


1930-1940



1930-1940
Development of the Field Ion Microscope

1935: Erwin Müller



1930-1940
Development Phase-contrast Light Microscopy

1935: Frits Zernike



1930-1940
First Implementation of the SEM

1943: Manfred von Ardenne



1930-1940
First Text on Electron Optics

1934: Brüche and Scherzer



1930-1940
Theory of Aberration Correction

1936, 1945: Otto Scherzer



Development of the TEM

Ernst Ruska

First 

instrument, 

1931

Second 

instrument, 

1931, with 

Max Knoll

2nd, 1931 3rd, 1933, higher 

mag than LM
In 1939 With Nobel Prize, 1986

1930-1940 Nobel Prize #1



Washington University, St. Louis

1930-1940
Development of the EM

1935: Emission Microscopy – “biological microanalysis”



Fitzsimmons-Anderson (1937)

Washington State University
Newberry-Packer (1938)

Washington University, St. Louis

1930-1940
Development of the TEM

The first US TEMs



First-ever biological object (slice of leaf)

Brussels, 1934 (450x)

•First to use thin slices (15µm thick!)

•First to use osmium fixation/staining

•First to use copper grids for support

The first biological electron micrograph
Ladislaus Marton 

Hungarian / Swiss  

Started in Belgium, then RCA, Stanford, NBS

1930-1940
Development of the TEM



E F Burton, 

Toronto: 

Hillier and 

Prebus, 

1938

The first high-resolution 

electron microscopes in North America

Development of the TEM

1930-1940



1930-1940

Group of 

E.F. Burton 

in Toronto



1940-1950



1940-1950
Founding of EMSA

1942



1940-1950
Development of the TEM

Otto Scherzer 1949: Scherzer Focus; Will atoms be visible in the TEM?



Ernst Ruska and 

Siemens manufacture

ÜM-100 

Prototype

ÜM-100 

First series 

production, 

1939

ÜM-100 at 

NMHM, Silver 

Spring, MD 

(40 produced)

Ernst Ruska at 

Elmiskop I, 

(Introduction, 1954)

Helmut Ruska and 

George Edwards 

at Elmiskop I, 

Albany, 1957

1940-1950
Development of the TEM



TEM development by Marton

1939 RCA Model A (4th TEM), 

• Entire EM inside shielded vacuum chamber

• 3rd TEM (1938, from Brussels) is in the 

back

Stanford TEM, 1943

• Adjustable polepieces

• Double condenser 

• Hydraulic specimen stage

1940-1950
Development of the TEM



James Hillier and Alexander Zworykin with 

first production RCA EM: EMB, 1941         

(60 manufactured)

Hillier and Zworykin at RCA

RCA EMU, 1944 (with Delbert Philpott)

(First EMU sold in 1945)

1940-1950
Development of the TEM



1940-1950
Development of the TEM
RCA history

EMB

First production 

model

MSA President 

John Reisner at 

RCA tabletop 

TEM



Netherlands (Philips)

LePoole’s first EM, Delft, 1941

Introduction of Philips EM100, 1949: Image wobbler

Philips EM300, 1966: First transistorized TEM

Philips EM100 (LePoole and van Dorsten)

Most-

produced 

TEM of 

any single 

model 

(1850)

1940-1950
Development of the TEM



Japan

JEOL DA-1,1947Osaka, 1939

(higher-res 

than a light 

microscope)

Shimadzu, 1950

Hitachi HU-6, 1948Hitachi Prototype, 1947

1940-1950
Development of the TEM



Sweden

Siegbahn TEM, 1942

Siegbahn oil-free 

vacuum pump

Manne 

Siegbahn

Fernandez-Moran at Siegbahn TEM:

2 nm resolution in 1940s because of 

oil-free vacuum system.

