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This paper reviews the history of multipactor discharge theory, focusing on recent models of

multipactor accessibility and saturation. Two cases are treated in detail: That of a first-order,

two-surface multipactor, and that of a single-surface multipactor on a dielectric. In both cases,

susceptibility curves are constructed to indicate the regions of external parameter space where
multipactor is likely to occur, taking into account the dependence on surface materials, and the
effects of space charge and cavity loading. In the case of a dielectric, multipactor is found to deliver

about 1% of the rf power to the surface. The two cases are contrasted in light of experimental

observations. ©1998 American Institute of Physids$$1070-664X98)92205-4

I. INTRODUCTION used for the protection of sensitive receivers.
In this paper, we review recent advances at the Univer-

Multipactor discharge is a resonant vacuum discharggity of Michigan in the theoretical understanding of multi-
frequently observed in microwave systems such as radio frepactor. The discharge is modeled from first principles, taking
quency(rf) windows!~® accelerator structurés, microwave into account both space charge forces and interaction with
tubes and devics’'? and rf satellite payload$™® The the structurelloading and detuning To our knowledge, this
discharge can occur for a wide range of frequencies, from thig the first theory that includes this interaction between the
MHz range to tens of GHz, and in a wide array of geom-multipactor discharge and the surrounding rf structure. Our
etries. The underlying mechanism behind the multipactotheory employs a realistic model of secondary electron emis-
discharge is an avalanche caused by secondary electr@ion for various surface materials. To put the recent theories
emission. Primary electrons accelerated by rf fields can imin their proper context we start with a brief historical review
pact a surface and release a larger number of secondary elesf- multipactor theory(Sec. ). Afterwards we describe the
trons, which may in turn be accelerated by the rf fields andecent theories on accessibility and saturation of multipactor
made to impact again, releasing even more electrons, and gfischarge. The presentation is divided into two sections: one
on. The discharge can take place on a single surface or bgealing with two-surface multipactdSec. I1l), and another
tween two surfaces. concentrating on the special, yet commonplace, case of

Multipactor is usually undesirable. It can dissipate sub-single-surface multipactor on dielectri¢Sec. IV). The two
stantial amounts of energy fed into microwave cavities, thugases are contrasted in the conclusion.
lengthening the conditioning process. It can detune a micro- 19
wave signal(with detrimental consequences for space com " HISTORICAL REVIEW
munications systemsThe discharge also heats the surface,  Multipactor has been observed as early as 1924 by the
possibly increasing noise levels in crossed-field devices anguttons(see Ref. 2) but was not identified until Farnsworth
perhaps causing damage. Through various mechanisms m@-decade later, who coined the name “multipactdftom
tipactor may result in window breakage, destroying the AC Electron Multiplier”) for an amplifier he invented
vacuum. In some Circumstancme Ref. 12 mu|tipactor based on the diSChargSee Ref. 21 Observations of multi-
may even induce vacuum breakdown. It is worth noting thatpactor in gaseous breakdown experiments in 1930s and
despite all of the above, there is a growing number of app||19403 led to many early theories. Most notable are those of
cations for the discharge. For example, the inherent resonafaniellson, and of Henneburet al, in 1936 (see Ref. 20
bunching in multipactor has been explored for use in electrorf he latter derive the resonance condition on the transit time
gun technology® ' The capability of multipactor to induce for electrons emitted with zero initial velocity, and also iden-
breakdown is under study for application in plasma displaytify single particle phase focusing and stability of the dis-

technology, while its capability to dissipate energy has beegharge.
Perhaps the first systematic study of multipactor came

