
Imaging in 
Materials Science 

Guest Editor, Stephen J. Pennycook 

Imaging is about communicating. 
Through images, it is possible to convey 
information about a subject in an exceed
ingly efficient manner. We are all famil
iar with the nightly news reports and 
how a few visual images can rapidly con
vey a deep impression far beyond that 
of the accompanying spoken word. The 
worlds of art and photography are based 
on images and their power to invoke a 
sense of beauty and awe in our minds. 
Both of these aspects are also important 
for imaging in materials science, although 
the beauty and awe we wish to convey 
concerns our understanding of the be
havior of materials or the laws of physics 
and not the aesthetic appeal itself. 

An image can convey an insight into a 
materials problem which is unrivaled in 
depth and breadth. In many cases, it can 
reveal aspects of the problem which were 
completely unforeseen. An image may 
even reveal the key to the entire problem 
and so provide a fundamental advance 
in our understanding, in contrast to the 
incremental advances which usually 
result from more or better data. It is this 
theme which links the articles in this 
issue of the MRS BULLETIN. Covering 
semiconductors to cement, the atomic 
scale to the macroscopic, the theme in 
common is the power of the image to 
unravel the story. Often this involves 
changing our preconceived ideas on the 
subject (images provide constant proof 
that "truth is stranger than fiction"), but 
this is what major advances in research 
and development are all about. 

In recent years, the most spectacular 
example of this process has been the 
development of the scanning tunneling 
microscope by Gerd Binnig and Hein
rich Rohrer, which was rewarded by 
the Nobel Prize for physics in 1986. The 
atomic-scale behavior of surfaces and 
their defects was suddenly revealed in 
tremendous detail, and the process of 
crystal growth, the roles of surface 
dimerization and surface steps, became 
understood at a whole new level of 

MRS BULLETIN/MARCH 1991 

complexity. Robert J. Hamers gives us 
the flavor of this in his article "Atomic
Scale Imaging with the Scanning Tun
neling Microscope." 

The excitement of 
imaging lies in the 

chance that the next 
image will provide 
the insight to solve 

the problem. 

Also recognized in the Nobel Prize 
mentioned above was the development 
of the transmission electron microscope 
(TEM) some 50 years earlier by Ernst 
Ruska. Development has been continu
ous throughout the intervening half cen
tury, measured most obviously jn terms 
of its ultimate resolution, although only 
in the last decade has the resolution im
proved to below the typical interplanar 
spacings of all the important classes of 
materials. Recently, therefore, there has 
been considerable excitement and much 
insight into materials provided by the 
TEM as described in the article by J.M. 
Gibson. He also points out another basic 
truth, that the more ways you look at 
something, the more informa~on you get, 
and ·that coupling the high-resolution 
image to diffraction or other information 
obtained from the TEM and by other 
techniques can significantly refine the 
interpretation. 

The first microscope, in fact, to resolve 
individual atoms was the scanning TEM 
(or STEM) invented by Albert V. Crewe 
in the late 1960s. As an imaging device, 
it has been applied mostly to the biologi
cal sciences, its application to materials 
science being principally as a high
resolution microprobe. Recently, how
ever, the STEM has demonstrated an 
exciting potential for the high-resolution 

imaging of materials. As distinct from 
the Fourier reconstruction represented 
by the traditional TEM techniques, the 
Z-contrast method provides an image 
which can be thought of as a direct image 
of the atomic structure and atomic num
ber (Z). In many cases, the image imme
diately conveys the atomic-scale details of 
the sample, and again we find tli.at these 
are not ~lways in accord with our previ
OI.JS notions, as described in the article 
by D.E. Jesson and S.J. Pennycook. 

The more familiar scanning electron 
microscope (SEM), which images bulk 
material, has also evolved significantly 
in recent years, notably in the use of very 
low beam voltages, for example, in the 
nondestructive imaging and evaluation 
of semiconductor device structures. One 
radically new design in particular is 
opening up fields of materials research 
which so far have been completely inac
cessible to imaging. Called an environ
mental SEM, it allows taking images 
during a wide range of gas-solid and 
liquid-solid reactions. This advance is 
described in the article by K. Sujata and 
Hamlin M. Jennings with particular 
application to the study of cement paste 
microstructures. 

