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e Space weather is a very hostile environment

Solar activity causes a continuous flux of high energy
elemental particles towards the spaceships
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Electron density versus heigth (related to
Earth surface) for different Earth points
demonstrates a very high population of
electrons around 300 km

Introduction

Cosmic radiation, Sun
and Van Allen rings

In a satellite:
(fotoelectric effect),
(1000-5000 km)

Protons trapped in
Inmer radation helts

Initial electron density
requested for a multipactor
discharge in a Ku band
component:

p ~ 510 electrones/m?3
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VAL SPACE Introduction

CONSORTIUM

e Multipactor effect: electrons avalanche generated by the
synchonization between an intense RF electric field and the
secondary electron emission phenomenon (SEEY) under ultra
high-vacuum conditions
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 Multipactor effect migth occur mainly in:
- RF satellite components
- Particle accelerators structures
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Introduction

* |In these systems produces: noise, increase of the reflection
coefficient, local surface heating, detuning electrical circuit,
surface damage and possible breakdown of the component

Kapton window Low-pass filter
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 |In this undesired scenario the space agencies have to control
and predict the possible existence of a multipactor discharge
occurring within on-board microwave sub-systems: replacement
of equipments is NOT POSSIBLE in a satellite ...
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e Val Space Consortium (VSC) is a public consortium
* Non-profit organization

e |t is focused on providing testing services, consultancy,
training and development of R&D activities in the Space field
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e On 25 March 2010, ESA and VSC signed a contract to jointly
manage the European High Power RF Space Laboratory.
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e The contract signature followed an announcement of
opportunity issued during the summer of 2009 by ESA in
search of a partner to provide competence and facilities to
support to the operation, maintenance and development of
the Laboratory.

e Among the proposals received, VSC was selected.

e ESA continues as the single interface for space-related testing
activities.
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VAL SPACE presentation
CONSORTIUM

e Human Resources: Laboratory structure

Laboratory

Manager

ESA
|
|

[
UPV. VSC manager
responsible
Administrative '
-

UVEG

responsible

2 senior eng

2 senior eng

3 junior eng.
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VAL SPACE
CONSORTIUM Laboratory

 Opening of the Laboratory: 28 June 2010.
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e Technical Resources
— Test beds from 400 MHz to 40 GHz
— Around 30 RF power amplifiers (CW and pulsed)
— Waveguide (rectangular and circular), coaxial and microstrip
— Vector network analyzers, Spectrum analyzers, Oscilloscopes, etc ...
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VAL SPACE Laboratory

CONSORTIUM

e Up to date the Laboratory can carry out these tests:
— Multipactor effect: Single-carrier and Multicarrier
— Corona effect
— Power Handling
— Passive Intermodulation (PIM): guided and radiated

* Next, the facilities of the Laboratory are presented.

EL CONSORCIO ESPACIAL VALENCIANO ESTA INTEGRADO POR / VAL SPACECONSORTIUM IS COMPOSED BY:

GENERALITAT
& VALENCIANA

Giagrn UNIVERSIDAD

\|“\ POLITECNICA MVNIVEP@IT!\T

Fk,g‘; D VALENCIA

e -

AJUNTAMENT DE VALENCIA




VS C?g European High Power RF Space g cSa

VAL SPACE
CONSORTIUM Laboratory

e Installed in the Innovation Polytechnic City (Technical
University of Valencia):
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VAL SPACE
CONSORTIUM Laboratory

e Cleanroom 1 (150m?) — Class 10,000
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VAL SPACE
CONSORTIUM Laboratory

e Clean room 2 (50m?) — Class 10,000
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VAL SPACE
CONSORTIUM Laboratory

e Vacuum system 1

Chamber Dimensions Base Plate Dimensions
Diameter 1200 mm Length 120 mm
Depth 2700 mm Width 345 mm
Pressure Range Temperature Range
Maximum 1000 mbar Not available

Minimum  107% mbar

2630 mm

diext) = 1280 mm 2700 mm 150 mm
d(int) = 1200 mm
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VAL SPACE
CONSORTIUM Laboratory

* Vacuum system 2

Chamber Dimensions Base Plate Dimensions
Diameter 595 mm Diameter 480 mm
Depth 360 mm
Pressure Range Temperature Range
Maximum 1000 mbar Maximum +140°
Minimum  10~7 mbar Minimum —40°

—_———

290 mm
360 mm

595 mm 480 mm
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* Vacuum system 3

Pressure profile of Arian-5 rocket:
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European High Power RF Space \\\\%\K: esa
Laboratory N

Chamber Dimensions Base Plate Dimensions
Diameter 595 mm Length 650 mm
Depth 940 mm Width 420 mm
Pressure Range Temperature Range
Maximum 1000 mbar Maximum +130°
Minimum 103 mbar Minimum —65°

6\%‘ 650 mm
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VAL SPACE
CONSORTIUM Laboratory

] Va Cu u m Syste m 4 Chamber Dimensions Base Plate Dimensions

Diameter 830 mm Length 640 mm
Depth 730 mm Width 640 mm
= Pressure Range Temperature Range
B Maximum 1000 mbar Maximum +120°
p e -7 P o
— Minimum  10~' mbar Minimum —70
P
— & ' 640 mm
— ‘}00),” .
730 mm 640 mm
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VAL SPACE
CONSORTIUM Laboratory

e Vacuum system 5

g-esa

Chamber Dimensions
Diameter 295 mm
Depth 450 mm

Base Plate Dimensions
Not available

Pressure Range
Maximum 1000 mbar

Minimum ~ 10~% mbar

Temperature Range
Not available

—
150 mm

450 mm O

100 mm

295 mm
340 mm

570 mm
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VAL SPACE
CONSORTIUM Laboratory

e Anechoic chamber: PIM radiated
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VAL SPACE Laboratory

