Evaluation of dielectric materials for high power rf windows
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ABSTRACT

The breakdown of rf windows used in high-power Klystrons is one of the most serious problems in the
development of klystrons. The breakdown takes place mainly due to single-surface multipactor. In this study, three
kinds of alumina ceramics, sapphire (single crystal of alumina) and aluminum nitride (AIN) are investigated in terms
of secondary electron emission (SEE), lattice deffects, and dielectric dissipation. High power examinations using
resonant ring are also studied. From these results, the essential requirements for dielectric materials used as rf

windows were presented.
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Table I. Characterization of test materials used for rf windows.
materials Manufacturer purity specific € tan & resistivity sintering
(%) gravity (107%) (10"°Qcm) additives
UHA-99 NTK 99.0 3.90 9.81 9.4 >1000 si0,,Mg0,Ca0
alumina
HA-997 NTK 99.7 3.91 9.95 4.2 6.7 S10,,MgO
ceramics
XKP-999 NTK 99.9 3.91 9.67 13.3 3.3 -——-
sapphire ASGAL 100 3.98 10.16 2.3 >1000 -——
AlN Sumitomo Denko 99.5 3.26 - 8.35 420 0.56 Y,0,
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Fig.1 Secondary electron emission (SEE) coefficients (y )
of alumina ceramic (HA-997), sapphire, and AIN. The lines

are only guides to the eye.
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Fig.2 Cathodoluminescence (CL) spectra of alumina
ceramic (HA-997) (a), sapphire (b) and AIN (c).
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Table II. High-power test results of rf

windows.

materials characteristics transmittable power remarks luminescence *
UHA-99 dense structure, high resistivity >220 MW melting, coloring F,( FY, cr™ ) =
alumina
HA-997 crystallized additives, low tand >220 MW melting ( F*, cr™ ) xEx
ceramics
XKP-999 micro-porosities, high tand 144 MW crack, puncture, coloring F,( F', cr® )
sapphire F-center, low tand 75 MW melting (F', F)
ALN F-center, high tand 35 MW Al-groove (F)
* ( )i pre-existing
* No F-centers were created on the TiN coated surfaces where the multipactor was suppressed.

*hx No F-centers were created even where the multipactor took place. :
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