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Small-scale characterization techniques, such as electron and x-ray microscopy, provide great insight into
spatial, chemical, electronic, and magnetic properties of materials. Often these techniques act as initial
and final points of characterization for ex-situ experiments. However, a sample could take one of many
evolutionary paths during an experiment, resulting in inferred mechanisms or processes. Performing these
experiments under constant observation, for example inside a microscope, eliminates many potentially
erroneous data interpretations. Unfortunately, in-situ experimentation is not a straightforward task, with
many technical impediments to overcome, particularly the high vacuum and spatial limitations required
by small-scale characterization techniques. The first attempts at in-situ transmission electron microscopy
(TEM) techniques have been in development by the community almost as long as we’ve had TEMs,
enabling control over single aspects of the operating environment through modified TEM columns and
specialty holders [1-2]. Control of single environmental aspects as temperature, chemical surroundings
(vacuum, gas, liquid, solid), and applied field (strain, magnetic, electric, radiation, etc.) significantly
advance the range and capabilities of in-situ experimentation [3-5]. However, full simulations of all
relevant operating conditions have not yet been realized. In many material systems, for example,
biomaterials, geological minerals, and corrosion-susceptible metals, mechanical behavior may be altered
by or dependent on its operating environment, particularly the chemical surroundings [6-7]. However,
quantitative in-situ TEM mechanical straining of nanoscale samples with high resolution has only been
used to probe fundamental mechanical behavior of materials in vacuum [4]. This in-situ microscopy effort
is striving to bring the field closer to full environmental control.
Here we present the design and development of a device (Fig. 1) capable of small-scale mechanical testing
of a material in an enclosed, controlled environment (chemical, electrical, and temperature) where
mechanical strain is applied with MEMS actuators (thermal and capacitive). The device is enclosed and
includes electron transparent windows, such that it can be used in ambient or high-vacuum conditions.
This, as well as its small dimensions (~1mm x 4mm x 6mm), allows for use with in-situ characterization
techniques such as TEM, STEM, and x-ray microscopy, and x-ray micro-diffraction.
The implementation of this combination of small-scale mechanical and environmental characterization
techniques aims to meet the scientific challenge of investigating structure-property relationships in
previously unexplored combinations of extreme environments with nanometer resolution [8].
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Figure 1. Labeled schematic of mechanical-electrical-thermal MEMS platform base.

