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Abstract—In this paper, the multipactor RF breakdown in component. Due to that, multipactor phenomenon is revealed
a parallel-plate waveguide partially filled with a ferrite slab as a crucial limitation in the maximum RF power handling.
magnetized normal to the metallic plates is studied. An external Multipactor occurs in different environments such as passive

magnetic field is applied along the vertical direction between the ts of satellit icati load ticl
plates in order to magnetize the ferrite. Numerical simulations components o satellite communication payloads, parucle ac-

using an in-house 3D code are carried out to obtain the Celerators, and klystrons.
multipactor RF voltage threshold in this kind of structures. The Special attention must be paid to multipactor in satellite

presentgd results ShOW that the multipfictor RF voltage threshold components, where replacement of damaged devices is not
at certain frequencies becomes considerably lower than for the qggiple. Therefore, in order to ensure that the RF component
corresponding classical metallic parallel-plate waveguide with the will not suffer this undesirable phenomenon during operation
same vacuum gap. o | ! : S
it is extremely important to take into account this effect in
the design process. In fact, restrictive specifications have been
imposed by the space agencies about this issue [3].
Multipactor has been extensively analyzed in the case
I. INTRODUCTION of metallic surfaces so far [4]-[6]. Recently, some studies
hrgﬂve focused their attention to the case wherein dielectric
faces are involved [7]-[9]. However, very little literature

Index Terms—Multipactor effect, RF breakdown, parallel-
plate waveguide, ferrite devices, magnetic field.

Multipactor discharge is an undesired phenomenon t
takes place on devices operating under vacuum conditio . ; . . .
and high-power radio frequency (RF) electromagnetic fiel out multipactor effe_ct in devices contamlng fernFes can be
[1], [2]. When certain conditions arise, free electrons in th ur'1d. [10], [111' Fer.rltes are ferromagnetic materials which
device are driven by the RF electric field towards the walls. ﬁxh'b't _magnetlt_: anisotropy when are brought unqler_a D.C
the kinetic energy of the impacting electrons is high enoquagnet'C bias field. When an external DC magnetic field is

secondary electrons may be released from the surface. Agb&)lied multipactor discharge can be e“h‘?F suppre;sed [12]
consequence, a chain reaction leading to an exponential gro henhanced [13], depending on the specific magnitude and

of the electron population inside the component is starte rection of the external field. The induced anisotropy in the

The onset of the multipactor discharge degrades the dev Erite has been used to produce a wide range of RF passive
performance by several negative effects, such as increasing 'Cfnzrcnho\zs fr:;cu;?tﬂrs’éjvﬂ?tﬁ:n;?: pgfstre]ishl'(?neés 0[f14]'
signal n_oise and rgflected power, heating up the device_wa ’m.ponents ca,n only t?e :Enalyzed by ro%gh approximations
outgassing, detuning of resonant cavities, vacuum windo ose validity is not clear
failure, and even resulting in the total destruction of th¥ The main e{im of this péper is the study of the multipactor
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electromagnetic field experienced by the electron is the su-

perposition of the RF electri€z» and magnetidBy fields,

the electric field due to the space charge effegt, the dc

electric field appearing because of the charging of the ferrite

surfaceF,.., and the external magnetic field, employed to

magnetize the ferrite. Botl',. and E;. have been computed

h following the procedure reported in [7].

