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test model of thdossy ceramic section of thélOM load
ABSTRACT assembly. In additiothe complex dielectric constant was

To reduce the impedance of thmvity higher order measured on both the ceramiged forthe prototype,and on

modes, (HOM's), a compact broad-band, Iow-reflectioR,reVious samples dhis. type of ceramic,_and the data are
waveguide load is required withéSWR lesghan2:1 in the Presented. A schematic of the planrteigh power test is
frequencyrange 714VHz to 2500 MHzThe load musalso Presented at the end.
work in the highvacuum of thecavity, and becapable of
dissipating up to 10 kW gbower which is generated by the 2. LossYCERAMIC LAYOUT
the interaction of thbeam withthe cavity HOM’s andwhich The AI-N ceramic tiles, nominally 2cm x 2cm x 1.9cm,
is directed to each load assembly. A prototype Emsmbly are arranged into two tapers which flare out fromsidewall
is being fabricated which usdke lossy ceramic Al-N with of the 25cm x 2.54cmvaveguide.The detailed footprint of
7% by weight glassy carbon to absorb the microwave powethe individual ceramic tilethatwill be used inthe prototype
HOM load assembly is shown in figure Zhe individual
1. INTRODUCTION rectangular ceramics are angled witispect to the centerline
Each RFcavity [1,2] in the PEP-IIB-factory will have of thewaveguide sahat thesmoothest interface is presented
ido the oncoming Rwavewhich minimizes reflections. Non-
rectangular tiles aremployed onthe sidewalland the

flange which bolts tothe cavity, a section of uniform backside ofthe ceramic taper temoothly fill in the space

waveguide 25cm x 2.54cm (600 Mhz ) whichseperates which aI;o reduces reflections caused by changes_ in the
the lossy material from the exponentially decaying field of tiREoPagation constant. FiguresBowsthe compositeheating
fundamental mode at 4Mhz, and theossy ceramic tapers pattern of the load for the nominal operating conditions.

at the end of thavaveguide which absothe power from the
HOM'’s. The lossy ceramic Al-N with glassy carbon [3] is
used to dissipatthe power. Computer simulations weused

to design the footprint of the ceramics, which are arranged in
two triangularwedgesand arebrazed onto one side of the
waveguide athe end of theurved waveguide assemiHj.
Custom made ceramic tiles ready fbrazing into the
prototype were procured from industy]. The design was
verified electrically by measurinthe reflection from &old

three HOM waveguideload assemblies, one of which
depicted in figure 1. Thassembly consists dhe vacuum

Figure 2. View of ceramic footprint looking down on the
broadwall of the HOM waveguide. The square tiles are 2cm
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Figure 1. Higher order mode load assembly. The assembly is HOM power generated in the cavity from 714 Mhz - 2500
curved to fit in the available space. Mhz with 3A of beam current. Only one side of the load is

shown. The peak power density is 3.2 W&m

*This work was supported byhe Director,Office of Energy
Research, Office of HigRnergyand Nuclear Physics, Higinergy 3. FROTOTYPELOW POWERRF MEASUREMENTS
Physics Division of the U.S. Department of Energy.
*stanford Linear Accelerator Center, Cont. DE-AC03-76SF00515
#Lawrence Berkeley Laboratory, Contract DE-AC03-76SF00098




A low powertest model of thenicrowave absorbing load normal Tk, mode, with most of theower inthe center of
portion of theprototype assembly was created by assemblyitige waveguide, tothe mode which carries energy in the
the tiles into the triangular pattern figure 2 and inserting ceramics along thedge ofthe waveguide. To testhis we
the tiles into apiece of uniform waveguideThe reflection measured the response of the load while varying the distance
coefficient, $;, of this testmodel was measuredhe RF at the end of the load to the short; a longer distance should
measurements were madéh an HP-8510 network analyzermovethe diplower in frequencyThe results are shown in
and threesets of waveguidéaper andcoaxial transitions figure 5.
which, in combinationcoveredthe frequencyrange of 650 There is a region from 180@hz to 2100 Mhz which is
Mhz to 4200 Mhz. ATRL calibration was performed withnot covered bythe experimental set-ups whased ovetheir
each set of tapeend transitions and then tkest model was designed operating rangddowever, ameasurement can be
measured. Theombined data measuredver the normal made in this region using thWR-650 tapersnd transitions.
operating ranges of the transitions is shown in figure 4.  We calibrate the tapeend transitions as weormally do but

