widely used in the 
sandwich structures in many space applications, such as 
antennas and radomes, for the protection of radar equipment, 
aerospace components, launch vehicles, and other payloads 
[8]. Ultem® 1000 with flight grade has a very low 
flammability and low levels of smoke evolution during 
combustion, thus making it very suitable for electrical and 
electronic insulators [9]. It is also possible to find Ultem resins 
for additive manufacturing processes (e.g. Ultem 9085 from 
Stratasys).  

Furthermore, to avoid potential RF discharge under vacuum 
conditions in microwave filters, resonators are protected with 
dielectric materials. Rexolite is a good candidate, since it has a 
high dielectric strength of 20 kV/mm and a low loss tangent 
(tan δ = 5·10-4). In this context, [10] describes a high power 
comb-line diplexer where the filter resonators are completely 
or partially loaded with Rexolite. Similarly, the empty space 
inside helical resonators can be filled with Rexolite, thus 
minimizing the multipactor effect, and significantly increasing 
the power handling capability of helical filters [11]. 

However, due to the extreme environmental conditions of 
outer space, all payload equipment is required to comply with 
the very stringent requirements of space qualification [12]. In 
particular, RF and microwave equipment operating in outer 
space are prone to suffer multipactor discharge. This 
phenomenon must, therefore, be studied very carefully when 
dielectric materials are used. Multipactor effects occur in 
microwave devices under high vacuum and high power 
conditions, when an electron avalanche is caused by secondary 
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electron emission driven by the Radio Frequency (RF) 
electromagnetic field [13]. The phenomenon depends on the 
applied RF power level, the geometry of the device 
considered, and, of course, the materials involved [14]. 
Multipactor can cause increased losses and/or RF signal 
distortion, and even physical damages [15], [16]. Most 
researches have studied the multipactor problem using the 
classic parallel plate configuration, firstly proposed in [17] and 
widely used later in multipactor research  [13], [18], [19] and 
industry standards [20], [21]. 

Furthermore, the presence of dielectric materials in space 
hardware introduces additional effects and uncertainties (i.e. 
aging, outgassing) that should also be investigated. Until now, 
however, the multipactor effect of only very few dielectric 
materials has been analyzed using the very simple parallel 
plate model, where only 2D partially filled structures have 
been considered [22], [23]. In [24] the analysis has been 
performed taking also into account space-charge effects in the 
presence of time varying fields. The calculation of the 
electrostatic field due to a charge distribution on the dielectric 
in a dielectric-loaded rectangular waveguide has also been 
recently studied in [25]. 

 
In this context, initial results involving limited 

electromagnetic simulations of a new low-pass coaxial 
waveguide component using Teflon have been reported in  
[26]. The objective of this paper is to significantly extend the 
initial results presented in [26]. In this extended version, a 
sophisticated approach, based on an Electron Tracking Code 
(ETC) [27]), has been used to model multipaction breakdown 
of dielectric materials in more complex and realistic 3D 
geometries. Furthermore, more practical details about the 
design of the wideband low-pass coaxial filters are provided, 
including also the design of specific test hardware for five 
additional dielectric materials (Alumina, Rexolite, Rogers 
5870, Rohacell and Ultem 1000). The six prototypes are first 
designed and characterized, in terms of their multipaction 
breakdown levels, using an ETC software tool and the real 3D 
electromagnetic fields within the dielectric-loaded structures. 
In addition to simulations, several multipactor measurement 
campaigns have also been performed in the L- and S-bands. 
The results obtained are reported in this paper thus providing, 
for the first time (to the authors’ knowledge), a set of real 
experimental data for six dielectric materials widely employed 
in space applications. 

II. DIELECTRIC TEST DEVICE 

A. Device Description 

Our aim is to characterize the multipactor behavior of the  
dielectric materials described in Table I, namely, Alumina, 
Rexolite, Rogers RT5870, Rohacell, Teflon and Ultem 1000. 
Furthermore, the characterization is carried out from 1 GHz to 
4 GHz (L- and S-bands), which is indeed a wide frequency 
range. The basic topology chosen for the Dielectric Test 
Device (DTD) is, therefore, based on the wideband coaxial 
stepped impedance structure shown in Fig. 1. The central 
section of the DTD is where the electric field will have the 

highest intensity. It is, therefore, the ideal location to place the 
dielectric materials under test. The dielectric samples will be 
glued in the central part of the low-pass filter (a low 
impedance section of the coaxial structure). 