For the numerical integration of the differential equations

Fig. 1. Parallel-plate waveguide (considered to be infinite along:tardz  Of the electron trajectories we use a conveniently modified

axis, z being the propagation direction of the electromagnetic wave) pa_ma‘gelocity—VerIet method. This particular scheme has very fa-

Ioadeql with a fgrnt_e slab magnetized along the waveguide gap direction vgrable properties concerning the error propagation in time

a static magnetic fielddo. '
both in the energy and the position and velocity. We choose

the time step size so that the relative error in position and in

is the saturation magnetization. There is a gyromagnetic r@sergy is less than 1% after a time 26f0 RF periods.
onance of the ferrite at the Larmor frequency = yuoH.f,

where i is the free space permeability, and= e/m is the B, RF Electromagnetic Field Computation
gyromagnetic ratio of the electron-¢ andm are the electron The RF electromagnetic field inside the structure under

charge and_ electron m"flss at rest, res_pectyely). tudy has been obtained with the aid of the Coupled Mode
In a previous authors’ work [11], which at first glance COUI‘i/Iethod (CMM). This well-known numerical method, formu-

be seen similar to the current one, the external magnetizatign , i the frequency domain, has been widely and success-

field was oriented parallel to the ferite slab. Since the m illy used in the analysis of the electromagnetic wave prop-
netic .permeab|||ty OT the fer.nte IS anisotropic and (_jepends %@ation inside uniform waveguides that contain any isotropic,
the bias magnetic fieldZ, direction, the RF behavior of the

o ) . anisotropic or complex material [21]-[23].
ferrite in both cases is completely different. Moreover, the In few words, the Coupled Mode Method is a Method of
effect on the electron orbits due to changing the d'reCt'cmoments which consists on expanding the electromagnetic

of the external magnetic field employed to magnetize tl?leeld components inside the structure under analysis in terms of

ferrite is crucial. Therefore, the present analysis is not onlyaaSet of base functions previously defined [21]. In many cases

straig_htforwa(d extension of the previous one, and it is Worthese base functions correspond to the electric or magnetic
of_lt_f_mg SIUd"_ad' ructured foll First in Section Il field components of the TE and TM modes of the empty

is d IS pspsrgst; rtllflc ure It'as to OV\;S' tlrrls n d ?ﬁ lon thUv veguide. Therefore, they are called basis modes. According
IS described bo € muftipactor algorithm an € MehQg this idea, any component of the electromagnetic field of the

employed to compute the RF electromagnetic fields in SUEtucture under test can be expressed as a linear combination

ferrite loaded waveguide. Next, Section Ill presents and al¥ the basis modes

alyzes the results of the multipactor simulations. Finally, the Once the electromagnetic fields inside the waveguide are

main conclusions of our study are summarized in Section Igbtained, the calculation of the equivalent voltageis done

by integrating the vertical RF electric field along the vacuum
Il. THEORY gap.

A. Multipactor Algorithm

The simulation code developed for the study of the multi- Il. SIMULATIONS
pactor is based on the single effective electron model [4]. ThisIn order to compute the multipactor RF voltage threshold
method consists of tracking the individual trajectories of a skir the parallel-plate ferrite loaded waveguide shown in Fig.
of effective electrons. Each effective electron has associatednumerical simulations have been performed. For all the
a cumulative electron population that takes into account thensidered cases, the ferrite thicknésand the vacuum gap
emission or absorption of secondary electrons by the devié¢éhave been selected to match with the height of a WR-90
walls. This is done by computing the value of the Secondargctangular waveguide, i.. = d + h = 10.16 mm. The
Electron Yield (SEY) function ) at each impact, which saturation magnetization of the ferriteds M, = 1806 G, its
depends on the electron kinetic energy and impacting angé&ative dielectric permittivity ¢, = 15, and its SEY param-
[18], [19]. After the impact, the colliding effective electron iseters are: first crossover energy for SEY coefficient equal to
launched back to the waveguide with random velocity given lnity, W7 = 19 eV, maximum SEY coefficiend, ., = 2.88,
a Maxwellian distribution with a mean certain kinetic energgnd impact kinetic energy fof,,q., Winae = 289 €V [24].
(3 eV in our simulations). The velocity angle follows theFor simplicity, the same SEY parameters are selected for the
cosine law distribution [20]. When the software has run fapop metallic wall. The external magnetic field employed to
a predefined number of RF periods, the code stops and thagnetize the ferrite igf, = 3000 Oe. Consequently, the
time evolution of the total electronic population is shown. effective biasing field inside the ferrite i$.; = 1194 Oe. The