CONSORTIUM

e Dielectric radome for PIM
measurements of
antennas and radiating
elements (10°® mbar)
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VAL SPACE
CONSORTIUM Laboratory

 Multipactor-Multicarrier facility
— 10 carriers of 400 watts each
— Water cooled system
— Fully automatic by software
— Flexible and modular
— State-of-the-art system
— Unique in the World
— Ku-band
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VAL SPACE
CONSORTIUM Laboratory

e Installed in the Technical School of Engineering (University
of Valencia):

Inauguration:
9th July 2012
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VAL SPACE
CONSORTIUM Laboratory

e X-Ray/Ultraviolet Photoelectron Spectroscopy (XPS/UPS)

electron
analyzer

Ultra high-vacuum
(10 mbar)

Measurement of SEEY
for both metals and
dielectric materials
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VAL SPACE
CONSORTIUM Laboratory

e Evaporation systems in high-vacuum (10°® mbar)
Sputtering technique for low-SEEY multilayers growthing
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VAL SPACE
CONSORTIUM Laboratory

e Vacuum chamber for measurements of venting and
outgassing phenomena (10~ mbar) with a mass spectrometer
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e Other activities related with the Space Materials laboratory:

- Atomic force microscopy (AFM)

- Masses spectrometry

- Electronic microscopy

- Nuclear magnetic resonance

- X-Ray diffraction for mono-crystals and poli-crystals materials

- X-Ray fluorescence
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VAL SPACE
CONSORTIUM

e Monte-Carlo method developed for multipactor simulations:
- Electron tracking by solving relativistic Lorentz force:

B} B} g P=EmoT Eop
FL:q(EJr’E’xB):d—]; ’

= 1/v/(1 = (v/e)?)

- Velocity-Verlet algorithm has been used for the numerical
solution of the differential equations:
> accurate
> efficient
> stable

EL CONSORCIO ESPACIAL VALENCIANO ESTA INTEGRADO POR / VAL SPACECONSORTIUM IS COMPOSE

GENERALITAT
& VALENCIANA

720% VNIVERSITAT 36

@
&
€O p VALENCIA

AJUNTAMENT DE VALENCIA

L cL,OUD’1 7th June 2012

iy UNIVERSIDAD
CIIEL POLITECNICA
Sz’ DE VALENCIA




VS C?g R&D activities \&\&’ esa

VAL SPACE
CONSORTIUM

- Effective electron model: each individual effective electron
represents the charge (and the mass) of a set of electrons
generated by itself.

E. Somersalo, P. Yla-Oijala, and D. Proch, “Electron multipacting in RF structures”, Deutsches
Elektronen-Synchrotron DESY, Hamburg (Germany), TESLA Rep. 94-14, Jul. 1994

P. Yla-Oijala, “Analysis of electron multipacting in coaxial lines with traveling and mixed waves’,
Deutsches Elektronen-Synchrotron DESY Hamburg, Germany, TESLA Rep. 97-20, Nov. 1997

- Space charge effect (Coulombian repulsion): It has been
considered in simple geometries, as parallel-plate guide and
coaxial lines (planar or cylindrical sheet current with a uniform
negative charge distribution)

- Nowadays we are using Darwin lagrangian for accounting
space charge effect in arbitrarily-shaped components
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k1 EERGE R&D activities
CONSORTIUM
- SEEY model: = J.R.M. Vaughan “Secondary
Emission Formulas”, IEEE Trans.
. __ Electron Devices, vol. 36, no. 9, p.
o : 1(1_ 1025 Sbors 1, 1963, Sep. 1989.
(W, §) =19 Omaz(E)(ve ") st 1<y <36 | .
5 (5) 1.125 si 3.6 < ~ = C.Vicente et al. “Multipactor
maris/ 40,35 ‘ : ! breakdown prediction in rectangular
waveguide based components”,
IEEE MTT-S, June 2005
N W — Wy
! = T ;
W max (5) — W 0
_ o ey €2
Omam(g) — O-ma;v((-)) ’ (1 -+ )
7T
: : ke
I’J["Ima;v(g) = I’I’Imam(o) . (1 ‘_) A
2T 0 . . .
0 E]ec%r%?l impact energ%' (eV) 500
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VS C R&D activities &\% esa

VAL SPACE
CONSORTIUM

e Multipactor effect in wedge-shaped waveguide:
- Proposed in: E. Chojnacki, PRST-AB, vol. 3, no. 3, p. 032 001, 2000.

- Analyzed in: V. Semenov et al., IEEE Trans. Plasma Sci., vol. 36, no.
2, pp. 488-493, Apr. 2008.
- Aresonant trapped electron trajectory is possible, but it is

unstable: multipactor threshold is higher than in the
corresponding rectangular guide. YA inB max

**** Rectangular
= Wedge-shaped

Rectangular Wedge-shaped

74

7
Propagation direction

—cLOUD’1> 7th June 2012
- -
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- Two prototypes have been designed, fabricated and tested:
RECTANGULAR WEDGE-SHAPED

1 |

a = 19° inclination

perspective
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- Electrical response has been maintained in both band-pass

R&D activities

e

\

=

filters. Simulations with FEST3D and HFSS:

