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D.C. Bufford, M. Steckbeck, B.L. Doyle, D.L. Buller, «
The Facility

Two accelerators joined to a TEM optimized for in situ experiments
* Two source gases of equal mass (He/D,) produce mixed beam froz

Motivation

* Radiation affects material properties and performance

* Synergistic etfects of ion beams are not well understood

* Insituion irradiation TEM allows real time observation
of these effects at nanometer length scales

We must design a system capable of combining beams within
the TEM, and must characterize the effects on samples.

Governing Equations

Beam Mixing and Steering
* Steering governed by mass-energy product: m / g2

* Radius of circular path taken by an ion in a mag. field, B:
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* Determined B fields needed to turn low energy beam
* Found resulting MEP bounds for high energy beam

40

35
30

25
10 keV 1+ ions
n

(u-MeV/q?)
o 3

xI

L
L
o

4 * ;
- 20 keV 2+ ions

| L
(3
0 lllllllllllllll
o~ 20 40 60 80 100 120 140
Atomic Mass (u)

-
o

0.00 0.02 0.04 0.06 0.08 0.10 0.12

Required Tandem Mass-Energy Product

Colutron Mass-Energy Product (u-MeVqu)

Final Deflection Inside the TEM

The TEM’s electron optics substantially affect trajectories
of low MEP beams:

O;Fﬁgns * Determined lower MEP bound
of ~10 u-keV (e.g. 10 keV H")
* More rigid beams can be used
at full OB]J lens strength
* Quantified effect of lens on
angle of incidence
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* Hummingbird Heating
* Mechanical loading

1. Hysitron PI 95 . paey - ey K
2. Gatan Straining | R S , AT
* Protochips gas/liquid flow L Y -

* Tomography
1. Hummingbird Single Tilt
2. Gatan Double Tilt/Rotate

Other capabilities:

* Precession diffraction and
orientation mapping

Effects on Materil

Log Intensity (arb. units)

(left) Peak intensity changes in averaged selected area electron diff:
patterns, (right) accumulated damage as a result of the implanted c

Individual lon Species into Gold

10 keV He*, 10 keV D3, and 2.8 MeV Au®, applied separately
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Concurrent Beams into Gold

The same three beams applied at once
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