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Abstract

Klystrons capable of 75 MWoutput power at11.4
GHz have beeninderdevelopment aSLAC for the last
decadeThe work has been part tie program taealize
all the componenteecessary fothe construction of the
Next Linear Collider(NLC). The effort has produced a
family of solenoid-focused 50 MVKlystrons, which are
currently powering &.5 GeV test accelerator aSLAC
and several test standgherehigh powercomponents are
evaluatedand fundamental research iserformedstudying
rf breakdown anddark current production.Continuing

1.2 XL Series

This next series of klystronslesignatedhe XL series,
utilized a lowerperveancg1.2 pK) than the XC series.
Drawing on the results of the XC series, methods to
reduce rffields in criticalcomponentavere explored. A
travelingwave Tk, output window was utilized for the
first time to reduce rf gradients onthe window and
eliminate electric fields atthe vulnerablewindow edge.
Various multiple gapstanding waveand travelling wave
output structuresvere tested, with afour-cell travelling
wave output design proving most successful.Vacuum

development has resulted in a Periodic Permanent Magpeimping was improved with thaddition of anion pump

(PPM) focused 50 MWHklystron, tested atSLAC and

at theelectrongun, effectively reducingthe incidence of

subsequentlycontractedfor manufacture by industry in high voltagearcing in thegun region. The finablesign
England and Japan. A 75 MW version of that PPMvariant was designated the XL-4 ahds beerproduced on
klystron was built at SLAC and reached 75 MW, with 2.& limited productionbasis to power the NLC Test
microsecond pulses. Based tis design, a prototype 75 Acceleratorand other test faciliies at SLAC. This
MW klystron, designedfor low-cost manufacture, is klystron design has operated from 50 MW at 2.4pukse
currently under development at SLAC, and will eventualljength up to 75 MW at 1.5 us pulse length. Thest
be procuredfrom industry in modest quantities forrecently constructed XL-4tubes have been further
advancedNLC tests. Beyond these developments, theimproved bythe use of darger over-moded TE output

design of Multiple Beam Klystrons (MBKSs) is under
study at SLAC. MBKs offer the possibility of
considerably lower modulatorcosts by producing

window designed for the 75XP-3 PPM klystron. Work is
underway to build anodified XL-4 design,designated the
XL-X, which will have a larger collectand dual output

comparable power tdhe klystrons now available, atwindows to allow operation at higgweragepower for the

much lower voltages.

1 SOLENOID FOCUSED KLYSTRONS

1.1 XC Series

SLAC'’s X-bandklystron development begawith the
XC series of tubeslesigned to produc&d00 MW output
powerwith a relatively highperveancg1.8 uK) electron
beam. Thesdlystrons allowed study of severatlesign

approaches, includinguultiple gap output structures and

multiple rf output waveguideswith separate windows.
Unfortunately, thepeak powergoal provedtoo high for
the existing technology, with ireakdown inthe output
cavities and windowsand high voltagebreakdown in the
electron gun, limiting design operation ofthe tubes.

purpose of life testing the rf outpuitructure of the
klystron.

After a series of six prototypes it was decided to reduce the

design goal from 100 MW to 50 MW peakitput power
for the next series of experimental tubes.
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Figure 1: XL-4 Solenoid focused klystron



tunnel. The rf design, similar to thsuccessfulXL-4

2 PPM FOCUSED KLYSTRONS design, also utilized a multi-cell travellingave output
o ) circuit. Thereduction of perveandeom the XL design
2.1 Motivation for PPM focusing necessitated increasatiift lengths and the addition of

another cell to th@utput structure. Initial testing of the
klystron revealednon-monotonicgain-vs.-drive behavior
believed to be caused by multipactmcurringwithin the
drift tube. The klystron waspened andhe drift tunnel
coated with titanium nitride (TiN) to suppress
multipactor. Upon reprocessirandtesting the tube was
able to operatbeyondthe designgoal and produced peak
power over 50 MW for 2.4 s pulses atep rate of 120
Hz; however, operation was limited to two minute bursts
by insufficient cooling and excessive x-ray radiation.