 
 TABLE I 

LIST OF THE DIELECTRIC MATERIALS CONSIDERED IN THIS WORK. 

 

Dielectric Material 

 

Relative 
dielectric 

Permittivity 

 

Loss tangent 

Thermal 
Conductivity 

(W/m.K) 

Alumina ~10 0.0002 30.3 

Rexolite 2.5 0.0005 0.18 

Rogers RT5870 2.3 0.0005 0.22 

Rohacell 1.046 0.0017 0.033 

Teflon 2.1 0.0003 0.25 

Ultem 1000 3-3.8 0.001-0.005 0.23 

 

 

(a) 

 

(b) 
Fig. 1. Dielectric Test Device. (a) 3D-view of the stepped impedance low-pass 
filter. (b) Manufactured prototype. 

 

Two samples will be used for the characterization of each 
dielectric material. One of the samples will be placed on top of 
the inner conductor, and the other will be placed on the 
opposite (outer) conductor surface, with a gap of 1 mm 
between the two samples (see details in Fig. 2). 
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In order to design the DTD (see longitudinal view in Fig. 3) 
with enough accuracy and efficiently, a full-wave 
electromagnetic (EM) analysis tool was needed. The 
commercial software FEST3D v2018 (Aurora Software and 
Testing S.L.U., now with CST/3DS), based on the integral 
equation technique [28], was therefore chosen to accomplish 
this task. 

 
(a) 

 
(b) 

Fig. 2. Dielectric samples (slabs) over inner and outer conductors of the 
coaxial central section with a gap of 1mm. (a) Side view of the central stage, 
(b) Front view of the central stage. 

However, although FEST3D can indeed perform very 
efficient full-wave simulations, it can only analyze structures 
composed of waveguide sections with uniform dielectric 
filling. In our case, the central part of the DTD is a non-
uniform waveguide section. This problem has been solved in 
this paper by using the concept of the “effective dielectric 
constant” (EDC), previously applied to other non-uniform 
dielectric waveguide structures for millimeter-wave  
applications in [29]. 

 
Fig. 3. Longitudinal view of the coaxial filter with dielectric slabs (located in 
section S8) in the central section. Low impedance sections (S2, S4, S6, S10, 
S12 and S14) are surrounded with Teflon, holding the inner conductor. 

 

 

(a) 
 

 

(b) 
Fig. 4. (a) 3D view of the real central element with the two dielectric slabs 
(analyzed with CST Microwave Studio), and (b) 3D view of the central 
element with the EDC material filling the whole volume (analyzed with 
FEST3D). 

In our case, the basic concept behind the EDC approach is to 
find the dielectric constant of an equivalent dielectric material 
that “fills” the same volume completely, and produces the 
same electrical performance of the non-uniform dielectric 
section, as seen from the corresponding input and output ports. 
The needed computations are carried out using a full-wave 
numerical simulator, in our case CST Microwave Studio 
v2018 (CST/3DS), to obtain the response of the real central 
element to be used as a reference, and FEST3D, for the full-
wave analysis of the equivalent uniform section. 
 

TABLE II 
RELATIVE AND EFFECTIVE DIELECTRIC CONSTANTS (OBTAINED IN THIS PAPER) FOR PARALLEL SLABS 

WITH A GAP BETWEEN THEM OF 1 MM. 

Material εr εeff Slab 
thickness 

(mm) 
Alumina 9.800 1.1384 0.250 

Rexolite 2.500 1.1083 0.500 

Rogers RT5870 2.300 1.0712 0.256 

Rohacell 1.046 1.0002 1.000 

Teflon 2.100 1.0870 0.500 

Ultem 1000 3.000 1.1795 0.900 

 

 

In Fig. 4 we can see the two structures used to obtain the 
EDC for each dielectric sample. Fig. 5 shows the differences 
between the responses considering the real dielectric material 
(in this case Alumina slabs), and the one with the 
corresponding EDC uniform material. Note that the difference 
between the values obtained is less than 0.3 dB in the whole 
frequency range. Table II summarizes the values of the 
relative (εr) and effective (εeff) dielectric constants (EDCs) 
obtained for all the materials considered in this study, as well 
as the slab thickness of each real sample. 
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(a) 

 
(b) 

Fig. 5. (a) S11 and S21 parameters of real dielectric (lines) structure versus 
equivalent dielectric (dots) structure for Alumina, (b) difference between the 
amplitudes (in dB) of the previous results for S11 (grey line) and S21 (black 
line) in (b). 

