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Electron Microscopy

Over the last three years the Electron Microscopy Service
(EMS) has expanded with the installation of four new
microscopes and two pre-owned instruments, and the
opening of the east side facility.  In this article I will
discuss the main types of electron microscopes available
in the EMS and show examples of their use.

Electron microscopes consist of an electron source, an
accelerating high voltage structure, electromagnetic
lenses, a specimen and detectors enclosed in a column
that is evacuated in order to stop the electrons being
scattered by gas molecules.  Originally designed for
imaging only, they now can carry out chemical analysis by
use of X-rays (EDS) or Energy Loss electrons (EELS),
which are byproducts of the electron/ specimen
interaction.  There are three general types of electron
microscope in the RRC: TEM (transmission), SEM
(scanning, including microprobe) and STEM (scanning
transmission).

The Transmission Electron Microscope (TEM) was
developed as a way of increasing resolution beyond the
limit in optical microscopy imposed by the wavelength of
light.  In 1924 de Broglie proposed that electrons could be
regarded as waves of very short wavelength
(approximately 10-5 times that of light) and by 1933 the
first TEM was built in Germany by Ruska.  The first
commercial models appeared three years later.
Magnification of the image is obtained using projector
electromagnetic lenses after the specimen.  The RRC got
involved in electron microscopy in 1952 when an RCA
EMU2 TEM was transferred from the Physiology
department.  One of the RRC’s early RCA TEMs can still
be seen sectioned, at the Museum of Science and
Industry.  The TEM allows researchers to look at the
internal structure of a very thin specimen (typically less
than 0.1mm thick).  Today the EMS has two modern TEMs
a JEOL JEM-1220 in EMS-W and a JEOL JEM-3010 in
EMS-E.  Typical images from both instruments are shown
in figures 1 and 2.  These two TEMs are used only for
imaging at the moment, but EDS is planned for the JEM-
3010.

The JEOL JEM-3010 is a high-resolution instrument with
an imaging resolution of 0.14nm.  With this instrument
atomic resolution images of crystalline specimens are

Figure 1. Electron micrograph of atrial muscle (JEM-1220,
80kV, Linda Juarez (RRC))

Figure 2. Electron micrograph of a carbon tube (JEOL JEM-
3010, 300kV, Joe Libera (Mechanical Engineering))
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Figure 3. TEM image of an interface in CdTe/CdHgTe showing
micro twining associated with lattice mismatch (JEOL JEM-
3010, 300kV, Yan Xin (Physics))

possible (Fig 3).

Not all specimens can be made thin enough for the TEM.
Also, there is often interest in observing surfaces in more
detail.  Although this was possible in a TEM by tilting the
specimen to be nearly parallel to the electron beam only a
narrow region is in focus and the image is distorted.

The solution to this problem came in 1942 when Zworkyin,
Hillier and Snijder built the first Scanning Electron
Microscope (SEM) in this country. Commercial SEMs
were not available until the 1960s, although the same
technology was used in the Electron Microprobe from the
mid 1950s.  In an SEM a fine beam of electrons is formed
by the source, and is then scanned across the specimen
in a raster (the same as a TV image).  Electrons from the
interaction of the electron beam with the specimen
(secondary or backscattered) are collected and displayed
on a monitor as a function of position (fig 4).  Magnification
is increased by reducing the size of the scan on the
specimen.  The EMS has two SEMs in the west side
facility a JEOL JSM-35C (resolution 7nm) and a new
JEOL JSM-6320F field emission SEM (resolution 1.2nm).
Both are fitted with EDS.  The east side facility houses a
JEOL JXA-733 electron microprobe with five wavelength
dispersive X-ray spectrometers (WDS) and EDS.  WDS
has better peak resolution than EDS does. Quantitative
analysis can be more accurate using this technique
especially when there are low concentrations of an
element.  However, acquisition times are longer since the
spectrometers have to be scanned.

The JSM-6320F opens up new possibilities for
investigators.  Since it has a high brightness field emission
source, it is possible to get good probe sizes at

Figure 4. Secondary electron image of cheese mold spore
chains.  Spores are about 3µm across (JEOL JSM-6320F,
3.5kV, Kristina Jarosius (RRC))

low kV with little beam spreading in the specimen.  This
allows investigators to look at insulating specimens
without coating and also to carry out EDS analysis with
higher spatial resolution than conventionally possible in an
SEM.