The individual trajectories of the effective electrons areonsidered fields are those corresponding to the fundamental
computed by solving numerically their non-relativistic equanode of the ferrite loaded waveguide (i.é.= 1). For all
tions of motion derived from the Lorentz Force. The totatalculations of the electromagnetic field components with the
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Fig. 2. Real and imaginary parts of the propagation factor for the fundamental

mode of a ferrite loaded waveguide (with= 1 mm) as a function of the Fig. 3. Multipactor RF voltage threshold as a function of the frequency

RF frequency. Note that gyromagnetic resonance, given by Larmor frequerggp. Results are presented for parallel-plate ferrite loaded waveguides with

occurs at3.34 GHz. different gap lengths and ferrite thicknesses (but maintaining the height of a
WR-90 waveguide); and also for a metallic parallel-plate waveguide ("without
ferrite”).

Coupled Mode Method, a total number @ TE and75 TM
basis modes are used. These basis modes have been included

by increasing their cut-off frequencies. ferrite loaded waveguide cases tends to be equal or below
We are interested in analyzing the effect of the variatiothe without ferrite multipactor threshold.

of the ferrite thickness and the vacuum gap length in theIn order to have a better understanding of the behavior

multipactor RF voltage threshold. First, for the fundament%lr the different multipactor susceptibility curves, a detailed

modt)e, _thed propaﬁation_ facFor gependenbce Vt‘;ith fre(;qur(?ncy Pialysis of the RF electromagnetic fields (spatial distribution,
Is obtained, as shown in Fig. 2. It can be observed that t Eale analysis of the different electric and magnetic spatial

real part of the propagation factor is zero within the pIOtteéjomponents), and electron dynamics (resonant trajectories,

frequency range, which corresponds to a propagative mOOI(?‘nultipactor order) has been performed for both the ferrite

In Fig. 3 the variation of the multipactor RF voltaggoaded waveguides and the classical unloaded (empty) metallic
threshold as a function of the frequency gap value (i.e., th@ra|lel-plate waveguide.

multipactor susceptibility chart) is shown for several ferrite . . o
loaded parallel-plate waveguides. Note that for each curve™n exhaustive inspection of the RF electromagnetic field
the gap remains fixed. Moreover, the results for a classidattern of the three ferrite loaded waveguide cases has revealed
metallic parallel-plate waveguide with no ferrite slab, a gap dfat theé RF magnetic field has very little influence in the

d = 0.2 mm andH, — 0 (henceforth referred as without ferrite€/€Ctron motion, thus the contribution of the termsBrr,;

case) has been included for comparison purpose. Reme

ging i,j = x,y,z) can be neglected in the differential
that according to the well-known multipactor theory [2] fo

gquations of the electron motion. Regarding the RF electric
a classical metallic parallel-plate waveguide, the multipactdf'd components, it has been found that all of them have

phenomenon depends only on the frequency gap product amt,iceable effects in the electron trajectories. In Fig. 4 (left) it
been depicted the quotient between the maximum absolute

as a consequence, the same multipactor RF voltage thresfﬂﬂﬁ
curve would be obtained for metallic parallel-plate Waveguidé@lue, along the gap OERvaL’ and ERF;?/ components for
with other gaps while maintaining the same frequency gé e ghfferen@ consldered ferrite waveguides. In a S|m|'lar way
range. From the results (recall Fig. 3) it is noticed thdfl F19- 4 (right) it has been plotted the same quotient for
there is considerable difference between the multipactor B¢ Err.= and Err, components. From these figures it
voltage threshold of the ferrite loaded waveguides and the €xtracted that thérr,, is the greater RF electric field
corresponding to the without ferrite case. It is found th&mPonent for low frequency gap values. As the frequency
this discrepancy increases with the gap value. In fact, tHgP INCreases the componeiifr,, and Err,. also grow