 

Finally, it is important to note that all other low impedance 
sections of DTDs (where the metals of the inner and outer 
conductors are closer to each other) are fully loaded with 
Teflon (see S2, S4, S6, S10, S12 and S14 sections in Fig. 3), 
so that the multipactor effect cannot take place there. This will 
ensure that multipactor discharge will always happen in the 
central sections, where the dielectric samples are located. The 
high impedance sections can be left without Teflon filling, 
since the inner and outer conductors are sufficiently separated 
so that multipaction will certainly not take place there. 

 

B. Design Process 

The design of the DTDs is based on the EDC concept 
described in the previous paragraphs, and on the extensive use 
of FEST3D. The numerical tool CST Microwave Studio has 
also been used for validating the results provided by FEST3D. 
The design procedure is briefly summarized in the next 
paragraphs.  

First, the normalized g values for an equiripple low-pass 
filter prototype, with in-band return losses better than 20 dB, 
are computed as detailed in [30], [31]. Then, the values for the 
lumped elements (inductors and capacitors) of a ladder filter 
implementation, have been computed. For this purpose, 
considering the corresponding frequency transformation and 
impedance scaling, the following expressions must be 
evaluated: 

 

2
 

(1) 
 

2
  (2) 

 

where the cutoff frequency of our desired low-pass response is 
chosen to be fc=5.3 GHz, and a characteristic impedance Z0 of 
50 Ω is chosen for the input and output ports. The values of 
the lumped elements obtained are displayed in Table III.  

 TABLE III 
RELEVANT VALUES OF A LOW-PASS LADDER FILTER WITH CUTTING FREQUENCY OF 5.3GHZ 

Prototype 
Element 

Element Value 

L1 1.8169 nH 

C2 0.8775 pF 

L3 3.2522 nH 

C4 0.9886 pF 

L5 3.3930 nH 

C6 1.0075 pF 

L7 3.4239 nH 

C8 1.0113 pF 

 
From a practical point of view, the various inductances and 

capacitances can be implemented with uniform sections of 
high and low impedance transmission lines. In particular, in 
our DTD we have chosen to implement them with coaxial 
waveguide sections with smaller and bigger inner conductors 
of appropriate lengths. 

 Once the characteristic impedance of each rectangular 
coaxial section is obtained, as indicated in [32], the initial set 
of values for the lengths of all coaxial waveguides needed can 
be easily found using the following equations: 

 

; ∀ 	  
(3) 

 

;
√

;		 ∀ 	
8
	  (4) 

 

;   (5) 
 

where  is the speed of light in vacuum, and the values of   
and  are recovered in this case with FEST3D. In equations 
(3) to (5),  and  are the corresponding lengths of each 
uniform coaxial waveguide implementing the inductances and 
capacitors, respectively, of the lumped element filter. The 
length of the central section (i.e. ) is obtained using the 
corresponding EDC value for the   of each sample (see 
Table II). 

 In all DTDs designed, the dimensions for all outer 
conductors, and inner conductors of all high impedance 
sections, are kept fixed at 13x13 mm, and 3x3 mm, 
respectively. On the other hand, for the evaluation of (3)-(5), 



> REPLACE THIS LINE WITH YOUR PAPER IDENTIFICATION NUMBER (DOUBLE-CLICK HERE TO EDIT) < 
 
 
 

5

the square cross-section of the inner conductor of all low 
impedance sections is chosen to be of 6.5x6.5 mm, thus 
providing the initial length values included in Table IV for 
each DTD. Note that the first and the last sections (S1 and S15 
in Table IV) of each DTD have an inner conductor with 
circular geometry (with a diameter φ of 1.64 mm). This is 
because the inner conductor of the S1 and S15 sections is 
chosen to be equal to the inner conductor of the TNC 
connectors used as input and output ports for each DTD. 