“p e from Gill and von Engel of Oxford University in the 1948,

Tlnsﬁ):é spee:ll(e;_ uiAm. Y. ' (1999. in which they experimentally outlined part of the region sus-
AE|ectronic mail: ramiak@ipr.umd.edu ceptible to multipactor and, in conjunction, advanced a
PElectronic mail: yylau@umich.edu theory that recognized the sensitivity of the solution to a
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nonzero emission velocity of secondaries. In order to avoid
the complications of a distribution of random emission ve-
locities, Gill and von Engel introduced thal hocassump-
tion that a parametek, equal to the impact velocity of the
primaries relative to the emission velocity of secondaries, is
constant. There is no physical basis for this assumption. Fur-
thermore, Gill and von Engel’s attempt at using the theory to : :
interpret their experimental results was flawed, and it was 0 : ; ;
not until Hatch and Williams reformulated the theory in the 1 Erax E 2
1950s to explain their own multipactor experiméftthat i
reasonable agreement was obtained. Since Hatch and Will-
iams retained the constank™ assumption of Gill and von
Engel, the modified theory became known as the “constant-
k” theory and for decades remained the classic theory on thentil recently, few satisfactory theories have been
accessibility of multipacto?>?* because of its utility in con-  developed®*!
structing susceptibility curves. Neither the trajectory computations nor the accessibility
More recently, Vaughat has promoted an alternative to theories say anything of the saturation level of the multipac-
the constank theory, based rather on that by Henneburgtor current or the time scale over which multipactor evolves.
et al, and derived from first principles. Vaughan's theory Many early researchers have suspected that debunching due
replaces the baseless assumption of con&tavith the more  to space charge forces can saturate the multipacfot’ 22
realistic assumption of a monoenergetic nonzero initial vebut it was not until Vaughan in 1988 that anyone attempted
locity. Other researchet$?®—° have since then adopted to analytically estimate the level of saturatidriviako'® and
Vaughan'’s theory. Riyopoulast al. extended it to include a Riyopoulog” also assumed space charge debunching of the
crossed-magnetic field. In Sec. Ill we use this theory in demultipactor to be the cause of saturation, although each
riving the susceptibility curve, and extend it to include thetreated this effect somewhat differently. None of these satu-
effects of materials and of cavity loading. ration theories accounted in any way for the important pro-
In the decades following the rf breakdown experimentscesses of loading and detuning of rf structures by the muilti-
of Hatch and Williams, multipactor proliferated in all types pactor. In Sec. 1lIB we shall look at the first theory to
of rf devices, and its suppression became a major concergxplore this loading effect in resonant structures, while in
Many of the advances in understanding multipactor and th&ec. IV we shall look at the first complete theory on acces-
Suppression techniques, however, remained proprietary to |r$lb|||ty and saturation of multipactor on dielectric windows.
dustries, and hence relatively little survives in the open
literature. Currently, there are three general approachedl. TWO-SURFACE MULTIPACTOR ON METALS
for suppressing multipactor: conditioning of the
components by the discharfe,coatings and other
“surface treatments®811:3132 and geometrical modifi-
cations'%?1:33-35Conditioning is a lengthy process that de-
pends on the discharge affecting the surface characteristi
enough to quench itself. In general, surface treatments ar,

f”"”’.'e,d at reducing the eff_ectlve secondary electron yield Qelerates electrons inside the gap. Upon impact, secondaries
inhibit the growth of multipactor, but unfortunately cannot ;¢ released with a monoenergetic nonzero initial velocity of

be applied in all situations and are likely to degrade over, gy ey (in Sec. IV we further include a random distribu-

fc|me.21 The most promising method so far has been modify+jon of emission velocities The secondary electron yield,
ing the geometry(e.g., moving the location of a rf 5 5 fynction of impact energy and angle of the primary
window’>®), with the goal of altering the trajectories of gjactron® In this paper, we adopt Vaughan's empirical for-
electrons so as to eliminate multipactor. ‘mula for the yield"® The dependence on impact energy is
Despite the wealth of experimental data, the advances ifyystrated in Fig. 1 where the yield as a function of impact
multipactor theory moved at a much slower pace. The ava“energy is determined by the two material-dependent param-
ability of more powerful computer platforms led to the emer-gters Emax and Spae. These two parameters determine two
gence of many computer codes to model multipactor and aigdnergies for which the vyield is unity, called the first and
in designing multipactor-free structurgd?** Yet even to-  second cross-over point§; andE,, respectivelyshown in
day, the mUltipaCtOf codes are limited to CaICUIating Single-the f|gure C|ea_r|y, mu]tipactor grows on|y for impact ener-
electron trajectories subject to a given rf field. Only recentlygies in betweerE, andE,, wheres>1.
are particle-in-cell (PIC) codes being applied to
multipactor!®26:2736 The accessibility theories have also
been extended to various types of geometries, such as For the multipactor discharge to be sustained, electrons
single-surfack or coaxiaf’—>° geometries. Single-surface just released from one plate must be accelerated strongly
multipactor on dielectrics poses a special probfethand  enough to reach the other plate, and do so at a time when the

FIG. 1. Dependence of secondary electron yield on impact energy.

