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PREFACE

These proceedings, as the past seven volumes, include the complete text of all pa-
pers presented at the 1975 Eighth Annual Scanning Electron Microscope Symposium (Part I),
and two Workshops: Scanning Electron Microscopy and the Law (Part II), and the Teaching
of Scanning Electron Microscopy (Part III).  In addition, several new tutorial papers and
three bibliographies--SEM and the Law (p. 589), SEM in Materials Sciences (p. 763), and an
update of the SEM and the Plant Sciences bibliography of last year (p. 737) are also in-
cluded. We are grateful to the authors for sending us reprints for inclusion in these bib-
liographies, and apologize that bibliographies on all subjects were not prepared. We hope
to continually prepare updates and complete new bibliographies for inclusion in future pro-
ceedings. Several of the papers in these proceedings were invited review papers.

The SEM Symposium continues to concentrate on papers of maximum overall interest to
current and potential users of scanning electron microscopes and related techniques. The
SEM and the Law Workshop, as a follow-up to the 1971 Workshop on Forensic Applications of
the SEM, aims at a critical discussion of medical and non-medical SEM applicatons appropri-
ate for past or existing legal questions. Several papers and their discussions highlight
the problems of getting SEM results accepted by courts. The teaching sessions were planned
to provide material for potential teachers to start their own courses. The model lectures,
of specific interest to teachers, provide a valuable review for all readers.

Magnifications for all micrographs are indicated by micron marks or by width of field,
since the photographs are reduced during reproduction. A list of symbols was sent to each
author for use in preparation of his manuscript. This list is included on p. xiv. However,
please note that some authors have used their own symbols, which are then defined in their re-
spective papers. In addition to the symbols, information on the availability of several pro-
ceedings referred to in this volume is included on p. viii.

The reviewing of papers was continued along the lines used for the past proceedings.
One important consequence of the rapid growth of scanning electron microscopy is that review-
ing has become more and more critical. This is reflected in the fact that nearly 20% of the
papers were found unacceptable at the manuscript stage, and nearly 40% of the papers published
here were totally or partially revised. All discussions with reviewers and authors' replies
were edited here and made a part of each paper. We apologize to the reviewers and the authors
if the meanings of their questions or answers were inadvertently altered during editing. We
have been most encouraged by the unanimous approval of this unique 'Discussion with Reviewers'
feature of these proceedings and strongly urge the readers to read the discussions with the
papers.

Although the deadline for papers was January 16, 1975, some were not received in com-
pleted form until late in February. Considering the size of the volume, the very short time
available for preparation, and that it is ready for distribution by April 7, 1975, its very
existence is made possible only by the dedicated hard work and cooperation between the authors
and the reviewers. For this, we thank all of them most sincerely.



TABLE OF CONTENTS

PREFACE

PART I - Eighth Annual Scanning Electron Microscope Symposium

FUTURE GROWTH OF SEM - TOWARD SUPER EFFICIENT MICROSCOPY
H. Yakowitz . . . . . YL W B B, 6 [y B 8] eE SRS [ S e s sy

A DIRECTLY HEATED LaB6 ELECTRON SOURCE
5. D. Ferris, D. C. Joy, H. J. Leamy, and C. K. Crawford. . . . . . . . .

A HIGHLY STABLE ELECTRON PROBE OBTAINED WITH LaB6 CATHODE ELECTRON GUN
S. Nakagawa and T. Yanaka . . . . . . s« 8 w8 w, e b e

DESIGN OF SEM HYDRATION CHAMBERS AND POSSIBILITIES FOR VIEWING
LIVE BIOLOGICAL MATERIAL
D. F. Parsons and N. C, Lyon. « « « o s o « o ¢ o o & ¢ o s ‘@ o o 0.0 o-s

SOME PROBLEMS ASSOCIATED WITH LOW TEMPERATURE MICROMANIPULATION IN THE SEM
T. L. Hayes and G. Koch . . . . W @ o oW ow epEmLefE wiE W s NTE -