Pump

Viewing screen

1940-1950
Development of the TEM



UK

Metropolitan-Vickers EM2, 1946

(series-produced)
Metropolitan-Vickers EM1, 1936

First commercial EM (but not 

series-produced)

1940-1950
Development of the TEM



France

CSF type M III, 1943 (Production from 1945) –

electrostatic lenses

1940s Toulouse TEM –

magnetic lenses

1940-1950
Development of the TEM



Siemens manufacturing

1940 ÜM100: (Be-coated peat), 4 nm (labels wrong!)

1964 Elmiskop Ia: (evaporated Pt / Ir alloy), 4 Å

Siemens 

applications lab, 

1930s,40s

Difficulties in finding resolution-test specimen!

1940-1950
Development of the TEM



Keith Porter

•One of the founders of Cell Biology* 

•First whole-cell EM micrograph

•Ultramicrotome development

•Founded Boulder HVEM lab

First whole-cell imaging

Early development of specimen preparation 

Ernest F. Fullam with RCA EMB, 1944

• 1955 started Journal of Biophysical and Biochemical Cytology

• 1956 “Conference on Tissue Fine Structure” at NIH: Start of “Cell Biology”   

• 1962 JBBC renamed Journal of Cell Biology

*

1940-1950



Chicken heart cell (osmium fixed, dried), prepared by Keith Porter, photographed by Ernest F. Fullam (1944)

First whole-cell imaging

Early development of specimen preparation 
1940-1950



Early development of specimen preparation 
Early images of bacteria and viruses – air-dried

1940-1950



Early development of specimen preparation 

400 keV to deal with specimen thickness

RCA 400 keV TEM,  ~1942 

First 400 keV TEM: 

LePoole, ~1941

400 keV200 keV50 keV

1940-1950



Early development of specimen preparation 
Early images of muscle fibers – PTA-stained

1940-1950



Early development of specimen preparation 
Metal shadowing for higher resolution

Robley Williams

Formvar replicas used in 

material sciences; yielded high-

resolution surface structure 

without thinning the sample.

1940-1950



Early development of specimen preparation 
Metal shadowing for higher resolution

TMV

T4

1940-1950



Early development of specimen preparation 

Microtomy

Reduced smallest 

advance form 1 µm 

to 0.1 µm, but 

embedment too soft.

1940-1950



Early development of specimen preparation 
Microtomy

Fullam:  Existed up until 2005 – up to 49,000 RPM!

Theory: High speed produces a section before the 

material can compress.

But soft embedding media needed, which must be 

removed before imaging because no staining was 

done.

1940-1950



Very early electron probe microanalysis
James Hillier, “EELS” in 1945! 

1940-1950



1940-1950
Early developments in physical sciences

1946: Electron Diffraction – John Cowley



1940-1950
Early developments in physical sciences

1946: Electron Diffraction – John Cowley



1940-1950
Early 

developments 

in physical 

sciences

1956: Hirsch et al.

First imaging of 

dislocations in metals



1940-1950
Beginnings of TEM aberration correction

Otto Scherzer, 1945



1950-1960



1950-1960

New logo:

EMSA name changes from 

Electron Microscope… 

to Electron Microscopy…

1952 Council (plus others)



1950-1960
Founding if IFES (1952)

Led by Erwin Müller’s work



1950-1960
Early field-ion microscopy

First images of atoms, 1951,55



1970s: Video-enhanced DIC

Shinya Inoué, Allen, etc. 

1950-1960

Nomarski, Smith, 1955

Differential-interference-contrast 

(DIC) light microscopy



MT-1

• Built by Joe Blum 

for Keith Porter 

and Albert Claude

• Sold by Sorvall

• Worked with glass 

knives (Latta and 

Hartmann, 1950)

1950-1960
Perfection of ultramicrotomy



Microtomy – diamond knives -- 1953

Humberto Fernández-Morán

• Developed the first diamond microtome knives.

• Capable of producing 2-nm-thick sections.  

• Also developed an ultramicrotome.

