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Abstract

A study has beemerformed to design awaveguide
vacuum windowcapable ofpropagating >1 MWaverage
power operating at 500 MHz. Thigould extendcurrent
technology by about &actor of 2 in averag@ower for
stand-alonewindows, made possible by advances in
available ceramicsize and quality. The work to be
presentedcomprises of RF desigmand corresponding
thermo-mechanical analysis.

1 INTRODUCTION

A facet common to manycurrent and proposed
accelerator projects is extremely highluminosity,
demanding ever increasing beam current consequence

corresponding tothe RF designsand in Section 4
comparison of designs.

2 RF DESIGN

A survey was taken amongeramic manufacturers to
determinewhat sizes, shapesnd materials are readily
availablewith low dielectric loss tangent & ~ 104).
Besidesthe well-known Alumina, plates of low-loss
Beryllia may be available in sizes up to 18" x 9" x 1/2"
[4]. Beryllia is an attractive choice since hias a high
thermal conductivity, resulting in lowerthermal
gradients, although the material has a lower tensile
strength than Alumina. Thus, the twoeramics
considered here are Alumina and Beryllia.

The 3D computer code MAFIA witits s-parameter

of which is the need to transfer high average power to themacro was used for RF designs. A satisfactagree of

beam. One component in the chainpofver transfer is
an RF vacuum window.

For frequencies around00 MHz, at least two
rectangular waveguide windowdesigns have been
successfully tested &00 kWCW. One is manufactured
by Thomson Tubes for the CESR upgrade[1] and the
other is an in-housdesign forthe PEP-II B Factory [2].

confidence exists in MAFIA's accuracy given
comparisons of computations to measurempatformed
on Cornell's Thomson window. Ultimate fine tuning of
a prototype, though, will always be in order.

Two different waveguide windowgeometrieswere
considered. The first type utilizes posts in teveguide
to compensate the mismatch of tleeramic vacuum

Cornell’s testing of the Thomson window indicates that itbarrier and the second is a self-matched design.
has the potential to operate at the 1 MWCW level from a

thermal point of view if the Titanium anti-multipactor
coating on theceramic is sufficiently thin.  Butthis
comes at theexpense ofiengthy RF conditioning and
greaterpotential of troublesome operation whattached
to an accelerataravity. A coaxialwindow designed by
KEK for their B Factory has bedrsted at850 kWCW
[3], which certainly exceedsexpectations for aoaxial
geometry.

Factors thatlimit RF window performanceare:
1) heating of the vacuum barrier (ceramic),
2) multipactor discharge,and 3) violent arcing. High
average-powewindows aremost susceptible to the first
two items.  Multipactor discharge is a precarious
phenomenon,and in the end usually addressed by
applying a sufficiently thick anti-multipactor coating,
such as Titanium or Titanium Nitride, to trouldeots.
This coating, though, is RF losgndcontributes to the
other problem encountered in high average-power
windows, heating of the ceramic.

2.1 Tuning-Post Matching

The geometry of aguarter section of a tuning-post
matched window isshown in Fig. 1. For such a
window, MAFIA is first used to generateurves of
scattering parameters (mairdy1) of only the symmetric
pair of tuning posts in waveguide, where the fieference
plane is at thecenter ofthe posts. Sampleurves are
shown in Fig. 2. Next, MAFIA is used fetermine the
scattering parameters ofly the ceramicdisk embedded
in the metalframe in waveguideagain with the RF
reference plane at the center of the ceramic. Thame
as in Fig. 2 isused to determine displacement of the
posts fromx=0 to match theamplitude of s11 for the
ceramic. Given the phase of11 for this post
displacement, the posts are theanslated towarthe RF
generator from the center of tkeramic to gplanewhere
thephaseof the ceramic’s transformed1 is the negative
of the post'ssil phase. With this positioning, the
impedances othe ceramicand tuning-post obstacles are

coating, bulk heating of theeramic occurglue to its
non-zero dielectric loss tangent. Typically, fherimeter

assembly is RF matched. The physical distance translated
toward the generator is simply the fraction of a guide half-

cooling water interfaceand the thermalgradient of the
disk interiorinduces mechanicatress which willcause
fracture of the ceramic at sufficiently high gradient.

