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CHOOSING AN

ELECTRON BACKSCATTERING SYSTEM
Alwyn Eades, Lehigh University
jaeb5@Lehigh.EDU

Recent advances in cameras and computers have made it
possible to build electron backscattering diffraction (EBSD)
cameras which can give crystallographic information from
specimens in the scanning electron microscope (SEM) on a
routine basis. There are a few hundred such systems world
wide and the number is growing fast. In the case of crystalline
samples (nearly all applications of SEM outside the biomedical
field), it will surely soon be considered essential to fit an SEM
with an EBSD system, just as it is now considered essential to
have the SEM equipped with an energy-dispersive x-ray spec-
troscopy (EDS) system. There are at least four commercial
manufacturers of EBSD systems. In the next few years, | antici-
pate that many owners of existing SEMs, as well as buyers of
new instruments, will be faced with the problem of selecting an
EBSD system. This article presents some of the issues in-
volved in making such a choice.

As in many technical decisions, different people will have
different needs and put different priorities on the specifications
to be met. An instrument which is to be used to do repeated
analyses of aluminum for beer cans will have different features
from a system used mostly to teach crystallography, and these
in turn will be different from a system used to determine which
phases are present in geological samples.

An EBSD system has two main parts. The camera and the
mounting hardware associated with it and the software used to

handle the data. There are different kinds of camera which can be
used and some manufacturers offer a choice. There are many pa-
rameters to consider: speed, noise, resolution, sensitivity. Since
the performance of cameras is changing rapidly, | would recom-
mend not getting into a detailed study of camera types. Rather |
would suggest that the buyer concentrates on setting priorities for
the complete system and leave the manufacturer to provide the
best match. The option of building your own system is not recom-
mended for most people. The camera would be easy enough to
build, but it would be very difficult to match the huge effort which
has gone into the complex software, used to analyze and interpret
the data.

The different suppliers of EBSD systems have targeted differ-
ent segments of the market and their systems have different
strengths — although there are signs of convergence and in the
future they may all claim to do all things. In the meantime, the
choice of system will be determined by deciding which factors are
most important. | would suggest that, before talking to any manu-
facturer, the buyer spend some time thinking about the uses to
which the system will be put. The aim is to get a sense of which
factors will be most important in making good use of the system
after installation.

Here are some of the criteria which may be relevant:

e ease of operation

e flexibility and convenience of operation

« suitability for teaching

o the time to complete an automatic analysis (how many
points can be mapped per second)

» the quality of the patterns
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+ the accuracy and reliability of the indexing

e success at identifying and indexing unusual structures

* linking to crystallographic data bases and the automatic
selection of the hkl sets to be used

+ ease of output of images and data
» the power and subtlety of the available forms of data
analysis
e system control of a motorized sample stage
e the montaging of maps
o the use of EDS data (along with the crystallographic in
formation) to identify phases
s the incorporation of EDS data into the mapping
For the moment, there are two quite distinct kinds of EBSD
systems: those designed to operate at high speed to make ori-
entation maps, and those designed for the best pictures of
crystallography at specific positions on the sample. You have
to go for one or the other.

Which SEM to use?

An EBSD system would normally be considered an acces-
sory to the SEM and it costs a good deal less than most SEMs
(and we can hope that the relative cost will drop further as the
technology becomes more established). However, the function
of the EBSD system is such an important part of the role of the
combined SEM that it is worth asking what factors should taken
into account in choosing an SEM.

The things which determine the EBSD performance are
e The need to get a large current into the probe
= The need to operate at a large working distance
e« The absence of contamination

typlcaliy achteved"?br 10mm? and
30mm? detecting units respectively!

And (for some users)
e  Freedom from drift
e A stage to accommodate large samples and to move them
large distances
¢ A motorized stage for automated mapping of large samples.
The ultimate spatial resolution of an EBSD analysis is gener-
ally taken to be on the order of 100 nm for normal SEM energies;
therefore there is no point in making the electron probe much
smaller than that. However it is important to get as much beam
current as possible into a probe of that size; in EBSD one of the
most critical limitations is the weakness of the signal. The require-
ment for a large working distance is related to the fact that the
sample is steeply tilted and that access to a reasonable area of
surface implies going a long way down the slope. When the objec-
tive lens is operated weakly (as it is at a large working distance),
the spherical aberration becomes very large. Therefore the current
into a beam of a suitable size is much reduced. (This will be the
subject of a future piece in Microscopy Today). A field-emission
SEM will generally out perform other instruments because it gets
more current into the beam and as such systems are typically
cleaner. MW

This article is based on a paper presented at the 1999 M and M
meeting in Portland (pages 250-251).
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Lehlgh Mlcroscopy School