TMV and microtubules

1950-1960
Perfection of ultramicrotomy



Greatly 

improved 

ultrastructure

Fritiof Sjöstrand

Microtome 

for serial 

sections

Thermal advance 

microtome: Further 

developed and sold 

by LKB

1950-1960
Perfection of ultramicrotomy



Microtomy – Serial-section 3-D reconstruction

Sjöstrand: 3-D reconstruction of Mitochondia, Chloroplasts, Retina, etc.

1950-1960
Perfection of ultramicrotomy



1950-1960
Development of TEM aberration correction
Scherzer-Seeliger Corrector, 1950

First proof of spherical aberration correction

Möllenstedt tested the Seeliger corrector in 

Tübingen. He employed critical illumination with a 

large cone angle of  0.02 rad. As a result, the 

spherical aberration increased to such an extent 

that it became by far the dominant aberration, 

which strongly blurred the image. After 

compensating for the spherical aberration by 

means of the corrector octopoles, the resolution 

improved by a factor of about seven, accompanied 

by a striking increase in contrast.



Development of microprobe analysis
Raimond Castaing, 1951 

1950-1960



1950-1960
Further development of 

microprobe analysis

Raimond Castaing, mid 50s 



1950-1960

Ogilvie, MIT, mid 1950s

Wittry, 1957

GE (Buschmann), 1955

Development of 

microprobe analysis



1950-1960
Early SEM development

Everhart – Thornley detector

Developed in the group of V. E. Cosslett

T.E. Everhart V.E. Cosslett



1950-1960
Early SEM development

Oliver Wells and Dennis McMullan, 1957 



1960-1970



1960-1970
Founding of the 

Electron Probe 

Analysis 

Society 

of America 



Applied Research Laboratories (ARL) electron microprobe 

At University of California at La Jolla in 1961  

1960-1970
Early microprobe pioneers



Klaus Keil: in his office at NASA Ames Research Center, 

Moffett Field, California, while working on the 

development of the first EDS spectrometer for electron 

probe microanalysis.

1960-1970
Early microprobe pioneers



Frank Drogosz in front of an EMX-SM in 1967

1960-1970
Early microprobe pioneers



1960-1970
Early microprobe pioneers



1960-1970
Early development of microanalysis

Castaing’s secondary-ion mass spectrometry (SIMS), 1962 



1960-1970
First commercial SEM

Cambridge Stereoscan, 1965 



1960-1970
Early development of microanalysis

AEI EMMA-4 analytical TEM with WDS x-ray microanalysis, 1969-70 

Following development 

work by Peter Duncumb



1960-1970
Development of the atom probe

Müller and Panitz, 1967 

Slide courtesy of Tom Kelly and John Panitz, M&M 2016



1960-1970
First visualization of atoms by electron microscopy

Albert Crewe’s STEM imaging atoms:

“If you’ve seen one, you’ve seen them 

all, lets turn if off and go home.:



1964 Crewe STEM1960-1970
Development of 

high-resolution 

(FEG) STEM

Crewe’s 1964 instument



1960-1970
Continued development of TEM aberration correction

Deltrap’s 1964 corrector (Cambridge, UK) 

Worked on optical bench, but not tested in a TEM



1960-1970
Focus on physical science

Gareth Thomas 



1960-1970
Focus on physical science

Gareth Thomas 



1960-1970
Focus on TEM in physical science

Gareth Thomas

1 MeV ARM, Berkeley 



First patent: Marvin Minsky, 1961

First instrument: Mojmir Petran, 1967 

1960-1970
Development of confocal light microscopy



Albert Coons, 1961

1960-1970
Development of fluorescent antibodies 

for light microscopy



Stryer and Haugland, 1967

1960-1970
Development of Förster 

Resonance Energy 

Transfer (FRET) for light 

microscopy



Humberto Fernández-Morán

Fernández-Morán’s cryo-EM with 

superconducting lens for operation 

at 4°K (1966)

Early development of cryo-TEM 

1960-1970



Helium cryo-ultramicrotome with diamond knife, 1968Catalase and asbestos at 4 K (1966)

Early development of cryo-TEM 

Humberto Fernández-Morán

Cryo-sections in 1966!

