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Abstract

Details ofdesignandfabrication of a beamline Rfoad A
suited to accommodateSRF cavities are presented. :
Bonding an RF absorber to a heat sink is the key aspeci
the load. Productioibads have been effectively tested tc
10.8 kW and operateith situ up to 3 kW.

1 INTRODUCTION

Many newandproposed acceleratdacilities are forging
frontiers in beamntensity. Thedegree ofintensity is
relative toeachtype of accelerator(circular, linear, CW,
pulsed) and the applicationsrange from high energy
physics with diminishing event cross sectionstighter
and shorter wavelength light sources to nuclear
transmutationdrivers. Oneconsequence ohigh beam
intensity is increased excitation déstructivehigher-order
RF modes (HOM's) inthe acceleratingstructure. RF
feedbackcan damphese instabilities to aertain extent,
but aggressive resistive damping igquired to avoid
inordinate feedback power levels.

The superconducting RF (SRF) program at Cornell h
long anticipated the need for ever-increasingbeam
intensity [1]. The large aperture, low-impedance, and hi

Q of SRF cavitiesareideally suited tointense beams. A ferrite satisfying beamlingequirementsand having
Modest tailoring of the beampipear anSRF cavity msd an absorption frequency range covering the CESR Ill SRF

allows all HOM modes to leakout of the cavity an ; . e
propagate dowrthe beampipe. It was thus na)t/ural pavity HOM spectrum isdentified in Ref. [4], although

placeHOM RF loads directly onthe beampipe irclose (():therrlnanufac(tjurerfs oélrr]lﬁllar[[y aclceﬁtablebf%rntteexlsta

proximity to the SRF cavity [2]. ThecurrentCornell borﬂp exuﬁn € of suc ma5er|as ave beeatermine

HOM load designhas beeneffectively tested up to y thorough measurement [5].

10.8 kW per load,with two loads typically associated

with each cavity [3]. SRF cavities requiring less 3 BONDING AND HEAT SINK

aggressive HOM damping utilize a coaxiantenna Heatgenerated by RF inhe ferrite must have a high-

coupled to the beampipe. conductance thermal path to a sink. Thusfémate must
Fabrication of beamline HOM loads can be challengingyave a high-conductance bond to a cooled, good thermal

the most difficult task being bonding RF absorbingconductor.

material to a heasink. For this reason, the Cornell .

design evolved to modulapanels containing the RF 3.1 Soldering

absorbing element. The panel®individually prepared, Bonds based on adhesivestisfy neither ultra-high

tested_, then installed into a beampipe as showRig 1. vacuum nor thermal conductivity requirements, and simple
Described below are materials, processes, and tests requifed, ~nical cl amping has  insufficient thermal

Cornell wih numerous insiances of outside conautationonAUStVit. One of the bedionds from a thermal
conductancepoint of view is to apply a metal plating to

the ferrite andsolder it to a water-cooleghetal substrate.

2 RF ABSORBER Unfortunately, therein lies a probledundamental to
The close proximity of théoad to the accelerating cavity ceramic bonding: the ferrite’s coefficient of thermal
places numerous demands on the load, particularly the R¥pansion is about half that obpper orother solderable
absorber, as stipulated iRef. [2]. Among commonly metals, causing théerrite to readily fracture during the
known RF absorbing materials, two that satisgamline soldering thermal cycle or whéreated by RF irservice.
requirements are unbiased ferrites, such as nickel-zinc, dridrther, soldering must hegerformedfluxless topreserve
the porous ferrite’s ultra-high vacuum integrity.

Successfulsolder bonds carndeed be accomplished
between plated ferriteand copper if the copper is
thoroughly annealed>800°C in a vacuunfurnace) prior

Figurel. A Cornell HOM load.

lossy dielectrics, such as silicon carbide. Ferrites have the
ggvantage otomplex permeabilityy as well as complex
permittivity €. Complex u is necessarysince the
sorber located atie wall musthavestronginteraction
ith the magnetic field characteristic of most HOM's.

* Work supported byNSF and DOE STTR Grant No. DE-FGO02-
96ER86049.

T Email: epcl@cornell.edu



to soldering, conferring it a verpw mechanicalyield easily yield, yet do not causimgork-hardeningproblems
point. However, the “dead-soft” coppmust not be work encountered with pure Cu.

hardenedin eventhe slightest fashiorfprever thereafter.