It is mainly the problem of heating of theeramic
and inducednechanicaktress which will beaddressed in

the individual obstacles,
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this paper. In Section 2 is the RF design of two types of

windows, in Section 3 thermo-mechanical analyses
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Figurel. MAFIA-generated plot of a quarter section of a 3 4 5 6 7 8
tuning-post matchedwindow, utilizing symmetries to x [inches]

reduce computation volume. Tieduction inwaveguide ) )

height and width after the ceramic is peculiar to a Cornelfigure 2.  Computed phasand amplitude ofs11 at

application. 500 MHz for a pair of 1.5" diameter posts symmetrically
located about the=0 plane in WR1800 waveguide.

In the long run, this matchingechniquesaves much
effort over the trial-and-error method of tuning-post M AFI A -
p|acement_ PG T R A S R G T

In this design, the tuning postsside inwhat will Mo3.22
be the air side of the vacuum barri€Fhis is so that the |z |
standing waveset upbetweenthe postsand the ceramic
will not exist in the vacuum regiowhere multipactor
and general arcing are most susceptible.

2.2 Self Matching

The geometry of aguarter section of aself-matched
window is shown in Fig. 3. Matching suchagndow is i X
a straightforward trial-and-error process where the width of {
the iris (andconsequently ceramic) iadjusteduntil RF .y
reflection is minimized. In performinthis adjustment, | _
the enhanced capacitance dfie obstacledue to the o N :
dielectric is balanced byhe enhanced inductancgue to Eigures. MAFI-A generated plot of a quarter section of a
" o ; self-matched window.
the iris, providing a wave impedangec equal to that of
the surroundingwaveguide. Fine tuning can also be
performed by adjusting theceramic thicknessand iris
thickness.

3 THERMO-MECHANICAL ANALYSIS

) ] Oncethe RFdesign is settled, a perturbation calculation
2.3 Design Subtleties can beperformed inMAFIA to give the power density

It is worth mentioning a couple of desigeaturesadhered ~ dissipated in each mesh cell of weramicdue to anon-

to in consideration of sound practice footh window 2670 l0ss tangent. = Thisdata table can then be
types discussed above. manipulatedand read into the 3D thermo-mechanical

First, at theceramic-metal-vacuum boundary (so- COMputer cr(])de ﬁNSYIS' ﬁNSﬁS his thenused go
calledtriple point), nocorners,not evenrounded,were ~ ComMpute the thermal profile of theeramic and the
allowed onthe metal, only on theeramic. A metallic resultqnt stresses, Wher_e in this study the perimeter o_f the
cornerabutting adielectric is the focus ofelectric field ~ C€ramic |§.ﬁheld .aﬁ a fixed tempﬁratuaed a 15 psi
enhancement exceeding that of a metal corner alone. ~ Préssure differential exists across the ceramic.

Second, the shape of tiperimeter ofthe ceramic The locationand magnitude of pealstress within
plate was kept circular or elliptical, no “flats”. This is to the ceramic isclosely coupled tohow the component is

facilitate brazing of theceramicinto a metal sleeve, ~Mmechanically constrainedror this study, theperimeter
allowing the sleeve tomaintain close contact with the 0; the ﬁ_erliim'c was t?ken tg beached athelcenter of ?]
ceramic duringbrazing, similar to the fit of hoops on a 1/8" thick copper sleeveabout twice as long as the
wine barrel. The perimeter ahe ceramic and sleeve C€ramic. The vergnds ofthe copper sleevevere then

could also be tapered longitudinally to mimic a press fit. {2ken to be immobile. This is close to whairiended
i the final mechanical design



Table 1. Results of ANSYS thermo-mechanical analysis for 1 MWCW propagating at 500 M8z &xd04.

