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TriBeam Tomography for 3D Data Acquisition 
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A range of instruments have been developed for the removal and deposition of material in an electron 

microscope vacuum chamber, including gallium source focused ion beams (FIBs), plasma FIBs (Xe, O, 

N, and Ar charged species), broad ion beams (BIBs), ultramicrotomes, and more recently nanosecond, 

picosecond and femtosecond lasers. Depackaging and failure analysis of integrated circuits and packaged 

electronic devices are applications enabled by in situ material removal, however serial sectioning for the 

reconstruction of high resolution 3D tomographic data has also become critical for material science. 

Although serial sectioning techniques are inherently destructive making them unsuitable for time-resolved 

(4D) data collection, compared to the x-ray techniques they can provide rich, high resolution multimodal 

information particularly from strongly absorbing materials. Furthermore, serial sectioning techniques have 

been effectively used in combination with 4D x-ray grain mapping techniques to capture grain growth 

evolution, providing a high resolution final dataset with prior time resolved data [1,2]. 

The TriBeam microscope was developed specifically for 3D data acquisition by leveraging a femtosecond 

laser to provide fast, low damage material removal that is effective across most material classes (metals, 

ceramics, composites, soft materials, and bio-materials). The TriBeam [3,4] is based on a FIB-SEM 

microscope platform that has been modified to incorporate a femtosecond laser, an optics beamline, beam 

steering and alignment diagnostic equipment, and a shutter to protect the detectors and electron beam pole 

piece during in situ laser ablation. An extensive codebase also exists for fully automated TriBeam system 

controls, which can run a serial sectioning experiment continuously for weeks on end if needed. 3D 

TriBeam data has been influential in understanding the solidification processes active during additive 

manufacturing [5] and the defects that form [6], fatigue in nickel-base superalloys [7], the mechanical 

behavior of titanium [8,9], and parameters critical for the for the performance of W-Cu composites in high 

temperature applications [10]. 

Recently, an updated femtosecond enabled microscope system has been developed [11] on a Xe plasma 

FIB platform with variable laser beam wavelength. Laser ablation with 515 nm pulses reduces the spacing 

and amplitude of light induced periodic surface structures (LIPSS) and can be used on materials that do 

not absorb as readily at longer wavelengths. Furthermore, low damage cut faces have been produced in a 

range of soft materials, including mylar, PTFE, resin embedded brain and liver tissue [12]. 

In this tutorial a range of topics will be discussed, including the TriBeam experimental setup and the 

gathering of multimodal data, femtosecond laser-material interactions for a range of material systems [13], 

automation and controls for new tomography experiments, and reconstruction and visualization of 3D 

data. With the wealth of new 3D characterization methods available, data sharing and provenance will be 
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discussed in the context of the open-sourced and collaborative software platform BisQue [14], which has 

simplified multi-institution research projects that utilize 3D datasets. 

s  

Figure 1. The TriBeam microscope combines a femtosecond laser with a FIB-SEM for in situ material 

ablation with limited damage for the acquisition of mm-scaled multimodal 3D data. 
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