Otherwise, theinducedmechanicalstress in thecopper 4 FERRITE PROCESSING

will fracture the ferrite the first time it is heated. Ferrite tiles are typically cleaned with alkaline solution by

3.2 Elkonite the manufacturer, angpon delivery ultrasonicallycleaned

) _ ) _ _ in methanol baths, &ycles of 15minutes each with
Obviously, aheat sink material with thermaxpansion changing of the methandletweencycles. Testshowed
coefficient similar to ferrite avoids these thermal that after the 3rd ultrasoundbath, no moreparticulate
expansion problems.  The material must also heaves the ferrite of Ref. [4]. The ferritagethen fired in
solderableand preferably have dow mechanicalyield  ajr with 100°C/hr ramp up to 900°C, 2 hr soak at 900°C,
point to forgive slight differences in thermal expansion snd 100°C/hr ramp down. Air firingeducedater vacuum

work hardening. Thenly candidatefound to date is a outgassing and is reputed to help homogenize the ferrite.
material called Elkonite [6]. Elkonite is made by

sintering tungsten to specifiedporosity, then filing the 4.1 Plating
refractory metal with molten copper to form a neduly
dense, vacuum-tight body. The final coefficient of therm
expansion is approximately the volunawerage of the
composites, the available ratio 58% W and 42% Cu neal|
matching ferrite’s nominal %10 /°C. Beside thermal
expansion matching, Elkonite izigged andmuch more
tolerant than Cu to rough handling. In dsliveredform,
Elkonite does not wet as well to solder as pure Cu, thus
is electroplated with 0.001" of Cu onto #sirface. This
layer of Cubeing verythin andfully annealedfrom the
braze step described in Section 3.4) does not negate
Elkonite’s desirableproperties. Theelectroplater should
be aware that Elkonite is sintered and the plating operati
must not allow it to disintegrate in the acid solution [7].

he ferritesare next plated with a solderablematerial.
ince nickel is a primary constituent of ferrite, it was

sonedhat sputtered Ni would have good adhesion. A
oblem with this plating haveen spots of complete
“scavenging” offthe ferrite by the molten solder. In
Cornell HOM load production, about 25% oferrite
SRIdersexhibit scavenging problems. The thicker the
plating the less scavenging is observed, but sputtering is a
slow process and too thick a plating builds surface tension
that may shear the ferrite. Nickel-vanadium can be
sputtered at éigher rate than pureNi, thus to date
gﬁrnell production has targeted 25000 A of Ni-V.

A promising alternateplating is alayered approach
whereby 300 A of titanium is first sputtered, then a
3.3 Ferrite Tile Geometry 2000 A gradedlayer of Tiand Cu(requiringtwo sputter

- ) ) guns), then 5000 A of pure Cendingwith a gold flash
Once bonded, a ferritile heated by RF ismechanically to inhibit oxidation [8]. The reasoningehind this
stressed so as to convex the exposed face, also known ggafing is that Tiadheresvery strongly to the ferrite, the
“crowning”. The peak mechanical stress familiaolcurs  Tj-Cu composite retains Cu from scavenging, then the Cu
near corners of rectanguldiles, and ferrite fractures ets well to solder though some may becavenged.
experiencedvith Cu heat sinkspredominantlyoriginated There havenot beenstatistically significant tests of the

in corners. Peak stress is minimal igi@ular ferrite tile  Ti-Cu gradedplating to date, but a few sampleshave
and is reduced by rounding the corners of a rectangular tifgdered well.

The smaller thaliameter of a circulatile, the lower the ]
accumulated thermo-mechanictiess,andthe higher the 4.2 Soldering
allowableabsorbed RF powetensity. A lowerimit in
tile diameter isset by having tqrepare andolder more
tiles to obtain alesiredsurface areagspecially given the
typical 75%yield of successful solder bonds discussed
in Sections 4.1 and 5.