 
TABLE IV 

INITIAL AND OPTIMIZED DIMENSIONS OF THE INNER CONDUCTOR SECTIONS, WHERE S IS SECTION, D 

DEPTH, W WIDTH, H HEIGHT AND Φ DIAMETER 

 
ALUMINA 

SECTIONS 

INITIAL 

D×W×H(mm) 

OPTIMIZED 

D×W×H(mm) 

S1 & S15 5.88× φ 1.64 1.50× φ 1.64 

S2 & S14 4.65×6.50×6.50 2.10×6.69×6.69 

S3 & S13 11.72×3.00×3.00 7.16×3.00×3.00 

S4 & S12 5.23×6.50×6.50 5.89×6.69×6.69 

S5 & S11 12.23×3.00×3.00 7.36×3.00×3.00 

S6 & S10 5.33×6.50×6.50 7.05×6.69×6.69 

S7 & S9 12.34×3.00×3.00 7.54×3.00×3.00 

S8 4.79×8.00×10.00 5.00×8.00×10.00 

 

 

REXOLITE 

SECTIONS 

INITIAL 

D×W×H(mm) 

OPTIMIZED 

D×W×H(mm) 

S1 & S15 5.88× φ 1.64 1.5× φ 1.64 

S2 & S14 4.63×6.50×6.50 1.75×6.78×6.78 

S3 & S13 11.72×3.00×3.00 6.84×3.00×3.00 

S4 & S12 5.22×6.50×6.50 5.26×6.78×6.78 

S5 & S11 12.23×3.00×3.00 7.13×3.00×3.00 

S6 & S10 5.32×6.50×6.50 6.25×6.78×6.78 

S7 & S9 12.34×3.00×3.00 7.04×3.00×3.00 

S8 5.94×8.00×9.00 6.50×8.00×9.00 

 

ROGERS 
RT5870 

SECTIONS 

INITIAL 

D×W×H(mm) 

OPTIMIZED 

D×W×H(mm) 

S1 & S15 5.88× φ 1.64 2.5× φ 1.64 

S2 & S14 4.64×6.50×6.50 3.31×6.88×6.88 

S3 & S13 11.72×3.00×3.00 6.94××3.00×3.00 

S4 & S12 5.22×6.50×6.50 6.37×6.88×6.88 

S5 & S11 12.23×3.00×3.00 5.52×3.00×3.00 

S6 & S10 5.32×6.50×6.50 9.14×6.88×6.88 

S7 & S9 12.34×3.00×3.00 4.88×3.00×3.00 

S8 4.70×8.00×9.98 8.00×8.00×9.98 

 

 

ROHACELL 

SECTIONS 

INITIAL 

D×W×H(mm) 

OPTIMIZED 

D×W×H(mm) 

S1 & S15 5.88× φ 1.64 2.73× φ 1.64 

S2 & S14 4.64×6.50×6.50 2.5×6.91×6.91 

S3 & S13 11.72×3.00×3.00 8.76×3.00×3.00 

S4 & S12 5.22×6.50×6.50 3.82×6.91×6.91 

S5 & S11 12.23×3.00×3.00 9.39×3.00×3.00 

S6 & S10 5.32×6.50×6.50 4.14×6.91×6.91 

S7 & S9 12.34×3.00×3.00 9.08×3.00×3.00 

S8 7.84×8.00×7.00 8,00×8.00×7.00 

 

TEFLON 

SECTIONS 

INITIAL 

D×W×H(mm) 

OPTIMIZED 

D×W×H(mm) 

S1 & S15 5.88× φ 1.64 2.04× φ 1.64 

S2 & S14 4.64×6.50×6.50 2.66×6.71×6.71 

S3 & S13 11.72×3.00×3.00 7.25×3.00×3.00 

S4 & S12 5.22×6.50×6.50 5.31×6.71×6.71 

S5 & S11 12.23.00×3.00×3 7.23.00×3.00×3 

S6 & S10 5.32×6.50×6.50 6.38×6.71×6.71 

S7 & S9 12.34×3.00×3.00 7.12×3.00×3.00 

S8 6.05×8.00×9.00 6.5×8.00×9.00 

 

ULTEM 
1000 

SECTIONS 

INITIAL 
D×W×H(mm) 

OPTIMIZED 
D×W×H(mm) 

S1 & S15 5.88× φ 1.64 2.50× φ 1.64 

S2 & S14 4.64×6.50×6.50 2.50×7.00×7.00 

S3 & S13 11.72×3.00×3.00 8.06×3.00×3.00 

S4 & S12 5.22×6.50×6.50 4.35×7.00×7.00 

S5 & S11 12.23×3.00×3.00 8.16×3.00×3.00 

S6 & S10 5.32×6.50×6.50 5.08×7.00×7.00 

S7 & S9 12.34×3.00×3.00 7.62×3.00×3.00 

S8 7.84×8.00×7.40 8.00×8.00×7.40 

 
The initial solution obtained must then be optimized in order 

to obtain the desired DTD responses (S-parameters), 
considering as a reference the ideal response of the low-pass 
filter prototype. For this purpose, the Simplex method was 
used to minimize the error, using again FEST3D and the EDC 
concept for performing efficient full-wave simulations. The 
lengths of all coaxial waveguides, and the size of the inner 
conductor of the low impedance sections, have been used as 
optimization variables. The  final values obtained are given in 
Table IV. 
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The numerical tool CST Microwave Studio has then been 