MEASUREMENTS OF LOW-LOSS ELECTRON EMISSION FROM AMORPHOUS TARGETS
0. C. Wells . . . T R s R R T A A R R R L

BACKSCATTERED ELECTRON IMAGING
Vel:E: RODEDSON & o v s 5 & 6 & @ @ @ & & & & @ & 8 & & & &« % 8 & & & & @

DETECTION OF BACKSCATTERED ELECTRONS WITH HIGH RESOLUTION
Py8.Do Lin and Ru P. Becker '« « « o 5 ¢ @ & & s & o % & & « & & & & & ®

THE OPTIMIZATION OF STEM CONTRAST FOR THICK SPECIMENS
J. M. Cowley, D. J. Smith, and H. T. Pearce-Percy . . « « + « & « o« « o =

THE MEASUREMENT OF SIGNAL INTENSITIES FOR THICK SPECIMENS IN THE STEM
T. Groves and M, K. Lamvik. . . . « « ¢ « o« & « & A R R R

ANALYSIS OF OXYGEN ON AN SEM USING A WINDOWLESS ENERGY DISPERSIVE X-RAY
SPECTROMETER
N. C. Barbl and J. C. BUBSs siist e 506 to Tl 2 wwe o ol i W IdU@wTA o dler @

APPROACHES TO PARTICULATE ANALYSIS IN THE SEM WITH THE AID OF A MONTE
CARLO PROGRAM
H. Yakowitz, D. E. Newbury, and R. L. Myklebust . . . . . . , . . . . .

ANALYZED VOLUME AND ELEMENT QUANTITY REQUIRED FOR SMALL AREA X-RAY
MICROANALYSIS
S. Nomura, H. Todokoro, T. Komoda, and T. Nagatani. . . . . . . . . . . .

SENSITIVITY, DETECTABILITY LIMIT AND INFORMATION CONTENT OF ELECTRON
MICROPROBE ANALYSIS ;
P. L. RYAEE & o » o o 60 QU006 % b0 "o o RUTANS o '8 70 b) o dd¥ o= &lihdc =446

DUAL SWEEP SPEED METHOD FOR OPTIMIZING INFORMATION CONTENT IN X-RAY
IMAGES OF DISPERSED PHASES
L. J. Tarhay and J. Lebiedzik . . . . . . . ¢ + ¢ & & « & ¢ o o« o & =« &

SEM CATHODOLUMINESCENCE FOR CHARACTERIZATION OF DAMAGED AND UNDAMAGED

a-QUARTZ IN RESPIRABLE DUSTS
Ws M. Hanusiak and E g We - White: . o /s o o 4 o o & sidio jalote wrwl e @iie

ix

XV

K

19

27

35

43

51

61

71

79

85

93

103

111

119

125



SURFACE COMPOSITION CHANGES UNDER ION BOMBARDMENT
G. K. Wehner . . . € @ & u « ® EE W

o e e s a2 e s s e e

HIGH SPATIAL RESOLUTION AUGER ELECTRON SPECTROSCOPY IN AN "ORDINARY"

DIFFUSION PUMPED SEM
E. K. Brandis. . . .« « ¢« & & v ¢ ¢ 4 ¢ o o o o « o« =

AUGER SPECTROSCOPY OF SOLID SURFACES IN A DRY PUMPED HIGH RESOLUTION SEM

A« Chrdetom:=t0s B e ) A s Rl r R N N e L
LOW Z ELEMENTAL ANALYSIS USING ENERGY LOSS ELECTRONS
M. Isaacson and D. Johnson . . . 2o w76 & @

D

FURTHER OBSERVATIONS OF THE EFFECTS OF ION-ETCHING ON BLOOD CELLS

B. Frisch, S. M. Lewis, P. R. Stuart, and J. S. Osborn . . . .
KOSSEL DIFFRACTION AND SCANNING ELECTRON MICROSCOPY

D. J. Dingley. . . . . . « e s s e 6 e o e & o s s o o =
MULTIPLE DETECTOR METHOD FOR QUANTITATIVE DETERMINATION OF

MICROTOPOGRAPHY IN THE SEM

J. Lebiedzik and E. W. White . . . . . . . . o =0 2, TY
MEASUREMENT OF SPECIMEN HEIGHT DIFFERENCE AND BEAM TILT ANGLE IN

REAL TIME STEREO TV SEM SYSTEMS

A. Boyde . o ¢ ¢ o o o o o o o o o o s o s o o s o o ¢ o o .
A PRACTICAL METHOD FOR THE CORRECTION OF DISTORTIONS IN SEM

PHOTOGRAMMETRY *

PiG:T: Howell: < & s 5 s 5 o & o o o & & & s 2 » = = & ® o
SEM PHOTOGRAMMETRIC CALIBRATION '

