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Atom probe specimens are typically in the form of circular cross section needles with end radii of
30-100 nm. The desirable taper angle should be < ~5° to permit acquiring a sufficiently long dataset
before reaching the field evaporation voltage limit of the instrument. Due to the proximity of the
aperture in the local electrode to the apex of the specimen (typically 25-50 um), field shielding from
the base of the needle is a significantly less important factor in the LEAP compared to other atom
probe variants that have the field-defining aperture located some millimeters from the specimen.
This insensitivity has been experimentally demonstrated as atom probe data has been obtained in the
LEAP from needles fabricated from flat surfaces either by milling a moat in the surface or from
multi-layer thin film specimens that were Bosch-etched and then ion milling to sharp needles [1,2].

Fine powders are difficult to prepare into atom probe needles with standard electropolishing
techniques. Therefore, a FIB-based technique has been developed. In this technique, a thin layer of
powder is spread on an adhesive-coated SEM stub. One particle is selected and a slot is milled, Fig
la. A prepared W probe is then maneuvered into the slot and attached to the particle with platinum
deposit, Fig. 1b. The particle is then lifted out from the adhesive, Fig. 1c. The probe with attached
particle is transferred (ex-situ) to an atom probe stub, straightened and re-inserted into the FIB, Fig.
2. Finally, the powder particle is annularly milled to a needle-shaped atom probe specimen with a
typical end radius of~ 50 nm, Fig. 2. The resulting atom probe isoconcentration profile from this
Cuy;Ti32Z111NigSi; bulk metallic glass specimen is shown in Fig. 2. The range of particle sizes that
this method can be applied to depends primarily on the method used to attach the particle to the lift-
out probe. The weight of the particle, the thickness and strength of the platinum deposit and milling
time control the maximum size of particle, ~50 wm, that can be used. At the lower size limit, ~0.5
um, there should be sufficient length of needle exposed not to field shield the specimen. In principle,
smaller diameter particles could be fabricated into atom probe specimens by careful adaptation of
the attachment method. However, the length of the dataset obtained will be limited to the exposed
length of the needle. The method is applicable to fine powders of various geometries and materials.

An important consequence of the use of a gallium ion source is the implantation of gallium into the
surface of the specimen and its influence on the microstructure. A typical concentration profile from
the surface of a Cus;Ti3,Zr11NigSi; bulk metallic glass particle is shown in Fig. 3. An ~20-nm-thick
gallium-enriched region is evident on the surface. The extent is consistent with SRIM simulations of
30 keV gallium implantation. Smaller damaged regions may be obtained with lower energies. The
phase separated nature of the microstructure is clearly evident beneath this damaged layer [3].
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FIG. 1. A slot is milled into the base of a gas atomized bulk metallic glass particle and then a
prepared W probe is attached to the particle with platinum deposit.
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FIG. 2. The W probe is reoriented in the FIB and the particle is milled into a sharp needle with the
use of a series of annular masks with decreasing inner diameters and decreasing milling currents.
40 at. % Cu isoconcentration surface reveals interconnected structure of the phases in the BMG.
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FIG. 3. Example of the extent of gallium impléintation in a . nnaled (6h at 623K) bulk metallic
glass Cuy;Tis3Zr 1 NigSi; particle. 30 keV gallium ions. Atom maps are 5-nm-thick.
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