Von Ardenne first described a combination of the features
of the TEM and SEM, usually referred to as a Scanning
Transmission Electron Microscope (STEM), in a paper in
1938.  He had taken a TEM and modified it by adding
scanning coils.  It was a long time, however, before the
technique was made commercially available on a Philips
EM200 TEM in 1969.  The low brightness of the electron
source limited its resolution.  In the same year, the first
dedicated STEM (i.e. STEM only) instrument was built
with the newly developed high brightness field emission
source by Crewe at the University of Chicago.  This
technology was made available commercially in a
dedicated STEM by VG Microscopes from 1974.  It is only
with the recent interest in field emission sourced TEMs
that the performance of TEM/STEMs has matched that of
the dedicated STEMs.  The RRC has examples of both
types of instruments on the east side.  A JEOL JEM-
2010F field emission TEM/STEM was installed in 1998
and a VG Microscopes HB601UX dedicated STEM is in
the process of being installed.  Both have EDS and EELS.

With the JEM-2010F it is possible to get probe sizes of
0.13nm for imaging.  If a specimen is suitably oriented
with the crystal planes parallel to the electron beam and
the lattice spacing is greater than 0.13nm the beam, when
focussed, can either hit the atomic columns or pass
through the holes in between.  When the scanned
beam hits the atomic columns, electrons that get close to
the nuclei of the atoms are elastically scattered through
high angles.  An annular dark field detector is used to
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collect these electrons and form an image where the
heaviest atomic columns appear white and the holes dark
(fig 5).  The advantage of the Z contrast imaging
technique over conventional high-resolution imaging is
that there is a single, unique focus and the atomic
columns are always brighter than the holes!

Figure 5.  Z contrast STEM image of a BSCCO superconducting
wire.  The brightest atomic columns are bismuth (Z=83),
adjacent are the strontium (Z=38), then the copper-calcium
columns. (JEOL JEM-2010F, 200kV, Kyosuke Kishida
(Physics))

With the JEM-2010F it is possible to carry out EDS
analysis at a resolution of 1nm and EELS analysis at spot
sizes down to 0.2nm.  The limitation in both cases is the
total current available in the beam.  Figure 6 shows an
EDS spectrum collected with a 1nm probe size over 100
seconds.

Like the SEMs described above, the STEM can also be
used to map elements using their characteristic X-ray
peaks.  Figure 7 shows EDS maps acquired from an
emitter contact on an integrated chip.

Furthermore it is possible with the JEM-2010F to map
elements in the TEM mode by EELS.  In this technique,
known as Energy Filtered Transmission Electron
Microscopy (EFTEM), only electrons that have lost a
particular amount of energy are allowed to form the image.
This technique was first used in biological
microscopy and now is finding increased use in materials
microscopy.

The EMS facilities on both sides of campus also have
extensive specimen preparation laboratories.

Figure 6. EDS spectrum from a Ni3(Al,Ti,Ta) particle from a jet
engine turbine blade.  The composition of the alloy is
proportional to the height of the peaks in the spectrum (Alan
Nicholls (RRC)).

Figure 7.  EDS maps for Ti, Ga, As, Au, Pt and Ni showing the
location of each element (Alan Nicholls (RRC)).

The EMS facilities are available 24 hours a day and 365 days a
year to qualified users.  User training and service are available for
all instruments.  Please contact Alan Nicholls at 6-1227 for
additional information.

Alan Nicholls, Ph.D., Manager – Electron Microscopy Service,
Research Resources Center. 110 SES, M/C 337, 845 West Taylor
St.  Chicago IL 60607 312-996-1227.  Nicholls@uic.edu



RRC Reporter Vol. 2, No. 1
University of Illinois at Chicago Autumn, 1999

RRC Growth

The Research Resources Center is expanding its services
and upgrading its equipment in an ongoing process to
ensure that it best meets the needs of faculty research
endeavors, including research in new or advancing fields.
An update on such news is presented on this page.

The RRC web pages (www.rrc.uic.edu) are the starting
source for answers to questions you may have about the
RRC, its accounts, services and prices.  If you don’t find
what you need there, call or email the appropriate facility
director, or Charlie Brown (East side RRC;
char l i eb@ui c. edu) or Gordon Humphrey (West side
RRC; gor do@ui c. edu) .