D. F. Maune. . . . . s e s e e e o s 66 » e

SPUTTER COATING TECHNIQUES FOR SCANNING ELECTRON MICROSCOPY
P. Echlin. . . . . R R Ya ek

e+ s s e e s e e =

SPECIMEN COATING TECHNIQUE FOR THE SEM--A COMPARATIVE STUDY
P. B. DeNee and E. R. Walker . . . . . o0 § VMR e

HIGH RESOLUTION SEM OF BIOLOGICAL SPECIMENS
A. N. Broers, B. J. Panessa, and J. F. Gennaro, Jr. . . . . .

ANAGLYPH

DEMONSTRATION OF CATHODOLUMINESCENCE IN FLUORESCEIN MARKED BIOLOGICAL

TISSUES
W. Broecker, E. H. Schmidt, G. Pfefferkorn, and F. K. Beller .

TECHNIQUES FOR PRACTICAL BIOLOGICAL MICROANALYSIS
B. J. Panessa and J. C. RUSS . =+ « &« =« « & 2 o o o « « =« =

EVALUATION OF A MODIFIED TECHNIQUE FOR SEM EXAMINATION OF VERTEBRATE

SPECIMENS WITHOUT EVAPORATED METAL LAYERS
L. E. Malick and R. B. Wilson. . . . . . . . . .

SEM STUDIES ON MICROVASCULAR ARCHITECTURE, SINUS WALL, AND TRANSMURAL

PASSAGE OF BLOOD CELLS IN THE BONE MARROW BY A NEW METHOD OF
INJECTION REPLICA AND NON-COATED SPECIMENS

S. Irino, T. Ono, K. Watanabe, K. Toyota, J 4 Uno, N. Takasugi,
and T. Murakami. . . . . . . . . . . . T T A

e & e e .

SEM TECHNIQUES FOR CARDIAC CELLS IN FETAL, ADULT AND PATHOLOGIC HEART

H. D. Sybers and C. A. Sheldon . . . . . . . « « o ¢« &« « ' s

BRAIN CYST FORMATION: A TECHNIQUE FOR SEM STUDY OF THE CENTRAL
NERVOUS SYSTEM

R. F. de Estable-Puig and J. F. Estable-Puig . . . . . . . . .

e & & & =

133

141

149

157

165

173

181

189

199

207

217

225

233

243

251

259

267

275

281



DRY-FRACTURING TECHNIQUES FOR THE STUDY OF SOFT INTERNAL BIOLOGICAL
TISSUES IN THE SCANNING ELECTRON MICROSCOPE
P. R. Flood ¢ s s « = v = o s o v 5 N
A METHOD FOR THE PREPARATION OF CELL SURFACES HIDDEN WITHIN BULK
TISSUE FOR EXAMINATION IN THE SEM
A. Boyde. . . . . . . . . e e B s @ & B Bl @ & & e e 8 e
A REVIEW OF THE PHYSICS OF CRITICAL POINT DRYING
A. A. Bartlett and H. P. Burstyn. . v e o e & % 8 % &
COMPARISON OF MISCIBILITIES AND CRITICAL-POINT DRYING PROPERTIES
OF VARIOUS INTERMEDIATE AND TRANSITIONAL FLUIDS
E. R. Lewis, L. Jackson, and T. Scott .

