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A Focused Ion Beam (FIB) combined with a Field Emission Scanning Electron Microscope (FE-SEM) has become
a powerful instrument for numerous applications in research and industry. Ion beam milling has become the
standard for cross-sectioning and cutting slices for tomographic imaging, but can also be used to create new
materials or functional structures with superior properties. With increasing application maturity also the demand
for faster systems, complete signal detection, more precise structuring and a wider application range rises.
The ions of the FIB interact with the specimen in different ways depending on the energy of the ion beam and
the properties of the material. These interactions cannot be completely separated from each other and are
sometimes wanted and sometimes need to be avoided. The occurring physical and chemical effects are used
for the fundamental applications of a focused ion beam: ion beam imaging, milling and, in combination with
additional substances, deposition and etching

[1]

.

FIB-SEM applications are complex workflows that combine the capabilities of the FIB with other components like
detectors, manipulators and gas injection systems (GIS). To get the best possible result out of these experiments,
the requirements on the performance of the FIB are growing. Based on more than 25 years of experience in
FIB technology, ZEISS developed the Capella FIB (a FIB column with a Gallium (Ga) source) to meet these demands
and now introduces Capella+. In this paper, typical FIB-SEM applications and their demands in terms of FIB
capability are introduced. It is demonstrated how the Capella+ FIB provides a perfect solution for these
applications in terms of throughput, quality and stability of the ion beam processing.

Typical Applications of a FIB-SEM
Cross-section imaging
A FIB-SEM allows not only the imaging of a sample surface.

the released surfaces. To get an adequate quality of the

The ion beam can be used to cut a cross-section allowing

acquired dataset, an isotropic voxel size is desirable. That

to image an internal plane of the sample. In this way, it is

means, that the resolution in z is the same like the lateral

possible to obtain information from regions of interest lying

pixel resolution (xy). FE-SEMs usually provide a sufficient

beneath the sample surface, e.g. buried layers in a semi

quality in the xy-direction. However, obtaining a homo-

conductor or inclusions in a metal (Figure 1a).

genous sub-10 nm slice thickness using a FIB has proven
problematic in the past. Todays FIB-SEMs with improved

FIB tomography

hardware and intelligent software enable researchers to

FIB tomography fully opens the third dimension to scanning

achieve an isotropic voxel resolution of 3 nm [2].

electron microscopy. It allows to image and analyze not only

In many cases thousands of images need to be taken to recon-

a single plane, but a complete volume of a sample. This is

struct a significantly large volume. This requires the c apability

achieved by repeated cutting of thin slices and imaging of

for fast and simultaneous milling and imaging (Figure 1b).
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Sample preparation
FIB-SEM systems are perfect tools to prepare specimens

Ga source

for other microscopic techniques such as TEM or STEM.

Suppressor
Ga source
assembly

This requires to cut a thin section of a larger sample using
the FIB. One concern for TEM sample preparation is the

Extractor
Spray Aperture

damage of the sample surface caused by FIB milling.

Lens 1

This comes usually as an amorphization of the surface which

Isolation Valve

increases diffuse scattering of the TEM electron beam [3].
Beam limiting aperture

To reduce the amorphous layer to a minimum, a high quality
ion polishing at low voltages is essential. (Figure 1c)
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Patterning using a focused ion beam is widely used in

Blanker
assembly

Octopole
assembly

Octopole 2

materials research and electronics. It allows the creation of
new functional materials or surfaces with superior optical,

Lens 2

mechanical, electronic or magnetic properties. In electronics
the flexible creation of devices with varying features is
possible (Figure 1d).
a

b
Sample

Figure 2 Schematic diagram of Capella+ Ga-FIB

c

d

Solution
With its Capella+ FIB column ZEISS provides the latest
solution to fulfill todays and future demands on focused
ion beam technology available for all Crossbeam systems.
Figure 2 shows the design and main components of the
column.

Figure 1 Typical FIB-SEM applications: a) Cross-section of Ag/Ni/Cu
sample; b) 3D reconstruction of transition zone in thermoelectric device;
c) SE image of an oil shale TEM lamella; d) FIB direct write zone plates.

