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M otivation
 Mode of rf breakdown damage limit: arc electron

currents heat bulk metal, metal surface melts and then
ablates creating sources of new breakdowns.

o Simulation of breakdown predicts currents of ~1 KA with
energy ~100 keV.

|dea: Simulate breakdown damage limit using pulsed
100 keV DC electron beam.

Advantage

*no high-precision machining

*no special metal’ s surface processing
*no ultra-high vacuum

ecan test many materialsin short time



Experiment using electron welding machine

e Current :~20 mA

e Beam voltage:120 kV

e Pulselength :(~70 us

* \We used electron beam repetition rate of 1 Hz

 We did not measure beam profile, but size of
cratersis~200 micron

The welding machine has excellent sample’s
position control, beam focusing control an
build-in microscope.

We note that main difference between parameters
of this experiment and rf breakdown is the pulse
length: 70 usvs. 0.1 -1 us.















120 keV electron beam
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Reflection of eectrons



Transmission of 120 kV current through different

materials (data 22 March 06 )
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Transmission of 120 keV current through different metals
normalized to carbon
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Result

* Reflection Isreasonably well predicted
using atomic number and the beam
voltage.

« Simulation of the breakdown damage
should include reflection of electrons.



Pulse shortening
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Pulse shortening in titanium (06-03-23-18-01-10)
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Pulse shortening in chromium (06-03-23-18-05-54)
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Pulse shortening in niobium (06-03-22-17-06-30)
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Pulse shortening in tungsten (06-03-22-18-15-50)
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Pulse shortening in molybdenum re-melted (06-03-22-16-34-47)
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Pulse shortening in molybdenum pressed (06-03-22-17-44-50)
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Result

 For al metalswe irradiated by beam with high
density, after ~20 ps current flowing through the
sampl e reduced — pulse shortens.

e This pulse shortening is reproducible from pulse
to pulse.

e Physics of this pulse shortening aswell asits
relation to rf or DC breakdown is not clear and
need more work to understand It.



Single shot damage of

metal surface
Method

«Set beam focusing

|rradiate all metals with 1 Hz repetition rate
beam while moving sample, producing
single craters with ~2 mm spacing

» Change focusing and repeat Irradiation

We had 4 different focus settings, likely one
over-focused and three under-focused
one surface of the metals.



Optical and SEM pictures of copper and
molybdenum
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Tungsten
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1D profile through middle of the spotsin 3™ row
for 8 different spots. 3 tungsten and 5 molybdenum

1 -

ee W1
e e W2
W 3
Mol
Mo 2
30 Mo 3
Mo 4
Mo 5

20

~40
0 100 200 300 400 500 600

X [um]

V. Dolgashev, Y. Higashi, T. Higo, April 2006



Diepth [micron]

Profile of cratersfrom 120 keV electron beam on 5 different metals:
Tungsten, Molybdenum, Copper, Chromium, and Stainless Steel
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Optical microscope images of beryllium
and tungsten and SEM pictures of
electron beam impact spots on tungsten
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Profile measurements of impact spot of 120 kV electron beam with same power density
for tungsten and beryllium
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Characterization of damage by amount of material
displacement
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Result

Beisleast damaged by eectron beam, W 1s next |east
damage material

High atomic number elements (from Nb and higher)
has less damage then Cu

Cr has less damage then Cu

Cu, CuZr and GlidCop have very ssmilar damage to
Cu

TI, SS, and Al have more damage then Cu

For materials ordered by amount of damage, the order
changes with increased beam density.

We note that breakdown limit for SS in waveguide
experiment was higher then that of Cu



Summary

e Beryllium isametal most resistant to damage
by 120 keV electron beam.

* \We need to establish relation between result of
this experiment and rf breakdown damage
limits.

e Thistest setup may be unique tool to study
damage in complex materials. platings,
coatings, bondings, multilayered materials,
metals on dielectrics, dielectrics on metals etc.



“Perfect” material

* High meting temperature, low atomic number
foll with high conductivity (couple of skin
depth thick).