TECHNIQUES FOR CRITICAL POINT DRYING OF GAMETES AND EMBRYOS
J.-E. Flechon, S. Bergstrbm, S. Jaszczak, and E.S.E. Hafez. . . . .
A TECHNIQUE FOR SEQUENTIAL EXAMINATION OF SPECIFIC AREAS OF LARGE
TISSUE BLOCKS USING SEM, LM, AND TEM
M.E.G. Brummer, P. M. Lowrie, and W. S. Tyler . PR
ON CELL SURFACE LABELING FOR THE SEM
M., K. Nemanic . . o « o o o ¢ o »

« e+ s s s+ e s s s s s e

THE IMPACT OF CULTURE CONDITIONS ON THE SURFACE MORPHOLOGY OF CELLS
IN VITRO

E. Westbrook, B. Wetzel, G. B. Cannon, and D. Berard. . . . . . .
NEW OBSERVATIONS ON METHODS FOR PREPARING CELL SUSPENSIONS FOR
SCANNING ELECTRON MICROSCOPY
F. de Harven, N. Lampen, A. Polliack, A. Warfel, and J. Fogh. . . .
RELATION OF SURFACE AND INTERNAL ULTRASTRUCTURE OF THYMUS AND BONE
MARROW DERIVED LYMPHOCYTES TO SPECIMEN PREPARATORY TECHNIQUE
T. A. Barber and P. M. Burkholder . . . . . . . . . S8 W
SEM OF IN VITRO CULTIVATED CELLS, OSMOTIC EFFECTS DURING FIXATION
U. Brunk, P. Bell, P. Colling, N. Forsby, and B. A. Fredriksson . .
AYNEW METHOD FOR PREPARING CELLS FOR CRITICAL POINT DRYING
* J. T. Thornthwaite, B N. Thornthwaite, M. L. Cayer, M. A. Hart
and R. C. Leif. . . o . e o« o o o o e o o e e e e g 3
IMPORTANCE OF THE ENVIRONMENT TO SURFACE FEATURES OF CELLS IN SITU
AND IN CULTURE
C. A. Baechler, S. Chen, R. Berguer, and M. I. Barnhart . . . . . .
THE EARLY CHICK EMBRYO IN CORRELATED SEM AND TEM STUDIES
F. N. Low, J. E. Harri, and L. L. Litke . . .

SEM OF VESICULAR STOMATITIS VIRUS INFECTION IN CELL CULTURES GROWN
ON ALUMINUM FOIL

J. D. White and A. T. McManus . T o PR R

A TECHNIQUE FOR DETERMINING THE INTERIOR TOPOGRAPHY OF SINGLE CELLS

(Colcemid-Blocked HeLa Cells)
J.H.L. Watson, R. H. Page, and J. L. Swedo.

FAILURE ANALYSIS OF COMPACT AND TRABECULAR BONE BY SEM
S. Saha » « « « o v o s

. . e e s .

TECHNIQUES FOR INVESTIGATION OF HIGH POLYMERS WITH THE SCANNING
ELECTRON MICROSCOPE
Ro HOLM . o o w el g b W<,

xi

e« e« s e s s s e s s

287

295

305

317

325

333

341

351

361

369

379

387

393

403

411

417

425



THE CHARGING OF SEMI-INSULATING SPECIMENS IN ELECTRON MICROPROBE

INSTRUMENTS
D. B. Wittry and C. J. Wu .

TIME-RESOLVED AND TEMPERATURE DEPENDENT MEASUREMENTS OF ELECTRON BEAM
INDUCED CURRENT (EBIC), VOLTAGE (EBIV) AND CATHODOLUMINESCENCE (CL)

IN THE SEM

L. J. Balk, E. Kubalek, and E. Menzel .

SPATIAL DISTRIBUTION OF 5 AND 10 KILOVOLT ELECTRON BEAM IONIZATION

IN SOLIDS
G. E. Possin and J. F. Norton . .

VOLTAGE CODING:

G. V. Lukianoff and T. R. Touw.

PART II - Workshop on Scanning Electron Microscopy and the Law

.

-

.

TEMPORAL VERSUS SPATIAIL FREQUENCIES

.

THE VALIDITY OF SCANNING ELECTRON MICROSCOPY EVIDENCE

C.G. van Essen. . . . . « « « « &

THE ROUTINE USE OF SEM AND ELECTRON PROBE MICROANALYSIS IN FORENSIC

SCIENCE
R. H. Keeley and M. C. Robeson.