used to verify the validity of the solution obtained considering 
the real structure with a non-uniform central section. In all 
DTDs, the optimal dimensions found with FEST3D were good 
enough. A fast fine refinement, performed again with 
FEST3D, was needed in only a few cases. Finally, the results 
from CST Microwave Studio have also been used (as detailed 
in section III.A) for the numerical evaluation of the 
multipactor effect. 

 

(a) 

 

(b) 

 

 

(c) 

 

(d) 

 

(e) 

 

(f) 

Fig. 6. Comparison between simulated and measured frequency responses for 
(a) Alumina, (b) Rexolite, (c) Rogers RT5870, (d) Rohacell, (e) Teflon and (f) 
Ultem 1000 DTDs. Dots are used for simulated data, and lines for the 
measurements. Return losses better than 18 dB from 1.5 to 4 GHz in all the 
DTDs. 

C. Experimental Validation 

In Figs. 6 a) to f), we show the simulated versus 
experimental data of all DTDs manufactured, where perfect 
conductors have been considered in simulations, and 
prototypes are made of Aluminium. As we can see, all devices 
have a good matching level (below 20 dB) from 1.3 GHz to 4 
GHz, which is in good agreement with the experimental data 
(return losses better than 18 dB from 1.5 to 4 GHz in all the 
DTDs). The differences observed are due to  manufacturing 
tolerances (around 150 μm). It is important to note that the 
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measured responses are all perfectly adequate for the 
multipactor characterization of the dielectric samples. 

As it will be detailed in the next section, the RF power setup 
for performing the multipactor measurement campaign is 
designed to operate between 1.3 and 4 GHz. The multipactor 
measurements will therefore be carried out in this frequency 
range. All DTDs have a gap of 1 mm in their central regions. 
As a consequence, the frequency-gap product ranges from 1.3 
GHz×mm to 4 GHz×mm, which is sufficient to characterize a 
considerable fraction of the multipactor susceptibility charts 
for all materials [17]. 

Using the software tool CST Microwave Studio, we have 
also computed the electric field distribution in the central 
region of the DTDs. As expected, the maximum value of the 
electric field is located between the two dielectric slabs (see 
Fig. 7 for the Rogers RT5870 dielectric case), thus ensuring 
that multipaction will occur there. Furthermore, as it will be 
detailed in next section, the multipactor simulation tool 
SPARK3D v2018 (Aurora Software and Testing S.L.U., 
CST/3DS) has been used to predict where the RF breakdown 
multipaction will actually occur, and with which RF input 
power level. 

 
 

Fig. 7. Electric field distribution for the Rogers RT5870 DTD at 3.97 GHz, 
where the maximum electric field is located between the two dielectric slabs. 

III. MULTIPACTOR CHARACTERIZATION 

A. Simulation Results 

For the accurate multipactor analysis of the dielectric 
samples using an ETC code, it is necessary to obtain first the 
real electromagnetic (EM) field distribution inside the 
corresponding DTD at the frequency of operation. Electric and 
magnetic fields in vector forms have been exported from 
simulated data obtained with the CST software package, for 
their use in the ETC multipactor software tool SPARK3D. 

 
In Fig. 8 we can see the distribution of the magnitude of the 

electric field in the whole volume of the central section of the 
DTD with Alumina dielectric samples. Note that the 
maximum value of the electric field is reached between the 
dielectric slabs. However, some fringing fields (with lower 

intensity) may also appear in some corners of the inner 
conductor. 

 The SPARK3D software is able to import the 3D EM fields 
from external solvers (CST Microwave Studio software in this 
case), and track the resulting electron motion by solving the 
3D Lorentz force equation. SPARK3D models the electron 
interactions with the DTD surfaces, where they can be 
absorbed, reflected or may extract secondary electrons, 
following the Vaughan model [33]. The secondary electron 
emission angle and energy are random, with cosine law and 
Maxwellian distributions, respectively. Details on the 
SPARK3D physical models can be found in [34]. The number 
of initial electrons is an input parameter in SPARK3D. 
Typically this number is increased until reaching convergence. 
For the simulations in this paper, 1000 initial electrons have 
been used to ensure convergence. Given an imported 3D EM 
field mesh, SPARK3D performs a power sweep from which 
the electron population over time is computed. For each 
simulated power level, a multipactor discharge is 
automatically detected if the electrons follow an exponential 
growth beyond certain predefined limit. 