Eight courses in SEM, X-ray Analysis, AEM, AFM
for Materials Engineers, Geologists_,',Bio‘logists, Polymer Scientists

The World's Best SEM, AEM, SPM Courses

http://www.lehigh.edu/~inmatsci/Microscourses.html

Taken by over 4000 engineers, scientists and techmcnans
* Participants from 48 states and 29 countries

Free to every registrant-the Lehigh CD ROM: containing
software, images, and data

Large-angle convergent-beam patiern
-

Textbooks included are authored by the lecturers

- For detailed brochure contact:

- Sharon Coe
Materials Science and Engineering Dept.
Lehigh University -

- 5 East Packer Avénue .
Bethlehem, PA 18015-3195

Call 610-758-5133 or fax 610-758-4244
e-mail: Sharon.Coe@Lehigh.edu

Focused ion beam (FIB) thin specimen preparation

Germinating powdery mildew on a wheal leaf imaged at
SkV and -150°C in a Philips XL30 FEG-SEM
(courtesy of Alison Daniels, ArgEvo UK)

Scanning Electron Microscopy and X-ray Microanalysis
The Lehigh Main Course
(June 12-16, 2000)

For scientists, technicians, engineers, and technical managers. Core topics: Image formation » EDS
quahtatwe analysis * specimen preparation * basic maintenance of SEMs » strategies for practical
microscopy and microanalysis. Special Interest Options: X-ray analysis, imaging techniques,
organic materials, inorganic materials. Textbooks provided: Texts written by the course lecturers:
Scanning Electron Microscopy and X-ray Microanalysis, Plenum Press, 1992 and SEM, X-ray
Microanalysis, and AEM: A Laboratory Workbook, Plenum Press, 1990

Introduction to SEM and EDS for the New SEM Operator
(Sunday, June 11, 2000)

This course provides an introduction to the main SEM course for those who have little or no prior
experience. It will introduce scanmng electron mlcroscopy and energy-dispersive x-ray analysis at a
very practical "knob-twisting" level. Enrollment is limited to 60 participants who are also attending
the main SEM course beginning on Monday, June 12
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Advanced Scanning Electron Microscopy
with Digital Image Processing
(June 19-22, 2000)

Advanced treatment of high resolution SEM « low voltage SEM ¢ environmental SEM -« digital image
processing * Monte Carlo simulations of beam-specimen interactions ¢ electron detectors * quantitative
stereo microscopy * stereclogy * image processing with personal computers

Quantitative X-ray Microanalysis

of Bulk Specimens and Particles

(June 19-23, 2000)

Advanced topics include: ZAF and ¢(pz) calculations using personal computers * WDS and EDS

detectors ¢ quantitative analysis of thin films, particles, and rough specimens * light element analysis ®
trace element analysis ¢ strategies for applying microanalysis techniques * specimen preparation

Microdiffraction: Electron and X-ray Techniques
for Diffraction from Small Areas
(June 19-23, 2000)

Convergent beam electron diffraction (CBED in the TEM) * electron backscattering Kikuchi patterns
(EBSP in the SEM) * microdiffraction and microfluorescence with microbeams (microbeam x-ray)

Cryo SEM: Low Temperature Microscopy and Analysis
(June 21-23, 2000)

Rapid-cooling processes * fracturing and sectioning * freeze drying * high-resolution imaging
x-ray analysis * avoidance of artifacts

Analytical Electron Microscopy:

Quantitative Analysis of Thin Specimens

(June 19-22, 2000)

Advanced topics include: STEM optics * beam-specimen interactions * Z-contrast « x-ray microanalysis
* electron energy-loss spectrometry * compositional imaging * convergent-beam electron diffraction *
symmetry determination  microcomputer calculations = thin specimen preparation  digital imaging
Textbook provided: Transmission Electron Microscopy: A Textbook for Materials Science, by D. B,
Williams and C. B. Carter, Plenum 1996

New for 2000

TEM Specimen Preparation with Emphasis on Recent Methods | 7

(June 22-24, 2000)

Initial thinning * review of classical final thinning methods * tripod polishing * low-angle ion
beam milling « focused ion beam (FIB) milling « examination of typical specimens in TEM and SEM

Atomic Force Microscopy
and Other Scanned Probe Microscopies
(June 22-25, 1999)

Atomic force microscopy * scanning tunneling microscopy ¢ scanning tunneling spectroscopy ¢
feedback control  tip fabrication * tip-sample interactions * scan calibrations * in-situ imaging » UHV
imaging * imaging in air and liquids * image processing * near-field optical probes * metrology =
lateral-force microscopy ® electrochemical STM/AFM ¢ other emerging scanned probe techniques
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