maximum difference in the multipactor RF voltage threshol\ﬁ”th regard to the_ERFvy component. This increment IS f°“”‘?'
between thel — 0.2 mm waveguide and the without ferritet0 Pe more notorious for the ferrite loaded waveguides with

case is 0f6.5 dB, whilst in thed = 1 mm andd = 2 mm higher gaps. In fact, it can be observed thair . becomes the
the difference becomes @b dB and37 dB, respectively. [t dominant component in thé = 2 mm waveguide for values

is also observed that the multipactor behavior of the ferrif0Ve1l5 GHzmm.

loaded waveguides remains very close to the without ferrite Taking the previous statements into account, the differential
case for low frequency gap values (bel@ GHzmm). In equations of motion can be approximated in the following way
general terms, the multipactor RF voltage threshold of ther the earlier stages of the electron multiplication
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Note that (6) and (7) are valid for all the RF frequencies except
for w = w.. For both velocities there are oscillatory terms at
both the RF frequency and at the cyclotron frequency. It is
easily noticed that the amplitude of these oscillations becomes
maximum when the RF frequency equals the cyclotron one

dv, . o

dL ~ WU, — EERF@ cos(wt + @) (1) (w = w.). Consequently, the velocity gain in the plane

dvt . m is maximum in the neighborhood of such resonance. In our
cTty ~ —— ERp,y cos(wt + @) (2) case the cyclotron frequencydst GHz and the corresponding
dv m o frequency gap i®.4 GHzmm for thed = 1 mm waveguide

d: ~ WUy — %ERF,Z sin(wt + ¢) (3) and16.8 GHzmm for thed = 2 mm waveguide. This cyclotron

resonance allows to understand the sharp minimums observed
for the multipactor RF voltage thresholds of the ferrite loaded
waveguides withl = 1 mm andd = 2 mm in the surroundings

of such frequency gap values. Due to the enhance in kinetic
energy gain of the electron in thez plane, less RF voltage

Here, Err ., Erry, Err. are the x, y, z RF electric
field components, respectively, which only depend on ghe

coordinatew. = = puoHy is the cyclotron angular frequency, : h _ T VI
amplitude is necessary to achieve that the total kinetic impact

w = 2nf is the RF angular frequencyf (being the RF :
frequency),v,, v,, anduv, are the x, y, z components of the€nergy of the electron exceeds thg of the material. To

velocity vector, respectively; ang is the phase of the RF illustrate the cyclotron resonance effect, in Fig. 5 we have

electromagnetic field. It is remarkable that in such conditiofiotted thev,, vy, v, velocities of an effective electron in the
the equation of motion for the coordinate gets decoupled? = 1 mm ferrite loaded waveguide, for a frequency gap value

from the remainingz and > coordinates. Indeed, the approX_clo:se to the resonance and an RF voltage value corresponding

imatedy-equation of motion becomes the corresponding oi@ the multipactor threshold. It is noticed the increment of the

of the analytically well-studied classical case without ferritd= @ndv. maximum amplitude in the successive oscillations
[1], [2]. The effect of the external fieldl, is to spin the between one impact and next, whilst for thg velocity it is
electron orbits in therz plane. In addition, theFry, and not observed such maximum amplitude increment. In Fig. 5 it

Err,. components accelerate the electron along the directidi®S also been depicted the-plane electron trajectory which

= and =, respectively. Manipulating the expressions (1) artE€MS Very similar to that of a cyclotron accelerator, where
(3) the following differential equations arise for the and v, the radius of the electron circular trajectory tends to increase
velocities as the kinetic energy gain process is ongoing.

