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AN HVEM FOR HIGH RESOLUTION LOW-DOSE STUDIES OF BIOMACROMOLECULES

James PAWLEY
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As mentioned, Pawley’s first responsibility at UW Madison was the AEI EM-7 Mk |l
HVEM. He made many improvements to the HVEM, e.g. cryo-TEM and low-dose
data collection. Along with Gatan, he developed high-resolution cryo-transfer (and an
accompanying anticomtaminator) for the HVEM. Although the Madsion HVEM has
been scrapped, another AEI EM-7 Mk Il is still intact in Alboany, NY and Albany group

James B. Pawley
1944 - 2019

387

Hans Ris at the Madison HVEM

This paper was the culmination of all of Pawley’s HVEM improvements.
Each item was first presented as an EMSA submission.
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LV SEM

Electron optical design of a high-resolution low-voltage scanning electron
microscope with field emission gun
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In the present study, a comprehensive description and a complete process for designing a
high-resolution low-voltage scanning electron microscope with a field emission gun have been
discussed, including the design of two types of magnetic immersion lenses optimized for
low-voltage operation, the evaluation of their resolution, the design of the magnetic lens/
secondary electron collector system, the calculation of three-dimensional trajectories for both
secondary electrons and backscattered electrons, and the estimate of their collection efficiency.
The computed results and the primary experiments indicate the possibility of achieving
nanometer resolution, which basically approaches the electron optical predictable probe size for

the low-voltage scanning electron microscope.

Before adopting use of the Hitachi 900S immersion-lens FEG-
SEM, Pawley already considered what would be needed.
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Minimal exposure system for the HVEM (1981 EMSA submission).

Scanming Microscopy Supplement 3, 1989 (Pages 163-173)
Scanning Microscopy International, Chicago (AMF O'Hare), IL 60686 USA

THE CASE FOR LW VOLTAGE HIGH RESOLUTION
SCANNING ELECTRON MICROSCOPY OF BIOLOGICAL SAMPLES
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Jim often worked with former MSA President Stan
Elandsen, advocating high-res. LVSEM for biological
applications, such as intramembrane particles (I),
intermediate filaments (ctr) and nuclear pores (r).

Confocal
Light
Microscopy

the first edition (Plenum

(both Springer).

Lewis, E.R, Pawley, J.B. (1981) Direct SEM study of frozen inner-ear. Scanning 4(3): 1310140.

The paper by Joy and Pawley summarized the state-
of-the-art. These pictures of the subunits of actin
filaments by Ya Chen attracted much interest.

Pawley’s institution (IMR
Press) published the first work
with this title in 1989, as a
workshop Proceedings at the
1989 EMSA meeting. Inviting
a carefully selected collection
of the leaders in light micro-
scopy as contributors, in 1990

Press) appeared. This was
followed by second (2006)
and third (2008) editions,

0892-853X/8953.00+.00

Ultramicroscopy 47 (1992) 80100
Morth-Holland

HANDBOOK OF

BIOLOGICAL CONFOCAL

MICROSCOPY

Edited by
James B. Pawley

For sixteen years he also directed the “3D Microscopy of Living Cells”
course on the University of British Columbia’s campus, with a faculty
of internationally known scientists and cutting-edge equipment loaned
by manufacturers. The “3D Microscopy of Living Cells” motto was
“It's not just diffraction; it's not just statistics; It's biology!”. The course
attracted participants from all over the world. The course

provided

the foundation for his best-known publication, the Handbook of Bio-
logical Confocal Microscopy, now in its third edition and still an essen-
tial resource.

The Albany AEI EM-7 HVEM
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A side-entry cold stage for low-dose high-
resolution studies at 1 MV (1984 EMSA sub-
mission).
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He was especially active in the Clean Air Society and the Sunshine
Coast Community Solar Association; his letters often appeared in
local papers. He was a founder of the Doriston Music Festival. In
2012 he moved to the house he and his wife built in Sechelt., British
Columbia .
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The ACD was only described in the 1984
Ultramicroscopy paper.

The new Biolmaging column of BioTechnigues will
feature short articles devoted to microscopy and
digital imaging. The subject matter will address de-
tails of the methods used to produce images of cells
and tissues at any magnification and resolution,
and might include “tricks-of-the-trade”, novel
methods of specimen preparation, practices of im-
age collection, tips on the digital manipulation and
publication of images and historical perspectives.

