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Abstract 2.2 Test Stand

The reliability of the radio frequency (RF) windows on thge experimental tesstand is capable ofesting four
Low Energy Demonstration Accelerator (LEDA) is criticalyingows at a time. The four windows are in two pairs in a
to the success of thacceleratorProduction of Tritum paok to back configuration. The testand is capable of

Program (APT). On the APTcceleratoithere will be ; :
. . passing 1 MW CW RFpowerthrough the windows. The
over 1000 windows, each passing on dneer of250 kW \yinqows are both aiandwater cooledThe watercooling

of CW RF power. This power level is well abovewer s ciroylatedthrough the vacuunside T-Bar. The air

levels historicallyused in RFwindows. Based on the cooling goes through the agide T-bar,downthe inner
high-power RF test results of the RF window prototypgs, ’

from vendors, the coaxial windows made by EEV Ltd. o nductor,exits the innerconductorthrough a series of
Chelmsford, England, were selected @DA. This paper

describesthe high-power RF testing of the 16 EEV

coaxial windows. The RF window diagnostic equipmen %
dataacquisition systemand test standare described. The

results of the higlpower RFtesting of thewindows are AlrsiDE Y ¢
presented. The successaslfailures in the conditioning,
manufacturingandtestingtechniques othe windows are

presentedThe conditioning timeline, power profile and ALUMINA WINDOW H

the conditioning waveform are also discussed.

1 INRODUCTION

To select a reliable RF window for thiadio frequency
quadrapole(RFQ), prototypewindows were tested from
three different vendors. Based tre prototype test results ~VAGUUM SIDE —
EEV, Ltd. of Chelmsford Englandwas selected as the . 1
vendor for the 350 MHz RF windows. Thigpaper )
describesthe high power acceptancetesting of the Figure 1: Sketch of the EEV Window
windows orderedfor the RFQ. Under normal operating
conditions these windoware required totransmit up to
250 kW of continuousvave (CW) RFpower. Prior to
acceptancérom thevendor each windowvas conditioned
to 1 MW of CW RF powerandrun at 1 MW forfour
hours to obtainsteady state results. Thepower was
generated by &EV klystron capable of producing 1.2
MW CW RF power at 350 MHz.

2 EXPERIMENTAL SETUP

e

2.1 Window Geometry

The cross section of the EEV window is showrFig. 1.
The window is a coaxial AL300 alumina ceramic. The a
andvacuum side flangeare half height WR2300and T-
bars are used on the air and vacuum sides of the windo
transition to the coaxial line. Theaveguidetransition on

the vacuum side is copper plated stainless steeéguide, Figure 2: RF Window Pair on the Test Stand
and on the air side it is aluminum. '
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holes and is directed over the ceramic. Then the air efieatingoccurred. The vacuum interlocksereset at 1 x
the outerconductorthrough a series of holes. A RF10° Torr for power levels less than 100 kW, 5 x®IDorr
window pair in a back to back configuration is shown ifor power levelsbetween100 kW and500 kW, and 2 x

Figure 2. 10° Torr for power levels above 500 kW.
. . . During conditioning it is important to monitor thate
2.3 Diagnostic Equipment of temperature increase asumnction of RF power. By

Tﬁgnditioning 4 windows at ime, nonlineartemperature
Increases are easier to detect. An example ohdinéinear
temperature increase iflustrated by the windows that
were not grit blasted asshown in Figure 3. If darge
femperature increase isletected, the power level is
immediately reduced until the temperaturesare more

The RF window test stand includes many diagnostics.
vacuum pressure isneasured atthree places ineach
window pair. It is interlocked tothe RF power. The
pressure setting for the RF interlockadjustedduring the
conditioning routine. Each RF window has two fiber opti
arc detectorspne on the aisideandone on thevacuum

side. Thearc detectors aralso interlockedwith the RF tyPical.

powerandwill shut down the RF drive for 1.6 seconds .

upon detection of an arc. Theaterandair inlet and exit 160 ¢ Window #2 Bmk%‘

temperaturesare monitored and interlockedwith the RF 140 + _ y

power. In addition, theemperature othe outercoaxial i Power = 450 kW— o

surface inthe region of the aluminaeramic is also 120 + \‘l f

monitoredand recorded. An infrared camesas used to ¢ 100 + _ v | ﬂ| ||

obtain the temperature distribution across the ceramic. 5 . Non linear - 1
o 8 gg - heating starts J|| )

2.4 Data Acquisition System s5° _ Power = 450 kWJ|1 U* ||

The data acquisition system is used to rectatdfrom the % 36 0 r 1_1' A

RF window test standndthe klystron. The coaxial RTD = 940 + : |

and vacuumand arc detector data read by aLabView ’_ﬂ__}%

programandarchived.The airandwater temperatures are < 20 ¢

recorded by the klystron transmitet.C. The RGAdata § o [ Pl Day2, . Day 3

are read from a secondLabView program. A master

processor hasiccess toall the data andallows for a 0:00 3:00 6:00 9:0012:00 15:00

common display. Test Time (Hr:Min)
Window #1
3 EXPERIMENTAL RESULTS — — — ~Window #2
3.1 Processing Results Figure 3: Window Temperaturers. Test Time of Two

Windows that were not Grit Blasted.