The above statements justify the presence of a sharp mini-
mum in the multipactor RF voltage threshold for the frequency
gap values in the vicinity of the cyclotron resonances for the

d?v, ) _ d =1 mm andd = 2 mm ferrite loaded waveguide cases.
a2 +w; vy = Ay sin(wt + ¢) (4)  However, it is notorious that such multipactor RF voltage
d2v, ) threshold minimum is not observed for the = 0.2 mm
gz TWe Vs = A cos(wt + ¢) (5) waveguide (which should be expectedlat8 GHzmm). To

understand this point we will briefly recall some aspects of

the classic multipactor theory for parallel-plate waveguides.
where Ay = S(Egrpzow — Err.owe) and Ay = Asitis well known, for the onset of a multipactor discharge
“(Egrz0we — Errz0w). The above differential equationsit is required that the electron becomes synchronized with the
can be solved analytically provided that the amplitude of tHeF electric field (it implies the apparition of stable resonant
RF electric field components are uniform along the gap. Alrajectories, also known as multipactor modes), and an electron
though this is not true in our case, we will take this assumptiampact kinetic energy with the waveguide walls above the
in order to obtain some analytical expressions that can give 4§ parameter of the material (which ensures the release of
a certain qualitative insight of the multipactor phenomenosecondary electrons). The classical multipactor modes that
After some calculations, the following expressions arise fguarantee the electron synchronization with the RF electric
thewv, andwv, velocities (it is assumed zero initial velocity forfield consist on electron trajectories that take an odd number
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and thev,, velocity. Finally it is obtained that

7 | 7 Vo, = (wq)(wd_ voy ™) ©
i P ‘ i 0 e N sin ¢y, — 2 cos ¢y,
, . b = arccot <7rN _ wd— voyTrN)
4 2 2 Viy
o e o 0o e where v;,, is the y impacting velocity that is set to match
10° with the 1/ kinetic energy. Note that expressions (8) and (9)
* depend on the frequency gap product. For each frequency gap
2 02 value, it can be estimated the minimum RF voltage at which
g . | g each of the multipactor modes appears.
K N ozs The first multipactor modes at a frequency gap valu8.of
2 GHzmm are shown in Table I. The first column indicates the
T TR s order of the multipactor mod#’; second column gives the RF
T R T R voltage to ensure the resonant electron impacts with a kinetic

energy equal to thél; (19 eV in our case) of the material,

Fig. 5. From left to right, and up to down: effective electron velocit . ; ; i
components as a function of the time normalized to the RF periods( yvo’Wl’ third column prowdes the minimum RF V0|tage at

the RF period), and:z-plane electron trajectory. All for a ferrite waveguideWhich the resonant trajectories appe#,m.,; and fourth
with d = 1 mm, f x d = 8.5 GHzmm, Vp = 25 V. column is for the electron impact kinetic energy when the RF

