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Spherical and chromatic aberrations have been the bane of optical
lenses ever since they were first ground from a piece of glass. As light
travels through a convex (converging) lens, the rays at the center of the
optical axis are refracted (bent) less than the peripheral rays, so that the
central rays are focused behind the peripheral rays. This is the essence of
spherical aberration. Light of differing wavelengths (colors) interact differ-
ently with the lens so that longer wavelengths (red) are focused behind
shorter wavelengths (blue). This is chromatic aberration. In the early days
of light microscopy, these two inherent flaws seriously limited the quality of
images. Over two centuries ago, it was first appreciated that these
aberrations could be corrected by mating a convex iens with an appropriate
concave (diverging) lens of glass having different refractive properties.
What this accomplished was to introduce aberrations that were equal and
apposite, effectively canceling the original aberrations. This combination of
convex and concave lenses is known as the achromat, and is present in
every optical microscope, except the cheapest toys. Of course, you can
appreciate that this review is a gross simplification, as achromatic lenses
are more complicated (therefore expensive) than I have described. But the
general principles hold.

Electromagnetic and electrostatic lenses behave as a convex lens.
converging a beam of electrons toward its focal point. As you know, the
resolution is limited by spherical and chromatic aberrations. Spherical
aberration fallows the same principle as an optical lens, and chromatic
aberration varies only by substituting variations in the energies of individual
electrons for wavelength. Manufacturers of electron optical equipment have
minimized these aberrations by limiting the beam size and narrowing the
energy spread in the electron beam, but the lenses are still of the uncor-
reeled type. Obviously, what is needed for further improvement is a
divergent lens, but apparently no such thing exists. A solution for this
problem was recently demonstrated by Gertrude Rempfer, Denis Desloge,
and Walter Skaczylas of Portland State University and Hayes Griffith of the
University of Oregon. Their ingenious solution was to insert an electron
mirror into the optical path, introducing aberrations that are equal and

opposite.
What is an electron mirror9 In this case it's a converging hyperbolic

electrostatic mirror. The key element is a conical electrode that creates a
retarding electric field and turns the electrons back (reflects) at a curved
equipotential surface in front of the electrode. The electrons in the peripheral
part of the beam are less strongly focused than more central electrons. This is
the apposite of what happens in a lens, thereby correcting spherical aberration.
An electron of higher energy penetrates more into the field of the mirror than an
electron of lower energy, and therefore is focused more strongly. Again, this is
the opposite of what happens in a iens, and this corrects for chromatic
aberration

Introducing a mirror into the optical path meant that a method for separating
the incident and returning beams has to be provided. Rempfer et al. devised a
Y-shaped optical bench with the electron source on one limb of the Y, a
separating magnet where the limbs converge, the electron mirror at the base of
the Y, and the final image on the other limb. They performed tests with the
optical bench by putting a fine copper grid near the final image and casting a
shadow pattern. In a remarkable series of illustrations with uncorrected lenses,
they showed "pin cushion" and "barrel" distortions of shadows of the grid made
with both visible light and electrons. These esthetically-pleasing images were
chosen for the cover of the journal, but the astonishing thing about the images
was how similar the distortions were, regardless of whether they were formed by
light or electrons. Additional experimental demonstrations showed how the
electron-gen era ted images could be corrected with the mirror.

Rempfer ef al. further explain how improvements in resolution resulting
from aberration correction will be more readily demonstrated in electron probes
and emission microscopes than in transmission electron microscopes because
the aberrations are larger in these instruments than in transmission micro-
scopes. However. I would anticipate that this electron optical achromat will
prove to be a breakthrough in improving the resolution of all electron optical
instruments. I, for one, can't wait to see the improved results' •

1 The author gratefully acknowledges Dr Gertrude Rempfer and Dr Hayes Griffith fo[
reviewing this article
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SEM Photograph of a Black Fly (Simuliidae)
Imaged on an ETEC SEM at 5 kV using the SEM Wideband Multi-Detector Color Synthesizer (designed, built and patented
by David Scharf). Then acquired digitally at 2,048 X 1,538 pixels directly into a Macintosh Power PC as a TIFF file, using
Digital Micrograph software and Digiscan hardware. Then output to a CELCO film recorder, using Ektachrome 100+ film,
to produce a 4 X 5 transparency.

Photograph is Copyright by David Scharf, 1994
All Rights Reserved

As one of a series, this image is available at 350X as a 19" X 23" high quality, lithographic print.
For information on the series, visit the Microscopy Today WWW site at http:www.microscopy-today.com

Or visit Microscopy Today at Booth #1017, Microscopy & Microanalysis '97
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Topcon Introduces Opti-SEMr
A Whole New Way Of Looking At

An Old Problem.

Optical Image SEM Image

The Built-in Targeting Microscope Lets You Actually Find What You Want To See.
Think What That Means For Productivity.

With magnification, sometimes more /f less.

Locating a SEM target on a large, complex

surface can waste a lot of time. Every time.

An Old Astronomer's Trick.

Astronomers use a small, broad field telescope

to aim the main telescope. How easy. How

productive. So Opti-SEM borrowed the idea.

its built-in 5x to 40x optical microscope

makes targeting just as easy for you.

In fact, everything is easy with Opti-SEM.

The Windows GUI interface is so familiar,

the operator needs little training. And image

averaging assures a dean, crisp image every

time. No matter whether you output to

digital, video or Polaroid.

