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Advanced in-situ electron microscopy techniques provide an excellent tool for investigating the 

mechanism governing the evolution of a material system in controlled extreme conditions. These 

controlled nanometer scale experiments provide a direct route for the validation and refinement of both 

mesoscale, dislocation dynamic, and molecular dynamic models. The in-situ ion irradiation transmission 

electron microscope (I3TEM) has demonstrated the ability to explore radiation, implantation, electrical 

biasing, mechanical loading, thermal (77 K to 1273 K), and combinations thereof with nanometer 

resolution. [1] Despite the strength of these tools to understand the fundamental response of these 

materials, it has been found to be temporally limited in experiments ranging from cascade collapse, 

corrosion initiations, crack propagation during high cycle fatigue, laser ablation, rapid thermal 

annealing, and many other process of importance to a large range of industries. To overcome this 

temporal limitation in non-reversible such as these processes, the dynamic TEM (DTEM) electron optics 

design pioneered by Lawrence Livermore National Laboratory (LLNL) and further developed by 

Integrated Dynamic Electron Solutions (IDES) provides the ability to reach nanosecond resolution 

within a modified TEM. [2,3]    

 

Recently, great progress has been made in the conversion of the in-situ ion irradiation transmission 

(I3TEM) and Sandia to a fully functional dynamic TEM (DTEM). This conversion is being added to an 

already significantly modified JEOL 2100 TEM that is attached to both a 6 MV Tandem accelerator and 

a 10 kV Colutron. This system is being developed to examine with structural evolution with spatial 

resolution on the order of nanometers and temporal resolution on the order of 10 ns. To achieve a fully 

functional DTEM, several components have had to be added including a Ta filament, cathode laser, C0 

lens, additional laser optics, sample drive laser, and electrostatic deflectors (Figure 1). This added 

capability permits multiple (up to 16) frames to be collected in a single 4k x4k exposure, either a 

sequential or pseudo-random pattern. Without the addition of the photoemission source and laser, a 

temporal resolution of 625 µs can be readily reached in the sequential mode.  Utilizing the compressive-

sensing technique, the pseudo-random pattern exposure can be donconvoluted to 50 frames (Figure 2). 
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Figure 1. The current status of Dynamic In-situ Ion Irradiation Transmission Electron Microscope 

(I3DTEM at Sandia National Laboratories.  
 

  
Figure 2.  A) a series of 16 images acquired on a single 4k x 4x exposure showing the low 

magnification translation of a TEM grid. B) The deconvoluted 50 images from the same series 

demonstrating microsecond resolution utilizing only the relativity system.  