Ceramic Waveguide Configuration Ceramic  Ceramic | AT [°C] Center Max Principal Stress
Perimeter Thickness | to Perimeter | % of Tensile Strength

Beryllia self-matched red hgt elliptical uniform 4.2 2.8
Beryllia posts, full hgt - red hgt circular uniform 5.3 6.8
Beryllia self-matched red hgt elliptical tapered 2.8 8.6
Beryllia posts, full hgt - red hgt circular tapered 4.8 12.7

Beryllia self-matched full hgt elliptical uniform 5.8 14.1

Alumina self-matched red hgt elliptical tapered 51.4 14.7
Alumina posts, full hgt - red hgt circular tapered 105.0 32.1
Alumina posts, full hgt - red hgt circular uniform 130.0 58.1
Alumina self-matched red hgt elliptical uniform 111.0 60.8

where the copper sleeve is part of a cooling water circuit. The design inTable 1 that showghe greatest

It is a matter of interesting discussion aswbich  promise is the first listed, self-matched Beryllizellipse
type of stress in whickeramic fracture scenario imost  of uniform thickness in reduced-height waveguide. This is
important toconsider. But to have @@mmonparameter the window shown inFig. 3. This design’s peak stress
by which different windowdesigns can be compared, thebeing only 2.8% of Beryllia's tensile strength leagesat
maximum principal stress was chosen aspaemeter to margin for error in many fabrication parameters. The only
be minimized. And as aconservativelimit, during concern isthe enhancedelectric field in reduced-height
window operationthis stress should not ballowed to waveguide making this design more susceptible to
exceed 25% of the ceramic’s tensile stress. multipactoring. Many MAFIA runswere performed for

An interestingfeature explored inthis study was to this window design tomap dimensionaland material
taperthe thickness of the ceramimaking it thin at the property sensitivity, the result of which showed drastic
center and thick at the perimeter. If the cooling circuit idependence within expectemlerances. It idopedthat a
at theceramic perimeteffixed temperature), tapering the prototype of this design will be built and tested.
thickness will result in dower thermalgradient than As fallback positions, thecases of atuning-post
uniform thickness. This is since at any radius,tdpered matchedBeryllia disk of uniform thicknessand a self-
ceramicwill have a largeareathrough which toconduct matchedBeryllia ellipse of uniform thickness in full-
heat from a smalletbulk-heatedvolume than if the height waveguide arejuite promising. And finally, the
thickness were uniform. first Alumina case listed in Table 1,salf-matchectllipse

Table 1 liststhe results of ANSYS computations of tapered thickness in reduced-height waveguide, may still
for several window configurations to be discussed next. be considered if Beryllia doesn’t proeait in losstangent

or ease of brazing. This is similar to tvndow shown

4 COMPARISON OF DESIGNS in Fig. 3.

The results shown inTable1l are for 1 MWCW
propagating ab00 MHz. The effective loss tangent of
all ceramics is taken to beB04. Alumina’s actualoss
tangenttends to bemuch smaller, butexperiencewith
four Thomsonwindows at Cornell indicates that the Upgrade”,Proc. 1995 Part. Accel. ConfDallas, TX,
contribution of the anti-multipactor coating can be random 1995), p. 1720.
andsignificant, and inthe end acoating resulting ind ~ [2] M. Neubauergt. al, “High-Power RF Window and
3x107is just about right. It idopedthat industry can Coupler Development for the PEP-II B Factory”,
fabricate largeplates of Berylliathat do notexceedthis Proc. 1995 Part. Accel. Conf. (Dallas, TX, 1995),
loss tangent. p. 1803.

From Table 1 it isseenthat tapering theceramic [3] S. Mitsunobu.et. al, “High-Power Test of the Input
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