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Background 
Successful correlative transmission electron microscopy (TEM) and atom probe tomography 
(APT) studies on metals require a surface and subsurface with minimal defects. The potential 
of these powerful analytical techniques can be hindered by surface damage during material 
processing, implanted Ga during focused ion beam (FIB) specimen preparation, or 
environmental degradation during specimen transfer in an ambient environment. Therefore, 
specimen preparation is a critical component of successful correlative analyses. We present a 
sample preparation and analysis workflow under controlled environments using broad Ar ion 
beam milling of the bulk sample and post-FIB condensed Ar ion beam milling of APT 
specimens. The aim is to differentiate the sub-surface properties of a metallic sample related 
to Ga diffusion by FIB preparation and by post-FIB condensed Ar ion beam milling using a 
controlled environment workflow; APT specimen yield from ambient versus controlled 
environment sample preparation also will be compared. 
 
Methods 
Under controlled environments, bulk Mg foil ribbons (hot rolled and deformed) were 
prepared using a broad Ar ion beam milling system [TrionMill, Fischione Instruments] to 
remove surface artifacts. The bulk sample was then transferred in a protected environment 
to a FIB system for imaging and electron backscattered diffraction (EBSD) analysis. Specific 
regions on the Ar ion beam milled sample were selected (Fig.1, areas 1 and 2); from these 
regions, APT specimens were prepared. Areas with multiple grain boundaries were selected 
to elucidate the distribution of Ga in the Mg specimen during specimen preparation [1]. FIB 
specimen preparation of the APT specimens followed by post-FIB condensed Ar ion beam 
milling [NanoMill® TEM specimen preparation system, Fischione Instruments] and 
subsequent TEM and APT characterization were performed in protected environments. APT 
characterization involved the use of an environmental transfer hub (ETH) station [2] to 
transfer the APT specimen to a local electrode atom probe system [LEAP®, CAMECA].  
 
Results 
Surface damage and oxides on the bulk were successfully removed by broad Ar ion beam 
milling based on the resulting pristine surface (Fig. 1a), which is polycrystalline with sub-
micron grain sizes that average  600 nm. EBSD analysis of an area near the crack region (Fig. 
1a, pink region) found smaller grains; multiple grain boundaries (marked in Fig. 1b) were 
identified on the band contrast image and inverse pole figure (IPF) map. The acquired TEM 
image (Fig. 1c) showed the presence of the FIB Pt cap layer (Fig. 1a,  area 1), while the post-
FIB condensed Ar ion beam milled specimen (Fig. 1a, area 2) showed the removal of the Pt 
layer from the TEM image (Fig. 1e). The Ga APT reconstructions displayed a significant 
amount of Ga at 18.7 atomic %, especially on the specimen’s surface following Ga FIB milling 
(Fig. 1d), which is reduced to 3.9 atomic % following post-FIB Ar ion beam milling (Fig. 1f). The 
dark contrast on the bright field TEM image of the post-FIB condensed Ar ion beam milled 
specimen (Fig. 1e) correlates to the Ga-rich area marked on the Ga APT reconstructions. 
Using this feature, the position of the grain boundary decorated with Ga along the vertical 
axis of the APT specimen was identified (Fig. 1f). For both APT specimens after Ga FIB and Ar 
ion beam milling, low amounts of O and H (Fig. 1g,h) within the Mg-rich region were 
observed. At the interface of the Mg and Ga-implanted region, parallel trends of increasing 
amounts of O and Ga from the Ga FIB specimen (Fig. 1g) were detected. In contrast, the post-
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FIB condensed Ar ion beam milled specimen showed a constant amount of O at 0.50 atomic 
% across the specimen. Additionally, diffusion of Ga via the grain boundaries of the 
polycrystalline specimen occurred during FIB preparation as evidenced by the Ga-rich line 
along the APT specimen (Fig. 1h, inset).  

Conclusion 
The broad Ar ion beam milling, Ga FIB, and condensed Ar ion beam milling workflow – all 
under controlled environments – removed specimen surface damage, oxidation, and Ga 
implantation from the specimens. Consequently, the metallic nature of the Mg sample was 
conserved. Ga diffused to the grain boundary of the post-FIB Ar ion beam milled specimen, 
which correlates to previous study [3]. The formation of Mg oxide on the FIB-prepared 
specimen possibly occurred due to FIB-induced thermal effects [4]. APT compositional 
analysis showed that surface oxidation was suppressed by controlled environment transfers. 
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