The ceramicsised inthe test modedre shortethan the over the frequency range of 1600 to 2200 Mhz. The
design value due to a manufacturing error; the ceramics eadibration procedure is unable to remdhe affects of the
only 0.714” tall whereas the design height is 0.75". Wittargerreflections inthis frequencyband, which is outside the
these short ceramics the load meets the specificationdesigned range of the tapemd transitionshowever, there
VSWR = 2.0:1, but exhibits littlemargin at 714 Mhz. do exist regions in betwedhe large reflections where the
MAFIA Simulations indicate there is about a 7 dB increase ¢alibration procedure is able to accomodtte remaining
Si1 because dhe reduced ceramic height, thus the load witkflections. Figure 6 shows the measurement of thentedel
the full size 0.75" tall ceramics should have morargin at and themeasurement of thevo waveguiddapers aloneised

714 Mhz. in the calibration. The spikes in the measurement of the two
° tapers alone ardrequency regions in whichthe large
sk reflections could not be calibrated ohgwever, in between

o F VOWR203 these spikesare regions in which the measureflection
from the load idelieved reliable. Notthat at1600 Mhz and
sy f at 2200 Mhz this measurement of tiest model agrees with
“® 20 R the previous measurements made with components operating
s F W within their designed frequency range.
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Figure 4. Reflection, $, of prototype load ceramics @ ™ e i
arranged in footprint of figure 2. The ceramics are 0.714" = Prmypemad/\7 I\ |\ ' ,i:
tall. The gapfrom ~1800 to 2100Mhz isbetween o | Measurement I AL
waveguide bands and is covered in more detail later. . /v !' | !::l !‘[ !t ‘
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of the load,and thereflection which occurs athe modal Figure 6. Reflection, $, of prototype load ceramics

transition plane. The modal transition plane is defined as the

. . . . measured using tH&/R-650 set-umbove Tk, cutoff. The
region where the propagatimgode switches rapidly from the dashed line isga measuremensaof nheveoguide tapers

° alone. Inbetweerthe spikes of the taper response the data
S SO for the load is believed reliable.
< VSWR 2.0:1
I\\\ - 4. DIELECTRIC MEASUREMENTS OFCERAMIC
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“® L \\ P R 4.1. Ceramic for the Prototype
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The electrical properties of the Al-N ceramic whiefil
be used forthe prototype were measuregsing a coaxial
probe, HP 85070B, attached to a network analyzer. Figure 6
shows the results of eight measurements on one 8” x 8” hillet.
e 0 7m0 200 w0 om0 s 1w ws The spread in dielectric constant is slightly largean the
Freq (Mha) precision of the measuremenind indicates someslight

. ) _ _ variability in dielectric constant within the billet.
Figure 5. Prototype load responsdgth different distances

betweenthe end of the ceramic tilemd the short at the
end of the load ("Back Gap”). With increasing distance the
dip in reflected power decreases in frequency.
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Re(e/e, ) where the load is electrically shoreamdsome ofthe incident

1 power reflectoff the back wall. Simulations predi¢he load
will meet the reflection specification for 50 > Ri,) > 26 at
714 Mhz.
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The prototype load assembly isder constructiomand is

- i scheduled for &digh power vacuum test in earjummer. We
ol - o omeesesE=== 1 will test the assemblyusing a 714 Mhzlystron which is
capable of producinmuch highepower densities ithe load
o 1000 2000 3000 4000 s0  thanwill be seen in normal operation. waveguide window

Freq (Mh2) made from MACOR and sealed with an O-ring will form the

Figure 7. Measured dielectric constant of ceramic used invacuum seal. A layout of the test is shown in figure 9.
prototype. The 8 measurements are from one 8” x 8” billet.

4.2. Entire collection of ceramics Vacuum Window HOM Load
Assy Assy

In addition to the materiafor the prototype we also TG
measured some Al-N ceramic viiad previously purchased
earlier in the development cycle. Theseneasurements
encompass sommaterial whichwas produced while the
ceramic process yielded more variability in density. The I ]
currentprocess is claimed to yield ceramigih a density of Figyre 9. Layout of high power test on the load assembly.
2.95 - 2.98 grism*. The ceramiaised inthe prototype load
assemblyhas alensity of 2.97 gii@m>. We present this data 6. ACKNOWLEDGMENTS
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Figure 8 Real and imaginary part of dielectric constant vs.
frequency and density.

4.3 Sensitivity of Load to Variations in Dielectric Constant.

The reflection from the load is most strongiffected by
changes in the dielectric constant at tower frequencies