Sample 

frozen 

at 2 K

1960-1970



State of the Art, mid 1960s to 1970s

Golgi vesicles Desmosome structure

Development of “Epon” by Luft (1961) led 

to ideal ultramicrotomy) 

1960-1970
Final development of traditional TEM 

specimen preparation 



Traditional biological TEM 

State of the Art, 1964

Siemens Elmiskop Ia --

still operating in 2017!

First commercial TEM 

with 5 Å guaranteed.

(1973)

Prepared and 

imaged in 

2017 with 1964 

facilities

5 Å Fresnel fringe

1960-1970



State of the Art, 1964 Well-fixed rat-brain section prepared and imaged with 1964 equipment

Current State-of-the Art for “Traditional 

Biological TEM” reached by 1964:

• 1950 – Microtomes

• 1950-53 –Glass and diamond knives

• 1955 – Section-penetrating stains

• 1961 – Epon

• 1963 – Glutaraldehyde

1960-1970
Traditional biological TEM 



State of the Art biological TEM in the 1960s-1970s –

discoveries in Cell Biology

Improved fixation was critical, first Palade’s buffered Oso4, then glutaraldehyde

1960-1970
Traditional biological TEM 

Nobel Prize #2



Development of image-processing and 3-D reconstruction

Sir Aaron Klug 

at 1982 Nobel 

ceremony

David DeRosier

1960-1970 Nobel Prize #3



Development of image-processing and reconstruction
Principles – The “Crowther criterion”

1960-1970



1970-1980



Klaus Keil using a somewhat advanced ARL electron microprobe 

in the University of New Mexico, Albuquerque, probably ~ 1975

Much success with the 50th Anniversary Meeting of MAS!

Klaus Keil: former MAS President

1970-1980
MAS 50th congratulations!



1970-1980
EM pioneers at Toronto ICEM, 1978

Keith Porter / James Hillier / Ernst Ruska / Albert Prebus / Cecil Hall 



1970-1980
Continued focus on TEM in materials science

Hastsujiro 

Hashimoto:

Single 

atoms by 

HREM, 

1971

Gareth 

Thomas: 

Strong 

promotion 

of TEM for 

materials



HVEM applications 

1970-1980



Toulouse 1 MeV 

and 3 MeV HVEMs,

1970s

1970-1980
HVEM applications 

3 MeV



Hitachi 3 MeV TEM, Osaka, 1970 

1970-1980
HVEM applications 



1970-1980
Continued focus on TEM in materials science

Imaging atomic columns: Cowley and Iijima, 1972



1970-1980
Continued focus on TEM in materials science

Special-purpose specimen holders: Peter Swann



1970-1980
Continued development of HR-STEM

Crewe, Wall, Issacson

1970 0.5-nm STEM T4 phage



1970-1980
Continued development of HR-STEM

Towards 1 MeV STEM: Crewe et al. 



1970-1980
Continued development of HR-STEM

Joe Wall and his Brookhaven STEM 



1970-1980
Continued development of HR-STEM

John Cowley and his analytical STEM “MIDAS”



1970-1980
Realization of aberration correction

The Darmstadt corrector: Principal rays 



1970-1980
Realization of aberration correction

The Darmstadt corrector: Construction 



1970-1980

First experimental proof of chromatic correction, left: corrector on, right 

corrector; upper row: dE = 2eV, bottom: dE = 130 eV (1977)

Realization of aberration correction

Harald Rose et al.: The Darmstadt corrector 



1970-1980
Realization of aberration correction

Peter Hawkes: Re-consideration of possible corrector designs 

Octupole-quadrupole Sextupole Mirror



1970-1980
Continued development of the atom probe

Slides courtesy of Tom Kelly, M&M 2016



1970-1980

Slides courtesy of Tom Kelly, M&M 2016

Continued development of the atom probe

Work of George 

Smith et al., 

Oxford 



1970-1980
Non-mainsteam TEMs

Gertrude Rempfer: Development of the Elektros electrostatic TEM 

Rempfer’s 

early 

Ferrand 

electrostatic 

TEM (never 

produced)



1970-1980
Non-mainsteam TEMs

Gertrude Rempfer’s Elektros

ETEM 101: About 40 produced; 

about 5 still functional. 