Topcon's #1 Target- Affordable Flexibility,

Opti-SEM's stand-alone, industry-standard

computer helps keep you at the state-of-the-art

for less. Hardware and software upgrades ate

local and quick. Now when technology

advances, you can afford to move with it.

Better yet, there's an Opti-SEM 300 to

meet your particular needs. Including a low-

vacuum version. So set your sights on the

best value in SEMs today. Topcon. Call

1 -800-538-6850 for complete information.

Topcorv
TOPCON TECHNOLOGIES

INCORPORATED

Our Focus Is Clear...To Provide The Best Value

In SEMs Today,
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L A S T C A L L ! advance notice sufficient for project approval.

Yes, Microscopy & Micro-analysis '97, the joint meeting between The For information, see: http://ncern.lbt.gov/NCEM/workshops.htm!

Microscopy Society of America, the Microbeam Analysis Society and the „ - , - , , „ - , . , . , . ,. ,. o
, , . , , ' „ ' . . . , . . , . , „ , , . ^ , ,„, , O The June '97 Microscopy Lis server Archives are no on line. You may
Histochemical Society, is about to take place - August 10-14 in Cleveland, f i n d t h e m o n t h e M £ A w w w

P i e u n d e r ;

10 OK, so Cleveland might not be the place you would select for your (next) http://www.msa.microscopy.com
honeymoon. Thanks, however, in major part to the efforts of the local arrange- Q L o o t a for a new job?
ment committee, an excellent program is scheduled - including scientific T h e Histology Home Page now has a section for listing job openings,
papers, exhibition of the latest microscopy related products, poster and micro- g 0 to : http://www,vgernet,net.histology/
graph competitions and, of course, social events. T h e n j n e a r t h e b o t t o m o f t h e p a g e | y o u wi|[ find a s e c t i o n f o r | i s t i n g j o b s

Should you be making a late decision to attend, you can find a listing of R,| o u t t h e f o r r r | a n d y o u r posJ t i on wi|| b e | i s t e d for o n e m o n t h _ f r ee

hotels at the MSA web site: http://www.msa.microscopy.com A n d fo r t h o s e !oofc jng f o r a j o b i ,o o k t h e r S | a lS0 i

O The National Center for Electron Microscopy announces its fourth Annual T h e r e i s e v e n a s e c f i o n f o r t h o s e l o o k i n 9 f o r t e mP o r a r^ helP'
Summer School on Computer Interactive High-Resolution Transmission Elec- Q ^ yyejj ^ e o f interest!
tron Microscopy, including image acquisition, image processing and image The following web site includes a periodic table - plus, where you may click on
simulation, to be held at the National Center for Electron Microscopy during the a n elmenl a n d g e t a,| s o r t s o f u s e f u | information, like solubilities in different
week of August 25-29,1997. a c i d s : http://the-tech.mit.edu/Chemicool/

The aim of the school is to train participants in the techniques of
computer-assisted high-resolution electron microscope image acquisition and © Steven Slap of Energy Beam Sciences, Inc. and Peggy Wenk of the
image interpretation, including remote-control microscopy. Participants will William Beaumont Hospital's Schooi of Histotechnology, have developed a
learn general principles and apply them to specific cases. Participants will be new www site, "The Histotech's Home Page", in conjunction with their
taught the use of computers to obtain images on MCEM microscopes, followed "Introduction to the Internet for Histotechs" workshop. The new site is located
by training in the use of application programs for image interpretation by image at: http://www.vgernet.net/histology/index.html and has links to many re-
processing and image simulation, Participants wanting to apply school tech- sources relating to histology, light microscopy and immunohistochemistry.
niques to their own projects will be encouraged to extend their visit to NCEM
into the next week - note that this requires a proposal be submitted with

"

MRS-3
a ISO-9000 standard for Microscopy

Our second generation, traceable,
magnification reference standard
for all types (SEM, Optical,
STM, AFM, etc.) of microscopy.
Usable from 10X to 50.000X
with pilch patterns from 2jjm
(±0.1 urn) to 8mm (±0.25um).
Pattern height traceable to 0.1 mm
± .001|am. New patterns for parti-
cle size counting (circles, squares and rectangles) and chemical
imaging. Several hundred MRS's have been sold to date.

Send for oorfite RESOURCE GUIDE which discusses magnifica-
tion measurement, error determination and calibration procedures.

MICROANALYTICAL
LABORATORY

426e BOSTON STREET fRT. 1) • TOPSFIELD, MA (11983
508/8S7-7000 • FAX: 508/887-6671 • jg@ gel Iconic ro.com

http: //www.geJJerm lcT0.com

Certified to the ISO-9001 standard by Lloyd's Registry Quality Asssurancc

"Doing it Right - the First Time"

Analytical Services:
• Electron Probe • SEM • Metallography
Surface Analysis (ESCA & Auger) • Microhardncss

Products:
Elemental Reference Standards (some traceable)
Magnification Standards (traceable)
Vacuum Desiccators
Computer Control System Updates for Electron Probes
Digital Imaging for Analog SEMs
Energy-dispersive electronics updates: pulse processor,
pulse height analyzers and software (qualitative and
quantitative)

| GELLER
MICROANALYTICAL
LABORATORY

426e BOSTON STREET (RT. 1) • TOPSFIELD, MA 01983
508/887-7000 • FAX: J08/887-S671 * jg@gcllcrmicrQ.com
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