The ceramic onthe prototype windows wasoatedwith .
copper black to prevenmultipacting. During the high 3.2 High Power Test Results
temperaturebakeout, the coating wadiscolored and
redistributed ovetthe ceramicand metal surfacesThese
surfaces werggrit blasted to removehe coating. The
prototype windows conditioned to 1 MW in 26 hours
no excessive heating or arcimgere observed. The first . ; Lo I
two windows afterthe prototypeswere not grit blasted. Ditferent RF waveforms_used mondmor_ung included
Excessive heatingaind arcing were seen as shown in €W Ppulsed, and  amplitude modulation. In  CW
Figure 3,andone of these windowgailed at 500 KW. conditioning the power could only lecreased in discrete
From then on, all the windows were grit blasted. steps. Thepower isincreased irdecibelsthus, the steps

All the grit blasted windowsachievedthe expected arequite large ahigh RF power levels. At times,large
power level of 1 MW and conditioned in a timely mannegas loads were seen due to the large power increase. Pulsed
Windowsthat were originally grit blasted aEEV had to conditioning helpsdecreasethe averagepower and the
be gritblasted again at LANL. Thdifference inthe grit heating in the window; however, doesnot eliminate or
blasting is assumed to liee to differences imozzle size reyerse the nonlinear heating whielads tothe failure of
and geometry. At LANL a smafiozzlewith a 90 bend 6 \yindow. Amplitude modulation wasised as a

wasusedallowing easy access tathe cornersand back A, ; .
sides. EEV has now adapted the same nozzle as at LAIﬁEnd't'Onmg method to_ pass a power region rogh
outgassing. CW conditioning is easilgompared to

The windowsweregrit blastedwith 220 alumina grit at

The time to condition the windows to 1 MW is shown in
Figure 4. The average conditioning time is approximately
9 hoursandthe averageouter coaxial temperaturenear
e ceramic at 1 MW is approximately 75 degrees C.

55 psi. amplitude modulation in Figure 5. In tharticular case,
CW conditioning was used during the first four hours and
3.2 RF Conditioning Results amplitude modulation wassedthe remainder ofthe test

ime. Theincreased speed afonditioning thewindows

. . : t
A low vacuum pressure is essential during Rz amplitude modulation is easily observed.
conditioning. At higher pressures, more arcing an
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Figure 4: Comparision of Conditioning Times to
1 MW.

surfaces onthe vacuum chamber, which causes heating
and additional electrons to lireed due tathe high kinetic
energy ofthe ions at the time of the collision. Asore
electronsare freedmore ionsare made.lons may also
form when moleculesre exposed temall electric fields

at less than very good vacuum conditi@amsl the electric
fields pull the molecule apart. Thesens are then
accelerated byhe Lorenz forcesnto asurface wher¢hey
cause heating and liberate more gas thdher drives the
process. The ion bombardment canobserved by alow
steady increase irthe vacuum pressure. Following the
slow steady pressure increase, nonlinear heatimg be
observed.

5 CONCLUSIONS

Sixteen windows passed 1 MW of powaerd stabilized to
steadystate conditions. Grit blasting wédsund to be a
critical processing step to avoid excessiveating and
arcing at higher power levels. Amplitude modulation is
the recommendednethod of RF conditionindpecause it
conditions a continuousange of power levels while
minimizing the gas load.
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Figure 5: RF Power vs. Test Time with CW

Conditioning until 4 hrsand Amplitude Modulationafter
4 hrs.

4 DISCUSSION

Grit blasting isbelieved toreducecause ofthe nonlinear
temperature increase by cleanihg surfaceand changing
the surface topography[l]. Changes in thesurface
topography dull the potentiafield enhancemensites
which reducesnultipacting. Surface characterization work
showedthe grit blastedsamples to have a highearbon
content on the surface than non-grit blasted samples|[2].
In amplitude modulation a continuowange ofpower
levels are conditioned. Aspreviously discussed, in CW
conditioning discrete powerevels are conditioned, and
when returning to a previouslgonditioned powetevel,
multipacting may still be seen. Withamplitude
modulation thereare no discretepower levels and
multipacting does not reoccur at specific power levels.
During conditioning, two separate phenomena,
multipacting and ion bombardment,are thought to be
occurring[1]. The signs of multipactingare rapid
fluctuations in the vacuum pressurend nonlinear
temperature increases with power[3,4]. Multipactiegds
to occur at specific power levels for a givenindow
geometry. Thesecondphenomenon idelieved to be due
to ion bombardment. As electrorare freed from the
surface they are colliding with molecules in thezacuum
chambemwhich producesons. The ionscollide with the
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