voltage isVo mins» Wi vy min- If Wivi ... 1S €qual or above
W1 thenVy i is the multipactor RF voltage threshold for the
pf RF_ semiperiods to cross the gap (_the _multipactor order ,]DV([ rt?]céd\?i’el\fvngftttﬁ: rne]::jll'?sagﬁ)r;rizr\i/; eltj?r? fl_f;rbelsehﬁ'dtggv:vg
is defined as that number of RF semiperiods). multipactor mode appears at an RF voltage threshold lower
In our ferrite loaded waveguide case, we have argued ptRan the other available moded (= 1, 3,5, 7), which appear
viously that they motion becomes decoupled from theand at higher RF voltages than the multipactor threshold. Electron
z coordinates, resulting in the samedifferential equation of resonant trajectories witlV.= = 11,13,15,... may appear
motion that for the classical metallic parallel-plate waveguidgut cannot contribute to the eventual onset of the discharge
The only difference in they equation of motion betweensince their impacting energies are belé¥#. The results of
the unloaded ferrite waveguide and the ferrite waveguide tife multipactor numerical simulations for the without ferrite
that, in the latter case, th&rr, is inhomogeneous alongwaveguide are in concordance with the theoretical predictions
the gap. However, we can take the assumption of spatil Table I. Indeed, in Fig. 6 (left) it is depicted the effective
homogeneity as a first approach to our problem. When suglectron vertical trajectory &.4 GHzmm in the multipactor
consideration is done, we can use the classical multipaciF voltage threshold, revealing the presence of a resonant
modes and formulas to qualitatively explain the ferrite loadefultipactor with N = 9. In Fig. 6 (right) it is depicted the
waveguide. We will rely on two expressions to reach this ainaffective electron vertical trajectories at the same frequency
The first expressionVp i, gives the minimum RF voltage gap in the multipactor RF voltage threshold for the ferrite
that guarantees a resonant multipactor of o¥erTo deduce |oaded waveguide witli = 1 mm. Note that at this frequency
such equation we have imposed that an electron starting fre@p, the cyclotron resonance occurs and the multipactor RF
y = 0 arrives toy = d in a time £5F, then we have searchedyoltage threshold is clearly below the without ferrite value.
the starting phase of the RF field)(that gives the lowest RF For this case, it cannot be found a well-defined multipactor
value [1], [2]: order, instead a hybrid multipactor than ranges from oider
to 19 appears (see Fig. 6 (right)). According to Table I, for
such multipactor modes, there are no RF voltages that give an
(8) impact kinetic energy of the electron equal or aboveliheof
/1 + (%)2 the material. Although resonant trajectories can appear (when
the RF voltage exceeds, ,,.i,), their impacting energies are
quite below thel; (5.4 eV and3.5 eV for the multipactor
where vy, is the y-component of the initial velocity. It must orders 17 and 19, respectively). However, these impacting
be remarked that the RF voltage calculated with (8) doesergies have been obtained for the classical metallic paralel-
not ensure that the kinetic energy due ip is above the plate waveguide (without ferrite), where there is only vertical
W, parameter. The second expression is for the RF voltaB& electric field that accelerates the electron along that spatial
that ensures a resonant multipactor mode of ofdewith an direction. In the ferrite loaded case, the RF electric fields in the
electron impacting with a kinetic energy oFy, i.e., Vo w1. tranverserz-plane induce an acceleration which is uncoupled
In some cases the values given by expressiond/ofi/;. from the vertical dynamics of the electron but contributes to
or Vo.min May not correspond to valid resonant trajectoriefts total kinetic energy. Indeed, after analyzing the different
The procedure to dedudg y-1 consists of imposing the two spatial contributions to the electron total kinetic energy, it is
aforementioned conditions in the equations of ghteajectory noticed that therz-plane contribution notoriously exceeds the

m (wd)(wd — voy™N)
VO,min =
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loaded waveguide witld = 1 mm, V = 25 V.

Vertical coordinate effective electron trajectories as a function &ig. 7.
the time normalized to the RF period,x d = 8.4 GHzmm. Left: metallic
parallel-plate waveguide (without ferrite cas&p = 518 V. Right: ferrite

Vertical coordinate effective electron trajectories as a function of
the time normalized to the RF periodl,x d = 1.68 GHzmm. Left: metallic
parallel-plate waveguide (without ferrite cas&p = 104 V. Right: ferrite
loaded waveguide witd = 0.2 mm, V, = 103 V.

vertical contribution (recall Fig. 5). This occurs because the Multipactor modes forf x d = 1.68 GHzmm.

xz-plane acceleration is maximum at the frequency gap value

that fits the cyclotron resonance. This fact allows to reduce the

multipator RF voltage threshold in the ferrite case with regard

to the without ferrite case, thus moving from a multipactor

Table Il
N ‘/O,Wl (V) ‘/O,m.in (V) Wi,Vo,mm (eV)
1 162 126 55
3 X 15 5.2
5 X 11 0.7

order 9 (without ferrite case) to a7-19 multipactor order

(ferrite case).
Table |

Multipactor modes forf x d = 8.4 GHzmm.