SEM APPLICATIONS UNDER THE FORSEM PROJECT

G. Judd, J. Sabo, and S. Ferriss.

APPLICATIONS OF SEM/X-RAY ANALYSIS AT THE LOS ANGELES COUNTY FORENSIC

SCIENCE CENTER

.

R. L. Taylor, M. S. Taylor, and T. T. Noguchi

MATCHING OF SURFACES
V. R. Matricardl.: . « e wierwiv

ON THE USE OF SEM/X-RAY TECHNOLOGY FOR IDENTIFICATION OF PAPER

COMPONENTS
R: A. Parhat: & w. s 1w o & s a5 <

FORENSIC IDENTIFICATION OF PAPERS BY ELEMENTAL ANALYSIS USING SCANNING

ELECTRON MICROSCOPY
J.A.W.

SEM STUDY OF THE EFFECT OF FIRING DISTANCES ON BULLET HOLES IN CLOTHING

M. Oron, T. Arad, and A. Alkbir .

EVALUATION OF AN SEM-EDS METHOD FOR IDENTIFICATION OF CHRYSOTILE

. .

.

Barnard, D. E. Polk, and B. C. Giessen .

.

R. E. Ferrell, Jr., G. G. Paulson, and C. W. Walker.

EXAMINATION OF INCANDESCENT BULBS OF MOTOR VEHICLES AFTER ROAD ACCIDENTS

R. Goebel . . . . . . . « « . &

INVESTIGATION OF ''CRYSTALLOSIS'" IN ETHYLENE GLYCOL TOXICITY
S. Siew, R. K. Matta, and M. Johnson. . F

ELECTRON MICROSCOPIC METHODS AND PROOF OF ELECTRICAL TRAUMATIZATION

E. Béhm . . . . . . . . . . .

THREE-DIMENSIONAL STRUCTURE OF WOUND SURFACES - A CONTRIBUTION TO THE
STUDY OF LOCAL VITAL REACTION AND THE DETERMINATION OF THE AGE

OF WOUNDS
E. Bbhm . = ¢ ¢ & o s « & &

.

.

.

.

CRIMINAL INVESTIGATION OF HUMAN HEAD HAIRS BY MEANS OF SCANNING ELECTRON

MICROSCOPE AND ELECTRON PROBE MICROANALYSIS WITH SPECIAL REFERENCE

TO AGE AND SEX DIFFERENCES
S. Seta, H. Kozuka, and T. Sudo .

.

.

Xxid

441

447

457

465

473

479

487

493

503

511

519

529

537

547

555

563

571

579



BIBLIOGRAPHY ON FORENSIC APPLICATIONS OF THE SEM

W. D. Stewart, Jr. . . . . . . % & % 6 B HE T e W& 589
PART III - Workshop on Teaching of Scanning Electron Microscopy

THE SCANNING ELECTRON MICROSCOPE: SUBJECT AND SERVANT IN TEACHING

To Le Hayes s e « vme o S hile o sqp o 2 a o o o 3 @5 o 8 vt g g 593
THE TEACHING OF SCANNING ELECTRON MICROSCOPY AND ELECTRON PROBE

MICROANALYSIS

Js Lo GoldstEedn: s v o s w6 o .5 w5 o & % @ « & &-s Jgp i gn 601
A MULTIDISCIPLINARY UNIVERSITY COURSE IN SCANNING ELECTRON MICROSCOPY

Ro: ' To 1BTCELEL o120 0 o 16 41 5. o35 s o . % wF I F 8 B et B & 609
TEACHING SCANNING ELECTRON MICROSCOPY: OPTIMIZING THE COMPROMISES

E. L, ThOGXston's « « o '« « s R e e WM @ & s n % G E W % B W wTw 617
AN APPROACH TO TEACHING SCANNING ELECTRON MICROSCOPY TO MULTIDISCIPLINARY