(Demonstrated at M&M2015!)



1970-1980
Non-mainsteam TEMs



“Cryosections” for immunolabeling

Kiyoteru Tokuyasu 

1970-1980



Freezing methods for TEM preparation – HPF and others

1970-1980



P. Walther and M. Müller (1999) J. Microsc. 196(3):279-287 

State-of-the-art cryo-SEM

Cryo-ultramicrotomy to produce cryo-planed surfaces.

Larva of H. pallidus

fixed by high-pressure 

freezing

Sublimated at -110°C, 

rotary shadowed with 

Pt, overcoated with C, 

imaged by FEG cryo-

SEM.

Cryo-EM: not only TEM

1970-1980



1970-1980
Low-loss SEM imaging Oliver Wells



Four TEMs dedicated to biology

Boulder, CO

JEOL JEM-1000
Albany NY, Madison, WI

AEI EM-7 Mk II

Okazaki, Japan

Hitachi HU-1250

Intended for whole-cell ultrastructure

1970-1980
Applications of HVEM to biology



Effect of accelerating voltage on a critical-point-dried whole cell

1000 keV 500 keV 100 keV

1970-1980
Applications of HVEM to biology



Early “Wet cell” results

Donald Parsons

1970-1980
Applications of HVEM to biology



Early “Wet cell” work at Albany

First version – uses existing TEM stage

Electron diffraction of wet hemoglobin

Second version – integrated tilt stage

1970-1980
Applications of HVEM to biology



HVEM of 3T3 cell cultured on EM grid, 1975 Light microscopy for comparison

1 μm 1 μm

Early “Wet cell” results

1970-1980
Applications of HVEM to biology



HVEM of critical-point 

dried whole cells 

BHK cells

1970-1980
Applications of HVEM 

to biology



Improved HVEM of critical-point dried cells 

Hans Ris, Madison HVEM

Ris’ improved CPD method, with carefully dried CO2

PtK Plastic

PtK CPD

PtK dry CO2

PtK without drying

Urchin, dry 

Urchin, non-dry 

Ris (1985) JCB 100: 1474-1487

“Microtrabecular lattice”

1970-1980
Applications of HVEM 



1000-nm-thick section at 1 MeV

1970-1980
Applications of HVEM to biology

100-nm-thick section at 100 keV



Stereo pairs of retinal rods at 3 MeV

1970-1980
Applications of HVEM to biology



5-µm thick plastic section of silver-

impregnated nerve dendrites (stereopair) 

1970-1980
Applications of HVEM to biology



3-D models from stereo-

tilt micrographs, early 

1980s

1970-1980
Applications of 

HVEM to biology



1970-1980
Applications of HVEM to biology

3-D models from stereo-

tilt micrographs, early 

1980s



Many views of an object are recorded, obtained by tilting the specimen in the TEM.  

They are combined to make a 3-D volume using image-processing methods. 

Principles

Walter Hoppe, 

1917-1986

Missing information due to 

limited tilt range in TEM

Development of electron tomography

Hoppe was head of the lab at Martinsried before Baumeister.

He was mentor to Joachim Frank and Michael Radermacher.

1970-1980



Hoppe et al. (1974) Hoppe-Seyler’s Z. Physiol. Chem. 355:1483-1487. 

Olins et al. (1983) Science 220:498-500.

Helical arrangement of chromatin Balbiani ring granules (plastic section)

45 nm

Fatty acid synthetase molecule (negatively stained)

The first  

published

electron 

tomogram!