The total number of klystrongquiredfor the NLC is
such that anyeduction ofoperating power wouldead to
great savings in operating costs for the machiRewer
savings of some 20 kWWertube could be accomplished
by eliminating the solenoidequired bythe XL type
klystrons. This desire to replace the solereatl to the
idea of using periodic permanent mag(®M) focusing,
a methodusedextensively for compact travelingave
tubes, but not on higlpeak powerklystrons. PPM
focusing utilizes geriodicfocusing field produced by a
stack of alternating polarity magnetsd field shaping
polepieces. If the axidleld period issufficiently small 2.3 75XP-1
relative to theelectron plasma wavelengthe beamwill
be stiffly confined. For this periodic focusing, the rms
field value is equivalent tahe axialfield strength of a
solenoidal field.

Changes in the design of the NLC lead to the need for a
75 MW rf source, so work began on extendihg 50
MW PPM Kklystron design tothis higher power level.
Since it wasundesirable to increasthe beam voltage
beyond500 kV theperveancavasincreased t00.75 pK
2.2 XL-PPM andthe beam voltagslightly increased toallow higher
. ' beam power foithe increased rfrequirements. The rf
The design for the firsPM klystronbeganwhere the circuit was essentially the same as that of the XL-PPM

XL-4 designleft off. The perveance ofthe beam was . e .
dropped to 0.6 pK for greater efficiency and to a make thtéJbe with modifications for the highgerveance and the

) . . . addition of acavity for increasedgain.  The tube
PPM focusing moreeffective by increasinghe plasma . . . .
. construction was somewhdifferent with stainlesssteel
wavelength. To study beam transport without th

€. " .
Cs - . ) drift tubesbetweencavitiesmachinedirom monel. The
complication of the rf circuit, a beadiode was designed : .
) : : .._magnetic polepieceand spacers werérazedonto these
and constructed. The magnetic design of the diode utiliz
. . : . ubesexternal tothe vacuum envelope. It was felt that
a gun trim coiland three anodecoils that establish the

transitionfield betweerthe cathoderegionand the PPM the stalnle_ssinft tube wallswould exhibit more rfloss
) . than thedrift tunnel of the XL-PPMdesignand thus
magnet stack. These coils allowed adjustment of the g

- . : : Better suppress unwanted modes. The magnetic design of
and trar_15|t|on T'eld dur_lng tube ope_rat_lon. The the 75XP-1deviatedfrom that of the XL-PPM in two
mechanical design dhe diode was verysimilar to that

used in PPM focused coupled cavity TWTs. Theuum |mportz_in'F ways. First, thano_o_leco_|ls of the XI."PPM
o .. wereeliminatedwith the transitionfield shapedwith an
envelope waformed bythe magnetic circuit itself with

alternating iron polepiecd®azed tospacers ofmonel (a all pe_rmanent magnet structur_e. _Second, thagnet
. . . material waschanged toneodymium-iron-boron(Nd-Fe-
non-magnetic alloy otopperand nickel). Like most

PPM focused TWTs, the XL-PPM design utilized B), a_lower (.:95'[’ bgt Iesstemperaturestable magnet
. material. Initial testing of this klystrorevealed several

samarium-cobalt magnets, aather costly magnet instabilities, one of which wasdentified as a gun

material. Operation of the beadiode proved to be very ' 9

satisfactory attaining 99.9% beam transmission at 498); gilllllaa':ilgg V\;aetlslo.lzelsiG:eza arf(\j ilr?sstsallgggi;ntgmi?r?)?]reusr? the
kV, 2.8 ps pulse lengttand a120 Hz rep-rate, well 9 gun.

