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Pulse Laser Deposition of Ni Films

KrF Excimer laser
35 Hz

4.5* 10° Pa
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‘Sandia’s Concurrent In situ lon Irradiation TEM Facility
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lon Beam Conditions
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Order Ni**Rate Ni**damage He Rate He concentration

ions/cm’s DPA ions/cm’s ions/cm?
Ni°* He* 1.5El1 1.8 2.6 E13 3E 16
He+, Ni3+ 15 E1ll 0.7 5.5E13 1E17

111) Sandia National Laboratories




3 MeV Nis* Irradiation
followed by 10 keV He* Implantation

Ni3*then He*

Additional 2x1016 He*/cm?2

Evenly distributed
nanometer size cavities

1.8 dpa Ni3*irradiation
Dislocation loops and SFT are present
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10 keV He* Implantation
followed by 3 MeV Ni3* Irradiation

He*then Ni3*

1017 Het/cm? 0.7 dpa Ni3*irradiation

‘ Visible damage High concentration of cavities along
grain boundaries
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Irradiation / Implantation Sequence
Effect on Cavity Structure

" Ni®then He*

-+ He*then Ni3* |

¥

Evenly distributed Apparent higher
cavaties over the entire concentration of cavities
grain structure along grain boundaries
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Cavity Growth during In-situ Annealing of 10 keV He*

. Implanted and then 3 MeV Irradiated Ni3*
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Cavities in
helium
implanted,
self-ion
irradiated,
nc nickel film
annealed to
400 °C

Cavities
span
multiple
grains at
identified
grain
boundaries

Precession Electron Diffraction
Reveals Hidden Grain Structure




Annealing Behavior of Self-lon Irradiation Induced
Defects
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- Electron Beam Effects

AT=2K

Max Energy Transferred = 14.5 eV
Threshold E =22 eV
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Electron Beam Enhanced Oxide
Growth
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- _Self lon irradiation and Deuterium Implantation
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Deutertum then Self-ion

ion then Deuterium

m Self-i

& Concurrent Self-ion and
Deuterium

Nickel -> Deuterium

Simultaneous
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Tilting Effects on Loop Appearance
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Summary
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