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Although recent instrumental developments have clearly advanced the ultimate energy and spatial
resolution limits in spectroscopic studies in the STEM mode much beyond the corresponding limits
in EFTEM, there are still many different applications in which EFTEM is the method of choice
owing to the fast two-dimensional data acquisition and analysis (see e.g. [1]). EFTEM offers
substantial advantages for the analysis of the elemental distribution in complex two- or three-
dimensional nanostructures, in the latter case even in combination with tomography. Moreover,
series of images obtained by electron spectroscopic imaging (ESI) can be analyzed quantitatively to
reveal information on the chemical composition or even the bonding state of the different elements
[2,3]. Though the energy resolution in ESI images is limited to about 1 eV and the spatial resolution
to about 0.5 nm, there is still a large number of applications in which this is absolutely sufficient and
the advantages of fast 2-d data acquisition prevail.

An extremely useful synergy has emerged from the use of FIB workstations for the specimen
preparation in EFTEM studies. Well-prepared FIB sections have an ideal thickness for EFTEM
studies, and whereas the FIB specific damage interferes with the capabilities of many high
resolution TEM techniques, the chemical composition is usually not modified to an extent which
exceeds the resolution limits of EFTEM discussed above. In particular in nanotechnology, where it
is frequently necessary to prepare cross sections from an area which has to be localized with a
precision of about ten nanometres, the combination of FIB and EFTEM has proven to be extremely
useful. As an example, Fig. 1 shows an elemental distribution image from one of the smallest
transistors ever manufactured in Europe [4]. The transistor possesses an electrically variable shallow
junction MOSFET design and the characteristic size parameter is the gate width measured at the
bottom of the lower gate electrode (arrowed). Our investigations showed that this can best be
measured as the chemical width of the polysilicon gate between the SiO, barrier layers and a value
of 12 nm was obtained. As a second example, Fig. 2a shows the schematical design and Fig. 2b an
experimental cross section through an MRAM nonvolatile memory cell based on ferromagnetic Co
electrodes separated by a 2 nm thick AL O3 tunneling barrier [5]. As an example for a quantitative
analysis of ESI image series, Fig. 3 shows a spectrum line profile across an ohmic Al-Ti contact on
GaN [6]. The analysis revealed that nitrogen-interdiffusion in the Ti interfacial layer with a
thickness of only 3 nm is responsible for the ohmic behavior of the contact.
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Fig. 1. Schematic design
and elemental distribu-
tion image of an elec-
trically variable shallow
junction MOSFET tran-
sistor (Si: red, O: green).
The gate width (arro-
wed) was measured as
the chemical width bet-
ween the SiO, barriers
and a value of 12 nm
was obtained [4].

Fig. 2. Schematic de-

sign and elemental di-

stribution image of a
cross-section through FM
a MRAM memory cell Isol.
(Si: blue, Co: red, O: FM
green). The two ferro- AFM
magnetic ~ Co-layers
and the continuous
AlLO; tunnel barrier
are clearly visible.

Interconnect Line

Fig. 3. Spectrum line profile
across an ohmic Al-(Ti)-GaN
contact structure. The Ti-L
edge of the Ti layer with a
thickness of 3 nm is visible at
the interface and quantitative

evidence of N-interdiffusion
- from the GaN substrate was
5 obtained. The O-K edge
S _ \ N N\ emerges from partial oxida-
£ 45] - \ N i : tion of the Al-layer [6].
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