N Vow, V)| Vomin V)| Wivgin (V)
1] 7111 4043 1579
3| 5487 1390 280
5| 3864 743 95
7| 2244 459 43
9 656 300 23
11 X 199 14
13 X 129 8.4
15 X 77 54
17 X 37 3.5
19 X 6 2.3

As it is well stated in the classical multipactor theory,
the number of multipactor modes available for a multipactor
discharge grows as the frequency gap increases [2]. In the
same way, the flight time between successive electron impacts
rises up as the multipactor order does. Thus, low frequency
gap values imply low crossing gap times for the electrons. This
fact justifies similarity in the multipactor RF voltage threshold
between the ferrite waveguide and the without ferrite cases
for the low frequency gap values (remember Fig. 3). Despite
the presence of the accelerating RF electric field in ithe
plane, the contribution to the electron kinetic energy is quite
low due to short transit time. However, when the frequency
gap increases the flight time also does, allowing higher gain
in the transverse plane kinetic energy, and so reducing the
multipactor RF voltage threshold regarding the without ferrite

case (recall Fig. 3).

In the same way that for Table I, the first resonant modesPreviously we have analyzed ferrite waveguides with vac-
for f x d = 1.68 GHzmm are shown in Table Il. At this uum gaps 0f.2 mm, 1.0 mm and2.0 mm, and a total height
frequency gap value only the multipactor mode with= 1 equal to the standard WR-90 waveguide. For completeness,
can contribute to the multipactor discharge in the unload& try a ferrite loaded waveguide with a gap &= 5 mm.
ferrite waveguide. Resonant trajectories with orddrsand According to the above statements, for the frequency gap value
5 may exist, but their impacting energies are insufficient tifiat matches the cyclotron resonance (in this d@sgHzmm),
release secondary electrons. In Fig. 7 (left) it is depicted tiigs expected a sharp minimum in the multipactor RF voltage
effective electron vertical trajectory dt68 GHzmm in the threshold. Indeed, the results from the numerical simulations
multipactor RF voltage threshold for the without ferrite casdor the multipactor RF voltage threshold in thle= 5 mm
it can be observed the presence of the predicted multipacterrite waveguide shown in Fig. 8 confirm this statement. It
mode of order. In Fig. 7 (right) it is also shown the effectiveshould be remarked that for a classical metallic parallel-plate
electron vertical trajectory at the same frequency gap valweveguide, no multipactor discharge is expected at such high
for the ferrite waveguide withi = 0.2 mm; it is noticed frequency gap values at the RF voltage levels employed in the
the presence of the same multipactor modé £ 1) that RF satellite telecommunication systems.
in the without ferrite case. Although for the ferrite case the Finally, it has been analyzed the case of having different
frequency gap value matches the cyclotron resonance, the otBEl coefficients for the ferrite and the metal surface. The SEY
available multipactor modesM = 3 and N = 5) have too parameters for the ferrite remain the same that were described
short flight time between successive impacts with the devipeeviously in this section, whilst the SEY coefficients for the
walls, preventing the energy gain in the-plane due to the metal are those from the ECSS silver [3], i.B/; = 30 eV,
cyclotron resonance. This fact justifies that the multipactor RF,,,,., = 165 eV, and d,,.., = 2.22. In Fig. 9 it is shown
voltage thresholds are equal in the loaded and unloaded fertite multipactor RF voltage threshold for the ferrite waveguide
cases. with d = 0.2 mm considering the ferrite and silver SEY



voltage threshold changes with regard to the classical metallic
parallel-plate situation with neither ferrite slab nor external
magnetic field. In fact, a considerable reduction threshold with
respect to the classic parallel-plate case has been found at
some frequency gap ranges. Moreover, the analysis of the
effective electron trajectories has led to a better understanding
of the multipacting phenomenon in waveguides loaded with
magnetized ferrites.
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