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Strained silicon is now routinely used to enhance the carrier mobility in the latest generation
MOSFETs [1]. Although high-resolution transmission electron microscopy (HRTEM) methods [2,3]
have shown to provide the required accuracy at the nanometer scale, a much larger field of view is
crucial for mapping strain in transistor gate channels. To overcome this, we have lately developed
the dark-field inline holography [4] technique. Unlike dark-field off-axis electron holography [5],
inline electron holography relies on the reconstruction of the geometric phase from a focal series of
dark-field images of 2 non-collinear reflections using a recently developed full-resolution wave
reconstruction (FRWR) software [6].

In this contribution, we demonstrate the strain analysis on an array of 45nm MOSFET channels
using dark-field inline holography. Fig. 1 shows a bright-field image of a p-MOSFET structure
consisting of an embedded SiGe source and drain and a strained Si channel. The longitudinal strain
parallel to the gate, &y, can be measured from the phase of any of the diffracted beams, scattered
along the x direction. The geometric phase reconstructed from a focal series of 15 dark-field inline
holograms for the (220) reflection is given in Fig 2a. The strain map extracted from the geometric
phase combines high spatial resolution, better than 1 nm, with a field of view of about 1 um in each
dimensions.

Its simpler experimental setup, excellent signal-to-noise properties and loose requirements on the
spatial coherence are the main advantages of dark-field inline holography. There is also no need for
a large reference area of a well oriented crystal specimen, which makes it possible to characterize the
strain state of very complicated structures in semiconductor devices.
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FIG. 1. Bright-field image of the 45 nm technology p-MOSFET structure of a commercial
processor. The individual transistor components are labeled.
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FIG. 2. (a) Geometric phase reconstructed from a focal series of 15 dark-field inline electron
holograms for the (220) reflection. (b) Map of the & strain component extracted from the geometric
phase map shown in (a). The gate channels are compressively strained. The bright-field image of the
contacts is shown on top of the phase image in (a) and the strain map in (b).
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