@esa

[ e P [ = = SR — =
-10 - -10 :
feenter= 9,5 GHz { | feenter™ 9,5 GHz
20 - BW = 100 MHz / | BW = 100 MHz -
\! Return Loss = -25dB ." -20 4 . Return Loss =-25dB | |
30 \[ g
-30- = .30 -
123
-40 - -40 4,
—S11 rectangular HFSS ——511 wedge HFSS
-50 4 -eee S21 rectangular HFSS 50 e 521 wedge HFSS
-~ S11rectangular FEST3D -~ 511 wedge FEST3D
60 S21 rectangular FEST3D . 521 wedge FEST3D
9.3 %4 92 %6 o 93 9.4 95 9.6

Frequency [GHZz]

ECLOU D’]_ ) 7th June 2012

e

Frequency [GHZz]

EL CONSORCIO ESPACIAL VALENCIANO ESTA INTEGRADO POR / VAL SPACECONSORTIUM IS COMPOSED BY:

oten
) UNIVERSIDAD GENERALITAT 7% VNIVERSITAT
D PoLITECNICA {alah R
Y DE VALENCIA %VALENUANA AJUNTAMENT DE VALENCIA €% p VALENCIA

41

9,7



S| [dB]

<y
VSC
VAL SPACE
CONSORTIUM

R&D activities

g-esa

- Comparison between measurements and simulations:

0
-10 -
-20 -
-30
40 { s v bR
i - ! 811 rectangular FEST3D
.50 521 rectangular FEST3D
| =511 rectangular measured
«+2+ 521 rectangular measured
-60
93 94 95 96

Frequency [GHZ]

| 7ihsune 2002

S| [dB]

Gan, UNIVERSIDAD
POLITECNICA
»/ DE VALENCIA

~
i

L1 'L _511 wedge FEST3D *+.

s "
i1

511 wedge foil FEST3D
521 wedge foil FEST3D
i =511 wedge foil measured

: 521 wedge foil measured

96 9.7

8.3 94 95

Frequency [GHZz]
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- Multipactor experimental test-bed:

Nulling Sysfem

Harmaonics

Spectrum
Detection

E Analyser
|

I o
ulee @ EL:I lnpﬂ;’:‘te :tle

Meoenitor Power |
Meter
— 4

)
H

Spectrum
Analyser

™1
L Bk |

Signal
Generafor

A =] ==

o

1
TWTA Temper‘tureK /
Recording
HntJ'CuId

Temp. plate Analyser
Control Ier \3",—“’
Power Hoarmonic

Meter
Ovipuf Power

"""G Defection

Figure 4. Test set-up used for the experiments performed at the ESA/ESTEC RF High-Power Laboratory.
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- Diagnostic techniques of the experimental set-up:
» Nulling of the forward and the reflected signals (at the

carrier frequency, f)

» Detection of the second (2*f) and/or third
of the carrier frequency

» Chamber pressure recording

(3*f) harmonics

» Detection of the emitted secondary electrons in the

discharge by means of a Langmuir probe
» In next october we will start a project with
Technical University of Madrid for the
study of different Langmuir probes...
» Temperature recording

o Exposed to the plasma

To the external connectors
[] Metalor [ Electrical
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General view of the test-bed Third-harmonic detection waveguide taper
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Detail of the waveguides entering
to the vacuum chamber Mr. David Raboso in action...
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- Primary electron seeding used in the experimental set-up:

e®e @@@@@@@@@ S
©500°9 ces ® e
o oe’006 2000690 56

PHOTOELECTRIC EFFECT
REGULATED ELECTRON GUN
90Sr RADIOACTIVE SOURCE

» Theory has not been still developed.
> Need for theoretical simulations combined with

experiments to study the influence of the seeding electron
sources in the discharge onset.

le= -
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- Comparison between experiment and multipactor
simulations (performed with FEST3D):

Filter Threrslm_ldsl

ECSS MP Tool | FEST?Y | Measured
Rectangular 447 W 650 W 690 W
@ 9.5 GHz
Wedge-shaped foil 558 W 1300 W 850 W
@ 9.45 GHz

Potential benefit in the use of wedge-shaped filter: 0.91 dB

- Details can be found in:
J. Hueso et al., IEEE Trans. Electron Devices, vol. 57, no. 12, pp. 3508—

3517, Dec. 2010.
J. Hueso et al., IEEE Trans. Electron Devices, vol. 58, no. 9, pp. 3205-3212,

Sept. 2011.
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e Multipactor effect in coaxial lines considering an axial DC

magnetic field:
- Partial mitigation of the multipactor effect: RF breakdown

power threshold can be raised up !!
- A big solenoid has been designed, manufactured and

calibrated:
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- Calibration curve of the solenoid:

@
()
()]
Q

: Ho N-1
25 . Emeru‘nem Bz (0"0" Z) = 20 h l
- —— Equation 5 [’ ” ‘]‘- 2
a‘+|z+—
- ] 22e . |: . 2 r

I: DC current feeding the solenoid
z: axial coordinate in the axis

a: mean radius = 2.93 cm

H: length =30 cm

N: number of turns = 9248
(Electrical resistance = 71.8 Q)

B (mT)

In the center of the solenoid a DC magnetic
field of 3.8 mT for 1I=100 mA is detected.
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- Coaxial sample: a: inner radius = 1.515 mm
b: outer radius = 3.490 mm

E d:gap=b-a=1.975mm
total length =90.4 mm
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- The sample is inserted in the middle of the coil:

Multipactor diagnostic has been
performed using the previous
experimental test-bed:
the RF breakdown power threshold
has been measured as a function of
the axial magnetic field (modifying
the | DC driven current)...
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- Comparison between experiment and simulations (FEST3D):

350
e FEST3D
300 +« NMeasurements
TABLE 1
SUMMARY OF THE RESULTS SHOWED IN FI1G. 2
3 Point] Bpe(mT) | P(W) | f.(MHz)| ry(um) | SEY, | SEY,
= A 0 245 | 0 o0 | 20 | L1
B 8 290 | 216 | 875 | 29 | 29
C 15 8 | 420 | 449 |12 | 05
D 22 145 620 305 0.4 1.1
E 27 65 | 770 | 245 | 22 | 09

O S ——|
Bpe (M)

Fig.2. Multipactor RF input power threshold as a function of the dc magnetic

field strength. Experimental and theoretical results are shown. Experimental er-
rors associated with both magnitudes have been estimated in £2 W and =1 mT,

respectively.

k= >
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Point A:
We find a double-surface multipactor
mode of order 3.

