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Three-dimensional (3D) correlative microscopy/tomography (CMT) in materials [1-3] and life sciences 

uses various versatile micro/nano x-ray computed tomography scanners, optical microscopes, dual beam 

microscopes, transmission electron microscopes (TEM), nano computed tomography (CT) in TEM and 

SEM, etc. CMT for the same region of interest and at different length scales allows spatial and temporal 

registration in two and three dimensions of many imaging modalities. For example, visible light imaging, 

electron and cathodoluminescence imaging, ion microscopy, EBSD and EDS analytics, x-ray tomography, 

magnetic resonance imaging, Raman, atomic force microscopy, etc. information may be merged together 

bringing a new insight on the same region of interest. 

  

The field of correlative microscopy is broad and relatively young, thus the capabilities of the various 

approaches have yet to be fully explored, and uncertainties remain when considering the best choice of 

strategy and workflow for the correlative experiment. Recent developments in microscopy and 

tomography techniques have been instrumental to progress in the materials and life sciences, and various 

new combined techniques have been introduced and led to new discoveries mainly [3] at nano-to-micron 

scales throughout the last years. 

  

In this contribution we present current advancement in femtosecond (fs) laser-equipped plasma FIB 

(PFIB)-SEM technology [4-5], multi-ion PFIB-SEM microscopes, in situ sample preparation and 3D data 

collection strategies together with micro x-ray computed tomography (µCT) in the view of 3D CMT 

workflows. Applications of fs-laser in PFIB-SEM system in the workflow allows in excess of 1-mm size 

cross-sections in all dimensions, automated serial sectioning tomography (SST) and SEM recording of 

nanosized microstructural features. Further, oxygen PFIB works very efferently with polymeric and 

biological samples producing smooth, curtain-free surfaces allowing dozen of nm thick material removal 

in automated serial sectioning. The samples and RoI coordinates from µCT data are tracked in the PFIB-

SEM platform by a navigation software where µCT information from a visualization package and SEM 

images are co-registered. Finally, data from SST study is combined with µCT results using the 

visualization and quantification research platform.  

 

Here we present and discuss practical academic and industrial use-cases for such workflows. Specifically, 

we have investigated: (a) cracking in blown powder laser-deposited IN718 coupons produced from an 

atomized powder and high power 5kW laser melting; (b) sparsely distributed imperfections and defects in 

automotive fiber-reinforced polymer composite for filter casings; (c) nanoparticles and imperfections in 

conductive polymers used in the automotive fuel tank industry. 
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Figure 1. Diagram shows the correlative microscopy/tomography (CMT) workflow for material science. 

Red arrows indicate sample transfer, while blue arrows show data transfer. CMT is based on dedicated 

suite of instruments and software. 

 
Figure 2. Images show results of CMT applied to IN718 additively manufactured specimen. (a) After 

envelop CT scan; (b) After high resolution CT scan; (c) visualization of combined multimodal data; 

(d) tri-beam serial sectioned material volume, segmented and visualized. (e) the crack tip segmented and 

visualized, including TEM study (f), after [6]. 

  
Figure 3. Images show correlative study of glass fiber reinforced polymer composite with defects in oil 

filter casings. (a) visualization of CT shows inner details of the filter; (b) CT volume rendering with 

RoI (particle?); (c) CT sections showing details of the casing (d-f) SEM images taken after serial 

sectioning with oxygen PFIB showing the RoI (void with multilayer coating); (g) shows volume 

rendering of the serial sectioned volume containing the void. 
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