 

 

 
Fig. 8. Distribution of the magnitude of the electric field in the central part of 
the Alumina DTD for a working frequency of 1.3 GHz and an input power of 
1W. The maximum electric field is in between dielectric slabs and corners.  

TABLE V 
SEY PARAMETERS USED IN MULTIPACTOR SIMULATIONS [21] 

 E1 (eV) Emax (eV) SEYmax 

Standard Aluminium 24 150 2.98 

 

Obviously, the multipactor phenomenon is material 
dependent. This is quantitatively accounted for with the 
Secondary Electron Yield (SEY) coefficient [33]. The energy 
level at which the SEY is unity corresponds to E1, also called 
lower crossover electron energy. Usually, the E1 parameter is 
the one with most influence in the multipactor breakdown 
threshold. When the SEY is maximum (SEYmax), the 
corresponding impact energy is denoted as Emax. 

In principle, each of the dielectric materials of this work  
should have its own SEY curve and SEY parameters. 
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Unfortunately, however, the measurement of the SEY curve in 
dielectrics is rather complex, and tends to yield non-consistent 
values. This may be due to the surface charging process 
experimented during the testing activity, which affects the 
final result [35]. For this reason, the standard Aluminium SEY 
properties [21] have been used for all materials (see details in 
Table V). 

 The SEY properties of standard Aluminium are known to 
yield conservative multipactor predictions in most cases, and 
are typically used as a worst-case alternative, when dealing 
with materials having unknown SEY values. This is a standard 
practice followed by practitioners in the field [21]. Once the 
SEY values are introduced in SPARK3D, the software tool is 
able to provide the multipactor threshold levels, for each 
frequency of operation, in terms of the RF power at the input 
port of each DTD. The multipactor breakdown voltage 
between the two dielectric samples can then be represented in 
terms of the fd product, thus obtaining the wanted 
susceptibility charts for each particular material. 

The voltage between the two parallel (and close) dielectric 
slabs in the central section of the DTD can also be easily 
obtained through the line integral in (6). This numerical 
integration is performed from points a to b of Fig. 7, using the 
electric field previously obtained with CST Microwave Studio 
(considering a normalized RF input power of 1W). 

 

	   (6) 
 

Thus, according to Fig. 7, Vab is defined as the voltage in the 
gap at the central of the dielectric slabs. Although the electric 
field is expected to be non-uniform for this device, the 
difference of computing the voltage at the central or at other 
part of the gap is negligible, since the gap size of 1 mm is 
much smaller than the slab surface dimensions, and since the 
dielectric material tends to concentrate the electric field within 
the gap (see Fig. 8). The electric field can, therefore, be 
considered uniform in the area between the dielectric slabs. 

 The threshold voltage (defined in the central section of the 
DTD) for each particular material and fd product can then be 
determined thanks to the quadratic relationship between the 
RF input power (provided by SPARK3D) and the values of 
Vab. The data obtained for the six dielectric materials are 
collected in Table VI. 

 

TABLE VI 
RF MULTIPACTOR DISCHARGE SIMULATED RESULTS FOR ALL MATERIALS 

Frequency ALUMINA 

(GHz) 
V at 1W 

(V) 
Threshold 

(W) 
Threshold  

(V) 
1.3 7.94 48 54,70 
1.6 8.21 96 80,17 
2.0 8.8 191 121,93 
2.5 9.14 215 132,69 
3.0 9.1 273 151,03 
3.5 9.82 289 166,13 
3.97 11,1 289 188,99 

 

Frequency REXOLITE 
(GHz) V at 1W Threshold(W) Threshold(V) 

1.3 5.95 88 55,74 
1.6 6.09 191 84,18 
2.0 6.48 383 126,91 
2.5 6.83 703 179,15 
3.0 6.77 672 177,18 
3.5 6.96 765 192,11 
3.97 7.72 734 208,96 

 
Frequency ROGERS 5870 

(GHz) V at 1W Threshold(W) Threshold(V) 
1.3 6.01 96 56,32 
1.6 6.03 207 83,71 
2.0 6.48 398 125,52 
2.5 7.26 672 179,60 
3.0 7.33 609 171,73 
3.5 7.28 734 189,53 
3.97 8.05 672 204,96 