Point B:

We have observed a mixing between
double- and single-surface multipactor
regimes: the DC magnetic field tends to

bend the electron orbits around
the magnetic field flux lines. Threshold is
higher than for the point A'!
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Point C:
I . .. .1 Electrons launched from the inner conductor:
304 i TEEEEHIE TN E

the dc magnetic field is strong enough to avoid

electrons reaching the opposite conductor so
that there are only single-surface orbits.

Discharge is generated only on the inner wall.

r (mm)
&

2,0 4

1-5-] . u \ Electrons launched from the outer conductor:
o s 1w 15 20 2 they impact with low energy so they do no
generate secondaries.
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Point D:
Sl I I 1 .. Pﬂimﬂ_ - -
‘ AR In the range from point C to point D:
M_' A, Y ] multipactor cannot occur on the inner wall
R ir' ? "_ '!I | | |- ;': ] because of a lack of resonance.
-E.E‘E'EI i o L] TN | .I:-
AN IV DA |,—|.' ,3;': AT In the outer conductor:
=l 3|'||' i !-'ll | | 1R i .il: (1 A stable single-surface discharge of order 2 can
IRIRRINIR IR |'| (| ”' 11 .."al 1 be generated on the outer metal. Significant
Sl | local increase in the threshold of point D is
o 5 10 _ 18 20 25 explained in terms of the variation with the

radial coordinate of the applied RF electric field.

- Details can be found in:

D. Gonzalez-Iglesias, A. M. Pérez, S. Anza, J. Vague, B. Gimeno, V. E. Boria, D. Raboso,
C. Vicente, J. Gil, F. Caspers, L. Conde, IEEE Electron Devices Letters, vol. 33, no. 5,
pp. 727-729, May 2012.
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e Multipactor effect with dielectrics:
- Analysis of a dielectric-loaded parallel-plate waveguide:

Metal
Space charge effect is considered by
ok 2 Electron : means of a dynamic planar sheet
{ff\\ Wi A A [Eoc o uniformly charged containing the
g il ht ' electrons generated during the

&8 i i :
! Bacaik ’ discharge (in both dielectric and
Metal ', metallic surfaces).
1 “:l'p

The effect of the time-varying static electric field generated by

the emission (positive) or absortion (negative) of electrons

colliding against dielectric surface has been accounted.
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Partial mitigation of the discharge due to the static electric field
generated on the dielectric surface: two regimes have been found...

i)
E e (KM

Population of alectrons

£ |
E =+ -6|
1 H H -8
I B
% 5 10 15 20 0 20 40 60 80
RF cycles AF cycles HF4EE|YEIEE

Electrons are absorbed on the dielectric surface: static electric field is negative
and electrons are repelled, destroying the resonance; finally discharge is
turned off by itself

G. Torregrosa, A. Coves, C. P. Vicente, A.M. Pérez, B. Gimeno, V. E. Boria, IEEE
Electron Devices Letters, vol. 27, no. 7, pp. 619-621, July 2006.
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10
105 '
A, :
L1
5
.u‘e L
- O w @
10 _IT;_E:,E] = z 12 20 3o '|1rr:l:-:'\:.| 5o &l 70 Eq HE I‘.}Tﬂlﬂﬁ

Electrons are emitted from the dielectric surface: static electric field is positive
and electrons are attracted, destroying the resonance; finally discharge is
turned off by itself

A. Coves, G. Torregrosa-Penalva, C. Vicente, B. Gimeno, V. E. Boria, |IEEE Trans. Electron
Devices, vol. 55, no. 9, pp. 2505-2511, Sept. 2008
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Computation of multipactor susceptibility charts as a function of

geometrical and electrical parameters:

G. Torregrosa-Penalva, A. Coves, B. Gimeno, I. Montero, C. Vicente, V. E. Boria, IEEE Trans.
Electron Devices, vol. 57, no. 5, pp. 1160-1166, May 2010

- Analysis of a dielectric-loaded rectangular cavity for THALES
ALENIA SPACE ESPANA with the software SPARK3D (2.333 GHz)

RF input power threshold

Simulation: 443 mW
Experiment: 430 mW
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Multipactor effect in circular waveguides:
- Monte-Carlo algorithm has been transformed in order to
consider the degenerate fundamental TE,, circular mode

considering orthogonal polarizations (TE,,(© and TE,,"):
1

E. = -_-'1.E:—rJl[._f;.rH:_ain{;]n:*u:;[“;r"} + AR cos(y) cos(wt + ¢))
(i Y | - / ' p '
E, = Apy—Jy(5.r)(cos(p) cos(wt) + ARsm(p) cos(wt + ¢))
2
H, = __II]T:_JH Ber)(cos(p) sin(wt) + ARsin(yp)sin(wt + ¢))
ks =
d/2
Veq :2/ E.(r,o =m/2,wt =0)dr
JO
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2D non-relativistic electron motion differential equations
consider both centripetal and Coriolis accelerations:

