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Figure 28: SE images created by FIB of cross-section through an
optical wave guide product. The sample surface is first covered
with a protective layer of Pt. The measurements shown in the
image are obtained automatically using FEI's IC3D™ metrology
option.
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Figure 29: TEM image of a foil machined by FIB from a strained sili-
con MOSFET device. The dark layer at the top is tungsten deposited
as a protective sheet during the FIB sample preparation.

Compound semi-conductor

From the mainstream laser and fast response transistor
applications to the more exotic blue/green or even
white light emitting devices that exist only at the edge
of what is currently possible, compound semiconductor
devices are firmly established as one of the communica-
tions industries enabling technologies. 3-Dimensional,
site-specific investigations of complex thin films like
laser facets, lifted directly from returned devices cans, is
now a routine investigation technique.

Device manufacturers utilizing materials as varied in
their properties as GaN, SiGe, GaAs and InP now
require routine fabrication process control. Researchers
creating new types of device from more exotic materials
like Cadmium and Selenium are now relying on the
direct machining capabilities that only a FIB technology

can provide.

Figure 30: Image of an optical fiber where a
customized grating has been machined with

FIB into the core to permit a single wave-
length to be monitored in a multi-mode signal.

Figure 31: SEM-STEM image of a
GaAs/AlGaAs QW laser structure. The foil was
prepared using FIB technology.
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The New Dimension in
Life Science

Can an ion beam system be used on
life science samples? lon beam
microscopy for imaging, cross-
sectioning and 3D machining is a
rapidly growing application area for
biological research. Many of the
conventional sample preparation
techniques used within life-sciences
today, are directly compatible with
investigation by the FIB.

It is sometimes difficult to examine
biological material in its natural state
using any type of scanning or
transmission microscopy because of
the vacuum compatibility of these
samples. In order to circumvent this
problem, biologists have developed
many techniques to enable a sample
to maintain many of its original
qualities. Techniques such as chemi-
cal fixing, drying, and cryogenic
preparation such as high pressure
freezing have long been used as
sample preparation techniques for

these biological materials.

Some of these prepared biological
samples are robust enough to be used
directly in the focused ion beam with
the big advantage that site specific,
3D investigations become available to
the life science researcher. Specimens
with hard cell walls such as plants, or
with an outer skeleton such as
insects, and plant materials can even
be applied in the FIB without any
preparation.

Also many other aspects related to

life science research now benefit from

ion beam applications. Directly
machining growth media at the
Micro-Nano scale for subsequent
population growth experiments, or
micro-scale biopsies from bone are

just 2 examples of indirect biological

applications. AFM tips with bio active

materials deposited onto the contact
point allow for additional biological
information such as parameters for
the metabolism in a biological sys-
tem. Another example may be the
real-time measurement of forces pre-
sent during interactions between
living species.

Micro-biopsy from hard materials can
now be performed on the micro-scale.
Figures 25 and 26 show a petrified
bone sample undergoing a biopsy and
extraction with a block of material
removed which is only 10 microns
wide; this block can be used for DNA
replication, chemical analysis, or can
be thinned into a TEM sample. With
only a few microns of material
removed and no mechanical sample
preparation required, detailed analysis
of biological samples can be done
without sacrificing the integrity of

the original specimen.

Pollen imaging and cutting process is
shown in the figures 34-36. The
process steps were: stamen removed
from flower, pollen tapped onto dou-
ble sided carbon tape, pollen residue
removed with an air gun, loaded in
the chamber, cross-sectioned and
then images were produced, all with

a process time of only 20 munutes.

Figure 32: SE image made with FIB of uncoa-
ted bee antennae.
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Figure 33: Bacterial PTFE growth-media
modified by ion beam milling and ion beam
induced metal deposition.

Figure 34: Natural, unprepared pollen grains
shown by SE imaging with the FIB.

Figure 35: Top down secondary electron
image of one pollen grain, cross-sectioned by
the ion beam.



Figure 36: Secondary ion image of an uncoa-
ted pollen grain tilted 45°. The cross-section
itself was made with the same beam, but at
a higher beam current.

Nanotechnology: the shape of things
to come

The commercialization of nano-science is limited by the
available tools — the use of a focused ion beam system
delivers site specific imaging and fabrication capabilities
that strongly reduce the development and characteriza-
tion cycles demanded by scientists in nano-technology.
FIB capabilities are highly valuable for rapid prototy-
ping. As a consequence products and profits are brought

more rapidly to the nanotechnology industry.

Nano-particles as catalysts and active media in
fuel cells

If there is a need to find out what an active material is

Figure 39: lon beam deposited tungsten

(4 point probe) of nano structures, in this
case a carbon nanotube.

Figure 37: Bright field TEM image showing
the location of the platinum group material
deposit at the vertical interface. Location
proven by EELS mapping (insert showing
the Pt position in blue).

Figure 40: SEM image of a FIB machined
nano-wires for direct electrical measurements single electron nano-bridge in a super-con-

ducting film. The FIB can even be configured
for dynamic electrical measurements at liquid relative WT % Pt.
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Figure 38: Customized SNOM tip made with FIB.

doing at a single point in the support matrix, you can
go straight to it and find out. Site-specific TEM sample
preparation of chemical deposits embedded in porous
ceramic media is now no more difficult than polishing a
sample before examining it. Materials independent, site-
specific TEM samples can be prepared automatically
from any site identified by any technique.

Figure 41 is an EDS map localization of a platinum
group material deposit on an internal surface of a cera-
mic matrix. The matrix has been injected with a vacuum
proof resin for structural stability. Once the area of inte-
rest is found, the specimen is cut and extracted without
breaking the sample. The final step is transfer to a TEM

grid followed by highly detailed (S)TEM analysis.

Figure 41: EDS map showing distribution of
platinum group deposits within a catalyst
support matrix. The color represents the

helium temperatures during FIB milling.




























