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The accurate characterization of nanoscale deposition layers, dopant distributions, and impurity 
concentrations is of fundamental importance for the continued development of nanostructured materials.  
One quantitative compositional and morphological analysis method that has the requisite sub-nanometer 
spatial resolution and high spectral resolution necessary for this type of characterization is atom-probe 
tomography (APT) [1].  Unlike traditional optical or electron microscopy techniques, APT can provide 
full three-dimensional (3D) spectroscopic characterization of interfaces and other nanometer-scale 
internal features. 
 
Copper is an important material used in semiconductor devices and other nanostructured materials.  
Similar to other Group Ib elements, investigating Cu-based specimens using APT can be challenging.  
For example, the surface of a Cu atom-probe specimen tip can oxidize relatively quickly.  Oxygen and 
hydrogen may also be dissolved in copper.  The presence of copper oxides and dissolved impurities can 
influence the field evaporation characteristics of these specimens, thereby affecting the mass resolution 
and accuracy.  The mass spectra may contain increased background noise, and the Cu1+ and Cu2+ peaks 
at a mass-to-charge state ratio (m/n) equal to 63, 65, 31.5, and 32.5 may be broad and have significant 
tails.  This combination of effects can make the chemical analysis of Cu-based specimens challenging.  
Additionally, artifacts arising from specimen preparation using a focused ion beam (FIB) instrument 
may also appear in the mass spectra.  The mass spectral features of Ga ions that penetrate the specimen 
tip during annular milling are cited as a common artifact [2,3].  Lastly, complex ions may form during 
the pulsed-laser field evaporation process and exhibit as peaks in the mass spectra [4].  These ions can 
include those of a single elemental species, oxides, and hydrides, which are difficult to identify, and 
require careful analysis [5].  Since experimental parameters and specimen preparation factors influence 
the mass resolution, accuracy, and artifacts present in the mass spectra, a systematic study of these 
parameters and factors is needed in order to improve compositional analyses of Cu-based specimens. 
 
We present initial results on experimental parameter and specimen preparation factor effects on the mass 
spectra of Cu atom-probe specimens during pulsed-laser field evaporation.  The Cu specimens used for 
this study were extracted from the National Institute of Standards and Technology (NIST) Standard 
Reference Material (SRM) 482.  The specimens were prepared by a conventional lift-out method using a 
dual-beam FIB-SEM [2].  A matrix of APT experiments was performed, and the pulse rate, specimen 
temperature, and pulse energy were varied.  The effect of varying these experimental parameters on the 
mass spectra was discerned by plotting normalized frequency, and determining the mass resolution at 
full-width at half-maximum (FWHM) of the  peak, Figure 1.  We also present data that illustrates 
trends regarding specimen tip radius and taper angle on the mass resolution at FWHM.  Additionally, 
pair-ion correlation analysis was used to identify complex ions present in select mass spectra, Figure 2. 
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Figure 2.  An illustrative example of (a) a pair-ion correlation histogram for multiple-ion detection 
events, and (b) a section of the corresponding mass spectrum for all detector events.  The peaks at 
m/n equal to 102.5, 103.5, and 104.5 are identified using the dissociation tracks.  The mass spectrum 
was acquired at a 40 pJ pulse energy, a 20 K specimen temperature, and a 100 kHz pulse rate. 
 

 
Figure 1.  An illustrative example of the effect of (a) pulse rate at a 40 pJ pulse energy and a 20 K 
specimen temperature, and (b) temperature at a 40 pJ pulse energy and a 250 kHz pulse rate on the 
mass resolution (
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m Δm ) at FWHM of the  peak and a section of the mass spectra containing 
the Cu1+ peaks.  The mass spectra are normalized to the m/n at 63, which has the maximum ion 
detection events. 