. The klystron wasre-tested,the gun oscillation was
beyond the design goals for the klystron. . oS
I eliminated, but a 20GHz oscillation impeded further
The klystronused amagnetic circuit similar to the

S . . progress. It wagleterminedthat this instability was
diode's with the same matching codrangement, but likely caused bycoupling betweenthe output structure
with additionallength and along uni-directional magnet y yeoupiing P

. : : and the collector. An rf load was designed and installed in
cell to provide focusing for the travelingvave output

structure. The circuit construction was the same as tﬁée Klystron. The wbe was agaitested anthis time

diode’swith the addition of rfcavitiesmachinedinto the ' o> ‘?‘b'e to produce over 75 MW at 2.8 HS pulse lengths.
. . - At this output level the pulseep ratewas limited to 10

monel spacers atthe appropriate locations. This . .

X : . ... Hz due to inadequate cooling of the tube body.
construction technigue was believed to be beneficial since
it provided a lossy surface formed by the alternate iron and
monel spacersalong the inside of thelrift tube to help
damp unwanted rf modékat mightpropagate down the
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Figure 2: 75XP-3 PPM focused klystron

2.4 75XP-3

serves as the heat sifilr any heat dissipation along the
klystron drift tube. A beanmdiode to test the new gun
optics and magnetic focusing design is currentiynder
construction and will be tested at thed ofthis summer.
The first klystron of thisnew desigrwill follow and be
tested in the beginning of calendar year 2001.

2.5 INDUSTRIAL INVOLVEMENT

The total number of klystronequiredfor the NLC is
such that an industrisdource of thesdubes is clearly
required. Howeverthe SLAC PPM klystronsre unlike
any tubes currentlyproduced byindustry. To allow
commercial tubemanufacturers to beconfamiliar with
the idiosyncrasies ofiigh peak powerPPM klystrons,
SLAC has let contracts for the production of XL-PPM 50
MW klystrons to two industrial sources, Marconi in the
UK andToshiba in Japan. The&éystronsare currently
in production with delivery expectatiis fall. In addition
SLAC has let acontract toCPI in the USfor the
production of a 75XP-3 rf sectioand magnetstructure
that will be mated with electron gun, collector, and output
windows supplied bySLAC. By supporting thesaube
production contractsSLAC is preparingthe microwave
tube industry for thdarge tube orders requiredor the
NLC.

3 FUTURE WORK

The SLAC Klystron department is currently working on Work continues aSLAC to further optimize the rf

the nextdevice inthe series, the 75XP-3. Thisibe
design isintended toaddressthe lessondearned so far,
while pushing for fullduty operatiorwith a lower cost,
simplified design. The new Kklystromesign is very
similar to that of the 75XP-1 withefinements taeduce

power sources for high-energy collidelesigns. The
successful operation oPPM Kklystronswas a major
milestone in the improvement of overaddfficiency of
these systemdther considerations includeducing the
cost of the high voltage pulse modulator for kgstron.

part count, complexity, size and cost. The electron gun s reduction of klystron operating voltage willallow

simplified with critical alignmentaccomplished through
precision part machining, eliminating mangomplex
adjustment featuregound in other SLAC Kklystrons.
Electrode gradients in the electrgan have beerdesigned
to be lower than thearliertubes in areffort to improve
reliability. Experiencewith the fabricationand operation

consideration ofvarious solid state modulator designs,
including directswitching if the operating voltage is low
enough. Thisreduction of operating voltagecan be
accomplishedhrough the use of multi-beam klystrons
where severallower voltage beamsare combined in
parallel. SLAC is investigatingeveral configurations of

of the prior PPM focused tubes has lead to the conclusiBiiti-beam tube with six to twelve beardevices

that the ability to test the complete magneticcuit

before tube operation isighly desirable. To accomplish

this, a design of a completely separable magrstticture
is underway. This structurewill take the form ofclam-

shell halves containing all thigeld-forming components
that can bebuilt and tested apartfrom the klystron

appearing the most promising.
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