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Abstract 
In the previous two decades, important technological advancements have expanded the range of temporal resolu-
tion 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 ms to sub-ps timescales. Further optimization of the photoemission stage [5] and beam bunching technolo-
gies could 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) [7] and one thermionic (300 keV) [8] 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. We have 
demonstrated 11 ps and 30 ps on the 200 keV and 300 keV microscopes respectively. The placement of the puls-
ers, mounted immediately below the gun, allows for the preservation of all optical configurations otherwise availa-
ble 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. We will also show the first proof-
of-principle demonstration of these new instruments through images of RF waves moving through an interdigitat-
ed MEMS device. In addition to using these beam pulsers for temporally-resolved microscopy, we have evidence 
showing that they can be effective dose-rate management devices for beam-sensitive materials such as polymer 
and biological samples. 
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