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Abstract resulting in prolonged outgassing and lengthy rf
. . conditioning. Field emmissionand multipactor can
A compact ff load has been deslgned usiegsgaded jmpede operation.Loads using lossyceramictiles have
array oflossy radial rf chokes to dissipate 100 MWeak peen used successfully at some laboratories but they also
and 8 kW average power uniformly along the length of thgge outgassing problemsand there are difficulties
load. Operation in the circularlypolarized TE; mode bonding the ceramics to a metal substrate, uscalbper,
assures uniform dissipation azimuthally as well. for thermal conductivity reasons.
Tapered X-bandbadsmadefrom type 430magnetic
INTRODUCTION stainless steehave beenused atSLAC with limited
The usual highpowerterminationusedfor klystron success because of the inherent low pumpipegd of the
testing at SLAC is theo-calledSLAC "grapefruitload” small cross-section tapandthe ever-presentiklihood of
because of its compact size and shape. Both X dahéd multipactor in a tapered structure.
versions have beedesigned[1]. These designs consist
basically of acircular quarter wave ceramic window ALL-METAL RADIAL CHOKE LOAD
separating a water chamifeom the waveguidevacuum.
A circular to rectangulatransitionand aninductive post  Design

provide a sufficiently broadband match. The X baedign The theoretical design of thead described inthis

uses a circular taper as well. paper appears in an earlier paper [2]. It @esignedwith
The acceleratocommunity has alwaysteered clear i, following requirements in mind:

of any componentsvhere there is even the remotest
possibility of water entering the accelerator vacuum due %o
the failure of a non-metal seal such as the ceravimdow

in the grapefruit load. All-metalloads with lossy
conducting surfaces such as Kanthal have hesd in
both the longtaper and disk loaded waveguide form. 4:
Kanthal coated surfaces atesually roughandcan absorb g
large amounts of gas and water vapor wlgposed to air

All-metal, ultra-clean, high vacuum

Uniform power dissipation both axially and
azimuthally.

Resistant to RF breakdown and multipactor

Good heat transfer to water cooling passages.

No weld or brazgoints separating water cooling
passages and the internal vacuum.
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Fig. 1. 11 cell Radial Choke loageratirg in circularly polarized TE11 mode at 11.424 Ghz
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The first version of this type dbad consisted of

five lossy modulesgach absorbing 20% of the input
power thereby requiring the attenuation in each success

module to increase in the direction of povilew. The If
fields andthe heat load per module tbkis design turned

out to be excessive for most of the needed applications.

An improved version is being built that witlandle

twice the power of the unit described above. It contains
cells with approximately 10% of the input power bein

dissipated in each of the first 9 celledthe remainder in
the final 2 cells at thalesign frequencyThe two way
attenualtion is about 32 dB.

The load operates in a circularly polarized {HE

Cooling Design

) The load material, 430 stainless steel was chosen for
1&3 high RF losscharacteristics at x-band. Unfortunately
this material also exhibits poor thermal conductivity,
limiting the averagepower handling capability ofoads
fabricated from this material. To allow operation at
asonable average powkvels, cooling channels are
éliaced as close as possible to the lossy surfaces of the load
0 minimize the conductive path through the stainless
steel load material. These cooling chanraets formed by
circumferential grooves machinéato the outerdiameter
of each loadsubassemblyand anouter sleevéorazed over
the load subassembly. This construction methimdides

mode in 25.4 mm diameter magnetic stainless steel cooling close to the load choke surfaces while eliminating

waveguide. The circular polarization offdvgo advantages
over the normal TE modeoperation. First, theower

any potential leak paths fromvater to vacuum joints.
With this design we see amaximum temperature in the

dissipation is approximately uniform  azimuthally.jnner web between chokes of approximately 160at an

Second, the peak rf electric field is lower by tgpare
root of 2. The polarizer, to bdescribedater, is at the
front end of the load following a rectangular to circular
waveguide transition.

Each module orcell consists of a pair ofelf-
matching radial chokes made from type 430 magnetic
stainless steel. Thedial extentand axial length of the
choke slots determinethe loss. The spacindpetween
choke slots is critical for a good match. All ofthese
dimensionsare dependenipon frequency.The design of
the choke slots waslone using MLEGO which was
developed at SLAC for accurately computing the
scattering coefficients of circularly symmetric elements
circular waveguide. The details of the choke pair
design is described in referencg2]. To discourage

average power 0800 W per choke pair (6 kW totédad
power). The peak surface temperatur¢hatend of an RF
pulse may reach 500 or more depending on the peak RF
power and pulse length.

Circular Polarizer

The polarizersection consists of a pair afductive
posts, each having mormalized susceptance 2.0, and
are space®/8 A, apart. The 2.3 mnuiameterposts are
oriented at armangle of 45° withrespect to incident rf
electric polarization in the TEmode. This incidemvave
_can be considered #se superposition of two orthogonal,
'th-phase, TE waves, one of which is normal to the posts
and is relatively unaffected bytheir presenceThe other
componentundergoes hase shift thatiffers by 90°

breakdownthe edges ofthe chokeslots are radiused, the ¢qm jts partner. The two components, orthogonal to one

effect of which cannot bemodeled accurately using
MLEGO and had to be determineskperimentally. The
effect ofthe radius is to rais¢he frequency awhich the
maximum loss occurs. Autawayview of one of the
choke-pair cells is shown in figure 4.

Fig 3a Plot of surface temperature of load choke
without circular polarization. Thetemperature at the
“hot spot” reaches 227 °C with 600 wattissipated in
each cell.

anotherand90° apart intime, recombine as a circularly
polarized waveemerging from the post pair region. The
result is a rotating vector at any cross secheyond the
polarizing section.

Fig 3b. Plot of surface temperature lofid chokewith
circular polarization. At the same power level Bg.
3a, the maximum surface temperature is 148 °C.
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SUMMARY

Although the 11 celload has not yetbeen high
power tested, it is expected perform comfortably up to 150
MW peak and 6 KW averaggpower based on design
calculations.
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Fig. 4 Chokegpair cell inposition 8.
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