Quality of the ion beam
To make a meaningful statement on the quality of an ion
beam, several factors need to be considered. One main

Requirements for a Ga-FIB

element is the resolution at a given c urrent. Resolution

The variety of applications show, that the FIB in a FIB-SEM

perpendicular to a sharp edge in the sample is performed

needs to be a powerful, precise and flexible tool to fulfill

by the ion beam. The Gaussian shape of the ion beam leads

d ifferent demands. The main requirements for a Ga-FIB are:

to a broadening of the edge in the image. This non-ideal

• high currents for fast ablation of material and preparation

change in the grey level allows to determine the resolution

of samples
• high resolution at all currents for precise machining of
the sample
• stability of the ion beam to provide homogenous results
in long-term experiments

is usually measured by the rise distance method: A scan

according to the edge criterion method. H
 owever, this
method has certainly its limitations, especially at higher
beam currents. A problem is, that the ion beam interacts
with the sample surface and smoothens its sharp edges
already on the first scan.
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compared to other available Ga-FIB systems. The larger
current results in a significant time reduction for the removal
of large amounts of material, necessary e.g. in sample
preparation or nanofabrication.
Figures 4 and 5 show examples for the milling performance
of the FIB. In Figure 4 it can be seen, that for larger milling
objects, the 100 nA probe is capable of writing the desired
structures in an excellent quality. Figure 5 shows a prepared
TEM lamella before liftout. The beam current was reduced
while getting closer to the lamella’s surface to p
 rovide the
best possible quality. The FIB provides a high current density
over the complete current range.
This allows to use higher currents for a given resolution and
feature size. Starting with a higher beam current significantly
reduces the total preparation time.

Figure 3 Spot profiles at different beam currents (top left: 1 µm spot at
15 nA; top right: 5.3 µm spot at 65 nA, bottom: 4 spots at 100 nA)

A reliable result from this method can be only expected at
very low beam currents and with a new sample.
Another possibility to prove the quality of an ion beam is
to investigate the profiles when milling a single spot into a
sample (e.g. a Si substrate). This can be done also at high
currents. The main criteria for the beam quality are the
shape, roundness and size of the spot. The size of the spot
gives an indication on the current density of the beam at
a given current. Figure 3 shows spot profiles at different
currents milled with the FIB.

Figure 4 100 µm × 30 µm × 25 µm large box milled in silicon using a
100 nA beam current in 10 minutes.

Throughput in milling processes
The greater mass of ions compared to the one of electrons
allows to r emove a significant amount of target material on
the sample. This effect, sputtering, is one of the key enablers
for most of the FIB-applications. The phenomenon of sputtering has been explained in the linear collision cascade
model by Sigmund [4]. This model allows to calculate the
sputtering yield (sputtered atoms/incident ion) depending
on primary energy, angle of incidence and atomic number of
the ion species. This means, that the ion mill rate of a beam
is directly proportional to the beam current. For practical
milling of a given sample the effective milling rate can be
lower than the theoretical mill rate due to redeposition of

Figure 5 TEM lamella of 22 µm × 10 µm × 1.5 µm prepared with different
beam currents in a total preparation time of 18 minutes.

sputtered material [3].
The Capella+ FIB column provides beam currents up to
100 nA. This allows significantly higher milling rates
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Stability of the ion beam
Many FIB-SEM applications like automated multi-site TEM
sample preparation or FIB-tomography require the ion
beam to operate for hours or even days. During this time
the FIB probe current needs to remain stable. The Capella+
is especially designed for stability during long-term
experiments and offers automated emission recovery.
It allows to quickly resume experiments after emission
decrease inherent to source operation. Figure 6 shows a
measurement of the specimen current induced by the ion
beam over more than 60 hours. Standard deviation at
100 pA is only 0.7 pA.
Summary
The Capella+ FIB is the latest generation of focused ion

Figure 6 Measured specimen current stability at 100 pA. The red line
indicates the mean value at 98.4 pA, the standard deviation is 0.7 pA.

beam columns by ZEISS. Its high currents, high resolution
and the superior long-term stability makes Crossbeam 340
and Crossbeam 550 powerful workstations, perfectly suited
to master all kinds of nano-applications. It allows to do
time-consuming FIB-work faster and more precise.
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