10 nm

Perspex sub-stack Balsawood model

Slices through reconstruction

Stereo view of Styrofoam model

Zero-tilt image

Development of electron tomography

1970-1980



Development of electron tomography

First implementation of automation, 

MPI Martinsried (originally Hoppe lab)

1970-1980



Development of electron tomography
First automated tilt series, MPI Martinsried 

1970-1980



Development of electron tomography

First 

tomograms 

at Albany 

(1986)

Images 

from HVEM

1970-1980



Barnard et al. (1992) J. Microsc. 167:39-48.

The first published 360°-

tilt electron tomogram

Puff ball mounted on glass pipette 

Slice as indicated

2 µm

HVEM – 360° tilting

1970-1980
Development of electron tomography



Early development of cryo-TEM 
First cryo-TEM structure determination, Taylor & Glaeser, 1974

1970-1980



Early development of cryo-TEM 

Jacques Dubochet:

First observation of 

vitreous ice in the 

TEM, 1981

1970-1980



Early development of cryo-TEM 

Dubochet’s phase diagram 

from the 1988 paper.

1970-1980



Early development of vitreous cryo-sectioning 

1970-1980



Early development of cryo-TEM 

First application 

of cryo-TEM in 

vitreous ice

Plunge-frozen 

bacteriophage T4

1980-1990



Early development of cryo-TEM 
Isolde Dietrich: superconducting-lens cryo-TEM, 1975

1970-1980



Early development of cryo-TEM 
Dietrich cryo-TEM, 1977

1970-1980

Resolution: 1.7 Å



Early development of cryo-TEM 

Superconducting cryo-TEM: Final version, 400 keV, FEG

1970-1980



1980-1990



Dale Newbury uses a secondary

ion mass spectrometry instrument

1984-08

Using a secondary ion mass 

spectrometry instrument, 

metallurgist Dale Newbury is able 

to map the distribution of elements 

both on and below a sample's surface.



HVEM still lives! 

Hitachi 3 MeV TEM, Osaka, 1981 

1980-1990



1980-1990
Attempts at aberration correction for STEM
Albert Crewe and colleagues

Sextupole type Octupole-quadrupole type



1980-1990
Continued development of the atom probe

Slides courtesy of Tom Kelly, M&M 2016



1980-1990

Slide courtesy of Tom Kelly, M&M 2016

Continued development of the atom probe



1983: Point-spread-function deconvolution

Agard and Sedat, others

1980-1990
New developments in light microscopy



1980-1990
XII ICEM in Seattle (the last in the US)

Organizers: Can you recognize them all?



Development of TEM microanalysis

• Uses cryo-sections of 

tissue, frozen in 

homemade device. 

• Sections are freeze-

dried in the TEM

1980-1990

Andrew Somlyo



Development of TEM microanalysis

Richard Leapman, Brian Andrews 

1980-1990



Leapman, RD, et al. 

(2004) Ultramicroscopy 

100, 115-125

Single-atom detection, EFTEM tomography

Spectrum 

showing 

regions used for 

background 

subtraction

Modern biological microanalysis

1980-1990



Development of image-processing and 3-D reconstruction

Averaging many examples in low-dose micrographs

Nigel Unwin Richard Henderson

1980-1990



Development of image-processing and reconstruction

1980-1990

Sub-nm 3-D resolution of unstained biological molecules 



Development of image-

processing and 

reconstruction

Contributions of Frank group at 

Albany, incl. Radermacher and 

Penczek

1980-1990

First reconstruction of 

asymmetric, non-crystalline 

samples



Development of image-processing and reconstruction

First reconstruction of asymmetric, non-crystalline samples

Michael Radermacher Pawel Penczek

Joachim Frank today

Joachim Frank, 1980

1980s computer lab

1980-1990



Development of image-processing and reconstruction

Penczek, P., Radermacher, M., & Frank, J. (1992). Three-

dimensional reconstruction of single particles embedded 

in ice. Ultramicroscopy, 40(1), 33-53. 

Data collection and reconstruction follow the protocol of 

the random-conical technique of Radermacher et al. [J. 

