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Abstract: DE93 001815

The 65 MW S-Band klystrons (5045) used to power SLC
have been in service for over seven years. Currently,244 of
these tubesareinplace on the accelerator,operatingflailpower
at 120 pulses per second. Enough tubes have now reached

end of life, or experiencedotherfailuresto allowa good
analysisof failuremodes, andto projectaveragelifetime for this
type of tube.This paperdescribesthe variousmodes of failure
seen in klystrons remmed from SLC service, and pro-rides
data on expected lifetime from currentproduction based on
accumulatedSLCoperatingexperience.

Introduction

Over seven years ago, the first 65 MW klystrons, Fig. 1,
were installedand startedoperationat SLAC. Since thai time,
almost600 klystronsof this design havebeen manufactured.A
numberof these klystronsthat failed andwere removed from
serviceixoduced the initial failureanalysisof References 1 and
2. Some of these failed klystrons were remanufactured and
returned to service. Presently, 244 klystrons are operating
continuouslyin SLC serviceatfull powerand 120 Hz repetition Fig. 1. 65-megawattklysn'on.
rate. The averageage of installedklystronshas increasedto over
23,000 high voltage operating hours, but the failure rate has causes of failure were listed as window failure, high voltage
accelerated with 120 Hz PRF operation. Most failure sealpuncture,RF outputfaultsincludingregenerativeinstability
mechanisms that produced premature failure have been (Ref. 3), RF output gap breakdown, gassy cathodes, and
identifiedand correctedso thatnow failures aremostly clueto various mechanical, water, and pulse tank problems. At the
end-of-life processes such as cathode depletion and anode writing of thatpaper,we hadexperiencedveryfew end-of-life
bariumdeposits thatcause arcing andgassing in the tube.The cathodefailures.
lifetimeis directlyrelated to operatingcathode temperaturewith During the last seven months of intensive full-power 120
50,000 hours projectedfora "good" low-temperatureoperating PPS SLC running, we have been removing an average of six
cathode and less than 15,000 hours for a "poor" cathode klystronassemblies permonth fromgallerysockets for various
requiring initial operation at a high temperature. Overall, faults includingklystron failure. Twenty-five of the removed
operationof theseklystronshas producedverystableRF for the tubes, upon retesting in the test lab, were failed: the rest were
SLC with littlebeam downtimedue toklystron malfunctions, repaired,retested, andreturnedto gallery service.Severalof the

tubesreturnedto service wereclose to end-of-life. Ali but three

Klystron System Faults and Failure Modes of the failed klysuronswere failed forreasonsassociated with
theend-of-life of the cathode.One tube,an early model, failed

Klystronsareassembled on pulse tanks,and undergoa full foran unrepairablewateriear, and a secondnon-cathodefailure
power system test in the Klystron Test Lab before being was attributedto a hot window, although it was almost at end-
transportedto the SLC Gallery for installation.Any failure in of-life on the cathode.Excessive RF breakupwas the reasonfor
the klystron, or the pulse tanksystem necessitates the removal the thirdfailure.
of theklystron assemblyfrom the SLCgallery and returnto the Figure2 shows the emission characteristicsof five selected
test lab for repair and retesting. In Reference 2, the principal klystronsremoved from thegallery, and retestedin the test lab.

The first three tubes had "good" to "excellent" cathodes, have
given long service, and are still in operation. The last two

* Worksupportedby Departmentof Energycone'HtDE--AC03- examples started out with "marginal" cathodes thai required76SF00515.
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OpticalBrightness but any small break in the barium buildup tendsto arc in the
840 890 940 980 1G30 1070 1120 C high-voltage gradient between the cathode and anode, and

2.0 Begin .I Current causesa massive gas burst. The barium buildup is acceleratedby highoperaUngcathodetemperature.On a few highoperating

' It

lap . hour tubes that failed for reasons other than cathode problems,
1.6 very little barium buildup was in evidence during autopsy. The

dominant mode of failure of klystrons now operating in SLC
service is cathode depletion, and the associated arcing and
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laP " _' Figure 5 is a graph of cumulative high voltage hours for

1.8 klystrons that have been, or arc currently in operation. There =._
a large group of tubes that is approaching 40,000 hours of life.

1.6 i I i 1 J 1 J I _ I _ / Most of the "infant mortality" type failures occurred during Lhc
24 26 28 30 32 34 36 initial installation phase seven years ago. Currently, tube.,,

Klystron441a Heater Hours11,552 passing test lab tesLsdo not show any _rious "infant mortality"
problems when put into SLC sen, ice. The average age of failed

Fig. 2. Beginning an.d ending emission characteristics tubes returned from SLC service is 19,000 hours of high- I
for klystrons with "good" to "bad" cathodes, voltage running time. The average age of operating tube.,, m

SLC service is 23,000 high-voltage hours, and 29,000 hours of

initial high temperature operation. Both failed due to end-of-life cathode heater time. The mean time between failure of SLC

symptoms at rather low operating hours. The pictures in Figures service klystrt)n_ is presendy 52,000 hours. The history chart oi
3 and 4 show the annode surface of one of these failed tubes, these number.,, is shown in Figure 6. In a random-population.

The failure mode was arcing and gassing in the tube. Note the steady-state-system, these three averages should converge, but
barium compound buildup on the anode surface, and the even with seven years of operation, thts convergence has not

occurred for the SLC klystron population. During this tinw.flaking. Most of this flaking happens after the tube is cut open,



t operational conditionshave changed, and we have modified the
klystron design to reduce early failure mechanisms.
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