From thermal stresgonsiderations, ferrite soldering is
performed at adow a temperature agossible while
providing a safety margin fronsolder melting during
HOM load operation. The majority of Cornedloldering
has used 90% Sn / 10% Ag filler having a 221°C solidus
3.4 Coolant Interface and 295°C liquidus. The 0.004" Sn-Ag foils are
sandwiched between the ferrite and Elkonite, then heated to
The next link in the heat-sink circuit is coolant. For th370°C in a vacuunfurnace with several intermediate
modular loadshown inFig. 1, cooling waterflows in a soaksand a 10minute soak at temperatureGenerous
copper tube brazed to the face of the Elkonite opposite t§gacing among fixtures preverghadowing ofradiative
ferrites. Naturally, thedifference in thermal expansion heat transfer, providing uniform fixturéemperatures.
between CuandElkonite warps theElkonite during the There is nogas backfilling of thefurnace,the slowcool
high temperaturebraze aswell as the lowtemperature (>8 hrs) allowing the solder to noticeably crystallize, with
ferrite solder. Thus, thebrazingand soldering fixtures |oose flakes lateremoved bywire brushing. Tests with
must incorporate rigid clamping of the Elkonite to argon and nitrogen gas backfilling after the heat cycle have
minimize warping. The cooling tubderaze is performed yielded very poobonds, withnearlyall the Ni-V plating
in a vacuum furnaceysing Cusil as filler with a 780°C peing scavenged and the ferrite readily falling off. Perhaps
eutectic liquidus, typicallyheated t0820°C with a 10 the gas backfill enables such a good bond to Ni-V that the

minute soak at temperature. After the braze, the assemplyting is completelcleavedoff the ferrite, and vacuum
IS tampedonto a flatsurface to restor&lkonite flatness Coo|ing with Crysta”ization S|mp|yy|e|ds numerous

prior to ferrite soldering. The sintered &id annealed Cu



Figure3. Infra-red image from the test setup exhibiting a
hot area due to poaolderbond. Thegrid pattern is due
to the screen covering the waveguide hole.

mentioned inSection 4.1, 25% of thpanelsare rejected
due to “hot spots”, later diagnosed as scavenged plating.

islands of adhesion. Details of such chemistry and 6 FINAL ASSEMBLY
mechanics remain to be studied. Elkonite/ferrite panels that pass the RF tast inserted
An alternate soldeiiller is 80% Au / 20% Sn with a into a stainless steel beamline housing as shown in
280°C eutectic liquidus. Au-Sn wets better tHBmAg, Fig. 1. The panelsare tightly fastenedwith screws to
although the foil is less malleable at tbatset. There provide good electrical grounding tccommodate beam
havenot beenstatistically significant tests of the Au-Snimage wall currents. Direct interaction of bedigds
filler to date,and among afew samples oneasehad a with the ferrite has beerdemonstrated to baegligible
poor bond. Thus, thaddedexpense of Au remains to be[10]. Brazed fittings that incorporate the cooling tubes for
justified. eachassemblyarethenweldedinto the steel housing to
provide avacuum-tight enclosure. The finisheahit is
rinsed with methanol, thescrewstemporarily loosened,
d and the unit vacuumbaked at150°C for several days.
After baking, the roontemperature vacuurnottoms out
<10°T. Upon HOM load attachment to the SRF
avity beamline, the panekcrews are re-tightened.
Performance ofkix such preparedloads has beenquite

Figure2. HOM load individual panel test setup.

5 RF TESTS

Individual panels of Elkonite with bonded ferritee teste
in an RF setuppictured in Fig. 2. The panels are
mounted on a broad wall of WR-284 waveguide, fed by
to 1 kKWCW at 2450 MHz by amagnetron, with a

sliding short downstream to adjusthe standingwave
along the ferrite. Water flows through the cooling tube
0.6 GPM. The panels are viewed with an infra-red camera
through a hole in the opposite wall of tlheaveguide,
covered by ascreenand RFevanescentone, also shown

in Fig. 2. Areas of poor solder bondare evident by
heating in excess of the standiwgve pattern as seen by (4
the IR camera, an example of which is showrFig. 3.

Thermal transients at turn-amdturn-off of RF arealso (2]
excellent diagnosticsareas ofevenslightly poor solder
bond showing thermal lag. [3]
The RF power inthe test is typically limited to
600 W, corresponding to an averagmwer absorption (4]
density of 15.5 W/cni on each oftwo 5.08 cm x (g
3.81 cmx 0.32 cmferrite tiles. The RFstandingwave
pattern scanned ovéhne ferrite raisegegions up tawice
this power density, but such inhomogeneoh&ating [
probably alsooccurs in service [9]. With 18 such [7]
assemblies per loadhe assembledunit is effectively [8]
tested up to 10.8 kW average HOM poweandtwo loads (]
are connected to each SRF cavity [3]. The ufipgt in
absorbed power density for a fdéast assemblies hdmen [10]
25 Wicn?, at which point the ferrite cracked. Thpswer
density could be raised hyse ofcirculartiles with small
diameterand a broadecooling tube attachment. As

gptisfactory, dissipating up to 3 kW per load to date [3].
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