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Three-dimensional (3D) imaging with a scanning electron microscope (SEM) has been the object of
previous studies [1-3], because lack of quantitative information on third dimension is one of the
limitations of SEM techniques. Although these studies allow for good qualitative and limited
quantitative 3D SEM measurements on the surface, the size of sample features is limited to tens of
micrometers or larger. So far there are few studies on SEM 3D measurement of micro- and
nanometer -scale features at or below the surface. In this study, 3D measurement of micro- and
nanometer-scale features at and below the surface were conducted based on stereo-pair images
acquired by a high-resolution field emission SEM.

In Fig. 1, a NIST RM 8820 reference sample with 2 um pitch was chosen as a micrometer-scale
feature at the surface. While the error of overall measured height step is within 20 % of nominal
value (97.3 nm with a standard deviation of 1.6 nm), there is a significant measurement error near
the step edge, which can be reduced using our previous Monte-Carlo electron transport modelling

[4].

In Fig. 2, a single wall carbon nanotube (SWCNT) polyimide composite film [5] was used as a
nanometer-scale feature for measurements below the surface. Remarkable 3D reconstruction of
SWCNTs embedded in the polymer composite has been demonstrated. The accuracy of the 3D
measurements of embedded features is not a trivial issue, and for solution, suitable metrology
methods are now under development. This work reveals the potentials of SEM 3D imaging of
nanometer-scale features below the surface [6-7], which will benefit a range of applications in
nanotechnology.
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FIG. 1. SEM 3D measurement of NIST RM 8820 reference sample with 2 um pitch and step height
of 97 nm.
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FIG. 2. SEM 3D reconstruction of 0.5% SWCNT-polyimide composite sample.
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