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Klystron Fault Finding

e High-voltage breakdowns in the klystron gun can cause
the HVPS crowbar to fire........... but the klystrons are
not responsible for all crowbar events.

Can you determine if the klystron is at fault?

— “SPOTKNOCKING” is a way to gauge the high-voltage
conditioning of the klystron gun assembly independent
of the HVPS.

— “SPOTKNOCKING” is also a way to periodically condition
klystron guns to avoid gun HV breakdowns during normal
operation.




Klystron Fault Finding

« Klystron ion pumps will read ZERO current if the klystron
IS up to air!

— “GAS TESTING” is a way to determine the presence
of klystron vacuum.

— The “GAS TESTER” was designed to perform such
a test safely, and also to verify that the klystron
heater filament is intact.




The “Spotknocking Process”

 The “Spotknocking Power
Supply” system is used to
perform this process:

— Designed and manufactured

specifically for the “spotknocking”
process by F.U.G. Elektronik in
Germany

— Cost ~ $40k

— 0-125kV @ 0-10mA output, negative
polarity

— Very low stored energy (< 15J)
* MEETS KLYSTRON SPECIFICATION

— Used with companion 1x4 HV
breakout box.




The Spotknocking Process

 The Spotknocking Power
Supply “1x4 HV Breakout
Box”:

— Takes output of spotknocking

power supply and provides four
parallel outputs

— Oil-filled

— Utilizes special HV cables:

* FUG dry (long) connector on one
end, standard wet Pantak on other

* FUG dry (long) connector on BOTH ENDS




The Spotknocking Process

 The Spotknocking Power
Supply “1x4 HV Breakout
Box” Schematic
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The Spotknocking Process

e “Spotknocking” involves applying a high voltage across
the two ceramic insulators in the klystron electron gun,
and measuring the resulting current flow and/or spark
discharges:

— The amount of leakage current measured is an indication

of how much cathode barium has been evaporated and
deposited on the ceramics.

— Spark discharges inside the gun result from a barium or
copper deposition point that concentrates the electric
field and results in a spark breakdown.

e Thus the term “spotknocking”!

» The low stored energy of the spotknocker power
supply prevents damage when these sparks occur.




The Spotknocking Process

e Klystron gun appearance after long operating lifetime
Thales Th2089A s/n 089026 Inspection Photos

Strange Evidence of Severe Excessive Barium
“Plasma Heating on Body Deposition on Gun
Cleaning” Ceramics
Effect on Mod-
Anode




The Spotknocking Process

e Klystron gun appearance after long operating lifetime
Thales TH2089A s/n 089030 Interior Photos

Arcing on Mod-
anode and
Wehnelt
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Evidence of Arcing and
Excessive Heat on Body

Barium Coating on Ceramics




The Spotknocking Process
e Klystron gun appearance after long operating lifetime

TH2089A s/n 089024 Factory Analysis Photo

Mod-anode and gun ceramics
very clean, even after
52K hours!




The Spotknocking Process
BEFORE YOU START:

1. Review the RF Technical Note on the Spotknocking
and follow it during the process:

“350-MHz Klystron Spotknocking Technical Note”
It is on the RF Group web page

2. NEVER spotknock a klystron unless it is secured
inside a closed klystron garage!
— Spotknocking can produce X-rays!!

3. The klystron heater must be off for at least twenty
minutes before spotknocking is started (one hour
for precision current measurements).




The Spotknocking Process
 Measuring anode-to-body leakage:
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The Spotknocking Process
 Measuring cathode-to-anode leakage:

- Heater and SPOTKNOCKING MOD-ANODE ELECTRODE
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The Spotknocking Process

* Record descriptive notes and data from the process:
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The Klystron Gas Testing Process

* “GAS TESTING” is a way to verify the total loss of

klystron vacuum:

— lon pump current readings are not always a reliable indicator
of vacuum integrity! lon pumps cannot function if they are
overloaded by a poor vacuum. lon pumps will indicate zero
current if they are connected to a system that is up to
atmosphere!

— “Gas testing” is a process where a relatively low bias voltage
(600VDC,positive relative to the cathode) is applied between
the mod-anode and cathode electrodes. Under these conditions,
when the cathode is heated to operating temperature and the
klystron vacuum is good, a very small electron current will flow
from cathode to mod-anode.

If the klystron vacuum is poor or the tube is up to air, no electron current will flow!




The Klystron Gas Testing Process

e The APS klystron
gas tester was
designed to allow
safe and convenient

gas testing on our
350MHz klystrons.

— No exposed voltages

— Standard Pantak cables
connect to klystron
under test

— Provides 25VAC@25A
heater power and
500VDC bias voltage




The Klystron Gas Testing Process

— Heater V/I and bias
V/I is manually
controlled by
variacs

— Heater and bias
voltage and current

is read on panel e,
——NEVER exceed

meters —— e s 20A of heater
current!!

NOTE: Inrush current protection on a cold heater is achieved
manually by slowly bringing up the heater power variac!




The Klystron Gas Testing Process

 The gas tester is
connected to the
klystron under test

using standard Pantak
cables.

— NO X-ray shielding is
necessary




The Klystron Gas Testing Process

« Connect an ion
pump power supply
to the klystron to
monitor vacuum

%\ THOMSON TUBES
ELECTRONIQUES

2

— You should see a
significant outgas
of the cathode as
it reaches operating
temperature

NOTE: It may take 15
minutes of cathode
heating at full heater
power to get a bias
current reading!




The Klystron Gas Testing Process

e Gas Tester Schematic
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The Klystron Gas Testing Process

e Typical meter readings on a klystron with good vacuum
after approximately 20 minutes of cathode warm- up
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e

-~ 9.8mA electron
emission current
with a bias voltage
of ~400VDC

— Heater power is
~ 320 watts

— Heater current
maintained at 20A
maximum!

Heater current maintained at 20A maximum!




The Klystron Gas Testing Process

BEFORE YOU START:

1. Review the RF Technical Note on gas testing, and follow
it during the process:

“Klystron Gas Tester Technical Note”
It is on the RF Group web page

2. Be prepared to take accurate and detailed notes of the

gas test process for future reference!
— Why do the work and not document it?
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