In this section, we address the subject of a multipactor
discharge between two metallic surfaces. For simplicity, we
assume two parallel plane surfaces, separated by a gap of
width D. A perpendicular rf electric field, of the form
%/QO/D) sin (2#ft+6), wheref is the frequency of the rf
dVyo is the amplitude of the voltage across the gap, ac-

A. Susceptibility curves
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field has reversedor is close to doing soin order that the r -
secondary electrons released from the impact also be accel- '
erated. This consideration leads to a condition on the transit
time of the electron&’?%?® namely, that the transit time
should be near an odd numbé\t, of 3 rf cycles for multi-
pactor to take place, where the numibérs called the order

of the multipactor. This transit time conditigor synchrony
condition relates the rf voltage and frequency to the geom-
etry, allowing us to map the regions of external parameter LE04  1E-03 1E-02 LEOI 1LE+00

space in which multipactor is possible. Such maps are called (D)} / E,

susceptibility curves in the literatufe.g., Fig. 3, which will

be described in greater detail belowWypically, the gap volt-  FIG. 2. Universal curve to determine the upper limiting voltaggyay, for
age is plotted against the product of the frequency and gap first-order (§l=1)., Mo—surface multipactor asguming a genera_ll nonzero
separation {D). For each order of the multipactor, a pair of monognergetlc emission .ene_rﬁy (in eV). Here,f is the frequency in GHz

. . . . . . . . andD is the gap separation in cm.

lines defines the region in which multipactor is possible.

Given the frequency and the geometry, the curve immedi-

ately provides us with the voltage range for multipactor  Reformulating the results of Gill and von Engel, we
(Vgmin:Vgmay)- FOr zero emission velocity in a parallel plate show in Fig. 2 the correction to EqLb) introduced by the
geometry, the voltage boundaries scale #3)¢ and hence nonzero initial velocity® Note that this is valid only for a
they appear as straight lines of slope 2 on a log—logBI#.  first-order (N=1), two-surface multipactor. With this graph,
The voltage boundari€g gy, andVgmax can be derived it pecomes a simple matter to calculate the upper bound
by a simple integration of the force law, imposing the transity_ in the case of a nonzero initial velocity. First, one uses
time conditionx(t=N/2f )=D. This results in an equation Eq. (1b) to calculateVy,axofor a zero initial velocity. Next,
relating the gap voltage amplitude to the external parametergne |ocates the point on the graph in Fig. 2 that corresponds
f andD, as well as the launch phase, and the emission o the given frequency, gap separation, and monoenergetic
energy, Eq, of secondary electrons. The orbits are stablenonzero initial velocity, then reads off the correction factor.
only for a narrow range of launch phases, thus defining the/ultiplying this correction factor by gmaxogives the desired
voltage boundaries. The minimum voltagéymiy, is 0b-  ypper bound. Note from Fig. 2 that the importance of a non-
tained at the maximum stable phased=6y,  zero initial velocity decreases for highdi) products. This
=arctan (2N). The maximum voltageV gmax, is obtained s a direct result of the higher voltages and, hence, the higher
at the maximum negative phase that allows an electroq}npact energies at highefD) products. Figure 3 is an ex-
launched with nonzero initial velocity to reach the otheramp|e of a susceptibility curve showing the resulting voltage
plate. A negative phase is possible if the emission velocity ioundaries for a first-order multipactor as pairs of diagonal
nonzero and the electric field Changes Sign before the ele(ﬁ'neS, one for each of a number of monoenergetic initial ve-
tron hits the plate of origin. The maximum negative phase igocities, v,,.
that which results in the electron reversing, going back to the | addition to the boundaries on the voltage presented
plate of origin, and reversing again just before touching thagpove, another factdwhich has been largely ignored in the
plate. literature thus far further constrains the existence of two-
Although such curves that include the dependence ofyrface multipactor. This originates from the consideration