The Flow Cytometry Service has acquired an AutoMACS
(Miltenyi Biotec, Inc) magnetic cell separator to speed the
cell-sorting process.  Contact Karen Hagen (6-2775;
khagen@ui c. edu) .

Responsibility for the Finnigan LCQ liquid
chromatography-electrospray-mass spectrometer will shift
to Bob Lee, our Protein Lab Director.  LC service will
continue to be provided on Tuesdays and Thursdays by
Soobong Park.  Contact Bob Lee (6-1411;
bobl ee@ui c. edu) if you have questions.

In coming months the Protein Lab itself will be enlarged,
moving to renovated space that will expand its floor area
to about twice its present size.  At the same time, a
monoclonal service, as well as tissue culture and
recombinant protein capabilities are being added.  Much
new equipment has already been purchased, with more to
follow as the renovation progresses.  In addition, a
multiple peptide synthesizer is being purchased to enable
the lab to greatly enhance its basic protein service.
Contact Bob Lee (6-1411; bobl ee@ui c. edu) .

An X-ray diffraction lab will open in the Molecular Biology
Research Building in the near future, for use by a new
campus structural biology group.

A 5-mm inverse detection triple gradient probe (Nalorac,
Inc), H-1 observe with C-13 and N-15 decoupling coil, has
been added to the Bruker 500 MHz NMR in RRC-West
that permits this instrument to be used in experiments on
protein samples. Contact Rob Kleps (6-8550;
k l eps@ui c. edu) .

A new DNA synthesizer has been purchased for the DNA
Lab.  This will enable the lab to substantially increase its
capacity, both in terms of number of samples and in turn-
around time.  The Scientific Computing group has taken
over the responsibility of operating a server to report
investigators’ DNA lab results.  Contact Amittha Wickrema

(awi ckr ema@ui c. edu) or Sonia Lottinville (5-0679;
s l ot t i 1@ui c. edu)

The Scientific Computing Service has established, with
financial support from the Vice Chancellor for Research,
the complete GCG (“Wisconsin Package”) software
system.  It runs on an SGI server and can be accessed by
anyone on campus.  Contact Chris Monley (6-8959;
cam@ui c. edu) .

The Confocal Microscopy Service has added equipment to
support live-cell samples.  Anyone who wants to establish
a project related to live-cell studies can contact Mei Ling
Chen (6-6640; ml chen@ui c. edu) .

In the Electron Microscopy Service-East, the JEOL
JXA733 microprobe has had an Energy Dispersive X-ray
Spectrometer (EDS) installed, and specimen preparation
facilities in EMS-E have been improved with the
installation of a fume hood.  This now allows us to carry
out electrochemical thinning of TEM specimens using a
Twin Jet polisher.  In Electron Microscopy Service-West a
new chromium coater has been installed which produces
fine grain size coatings needed for high resolution imaging
in the JEOL JSM-6320F.  The JEOL JEM-100S in has
been decommissioned.  This instrument, installed in 1981,
had suffered a serious failure and, with users now
switching to the JEOL JEM-1220, the 100S was no longer
economically viable.   Contact Alan Nicholls (6-1227;
ni chol l s@ui c. edu) .

Due to the work of a campus faculty committee chaired by
Dr. Lon Kaufman, Head, Biological Sciences, we expect to
initiate a UIC genomics microarray facility soon, with
support from several campus sources.  Stay tuned.

A “Research Resources Center Executive Advisory Panel”
composed of UIC faculty members has been established
by Dr. Taylor Bennett, Associate Vice Chancellor for
Research Resources.  Chaired by Dr. Tom Henderson of
the Department of Biochemistry and Molecular Biology, it
will advise the Vice Chancellor for Research and the
Research Resources Center on the directions that the
RRC should be taking with respect to faculty research
needs over the long term.  It is considering RRC facility
five-year plans now and will make recommendations
where appropriate.  The committee will be collecting input
from other faculty members on campus to help them in
their decision making.  Other panel members are Rochelle
Cohen (Department of Anatomy and Cell Biology), Randal
Jaffe (Department of Physiology and Biophysics), Doug
Kinghorn (Department of Medicinal Chemistry and
Pharmacognosy), Yury Gogotsi (Department of
Mechanical Engineering) and Tim Keiderling (Department
of Chemistry).


