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In atom probe tomography (APT), some elements tend to field evaporate preferentially in multi-hit
detection events [1], where more than one ion is detected between pulses. Boron is one such element,
and it is thought that a large fraction of the boron signal may be lost during data acquisition and not
reported in the mass spectrum or the 3-D APT reconstruction. Understanding the relationship between
the field evaporation behavior of boron and the limitations for detecting multi-hit events should provide
insight into the signal loss mechanism for boron and suggest ways to improve boron detection accuracy.

APT specimens were fabricated from nominally pure boron and boron implanted silicon
(NIST-SRM2137). A dual-beam FIB/SEM instrument with an in-situ lift-out system was used to prepare
APT specimen tips on prefabricated silicon micro-tip arrays [2]. The APT data acquisition was
performed in a LEAP 4000X-Si instrument [3] operating in laser-pulsed mode with laser pulse energies
0f 20-30 pJ and a specimen base temperature of 40 K. The Cameca IVAS software was used to partition
the ion data into single-hit and multi-hit detection events. Custom MATLAB scripts were used to extract
the event multiplicity (i.e. the number of ions within a given multi-hit event) and the constituent ion
information for each multi-hit event.

The mass spectra for the single-hit and multi-hit event data are markedly different, as indicated by the
charge-state ratios and the isotope ratios from a nominally pure boron sample shown in Figures 1(a)-(b).
For the nominally pure boron specimens, less than 40% of all detection events were multi-hit events,
Figure 2(a), however approximately 60% of all recorded ions, and about 70% of the ranged boron ions,
were detected within these multi-hit events. For the boron implanted silicon material, less than 3% of the
total detection events were multi-hit events, yet similar to the nominally pure boron specimens, almost
70% of the detected boron signal was contained within the multi-hit events. lon correlation analysis [4],
Figure 2(b), was used to graphically demonstrate and estimate the detector dead space-time effect (i.e.
when ions arrive too closely together in space or in time to be differentiated). This effect is evidenced by
the presence of a depleted data zone that is about 0.34 Da wide at 5 Da, or ~6 ns at 6500 V, and is
located above the red, y = x, line on the histogram. The dead space-time effect on the histogram shows
that few same-same multi-hit events (e.g. '°B*/'°B"), which would fall on the y = x line, are recorded.
Therefore, multiplicity-2 events consisting of ''B/'°B and ''B/''B pairs will be significantly
under-represented in the data. A first-order estimate, based on known natural isotopic abundances of
boron and the probability of '°B/'°B and ''B/!'B pairs occurring in multiplicity-2 events, shows that the
dead space-time effect could represent a loss or mis-classification of up to 68% of the multiplicity-2
events in nominally pure boron. Based on the known isotopic abundance and the number of '’B/''B
pairs that were detected in boron multiplicity-2 events, this can represent a possible loss of
approximately 30% of the total boron signal [5].
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Figure 1. Nominally pure boron mass spectra for (a) single-hit events. and (b) multi-hit events.
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Figure 2. Nominally pure boron (a) detection event multiplicity, and (b) ion correlation histogram.
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