Vgmin OF Vgmax ON the emission energyky, have been that the secondary electron yield must be greater than unity
published?! no explicit formulas for them have thus far been

provided. For easy reference, we display, in physical units,
Vgmin in Eq. (18* for general emission energf,, and
Vgmax IN EQ. (1b) only for the special casg,=0 (therefore
we call it Vgmaxo:*°

ngax / ngaxo

17X
22480 fD)?— (N7fD)+4496(E, %
g min— > ’ (1a) Zu
(Nm)°+4 oD
>
22480 ) 1
Vg maxo= g~ (FD)% (1b) 10°F
where the voltages are in volts, the frequericis in GHz, 510 10" 5.10°
the gap widthD is in cm, and the secondary-electron emis- fD  [GHz-cm]

sion energyE, is in eV. There is no simple closed-form . _ _
solution Ofvgmax for nonzeroE,, but it is possible to solve FIG. 3. Susceptibility curve for a two-surface multipactor showing the ef-

for it numerically. Gill and von Enael had solved the result- fects of nonzero emission velocity and surface materials. This example is
Y g constructed for oxygen-free copp@ina=1.3; Emax=600€eV) and alumina

ing transcendental equatiohsy expressing t2he maximum negg; . —6.5; E,...~1300eV), assuming a monoenergetic emission energy,
tive phases in terms of theirk” parameterz. Eo=2eV(—); 5 eV (---); and 10 eV(..).
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for the avalanche to occur, and the impact energy has to be in e f e ——

the vicinity of E; (Ref. 28, even for voltages in the range : : A : :

(Vgmin:Vgmax)- Since E; depends on the surface materials, : : L) D
9 g . . i, .. L(1): N SEAY)

these surface materials provide additional conditions on the R L Te & g __ j_ b

existence of multipacto’ The first such condition is that the : : fx(t)

starting impact energy cannot be bel@&y (or elseé<1). @ —r— T  m—————
The second condition on the impact energy arises from dy- RF Cavity Multipactor
namic considerations. Our extensive simulationgh Q in
the range 10—-1000 and,,,=1.2) show that if the starting
impact energy is greater than about E33depending on
many particularg then cavity loading alone is insufficient in
saturating the multipactor, and the discharge appears sp@he motion of the electron sheet is driven by the modified rf
radically. It is possible in such a situation for the multipactorvoltage across the gap, as well as by the evolving image
to saturate by space charge debunching, as investigated Bpace charge forces.
Vaughai® and in greater depth by Riyopoul&sUnfortu- We have later extended this model to account for the
nately, the latter papers completely neglect the effect of loadmutual repulsion between the space charges through the ad-
ing, which would in fact be significant in the intense spacedition of a second electron she&tThe two-sheet model has
charge. revealed a novel phase-focusing mechanism caused by the
We now proceed to translate these boundaries onto th@ependence of the secondary electron yield on impact energy
susceptibility curve. Examples for oxygen-free copper andFig. 1). This phase-focusing mechanism results in the
alumina are provided in Fig. 3. Ignoring any nonzero initial charge density of one sheet growing at the expense of the
velocity of secondaries, the impact energy can be related toether in our two-sheet model, thus focusing the electrons into
the driving voltaggin the absence of multipactdby solving  a narrow bunch despite their mutual repulsion. This demon-
the force law for the impact energy. When the gap voltage istrates the adequacy of the single-sheet model, at least for the
at the upper voltage boundafy 4o=Vgmaxo@nd #=0) elec-  regimeQ=10, 6,,,=1.5 that we have studied.
trons experience the maximum possible impact energy. Set- Extensive simulations based on our one-dimensional
ting that equal tcE; gives the first boundary, the solid ver- (1-D) model show that the interaction of the multipactor with
tical line on the susceptibility curvésee Fig. 3. Similarly,  the rf circuit, a combination of detuning and Qeing, is the
the lower voltage boundary, &y, and 6y, results in the  dominant saturation mechanism for resonant rf structures
minimum possible impact energy. Setting that to E33 (Q=10). The impact energy in the steady state is equal to
gives the second boundary, which we represent with the dothe first cross-over point energ;, , of the surface material.
ted vertical line in Fig. 3. The boundaries imposed by a giverThe simulations have been augmented with an analytical