 
Frequency ROHACELL 

(GHz) V at 1W Threshold(W) Threshold(V) 
1.3 3.28 289 55,58 
1.6 3.27 672 84,67 
2.0 3.33 1406 125,04 
2.5 3.48 2562 176,44 
3.0 3.54 2312 169,24 
3.5 3.53 2937 191,68 
3.97 3,72 3062 205,57 

 
Frequency TEFLON 

(GHz) V at 1W Threshold(W) Threshold(V) 
1.3 5.7 100 56,81 
1.6 5.79 215 84,69 
2.0 6.09 430 126,43 
2.5 6.44 765 178,38 
3.0 6.47 703 171,02 
3.5 6.63 828 190,20 
3.97 7.28 859 213,61 

 
Frequency ULTEM 1000 

(GHz) V at 1W Threshold(W) Threshold(V) 
1.3 5.48 107 56,73 
1.6 5.51 230 83,60 
2.0 5.74 492 127,47 
2.5 6.13 890 182,94 
3.0 6.25 734 169,07 
3.5 6.34 922 192,05 
3.97 6.89 922 208,93 

 

Next, the classical susceptibility charts for each of the six 
dielectric samples considered in this work have been 
computed (see Fig. 9). In all the charts, the RF voltage 
breakdown refers to the central section of each DTD, where 
two parallel dielectric slabs are located with a gap d =1 mm, 
and frequencies between 1.3 GHz and 4 GHz have been 
considered. 

 

B. Experimental Results 

An experimental test campaign has also been carried out, at 
the RF High Power facility of Val Space Consortium-
European Space Agency (VSC-ESA), in order to validate the 
simulated results, and also provide more realistic data of solid 
engineering value. A standard experimental set-up for 
multipactor measurements (see [20] for a more detailed 
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description) was assembled. The RF signal generator was 
operated in pulsed mode with a pulse width of 20 μs, 
corresponding to a duty cycle of 2%. A radioactive source 
(Strontium-90) with a strength of 1mCi was employed for 
electron seeding purposes. The source was placed just above 
(slightly before or after) the physical location of the dielectric 
sample (dielectric slabs) in the component, near the top cover, 
and focusing one of the venting holes, with the objective of 
helping the electrons generated to get into the central section 
where dielectric material is located. For the multipactor 
measurements high vacuum condition (gas pressure) below 
1.5 × 10-5 mbar was reached. 

 

 

(a) 

 

(b) 

 

(c) 

 

(d) 

 

 

(e) 

 

(f) 

Fig. 9. Susceptibility charts (experimental results in line and simulated in 
dotted) for simulated for (a) Alumina, (b) Rexolite, (c) Rogers RT5870, (d) 
Rohacell, (e) Teflon and (f)  Ultem 1000 dielectric materials considered in this 
work. Two parallel slabs are located in the central section of the DTD with a 
gap between them (i.e. d) of 1mm. 

For each dielectric material, the corresponding DTD 
prototype has been tested. Measurements were performed at 
seven frequency points from 1.3 GHz to 3.97 GHz, which 
correspond to a frequency-gap product (f×d) ranging from 1.3 
GHz×mm to 3.97 GHz×mm. The RF power multipactor 
threshold value was measured at the input port of each DTD. 
In Fig. 9 and Table VII we compare the experimental results 
with the simulated ones, previously obtained with SPARK3D. 
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The bottom of Table VII shows the different methods 
employed for detecting multipactor events. All results in Table 
VII have been obtained after at least two detection methods 
were triggered. 

 

A reasonably good agreement between simulated and 
measured results is generally observed. The maximum 
differences between simulations and measurements are, in 
fact, bellow 3 dB for all cases considered, except for Rohacell 
and Ultem 1000. For Rohacell the measured results are given 
up to 2.5 GHz. For higher frequencies, there was not enough 
power available in the experimental set-up to trigger the 
discharge. In the case of Ultem 1000, besides the first 
frequency point, all the simulated values are above the test 
results, but with a difference below 3 dB, except for the 
frequencies of 2.0 GHz and 2.5 GHz, where the difference 
increases up to 5.6 dB and 4.2 dB, respectively (as can be 
concluded from Table VII). 