Microscopy 146 (1987). A reference-free alignment 

algorithm has been developed to overcome the 

propensity of reference-based algorithms to reinforce the 

reference motif in very noisy situations. In addition, an 

iterative 3D reconstruction method based on a chi-square 

minimization constraint has been developed and tested. 

This algorithm tends to reduce the effects of the missing 

angular range on the reconstruction, thereby facilitating 

the merging of random-conical data sets obtained from 

differently oriented particles.

Contributions of Frank group at Albany, 

incl. Radermacher and Penczek

1980-1990



1990-2000



Raymond Castaing and his wife with Jean Philibert 

(at the 1999 meeting in Portland) Courtesy of Peter Duncomb 

1990-2000
1999 MAS meeting in Portland



1990-2000
50th Anniversary of MSA

Charter members living in 1992 

Distinguished 

Scientist 

awards, 1992:  

Fritiof 

Sjöstrand (l) 

and James 

Hillier (r) 

Publication of Sterling Newberry’s book:

EMSA and its People: the First 50 years



Development of automated electron tomography
Basic low-dose principles for automation, 1991

1990-2000



Principles of TEM automation

Bram Koster

Basic low-dose principles for automation, 1992

Auto-focus Correction of image shift

1990-2000



Development of automated electron tomography

David Mastronarde

Agard lab – Koster et al.

Serial EM

1990-2000



Green Fluorescent Protein:  

Chalfie et al., 1994

1990-2000 Nobel Prize #4
Development GFP for light microscopy



Development of image-processing and reconstruction

Slide from Joachim Frank’s Wiley Prize lecture

1990-2000



1990-2000
Continued development of the atom probe

Slide courtesy of Tom Kelly, M&M 2016



Modern liquid-helium cryo-TEM Yoshinori Fujiyoshi

Six generations of 300 

keV FEG Helium TEMs

Liquid He 

generating 

plant (in lab 

basement)

1990-2000



1990-2000
Continued development of the atom probe

Slides courtesy of Tom Kelly, M&M 2016



1990-2000
Continued development of the atom probe

Slide courtesy of Tom Kelly, M&M 2016



1990-2000
Continued development of the atom probe

Slide courtesy of Tom Kelly, M&M 2016



1990-2000
Realization of aberration correction

Ondrej Krivanek: Early design of STEM corrector at Cambridge – 1995-7



1990-2000
First corrected HREM - 1997
Cs correction improved resolution of an existing HRTEM

CEOS: Haider et al. 1998 J. Elect. Microc. 47:395-405



1990-2000
First corrected HREM - 1997
Cs correction improved resolution of an existing STEM

O.L. Krivanek et al.
In: J.M. Rodenburg (Ed.), IoP Conference Series, vol. 153, 1997, p. 35.



2000-2010
TEAM project started - 2004
0.5 Å resolution, Cs correction – funded by DoE

Operational microscope 2008

Kisielowski et al. (2008) Microsc. Microanal. 14: 469-477.

Berkeley TEAM I Berkeley TEAM II



2000-2010
TEAM project started - 2004
0.5 Å resolution, CEOS Cc and Cs correction – funded by DoE

Operational microscope 2008

Kabius et al., 2009 J. Microsc 58(3): 147–155 Cc-Cs corrector for Argonne TEAM TEM



1990-2000
CEOS – culmination of the Scherzer academic line

O. Scherzer H. Rose M. Haider



1990-2000
NION – First US HREM production in 40+ years!

The Nion Company was 

established in 1997 by 

Ondrej Krivanek and 

Niklas Dellby in the 

state of Washington, 

USA

Aberration-corrected 

analytical HRSTEM



2000-2010



2000-2010
Realizationn of ultrafast HRTEM – 2005-6

Park et al. (2009) Ultramicroscopy 110: 7-19

Zewail (2006) Ann. Rev. Phys. Chem. 57: 65-103

King et al. (2005) J. Appl. Phys. 97: 111101



2000-2010
SSD detector for x-ray microanalysis -- 2004



Purified fluorescent proteins: Patterson, Shaner, Kaede, etc.