STUDENTS

Js Wa RUBw & w1 o & & o mrgs mioe @, 4 sle @ 4 WGl 38T o de Tho Lflwgled Wty 625
INTRODUCTION TO SCANNING ELECTRON MICROSCOPY (FIRST LECTURE FOR

AN SEM COURSE)

G. PEEELETYROTIL = « =« v o @ o 1 o o o » o & o o @ o @ ;idhudyest ooy ms o 5 o = 631
ELECTRON OPTICS FOR SCANNING ELECTRON MICROSCOPY

Be SIEEEL. « o o o & o 0 o o @ % & @06 % o e & 6 8 6 &gmpas S0 phe ey, b O, b @ 647
ELECTRON SOURCES FOR SCANNING ELECTRON MICROSCOPY

As N. BEOBES o 6 o @ o % & o o & @ & & & % & o e omoe 2 os w NBRPIIT 661

GENERAL

COHERENCE IN SCANNING TRANSMISSION MICROSCOPY

E: Zettley « ool vl o o wfiell s¢BI=R e o & & aiph oo @ 05 8 s’ Saa@i ot 5 gl 671
CONTAMINATION IN THE SCANNING ELECTRON MICROSCOPE

P. Echlin. . . . i X e & % W & & ® B oA e 679
ELEMENTS OF SCANNING ELECTRON MICROSCOPY FOR BIOLOGISTS

J.-P. Revel. . . . . o i B e WS B Om OB F 6 e & m oW ow 687
TAKING, PRESENTING AND TREATING STEREO DATA FROM THE SEM

P.G. T. Howell. . . . . o s PR T A 697
DRYING SOFT BIOLOGICAL TISSUE FOR SCANNING ELECTRON MICROSCOPY

W. J. Humphreys. . . . ! . % G o e s W e 707
SEM TECHNIQUES FOR SEMICONDUCTOR DEVICE STUDIES

E. S. Meieran, D. L. Crosthwait, and J. R. Devaney . . . . + + « « + . - 715
TECHNIQUES OF SIGNAL PROCESSING IN THE SCANNING ELECTRON MICROSCOPE

D. E. Newbury. . . . . . . . . ot ) 5 v e s e e e s e s e % s 727
THE APPLICATION OF SCANNING ELECTRON MICROSCOPY AND X-RAY MICROANALYSIS

IN THE PLANT SCIENCES: A BIBLIOGRAPHY PART II

P. Echlin and M. GregOTY . . « & « « & « « « « =« o s o o =« o o o o = o & 737
THE SCANNING ELECTRON MICROSCOPE IN MATERIALS SCIENCES:

A BIBLIOGRAPHY

Ve Bo'JOBMMBON. @ « « & o 5 o o o @ T P N I A A g o 763
SUBJECT INDEX. W % e % e W & @ s 813

AUTHOR INDEX . . . . . . . . . . R e bl 815

xiii



SCANNING ELECTRON MICROSCOPY/1975 (Part I)
Proceedings of the Eighth Annual

Scanning Electron Microscope Symposium
IIT Research Institute

Chicago, Illinois 60616, U.S.A.

April 1975

FUTURE GROWTH OF SEM - TOWARD SUPER EFFICIENT MICROSCOPY

H. Yakowitz
Metallurgy Division
Institute for Materials Research
National Bureau of Standards
Washington, D.C. 20234

KEYNOTE PAPER
ABSTRACT

Some predictions concerning future trends in the SEM field have been
made. Economic and personnel considerations have been taken into account
in arriving at these predictions. Micrographic and analytical requirements
and capabilities were also considered. For electron transparent specimens,
scanning transmission electron microscopy (STEM) will become a major re-
search method. ' Auger and energy loss spectrometry will join X-ray emission
as analytical 'methods used for the analysis of such samples. Greater ad-
vantages will probably arise from improvements in electron source brightness
and from advantages afforded by low energy loss electron detectors. Finally,
the SEM field can only profit-as the quality and quantity of educational op-,
portunities in. the field expand-.

KEY WORDS:' ‘Auger Electron Spectrometry; Electron Probe X-ray Microanalysis;
Energy Loss Spectrometry; Scanning Electron Microscopy; Scanning
Transmission Electron Microscopy