= ; [b (r, 0, t) + rPB,(r, @, t)] + rp?
I
.. —c . . .
ro = — |Eq(r, o, t) — B, (r,o,t)] — 2r¢
m 2000 —————————
—a&— Parallel plate /o
. . —&— Circular iris
- Comparison with 1909 y———
. 600 - |
a parallel-plate guide ey /
(with only vertical = | L /-/ |
polarization): o | /‘**
> 100 i
80 | ]
60 - /.,o—"’. 1
40 -.:l-fl"'/l
20

: —_— : 1 :
04 06 038 1 2 4 6
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- Study of the multipactor stability (with only vertical polarization)
for a case of f*d = 1 GHzmm:

(a)d=0.5mm and f=2GH:z

1x10" T———

1x10°

(b)d=Immand f=1 GHz

1x106—:

1x10° (c)d=2mm and f = 0.5GHz

A.M. Pérez, V.E. Boria, B. Gimeno, S. Anza,
] C. Vicente, J.Gil, Journal Electromag. Waves
10-12 T | T T T T T T T T T I . .
0 50 100 150 200 250 300 and Applications, vol. 23,
V (V) pp. 1575-1583, 2009
eq
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- Resonant effective electron orbits for the first 30 impacts: double-
surface multipactor events are observed for different values of AR

d=1mmandf=1GHz

AR =0.00
90 AR =0.50 ( A — )
S AR =100 f*d =1 GHzmm
. { 25 I ! I 4 ] 4 I 4 ] ! ] ! I
=— AR = 0.00
. e AR =050
f A AR =1.00
2,0 1 I -
|II ||
—_ I
2 [
[ |
—_— 1,5 < s -
£ B ||' |
£ o [
- 2 .'. || ®| ) ehe
S 10+ \a jad A .;.,l-'-l-l Bnnpda n-t-a.i-l.g-l.‘-l»'-l.:- -
2 Y me A
= "-. | n
] .|II .| L
= Al #
0,54 ] I| -
A
0,0 T T T T T T T T T T T T T
0 5 10 15 20 25 30

Impacts (i)
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e Multipactor effect in elliptical waveguides:

- Monte-Carlo algorithm has been transformed in order to
consider the fundamental TE,,(© elliptical mode

-
1 E

—

[/

-esa

n=n2 . £

n=3m/8 = |:_E'.:| 7. 1) + MFE . .f]
| C= T ) + pm (&5 )

- [':l‘.:-j — 7") sinh(2€)/2 4 &7 sin{ﬂr,r}] JU

B t) + pEVUB, (€, .t
i f”w,—[ (€., pE &7 1]

.4 o PO, L. .\ '
— [I[?}' — &7 )sin(2n) /2 4+ £y 5111]1(2{}] JU
Fig. 1. Planar elliptical coordinate system. The semimajor axis length is a,
the semiminor axis length is b, and the focal distance is p.

U7 = sinh®(€) + sin®(n).
2D non-relativistic electron motion differential equations have
been numerically solved
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- A double-surface first-order multipactor discharge is observed:

o T T

Fig. 2. (a) Electron motion in an elliptical waveguide. (b) Radius of an
effective electron versus normalized time.
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- Stability of the multipactor mode has been studied:
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!:ig. 3.. SEY coefficients and multipactor orders as a function of the normal-  Fig. 4. Enhanced counter function as a function of the equivalent voltage for
ized time. three different values of the semiminor axis length when f = d = 1.
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- Voltage threshold has been computed for an iris; elliptical
eccentricity has been changed::

I—'— [ln‘..lul'lr }I'
- Porallel-plate ).
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Fig. 5. Multipactor breakdown thresholds in an elliptical waveguide for
four different values of eccentricity compared with multipactor breakdown
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e Multipactor effect in complex structures:
- E-plane transformer implemented in rectangular waveguide

MULTIPACTOR SIMULATION IN THE CENTRAL IRIS
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- Multipactor effect in a rectangular iris of a high-power dual-mode
band-pass filter implemented in rectangular waveguide:
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Multipaction simulation: electrons escape from the iris due to the
fringing fields (axial drift); as a consequence, the RF breakdown
power threshold is lower than in an “infinite” guide
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e Electromagnetic radiation within waveguides:
- A charged particle is moving within an arbitrarily cross-shaped
waveguide:

J(z,y,2,t) ~ —e T(x,y,2,1)] —> J(x.y, z,w) ~ —e B(z,y, 2,w)

FOURIER TRANSFORMATION

/ﬁ"\ V. E=p/eo
Y - V-H=0

_/CD \ V x E = —jwugH
_J V x H =

— f—l—jL:JEUE

y
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Electromagnetic fields and singular current density in frequency
domain are expressed in transverse and axial components:

E(z,y,z) = Ei(x,y,2) + E.(x,y,2)Z2 0
H("Ery:*?":] = Hi(?: U1Z) + H, (:E'U J/: - - 52
.;?[:r,y?z:] = f(r Y, z)+ J. (2, y, 2)2
OF — i
1 = —jwpoHy X 2 . Vi (Tf ' (H?‘ X .?;) - }’Z)
dz ]l'wwr
OH <, 1 5 7
1 = _jweyi x By + ——V, (\T“r_ : (” X Er)) — 2 X .Jy
dz JWlho

Next, we expand these vectors in terms of the normalized electric
and magnetic modes of the “empty” waveguide'

Ej(x,y,2) = ZV (z)€:(x,y) Ji(z,y, E Xi(2)€(z,y)
Hi(x,y.z) = Z Ii(z)hi(x,y) J(ry,2) = E Ei(z)es, (x,y)
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Electric field is expressed as follows: B(f) = / C.(F.7)
|

where the electric dyadic Green’s function is:

Qll

(T T) = Y ——@lxy) & @ ) exp(—ifilz = 2]) +

Z —59?1(3 - -Zf) Tﬂ_{( ~ T..:Flf#:(

e. " (x,y)z

— ! 2,y exp(—jdilz — ) +

i

T’U*

Z —sgn(z — 2') *T”(:.L

: (', y') exp(—ifilz = 2'I) +

y) £

1

-1 7y TM> .
Z 2 ZTM E:,— (T ?f) (T Yy )3 ze ( i |4' — Z I) +
i i

T 5(a—a')o(y —y)o(z — ')z 2
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Magnetic field is expressed as follows: - = /- -
g P A = / Con (7,7 - J()dV"
L.r
where the magnetic dyadic Green’s function is:
= —sgn(z — 2') - o » /
Cn(F ) = ) 5 hi(,y) & (x',y' ) exp(—jfilz — 2'|) +
| _Zi r TE I'E
: o o =SP s 1 f | /
Z 2* h,"(x,y)2 & "7(x',y' )exp(—jGilz — 2'|) +
1
1 rn 5 T Msx
Z 5 T3l h; " (x,y) 2 e, (@', y') exp(—jBi|z — 2'|)
i i
J.J.H. Wang, “Analysis of a three-dimensional arbitrarilE shaped dielectric
or biological body inside a rectangular waveguide”, IEEE Trans. Microw.
Theory Tech., vol. MTT-26, no. 7, pp. 457-46Z, July 1978
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- Study of the electromagnetic energy radiated by a multipactor
discharge occurring within a realistic microwave passive
component: E-plane waveguide transformer implemented in
WR-75 rectangular guide
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SCheme: a=19-05 mm WG Section | L; {mum ) | by ()
i 20.00) 9.553
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3 8.24 0.44
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i =11 540
ot 200,100 0.54

Electrical response:
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Vertical electric field pattern within the central gap:

T
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Location of the discharge

PLANO z=2=14 7 mm

le= J

Ag; f=12.466 GHz
d=b4=0.32mm, fxd=3.99 GHz mm

Multimode equivalent network representation
including the multipactor discharge
as a time-harmonic current source
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Comparison between measurements and theory is succesfull:
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M. Jiménez, B. Gimeno, C. Miquel-Espanya, D. Raboso, S. Anza,

C. Vicente, J. Gil, F. Quesada, A. Alvarez, M. Taroncher, M. Reglero, V.E. Boria,
J. Phys. D: Appl. Phys. 43 (2010) 395501 (7pp)

M. Jiménez, B. Gimeno, D. Raboso, S. Anza, A. Alvarez, F. Quesada, V. E.
Boria, C. Vicente, J. Gil, IEEE Microwave Wireless Components Letters, vol.
22, no. 2, pp. 61-63, Febr. 2012
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- Electromagnetic fields of a charge moving with constant velocity
along the axis of an arbitrarily-shaped waveguide: calculation of the
weak-fields

Singular current density in time-domain:

Z — -
p(r' 1) = q8(a’ — 20) (' — o) 5(=' — vt) qe >
F(' 1) = p(r',1) vE ,
z =Vl

Fourier transformation of the singular current density:

-

J' w) = qo(a’ —x0)d(y —yo)e % /7

Convolution integral with the electric and magnetic dyadic Green’s
functions allow to calculate the frequency-domain fields:
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e—zwz/v
By(r,w) = Z‘I‘ fnlm (re) @M (ro) 3
(#5) + .
(10a)
E.(r,w) = _:}f} Z}"?mq’jn;ﬂ'f(rt)@ﬁﬂi(rg) e : /
C () +5.
(10b)
—iwz/v

Ht(r?w) _ Z }]‘12 hTﬂf (I)Tﬂf( U) €

ty M

H,(r,w) =0 (10d)
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Finally, time-domain fields are analytically calculated

E_[l::l‘.f::l — E :'I"Im T'"LI ri]ﬁl,T'lf['rU]{_—F.:mﬂli—_
2 £

Tt
(11a)
q z
E.(rt) =— —u (t——)
" 20 v
Y kg @M (r) @M (ro)e Fem 1M=L (11h)
(Eh
o - N
H_[fr ) _fi’ Zkimllﬂ‘f[rﬂdﬂ”. e —kt v |vE—z|
(11c)
H.(r.t) =0
z\r.t) 1 Lo ot s
we (r,r',s) = — it = dz +
qJo v

Using this definition o
of 0-function wake-fields: Ty
' s) __E/L E, (r,t:zl—s) dz  (13b)

w, (r,1r', s
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we obtain: (v, ) = Z TM (0 \TM (p!) = Fem 78
m

L\:.'
-2
'l“‘:

W, (I‘, I"',_ s) — 5o Z ;12 M t)(lg;lﬂf(rt)e—ktm’ys

The following waveguides have 1 N - Q
been studied with the BI-RME e e B e
(Boundary Integral - Resonant e

Mode Expansion) technique: NI S T

G. Conciauro, M. Bressan, and C. Zuffada, IEEE Trans. — —'_
Microwave Theory Tech. 32, 1495 (1084). as
5. Cogollos, S. Marini, V. E. Boria, P. Soto, A. Vidal, (c) (d)
H. Esteban, J. V. Morro, and B. Gimeno, IEEE Trans.

Microwave Theory Tech. 51, 2378 (2003).

\'\.

