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In the previous two decades, important technological advancements have expanded the range of temporal 
resolution in transmission electron microscopes (TEM). Commercial direct-counting and single-electron 
detectors have revealed dynamics in the ms-timescale. Laser-actuated photoemission microscopes [1, 2] 
combined with beam scanning, spatially-parsed large area detectors [3], and sparse-sensing algorithms 
[4], can now unlock phenomena at the s to sub-ps timescales. Further optimization of the photoemission 
stage [5] and beam bunching technologies could potentially extend the temporal resolution into the deep 
fs-regime.  
 
Following our earlier concept paper [6], we now present the modifications to a pair of commercial 
instruments – one Schottky (200 keV) and one thermionic (300 keV) that can confer temporal information 
spanning the ns and ps range with MHz to GHz repetition rates, in the stroboscopic mode without an 
excitation laser. The key enabling technology is a pair of broadband phase-matched modulating and 
demodulating RF pulsers. Results shown in this abstract are from the 200 keV Schottky instrument, 
demonstrating preliminary capabilities and core functionalities of this embodiment of the concept. The 
minimum guaranteed temporal resolution of 192 ps and 100 ps were achieved with strobe frequencies of 
2.6 GHz and 5.0 GHz respectively (FIG. 1). The placement of the pulsers, mounted immediately below 
the gun, allows for the preservation of all optical configurations otherwise available to the unmodified 
instrument, and therefore makes these instruments dual-mode, both stroboscopic time-resolved (strobe) 
mode and conventional continuous waveform (CW) mode.  
 
To show that the modifications preserved imaging and diffraction functionalities of the instrument, we 
obtained Au images and diffraction patterns using both a continuous and a strobed beam at 2.6 GHz (FIG. 
2). As the probe portion of our “pump-probe” system is nearing completion, this is a good occasion to 
discuss the technical challenges associated with the pump portion – the science of RF transmission to the 
specimen [7]. 
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Figure 1. First experimental demonstration of temporal resolution displayed as a split beam image. In 
normal strobe mode, the two beams are coincident. However, in the enhanced modulation diagnostic 
mode, the downstream demodulation pulser was deliberately de-tuned with respect to the upstream 
modulation pulser, causing the split-beam. The magnitude of the split is an accurate proxy for the 
magnitude of RF modulation, which is inversely proportional to the minimum guaranteed temporal 
resolution. In (a) and (b), the measured minimum temporal resolution was 192 ps (2.6 GHz input) and 
100 ps (5.0 GHz), respectively. Modulator at 0.49V, demodulator at 0.1 V for both cases. Insertion of a 
beam shopping aperture produces the final temporal resolution, nominally at 10% beam duty cycle, or 
19.2 ps and 10.0 ps for the two strobe frequencies shown. 
 
 

   
Figure 2. Image and diffraction quality comparison between CW and strobe modes using a Au 
nanoparticles sample. A 2.6 GHz input was used to produce images and diffraction patterns obtained in 
the strobe mode. In (a), indicated magnification of 600 kX with a CW beam was used. Lattice fringes 
are visible, thus demonstrating that high-(spatial) resolution imaging mode of this instrument is 
preserved with this modification. (b) The same condition as (a) but with a strobed beam. Image quality 
optimization in the strobe mode is a project goal for this year. (c) A reference selected area diffraction 
pattern with an indicated camera length of 20 cm. The last ring on this micrograph at 0.57 nm can be 
readily resolved. (d) same condition as (c) but with a strobed beam. Ring appearance is less sharp than 
the reference, but higher spatial frequencies are also preserved. 
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