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Time-Resolved SEM of Nanodynamical Structures
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Fig. 6. A series of the time-resolved line scan
profiles of the SCS tweezers at the 360th line from
the top of the time-resolved images illustrated in
Fig. 5 (out of a total of 480 lines). The line scan
profile was positioned near the end of the beams of
the tweezers.

resolution is on the order of 200 ns while the pulse
generator provides a 10 ps resolution.

nclusion

We have developed and characterized time-
resolved SEM operational mode which provides non-
destructive mechanical analysis of nanodynamical
structures. This time-resolved SEM operation
requires no modification within a commercially
available SEM, and has 8-bit video resolution and a
nominal 200 ns time resolution.

Nanofabricated single crystal silicon tweezers
have been used to characterize this time-resolved
SEM scheme. Both time-resolved SEM images and
line scan profiles have been obtained, and show
excellent agreement with the simulated results.
This time-resolved SEM scheme can be used to
evaluate a number of important mechanical
properties of nanodynamical structures, including
time response and resonance mode-shapes.
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Discussion with Reviewers

A. Gopinath: The method utilizes step incremental
voltages. If the usual single step voltage of -45 V
causes bounce, this technique will not resolve this
motion. Can the authors suggest modifications or
alternative techniques (apart from true stroboscopy)
to image this kind of motion?

Authors: The time-resolved SEM operational mode
described in this paper has a temporal resolution of
200 ns. If the mechanical bounce of the structure in
a step response is much slower than 200 ns, this
time-resolved technique is in fact capable of
resolving the bounce-motion. For structures with
higher natural frequencies, i.e., faster bounce-
motion, techniques with larger bandwidth are
required (see answer to T.W. Kenny’s question
below).

T.W. Kenny: Is it possible to increase the pixel scan
rate of the SEM to allow time-resolved observation of
sub-us phenomena?

Authors: The temporal resolution of the time-
resolved SEM operational mode is determined
mainly by the scan-rate of the SEM and the
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bandwidth of the SEM’s detector and video board.
With hardware modifications to the SEM (the scan
generator, the detector, and the video board), it is
possible to achieve better temporal resolution to
observe sub-us phenomena, with the upper limit of
bandwidth being a few hundred megahertz. A very
fast scan-rate would be required (5 ns/pixel).
Temporal resolution higher than that could be
achieved with other methods such as the one
illustrated in Sanford and MacDonald (1989) (100
ps).
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