Scanning Auger microscopy is a fairly 
obvious extension to scanning electron 
microscopy, but many other surface 
spectroscopies can be used as the basis 
for imaging, as described in the article 
by Michael J. Kelley. In many instances, 
an interaction of low cross section is 
used, which, although necessarily limit
ing the available resolution, can allow 
exceptional sensitivity, such as the abil
ity to image the distribution of a specific 
charge state of a specific element on the 
surface. Again, through images we ob
tain insight which would be difficult or 
impossible to obtain by other means. 

Electrons are featured very promi
nently in these techniques, either as the 
probe or as the signal detected or both. 
They are easily focused and scanned, 
and, being relatively light, many elec
trons can interact with an atom before it 
is displaced. Neither ions nor photons 
have both these properties. Electronics, 
and the personal computer in particu
lar, have also facilitated advances in 
imaging. Collecting, processing, stor
ing, and analyzing the vast array of data 
represented in an image is no longer a 
serious problem, so that imaging is 
increasingly replacing traditional spec
troscopy. In a few years, we are even 
likely to see the traditional hallmarks of 
TEM, the photographic plate, the view
ing screen, and the binoculars replaced 
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by a digital imaging device. Trends such 
as these are expected in all areas of 
materials science. 

I hope these articles will illustrate how 
each technique provides its own insights 
on its own scale, although, of course, 

maximum progress will result from the 
judicious combination of various tech
niques-another example of the value 
of the interdisciplinary approach. The 
power of imaging lies not just in provid
ing and communicating the answer effi-

ciently but also in helping researchers 
formulate the right questions in the first 
place. Much of the excitement of imag
ing lies in the chance that the next image 
will provide the insight to solve the 
problem. 0 
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Stephen J. Pennycook, Guest 
Editor for this issue of the 
MRS BULLETIN is a senior 
research scientist in the Solid 
State Division at Oak Ridge 
National Laboratory, Oak 
Ridge; Tennessee, and leader 
of the Electron Microscopy 
Group. He obtained a PhD in 
physics from the University 
of Cambridge, England, in 
1978, moving to Oak Ridge in 
1982. His main research 
interests are the study of 
artificially structured and 
modified semiconductors 
and superconductors 
through the technique of Z
contrast STEM, the develop
ment of which earned him 
the 1989 Department of En
ergy award for outstanding 
scientific accomplishment 
and an R&D 100 award in 
1990. Pennycook is a member 
of the American Physical 
Society and the Materials 
Research Society and is a 
meeting chair for the 1992 Fall 
MRS Meeting. 

J. Murray Gibson is currently 
a professor of physics and 
materials science at the Uni
versity of fllinois in Urbana
Champaign. Until very 
recently he was head of the 
Electronics and Photonics 
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Materials Research Depart
ment of AT&T Bell Laborato
ries in Murray Hill, New 
Jersey. He holds a PhD in 
physics from the University 
of Cambridge, England, and 
worked briefly at ffiM Re
search in Yorktown Heights 
prior to his 10-year stint at 
Bell Labs. His research inter
ests are in the field of trans
mission electron microscopy 
of semiconductor interfaces 
and surfaces, especially in
situ experiments on growth 
and surface gas-reactions, 
and recently in electron li
thography. He was awarded 
the Burton Medal of the 
Electron Microscopy Society 
of America in 1986. Gibson is 
a Fellow of the American 
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Physical Society and a Coun
cillor of the Materials Re
search Society. 

Robert Hamers received a BS 
in chemistry from the Univer
sity of Wisconsin-Madison 

Hamlin M. Jennings 

and a PhD in chemistry from 
Cornell University. After five 
and a half years on the re
search staff at the ffiM T.J. 
Watson Research Center, he 
recently joined the University 
of Wisconsin-Madison as 
associate professor of chemis
try. His research interests 
include scanning tunneling 
microscopy and related tech
niques, atomically resolved 
surface chemistry, 
nanometer-scale characteriza
tion of semiconductors, and 
optical interactions at sur
faces. 