FIG. 4. Model of a two-surface multipactor and interaction with rf circuit.

material are thefl derivation of the steady-state power dissipated in multipactor
(for a resonantly driven, first-order discharge, the most pre-
E, 4 E, . d ) )
0.15N\/—=—=<fD<0.11 N+ — — 2) dominant case® The formula shown in Eq(3) gives the
100 N7 100 fraction of rf power consumed by the steady-state multipac-

wheref is in GHz,D in cm, andE; in eV. These suscepti- tor as a function of external parameters. This agrees well
bility curves, derived from a dynamic theory, show the quali-with the simulation results and predicts that anywhere from

tative features of the experimentally observed data. 1%-50% of the input rf power can be dissipated in the mul-
tipactor:
Pn —B+{B*~-4AC u
B. Saturation Py oA g )

Once the conditions for existence of multipactor are satyhere
isfied, any seed electron can trigger the discharge. The ava-

2
lanche of electrons cannot go on unchecked, however, and 5 _ 1 (o= o)+ E_(Z_ E (u+7g)
sooner or later a saturation mechanism will set in. As shown 4 0 2 \4 = o7
in Sec. I, prior researchers have proposed space charge
forces to be théonly) saturation mechanisfi=1821-2Anhile B=— (2 72),
this is a likely mechanism in some cases, the loading of rf ™
structures by multipactor can play a significant role, espe- - 2 1

; ; — T — T \2_72
cially in resonant structures. We have proposed a model of C= 577 (ut+wvg)| + 2 (u—vp)°—r".

the multipactor discharge that includes such interaction with
the structureé® In this model, which is illustrated in Fig. 4, a Here, P, is the power consumed by the steady-state multi-
single infinitesimally thin electron sheet travels in one di-pactor, P4 is the drive poweru=(\2E,/m)/27fD is the
mension inside a gap between two parallel plates. Throughormalized impact velocity corresponding to the first cross-
Ramo’s theorerft® the motion of the electrons induces a wall over point,vo=vo/27fD is the normalized emission veloc-
current, | ,(t), which in turn loads the rf structure, repre- ity of the secondariesassumed monoenergeticand r
sented in our model by a RLC circuit with a quality fac@r =eVgolm(27ﬂ°D)2 is the normalized steady-state gap volt-
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age in the absence of multipactor. Note that the power dissi- y
pated in a multipactor discharge in the steady state is essen-
tially a function of just two external parameteys,; which is Ex sin(t+6) '%/

related to the surface material, andwhich is related to the
energy supplied to the structure.
Although Eq.(3) is simplified by assuming a resonantly
driven cavity, our model is capable of simulating off-
resonance drive, and has been used to derive a more general
formula for the latter cas®. Since multipactor is a resonant Ebc
discharge, it can only exist for a harrow band of frequencies I
around the resonant frequency of the cavity. The width of
this frequency band is found to be proportional to the gap Vo
voltage amplitude and inversely proportional to Qeof the
cavity. X
The slow response time and the large amount of energy Dielectric
stored in a highly resonant cavity can lead to difficulties in . . _
powering such a cavity, considerably lengthening the Condigee({tr?é ;\i/le(?gsl of a single-surface multipactor in a parallel rf and normal dc
tioning time. Simulations witlQ~ 1000 show that once the '
voltage reaches a multipactor-prone region, it locks in as the

multipactor avalanche dissipates all the additional powerenergy higher than the emission energy. Their impact energy

. O . . . A
suppll_ed? T_hese _S|mulat|_ons_corr<_)borate experimental ob and angle, both of which determine the yield, depend on the
servations since, in practice, it typically takes hours or days - :

