LETTERS TO NATURE

An atom p")be for microscope’ provides atomic-resolution images of surfaces, but
s . without information about the nature of the atoms. Several
three'dlmen5|0nal tomography attempts have been made to combine these two techniques by

extending the time-of-flight measurement into two dimensions,
but they have been limited by their inability to identify all
chemical species® or to combine spatial and temporal information
for multiple events®, especially for ions with very similar
mass-to-charge ratios®. Here we make use of a recently
developed’ multiple-impact detector to construct a position-
sensitive atom probe with sufficiently high temporal resolution
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Fin (of the order of 10 ns) to avoid these earlier problems; thus,
reliable composition and position data can be obtained at the
same time. We illustrate the performance of this instrument by
imaging the three-dimensional distribution of chemical heter-

ELECTRIC-field-induced evaporation of ions from a needle-like ogeneities in a nickel-based alloy on a near-atomic scale.

surface, and their subsequent identification by time-of-flight Our tomographic atom-probe is depicted schematically in Fig.

mass spectrometry, forms the basis of the atom-probe 1. The sample, prepared in the form of a very sharp tip (radius R

technique'. This has proved to be a powerful analytical tool*?, = 10-50 nm), is subjected to a constant high positive voltage (V,

permitting the quantitative determination of material composi- =~ 5-20 kV). On top of this, high voltage pulses (V, = 1-5 kV,

tion in a small selected region of the surface (depths of 1-5 nm) rise time < 1 ns, duration ~ 10 ns) are applied to the tip; these
with single-layer resolution. Positional information for the atoms cause surface atoms to be evaporated and ionized. High vacuum

within each layer is lost, however. In contrast, the field-ion conditions (10™* Pa) are used. The ions originating from a
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FIG. 1 Schematic view of the tomographic atom probe. The coordin- Field-evaporated ions originating from the specimen surface are
ates of atoms on the surface of a sample (a sharply pointed tip) are identified by time-of-flight mass spectrometry. Their positions are
deduced from the position of ion impacts on the detector by means of a deduced from the coordinates of ion impacts on the detector. For each

simple proportional operation. The magnification is G = L /bR. For a impact, an electron shower is produced by the microchannel plates,
pure stereographic projection, the ion trajectories intercept at a single and the measurement of this charge received on a 10 x 10 anode
point {P) which is located at 2R from the tip surface (b = 2). array allows the position of the spot centre to be determined.

FIG. 2 The coordinates (x, ) of the ion impact
() may be deduced from the elemental elec-
tronic charges collected on the multi-anode.
The electron spot (dashed lines) produced by
ion impact on the microchannel plate must
irradiate several anodes. a, In this example,
when the charge on the right side (Q,) is equal
to that on the left side (Q,), the centre of the
spot is at x = 0 with respect to the local axis
shown. For each value of the reduced charge
g.= Q,/ Q.= (@ = Q, + @), one can calculate
a single value of x. b, Here, g,>% and x>0.
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