Hamlin M. Jennings is an 
associate professor of civil 
engineering and of materials 
science and engineering at 
Northwestern University. He 
received his BS in physics 
from Tufts University in 1969 
and his PhD in Materials 
Science from Brown Univer
sity in 1975. Since then, he 
has carried out research at 
the University of Capetown 
and at Imperial College, 
London, where he was a 
lecturer unti11985 . Addition
ally, he has served as director 
of research of the National 
Cement and Ceramics Labo
ratory since Septemper 1990. 
He is interested in ceramics 
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which form from reactions 
that occur between solids and 
liquids or solids and gases. 
Jennings' major interest is in 
cement-based materials. 

of Oak Ridge National Labo
ratory, where his research 
interests induqe the develop
ment of Z-contrast scanning 
transmission electron micros
copy and its application to 
understand the atomistic 
processes of semiconductor 
growth. He is a member of 
the Electron Microscopy 
Society of America and the 
Materials Research Society. 

materials engineering from 
the same institution in 1973, 
he joined Du Pont. A senior 
research associate in the 
Engineering Technology 
Laboratory, he specializes in 
the materials science of sur
faces and interfaces, with 
emphasis on the chemical 
processes occurring there 
and resultant applications in 
processing, catalysjs, and 
composites. He is also a 
member of the off-campus 
faculty in the Chemical Engi
neering Department at the 
University of Delaware, 
where he teaches two gradu-

ate courses and supervises 
graduate students. Kelley 
chairs the MRS Membership 
Committee. 

David E. Jesson received his 
PhD in physics from the 
University of Bristol, En
gland, in 1987. As a senior 
research scientist for the 
National Institute of Materials 
Research in South Africa, he 
received the Electron Micros
copy Society of Southern 
Africa annual award three 
times. He is presently work
ing in the Solid State Division 

Michael J. Kelley received a 
BS degree in physics from 
Rensselaer Polytechnic Insti
tute, Troy, New York, in 1966. 
After receiving his PhD in 

K. Sujata is currently em
ployed by the National Ce
ment and Ceramics 
Laboratories. She received 
her PhD in materials science 
from Northwestern Univer
sity, and her research inter
ests include cement in 
hydration, microstructural 
design and defect chemistry 
of transition metal oxides. 0 

NEW FROM MRS!! 

A NATIONAL AGENDA IN MATERIALS SCIENCE AND ENGINEERING 
Implementing the MS&E Report 

This important book takes up where the National Research Council's 1989 report, Materials Science 
and Engineering for the 1990s: Maintaining Competitiveness in the Age of Materials, leaves off. 

A National Agenda in Materials Science and Engineering takes the broad needs and opportunities 
of the MS&E community identified by the National Research Council and translates them into a feasible 
plan for action. It is intended as input to the Office of Science and Technical Policy (OSTP) for implemen-
tation of the NRC's report. · 

This book was compned from the reports of four regional meetings on MS&E, which were held from 
March through September 1990. These findings were presented to the scientific community at the Solid 
State Sciences Committee Forum, February 27, 1991. 

Issues addressed: strategic planning in MS&E; cooperation among industry, university, and govern
ment laboratories; education; information/communication; transportation; energy; health; environment; 
maintaining leadership in materials research. Softcover, 52 pages. 

PRICE: $12.00 (Includes postage and handling) Order Code: NMSE-B 

Derived from reports from the Regional Meetings on Materials Science and Engineering by: 
R. Abbaschian, B.R. Appleton, I.M. Bernstein, P.M. Eisenberger, J.S. Langer, G.M. Rosenblatt, 
J.C. Williams 

Available now from: Materials Research Society, 9800 McKnight Road, Pittsburgh, PA 15237; phone 
(412) 367-3012; FAX (412) 367-4373. 
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