. . hase of the rf and the random initial velocity and angle. The
for the surface to become sufficiently conditioned to quencrf/I . : "
. . . . onte Carlo simulation tracks a macroparticle over a large
the multipactor and allow the voltage to rise to its full design . . . .
value number of transits, and for every transit assigns it a random
. initial velocity and angle according to realistic
simligtgnrzg;t?tiiosruizsgqruezrg?;rl\ltsce: \ﬁ%/‘l%:;irprlncorgogc?- to distributions® Over a long time, we can see an average
histicated sinﬁ)ulations verify the redicti;)ns of our sim Ietrend of growth or decay in the charge density of that mac-
Fnodel namelv that cavity loadin P by the multivactor CF;nroparticle, depending on the external parameters of the simu-
" yi avity g by P . lation: Eg, Epc, the frequency, and the material used.
result in saturation with an average impact energy in the . : . ;
T ! ) With the aid of such Monte Carlo simulations, we were
vicinity of the first cross-over point. Moreover, they have . - .
e S - able to construct a universal susceptibility curiég. 6)
concluded that a full distribution of initial velocities pro- . ; : )
F§howmg the regions susceptible to multipactor for any com-

duces the same results as a monoenergetic velocity that is the . . .
bination of external parameters and for any dielectric mate-

average of such a distributicfithus validating our assump- rial. In Fig. 6, the dc electric field is plotted on one axis and

N

A

tion. the rf electric field on the other. The fields are normalized to
the frequency of the rf and also #,,,,, a property of the

IV. SINGLE-SURFACE MULTIPACTOR ON surface material. The figure displays a set of boundaries, a

DIELECTRICS pair for each value 08, (the value of 5,4 for normal

) ) incidence of the surface material, inside of which multipac-
In contrast to metal surfaces, dielectric surfaces are ca-

pable of supporting a distribution of fixed charges. The pres-
ence of fixed charges creates dc electric fields which change
the relationship between the electron motion and the rf. In
this section, we focus on a situation where the rf electric
field, E, sin(2rft+6), is parallel to a dielectric surfacéas

is usually the case near transmission windp?h® We as-
sume that the surface has a net positive charge which sets up
a restoring dc electric fiel& ¢ (Fig. 5. In addition, we use
Monte Carlo methods to simulate a realistic distribution of
initial velocities for the secondaries. As will be seen, the
susceptibility curve and the saturation mechanism in this
case are very different from those of the two-surface multi-
pactor discussed in Sec. lll.

0.1 02 0.3

-1

Epc[MV/m]x (do) " ( Emsse) 2
A. Susceptibility curve [MV/m]x () (“Ooev)

Electrons emitted from the surface with a random initial FIG- 6. Universal susceptibility curve for a single-surface multipactor on a

. . ielectric as a function of the dc and rf electric fields, shown for various
velocity and angle will be attracted back to the surface by th%alues 0f 8, .o (from the innermost boundaries, =15, 2.0, 2.5, 3.0,

dc electric ﬁe|d(|:_ig- 5) During trfanSit- they gain energy ¢, and 9.0 This assumes a distribution of emission energies for secondary
from the rf electric field and so impact the surface at arelectrons, peaked at an enemgyy,/Emax;=0.005.
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tor grows. This curve can be quite useful in designing mi- =% ¢
crowave components to avoid multipactor. Furthermore, as
will be shown shortly, this curve can be used to predict the
saturation level of multipactor and the amount of energy dis-
sipated, and therefore the heating of the dielectric due to
multipactor. :

Physically, such a curve is simple to understand. The
electrons gain their energy from the rf. Hence, if the rf elec-
tric field is too low (high), the average impact energy of
electrons will become belovig; (aboveE,), and (in both
casey the yield will drop to below unity. Hence the lower
boundary corresponds to the first crossover point, and the
upper boundary corresponds to the second crossover poin
Since the dc electric field is the restoring force, increasing it
reduces the transit time and, consequently, the energy gaine -1/ E -1
from the rf. Therefore the rf field must linearly increase with EDC[MV/ m] % (I—Gfﬁ) (E&KV)
an increasing dc field to maintain the same yield. Finally, as , _ , , _ _

. . f FIG. 7. Evolution of a single-surface multipactor on a dielectric. Point A

Smaxo INCreases, the range of impact energies for which

. 8 ) designates an initial combination of electric fields that permit multipactor
>1 WIdenS, and so does the multlpactor region. growth. At saturation, point B is reached.