 
 

TABLE VII 
RF MULTIPACTOR DISCHARGE EXPERIMENTAL RESULTS FOR ALL MATERIALS 

Frequency 
(GHz) 

ALUMINA 
Simulated(dBW) Discharge(dBW)

1.3 17.1 18.81,2,3,5 
1.6 20.3 23.31,2,3,4,5 
2.0 23.2 24.81,2,3,4,5 
2.5 25.8 25.71,3,4,5 
3.0 25.6 26.31,2 
3.5 25.8 26.31,2,3 
3.97 25.5 27.11,2,3 

 
Frequency 

(GHz) 
REXOLITE 

Simulated(dBW) Discharge(dBW)
1.3 19.4 20.01,2,5 
1.6 22.8 24.31,2,3 
2.0 25.8 26.31,2,3 
2.5 28.5 27.91,3,4 
3.0 28.3 29.31,2,3,4,5 
3.5 28.8 28.81,2,3,4, 
3.97 28.7 28.81,2,3 

 
Frequency 

(GHz) 
ROGERS RT5870 

Simulated(dBW) Discharge(dBW)
1.3 19.8 19.01,2 
1.6 23.2 22.31,2,3,4,5 
2.0 26.0 24.81,2,3,4,5 
2.5 28.3 27.51,2,3,4,5 
3.0 27.8 29.11,2 
3.5 28.7 29.41,2,3,4,5 
3.97 28.3 29.31,2,3,4,5 

 
Frequency 

(GHz) 
ROHACELL 

Simulated(dBW) Discharge(dBW)
1.3 24.6 27.21,2,3,4,5 
1.6 28.3 27.41,2,3,4 
2.0 24.6 29.11,2,3,4,5 
2.5 28.3 31.21,2,4 
3.0 31.5 - 
3.5 34.1 - 
3.97 33.6 - 

 
 
 

Frequency 
(GHz) 

TEFLON 
Simulated(dBW) Discharge(dBW)

1.3 20.0 18.91,2 
1.6 23.3 21.81,2,3,4 
2.0 26.3 23.71,2 
2.5 28.8 27.71,2 
3.0 28.5 30.31,2,3,4 
3.5 29.2 30.21,3 
3.97 29.3 29.81,2,3,4,5 

 
Frequency 

(GHz) 
ULTEM 1000 

Simulated(dBW) Discharge(dBW)
1.3 20.3 22.91,2,3,4,5 
1.6 23.6 20.31,2 
2.0 26.9 21.31,2 
2.5 29.5 25.31,2,3 
3.0 28.7 27.81,2,3,4,5 
3.5 29.6 27.91,4 
3.97 29.6 28.81,2,3,4 

Triggered Detection Systems: 
1 Nulling system 
2 Third harmonic 

3 Electrometer 
4 Photomultiplier 
5 Return losses 

 
The discrepancies in the results are mainly associated to the 

uncertainty concerning the SEY properties used in the 
simulations, as compared to the actual SEY values of the 
dielectric samples. This difference appears to be higher for the 
Rohacell and Ultem 1000 samples than for all other samples. 
However, considering the current margins for multipactor 
analysis, specified in the European [20] and American [21] 
standards as 8 dB and 6 dB, respectively, all the simulated 
results are well within the margins with no exceptions. 

 

IV. CONCLUSION 

 
In this paper, we have described the design of low-pass 

coaxial waveguide devices with a large operational bandwidth, 
specifically optimized to perform high power RF tests of 
dielectric samples. To this end, coaxial waveguide sections 
have been partially filled with dielectric materials commonly 
used in space applications (in particular, Alumina, Rexolite, 
Rogers 5870, Rohacell, Teflon and Ultem 1000 are 
considered).  The test structures have been designed so that the 
maximum electric field occurs between the dielectric samples, 
thereby ensuring that multipactor will take place where the 
dielectric materials are located.  

Simulated results for the RF multipactor threshold levels are 
shown for different values of the f×d product, and are 
compared with experimental data. Typical multipactor 
breakdown susceptibility charts have also been provided for 
all materials. They can effectively be used as a reference for 
future designs. Taking into account all degrees of uncertainty 
related to the multipactor breakdown characterization, 
reasonably good agreement between simulated and 
experimental results has been obtained in all cases. The results 
obtained demonstrate the validity of using an equivalent 
worst-case SEY curve (Aluminium) for multipactor 
breakdown prediction, at least with the dielectric materials 
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under study. The data obtained are expected to be a solid 
engineering reference for the development of passive space 
components containing dielectric materials. 
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