The 39 Steps: A Cautionary Tale of
Quantitative 3-D Fluorescence
Microscopy

Jim Pawley
University of Wisconsin-Madison.
Madison. WI. USA

We all know that fluorescent micrographs reveal the loca-
tion of the labeled molecules in a tissue, right? Well, maybe
not. In fact, all vou can be really sure of measuring with most
laser-scanning confocal microscopes in the fluorescence
mode is some feature of the number of photons collected at a
particular time. We can hope this 1s an accurate measure of
one of two interesting parameters—the local analyte concen-
tration or the local ion concentration. In fact, many factors af-
fect the numerical values actually stored in the computer
memorv at any given moment. Over the vears, students taking
The 3D Microscopy of Living Cells course held each June at
the University of British Columbia, compiled a list of these
extraneous factors. In the first year, the list grew to 39 entries.
and so we borrowed the name of the Alfred Hitcheock film
for our list. Since then, the list has continued to grow! (More
information on the course can be found at www cs ube ca/spi-
der/ladic/course/bulletin html).

Although this article can’t fully describe each term. brief
and vseful explanations are included. The terms appear in
bold lettering and many interact with other terms m bold let-
tering. Note that many of these variables are usually thought
of in terms of their effect on spatial resolution. They are listed
here because reduced resolution translates into “putting the
same number of exciting photons into a larger spot” This low-
ers the excitation intensity—the number of photons produced
by a siven molecule—and the fraction of these that are de-
tected. It 1s often forgotten that normal signal levels 1n fluo-
rescence confocal microscopy comrespond to only 10-20 pho-
tons/pixel in the brightest areas. Under such conditions.
statistical noise 1s a more important limitation on spatial reso-
lution than that defined by the Abbé equation (1).

A flow diagram of a genenic laser scanming confocal mi-
croscope with the locations of many of the “39” features men-
tioned m the text is shown in Figure 1.
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An image intensifier using a mini-lens to optimize
its spatial resolution (1979 EMSA submission).

The laser nnit (Figure 1A) 15 the illommation source, and
in general, the fluorescence measured 15 proportional to the
laser power level. Although total laser output power is usu-
ally regulated. the amount of power in each line of a multi-
line laser mav not be, and may vary widely with time. The
wavelength affects optical performance_ and through the ab-
sorption spectrum of the dye, it determines the amount of flu-
orescence produced.

Power output instability 15 usually noise; its instability 1s
usually less than 1%, but lasers can become increasingly un-
stable as they age. Because dust. misalignment or mechanical
instability can canse random changes of 10-30%, the effi-
ciency of the optical coupling to the connecting fiber (if
used) 15 critical.

The alignment and reflection characteristics of laser
mirrors can be the source of long-term drift in laser output.
Since the source of the laser light 15 determined by the laser
mirrors, heam-pointing error/alignment is important. Insta-
bility here will show up as changes in brightness because
changes in the apparent source position will alter the efficien-
cv of the optics coupling the laser light into the single-mode
optical fiber used in most instruments.

The numerical aperture of the objective lens (Figure 1B)
affects the fraction of the light emitted by the specimen that
can be collected. This 1s also true for light from the laser.

Ohbjective magnification is mversely related to the diame-
ter of the objective lens entrance pupil. The objective will
only function properly if the entire entrance pupil s filled
with exciting laser light. Underfilling will reduce spatial reso-
lution and the peak intensity. Overfilling will cause some
laser light to strike the metal mounting of the objective and be
lost. also reducing the intensity of the spot.

Cleanliness is important and dirty optics produce much
larger and dimmer spots. Transmission (the fraction of light
mncident on the obyective that can be focused mto a spot on the
other side of it) varies with wavelength. Beware of using
some relatively new. multicoated optics in IR range. Chro-
matic and spherical aberration both make the spot bigger.
and vary with wavelength In addition. spherical aberration
varies strongly with the coverglass thickness and the refrac-
tive index of the immersion and embedding media.

Diffraction is the unavoidable limit to optical resolution. It
effectively enlarges the image of objects smaller than the dif-
fraction limit, making them appear dimmer than they should be.

The scanning system (Figure 1C), and especially the
zoom magnification control. determines the size of a pixel at
the specimen. For Nyquist sampling_ the pixel should be at
least two times smaller than the smallest features that you ex-
pect to see 1n your specimen. Assuming a Rayleigh Criterion
resolution of 200 nm, the pixels should be less than 100 nm.
Larger ones produce undersampling. reducmg the recorded
brightmess of small features (2).

The effects of the bleaching rate are proportional to the
square of the zoom magnification. As for scan speed, the
longer the dwell time on a particular pixel, the more signal
will be detected and the less 1t will be distorted by Poisson
Noise (3). At lugh scan speeds (less than 100 ns/pixel), sig-
nals from dyes with fluorescent decay constants that are
longer than this dwell time can be reduced.

Vol. 28, No. 5 (2000}

This was Jim’s last paper, published posthumously. It brought
together the knowledge and techniques covered over the 16
years of his “The 3D Microscopy of Living Cells” course, which
was held at the University of British Columbia yearly in June.
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