400eV

Erfo[MV/m] X (lﬁ%—z)_l( o5 )

0.4 0.5 0.6

B. Saturation (only weakly dependent on the details of the distribution of
In constructing the susceptibility cun(&ig. 6 we have emission energigesand is of the order of 0.5%—1% of the rf

41 H - -
assumed that the charge on the window, and therefore the ®OWer-~ Yet this amount can be sufficient to overheat the
electric field, is static and unchanging. In reality, the second?Vindow and lead to breakage, and the results of this theory

ary emission process of the multipactor itself creates addicompare favorably with experimental measureméhts.

tional surface charging. A fully dynamic model has to ac-
count for such variations in the surface charge density, a¥- FURTHER DISCUSSION AND CONCLUSION

well as for the changing rf field due to the loading by thea, Comparison of multipactor on dielectrics to that
multipactor. Such a model has been very recentlyon metals
developef and used to predict the dynamic evolution and - .

It is instructive now to contrast the two cases of two-

saturation of multipactor on a dielectric. The loading of the rf . . .

. ) oo surface multipactor on metals, and single-surface multipactor

is accounted for using a transmission line model. The surface ; : ) : .
on a dielectric. Although in both cases the discharge is found

charge responsible for the dc electric field is now broken intq[0 saturate with an impact energy in the vicinity of the first

two parts: a small fixed charge necessary to initiate the mul- : . . )
; . . . cross-over pointgE;, the saturation mechanisms are quite
tipactor, and a time-varying part that is created by the mul-

. . . different. Resonant cavities are quite sensitive to loading and
tipactor secondaries leaving the surface. Space charge forces, ™ . : .

. : etuning by the multipactor, which eventually lead to its
between the multipactor macroparticle and the surface are

. . . Saturation. The large amount of energy and slow response
included in this model. . .
. . . . time make the passage of the cavity voltage through narrow
Itis evident that there are two mechanisms respon&blemulti actor bands very difficult, as multipactor can readil
for saturation(Fig. 7). Loading of the rf changes only the rf P y ' P y

L S A row to a large extent and “lock in” the voltage. Dielectric
electric field and is indicated on the susceptibility diagram as’ . .
) ; L2 windows, on the other hand, are much less sensitive to such
a movement along the vertical line from A to C in Fig. 7.

The space charge forces and the dynamic growth of the sulr(-)ad'.ng. and saturate primarily by space charge forcgs. The
. : roximity of the charges to the dielectric surface, unlike the
face charge density correspond to a change in the dc electrjc

) - Wo-surface configuration, further aids the space charge

field rather than the rf, and are indicated by a movement o guration, >P 9
. . . o . forces. The most striking difference, however, is the absence

the horizontal line from A to B. Since saturation is a combi- iy o ; .

. . of the resonance condition on the transit time in the single-
nation of these two effects, it must occur at the lower bound- . .
. ) surface case. This greatly widens the parameter space for
ary, where the impact energy averages around the first cross- . .
i ) . multipactor and makes the dielectric surface much more sus-
over point. Simulations have revealed that the effect of the

loading is very small in this casghe dielectric window is a ceptible. Even though the power dissipated by multipactor on

) a dielectric window is relatively small, the poor heat conduc-
nonresonant structureand therefore saturation occurs near. . . ; ; .
. . . . . tivity of dielectrics possibly makes it sufficient to destroy the
point B. These simulations, which follow the dynamic evo-_ .
. . - e window.
lution, confirm the validity of the susceptibility curves de-
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It is now straightforward to estimate the surface charging™ ummary
of the dielectric, as well as the power deposited on the di- In light of the historical development of multipactor
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that this power is independent of most external parameterattempt on multipactor susceptibility curves and saturation
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