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In the 1-100 nm grain-size regime, materials often exhibit dramatically different properties than n
bulk materials[1]. These properties have the potential to be used in many new applications and
devices. The transmission electron microscope (TEM) can provide the structural and chemical
characterization of nanoscale materials at the nanometer scale or better[2]. However, the stringent
sample requirements for the TEM can make it difficult or impossible to apply to the investigation of
nanoparticle structures and films[3]. The present study investigates the use of the focused ionbeam
(FIB) tool as an alternative to traditional sample preparation methods for nanoparticle structures.

A “line’ of SiC nanoparticles was depositedon a Si wafer. This structure did not adhere strongly to
the substrate; the line would flake off if touched lightly with tweezers. Using a FEI Strata DB235
FIB, a TEM sample was prepared using the liftout (LO) technique[4, 5]. The samples were then
examined in a Tecnai F30 operating at 300kV. The FIB incorporates a scanning el ectron microscope
(SEM) in the FIB chamber, allowing the viewing of the sample during milling. The internal
structure of the SIC line became evident as the milling progressed. Figure 1 shows that the SIC
particles are not uniform in shape and voids are present in the structure these voids are not caused
by mechanical polishing but are intrinsic to the structure of the film A layer of small particlesis
seen at the line/substrate interface. The LO specimen maintains the structure of the line for TEM
examination (Figure 2).

Traditional TEM sample preparation methods do not provide alarge electrontransparent area and
can induce sub-surface damage, destroying the internal structure of the line. Due to the control of
the FIB, the whole LO specimen is available for TEM analysis. Figure 3 isan annular darkfield
TEM micrograph, showing no preferential milling at the line/substrate interface. Further TEM
investigation yielded important information about numerous structural aspects of the SIC
nanoparticles, such as crystallinity, orientation distributions (Figure 4), defect structures, and
sintering behavior. Chemical analyses were performed using energy-filtered imaging (EFI), X-ray
energy-dispersive spectrometry (XEDS), and electron energy-loss spectrometry (EELS).

The combination of the FIB and TEM is a powerful tool for the characterization of nanoscale
structures. The FIB provides a precise method for preparing specimens thatwould otherwise be
challenging to produce, while the incorporation of the SEM allows reattime analysis of the
specimen during milling. Subsequent TEM analysis can provide structural and chemical information
at the nanometer level or better.
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FIG. 1. SEM micrograph showing thevarying FIG. 2. SEM micrograph of the LO specimen.
microstructure of the SIC nanoparticlesanda  The layers labeled are: (1) Pt protective

layer of particles at the line/substrate interface. coating, (2) SiC nanoparticles, and (3) the S
substrate.
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FIG. 3. Annular dark-field TEM micrograph FIG. 4. Conical dark-field TEM micrograph
of the LO specimen. showing the size of some of the nanoparticles.
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