FIG. 9 Cross-section of the waveguides studied in section
IIIE: (a) LHC beampipe. (b) Rounded-corner rectangular

eLconsorcio espaciaLval  wavegnide. (c) LHC beampipe modified with elliptical side
ECLOU D’]. J 7th June 2012 A UNIVERSDAD walls. (d) Circular waveguide.
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Numerical results of the 0-function axial wake-fields potentials:

|Waz|/L 4.5 |Wz|/L 4.5

|Wz|/L
(v pC'm’) v pC'm')
3 3 45 3 35
15 1.5 1.5
—_ ré« 35 28
E 0 E o g 0
- = 25 &

-15

-4.5 -4.5

-4.35 07
-435 -3 -15 0O -45 -3 -1.5 0 15 3 45 M0 -45 -3 -15 0 15 3 45
X (mm) X (mm) X (mm)
(a) (b) (©)

Figure 5. o-function wake potential for cross-shaped waveguides with different radius of curva-
ture. Picture of the transverse plane at a distance s = 5 yum behind the source charge. r} = (0, 0),
3 =1-—107". The colorbar stands for [IW.| /L (V pC~!m~!) and the arrows point to the direction

ofw,. (a)r =a/8,(b)yr=a/4,(c)r=a/2.
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More numerical results for a charge shifted:

IWz|/L 4.5 |wz|/L
(v pC’ri) v pCni’)
350 3 400
20 o~ 13 320
g
E o
210 > 240
-15
140 3 160
45
sl 245 .
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(a)
E
E
=
-15
45
(e)
Figure 6. d-function wake potential for cross-shaped waveguides with different radius of
curvature. Picture of the transverse plane at a distance s = 5 pm behind the source charge.
ri = (0,2.3)mm, 8 = 1 — 107%. The colorbar stands for |W.| /L (V pC~!m~!) and the arrows
point to the direction of wy. (a) 1 = a/8, (b) r = a/4, (¢) r = a/2.
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Recently
gaussian

3
10
15

zn

25

30

35

we have extended this formulation to deal with 3D
distribution of charges:

é % b VALENCIA
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¥’ o aad a0 - 2 i
—ire v, 1 _1fz —xp _ 1y —wp _ 1/ =
L:T[JD—GMJ:,:,_‘_I(F-’_ﬂ — J? € ZE( T ) e ‘15'[ Ty ) e 7|
(2m)H o040,
ol ot 2 .
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N obtaining analytical results:
3D-Causs) , @y q Lk, ~0.)2 +TM
fi am)("'ﬂ -8 T Oz Oy €0 Z Ko, TU‘ ”(kt’“ /) Iglu(i'o-yo)
m=1
L s ke, vor (2 —wt) ) o ke, vor (2 — i) )}
=k, Y(z—vt) £ tm _ ki, Y(z—vt) . ton |
c m erjc + ettm erfe -+
| o (- 5 e (e
(5.35a)
éBD-Gauss)(F.f) Z AQ “TU fL (%(krrn’Yﬂz)g I?;ﬂ'[(i'o-yo)
"01‘ y €0 "
m=1
L o Ak v (z —vt) (z2—v ki ~o. (z —wt) R
e kem 1(2=0) o C( bm — )— ehtm 1(z=0t) ). c'( m + z
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where:

o0
e-rfﬂ():%/ e d 1 —erf(x)
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« Introduction

« VAL SPACE CONSORTIUM presentation

« European High Power RF Space Laboratory
 European High Power Space Materials Laboratory
 R&D activities

e Conclusions
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e The VAL SPACE CONSORTIUM has been presented as a public
organisation formed by 4 public valencian entities.

e The VAL SPACE CONSORTIUM facilities have been described.

 R&D activities related with RF high-power non-linear phenomena

have been reported: single-carrier multipactor effect and
electromagnetic radiation.

WE ARE OPEN TO COOPERATE WITH ALL OF YOU.
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The Laboratories have been co-funded with European
Regional Development funds (ERDF-FEDER).

Union Europea

Fondo Europeo de Desarrollo Regional
Una manera de hacer Europa
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Thanks a lot for your attention.
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e Planar circuits and transmission lines (SSPAs
output sections, bridges, lange couplers,
connectors, ribbons, patch antennas,...)

* Objectives: To investigate the effect of RF breakdown in microstrips, air-gaps, etc

e Status: A few theoretical studies have been performed. No simulation tools available.
Need for reliable heory, simulations and experiments

Charge
IQO,GDG
194574

44721

{ FMA/MM/\H_/ /3. . 21347

_ _ _ 33 MULTIPACTOR SIMULATION IN
TNC coaxial to microstrip B A MICROSTRIP TO CONNECTOR

transistion (LEMA/EPFL)
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Multipactor effect

 High-power RF output sections

Theoretical modelling and validations with
experimental results at laboratory

Critical central Irises Critical input/output irises

EL CONSORCIO ESPACIAL VALENCIANO ESTA INTEGRADO POR / VAL SPACECONSORTIUM IS COMPOSED BY:

; 93
A | oo | @00

Cl NA AJUNTAMENT DE VALENCIA

—

= >

=




®' -~
Xé,& y R&D activities \K\L CSa
CONSORTIUM

Application to analysis of mutipactor effect considering a digital
modulation (multi-carrier regime):

N '
‘ _ - N+1 ) — ot
v(1) = Vo2 sin| 27 fi+ | i - Af [t+ @ < P=i(Y
i=1 ¥
10
—~ — In-phase
2 8 —-Triangular -
e L -+ Random QPSK=Quadrature PSK .
= o Al Ny D
E | AN s s =45 —11 2 N
gl aa VA ¢.=135° — 01 .-' \
R I TR S S A O R S S S - —
SFIPNE ORI  CA @, =225 — 00 \ '
oLV Y . A'A'A =315 — 10 [S) J/
0 le-08 2e-Q]§_ (3;:—08 4e-08 5e-08 . [ 10

FIG. 1. Envelopes of a ten-carrier signal with a frequency separation of
Af=40 MHz and three different phase distributions with V,=1 V. The pe-
riod is T=1/Af=25 ns.
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e Effect of RF breakdown in the digital

modulation of an RF signal (QPSK, OFDM,
etc..)

* Objectives: To investigate the effect of RF breakdown the BER of a telecom signal
e Status: Very few work available in the literature

10 Unmodulaten_ﬂ signal Digitally modulated signal
’ i (dotted line) (continuous line)
—_ — In-phase : . ‘ . . ‘
> 8 —-Triangular
S | I — LA -~ Random
2
= of ,
Vo ALY
g Al i I8 ’f )
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FIG. 1. Envelopes of a ten-carrier signal with a frequency separation of
Af=40 MHz and three different phase distributions with Vy=1 V. The pe-
riod is T=1/Af=25 ns.
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Multipactor and Corona effects

e Modulated and multicarrier signals

* Objectives: To investigate the effect of RF breakdown in multicarrier operation and
in particular the 20 gap rule, modulated cases, phases shemes etc ...

* Technical limitations: The lack of information in multicarrier operation implies
expensive and complicate test campaigns. A rule to be used in software
simulations is needed.

e Status: Almost no information available. Only from AEA technology and Tesat (ESA
project)
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VS C?g 2nd tier partner program &&; esa
A

VAL SPACE - Main Features-

CONSORTIUM

* Objective: associate public entities as 2" tier partners to the
Laboratory’s activities through at least stable financial and/or

manpower support, but also through technical support and
know how.

e |tis also possible to get the support of European based
private satellite operators, which have no direct financial
interest in the Laboratory’s activities.

* The selected 2" tier partners shall be associated to the
Laboratory through specific agreements with VSC.

e Itis ensured equal access to all potential European entities
willing to be associated to the Laboratory’s activities.
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VS C?g 2nd tier partner program

VAL SPACE -Other Collaborating Entities-
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e Other Collaborating Entities:

— Public entities or other European based private satellite
operators, which have no direct financial interest in the
Laboratory’s activities.

— This modality may allow trainee, researchers or students to be
detached to the Laboratory for a limited amount of time.

— Other Collaborating Entities shall be associated to the
Laboratory through specific agreements with VSC.

— Those Other Collaborating Entities may become at a latter stage
2" tier partners by providing stable financial and/or manpower
support to the Joint Laboratory

EL CONSORCIO ESPACIAL VALENCIANO ESTA INTEGRADO POR / VAL SPACECONSORTIUM IS COMPOSED BY

fily UNIVERSIDAD [ GENERALITAT &ﬂﬁ[}i
U DF VALENGIA ‘ X VALENCIANA AJUNTANENT DE VALENCIA

Eﬂ VNIVERSITAT
¥ o VALENCIA

—cLOUD’1> | 7th June 2012

-




	ECLOUD’12�5-9 June 2012, La Biodola, Isola d’Elba, Italy�
	INDEX
	INDEX
	Introduction
	Introduction
	Introduction
	Introduction
	Introduction
	INDEX
	VAL SPACE CONSORTIUM presentation
	Número de diapositiva 11
	Número de diapositiva 12
	Número de diapositiva 13
	INDEX
	European High Power RF Space Laboratory
	Número de diapositiva 16
	Número de diapositiva 17
	Número de diapositiva 18
	Número de diapositiva 19
	Número de diapositiva 20
	Número de diapositiva 21
	Número de diapositiva 22
	Número de diapositiva 23
	Número de diapositiva 24
	Número de diapositiva 25
	Número de diapositiva 26
	Número de diapositiva 27
	Número de diapositiva 28
	INDEX
	Número de diapositiva 30
	Número de diapositiva 31
	Número de diapositiva 32
	Número de diapositiva 33
	Número de diapositiva 34
	INDEX
	Número de diapositiva 36
	Número de diapositiva 37
	Número de diapositiva 38
	Número de diapositiva 39
	Número de diapositiva 40
	Número de diapositiva 41
	Número de diapositiva 42
	Número de diapositiva 43
	Número de diapositiva 44
	Número de diapositiva 45
	Número de diapositiva 46
	Número de diapositiva 47
	Número de diapositiva 48
	Número de diapositiva 49
	Número de diapositiva 50
	Número de diapositiva 51
	Número de diapositiva 52
	Número de diapositiva 53
	Número de diapositiva 54
	Número de diapositiva 55
	Número de diapositiva 56
	Número de diapositiva 57
	Número de diapositiva 58
	Número de diapositiva 59
	Número de diapositiva 60
	Número de diapositiva 61
	Número de diapositiva 62
	Número de diapositiva 63
	Número de diapositiva 64
	Número de diapositiva 65
	Número de diapositiva 66
	Número de diapositiva 67
	Número de diapositiva 68
	Número de diapositiva 69
	Número de diapositiva 70
	Número de diapositiva 71
	Número de diapositiva 72
	Número de diapositiva 73
	Número de diapositiva 74
	Número de diapositiva 75
	Número de diapositiva 76
	Número de diapositiva 77
	Número de diapositiva 78
	Número de diapositiva 79
	Número de diapositiva 80
	Número de diapositiva 81
	Número de diapositiva 82
	Número de diapositiva 83
	Número de diapositiva 84
	Número de diapositiva 85
	Número de diapositiva 86
	Número de diapositiva 87
	INDEX
	Número de diapositiva 89
	Número de diapositiva 90
	Número de diapositiva 91
	Número de diapositiva 92
	Número de diapositiva 93
	Número de diapositiva 94
	Número de diapositiva 95
	Número de diapositiva 96
	2nd tier partner program         �- Main Features-
	2nd tier partner program         �-Other Collaborating Entities-