2000-2010
Advances in immuno-fluorescence light microscopy 



Super-resolution (STEM, PALM, STORM, etc.): Hell, Betzig, Moerner, et al.

2000-2010 Nobel Prize #5
Advances in fluorescence light microscopy 



1 MeV TEM with in-column 

omega filter, 2015 

2000-2010
HVEM is still alive! 



TEM tomography 

of FIB-milled E. 

coli cellsTransverse and cross-sections (1.8 nm thick) of a cut-in-half cell

Projection image

Cryo-ultramicrotome 

oblique section for 

comparison

Projection
Tomographic 

slice

Marko et al. (2007) Nature Meth. 4:215-217

FIB as alternative to 

vitreous cryo-sectioning 

2000-2010
Developments in cryo-EM 



Preparing FIB-milled “H-bar” 

specimens 

Edge view 

of first step

First step

Second 

step

Third 

step

Edge view 

of third step

Final TEM 

lamella

*

*

*

Hsieh et al. (2014) J. Struct. Biol. 185:32-41

2000-2010
Developments in cryo-EM 



Object is to extract and 

average in-situ RyR to 

study interactions with 

proteins removed by 

extraction from the cell

“Triad junctions” of sarcoplasmic 

reticulum and T-tubules, with 

ryanodine receptors (RyR)

Side view

Top view
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Developments in cryo-EM 

Hsieh et al. (2014) J. Struct. Biol. 185:32-41

FIB milling 

of Muscle 

tissue



Liver tissue: 400 kV, imaged with Zernike phase plate (cut-on 14 nm), section 200 nm thick

No PP, in focus

PP, in focus No PP, -15 µm 

M. Marko et al., J. Struct. Biol 174, 400 (2011)

Vitreous cryo-sections imaged with phase plate 
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2010- Present



Dale Newbury and John Small at a meeting in 2014, as well as 

Gordon Cleaver in front of the old ARL microprobe built in 1968

2010- present
MAS 2014 meeting 



Kraus Keil: in 2012 with the original EDS spectrometer that was developed by 

R. Fitzgerald, K. Keil and K.F.J Heinrich: Application of solid-state energy-

dispersion spectrometer in electron microprobe x-ray analysis. Science 159, 

528-530, 1968. As you know, this seminal paper started a revolution in the field 

of microanalysis. A second paper celebrating 40 years of EDS analysis was 

published in 2008 (K. Keil, R. Fitzgerald and K.F.G. Heinrich: Celebrating 40 

years of energy dispersive X-ray spectrometry in electron probemicroanalysis. 

Microscopy & Microanalysis 14, Suppl. 2, CD 1152, 2008).

2010- present
Solid-state EDS detector 



2010- present
MAS 2016 EPMA topical conference 



EMAS 2017 EPMA meeting in Konstanz 

2010- present
E



2010- present
meV EELS

Krivanek et al., 

2014 EMAG 2013 

(IOP) 522:012023  



2010- present
Advances in aberration-corrected TEM 

Low-voltage, corrected, energy-filtered TEM: “SALVE” project – H. Rose et al.



2010- present
New implementation of “operando” ETEM 

Nielsen, M., & De Yoreo, J. (2016). In F. Ross (Ed.), 

Liquid Cell Electron Microscopy (Advances in 

Microscopy and Microanalysis, pp. 291-315). 

Cambridge: Cambridge University Press. 

After 40 years, environmental, in-situ, experiments are being done again!



2010- present
Commercially available aberration-corrected HTEMs

Hitachi HS-3300VFEI Titan JEOL ARM



2010- present
Practical implementation of TEM phase-plate imaging

Hans Boersch

Original theory
Kuniaki Nagayama

Modern revival

Radostin Danev

Practical 

implementation



2010- present
New implementation of TEM phase-plate imaging
Commercial availability of phase-plate equipped TEMs

JEOL “FEI”



Modern image of bacteriophage T4 

30 e-/Å2, 300 keV, zero-loss filtered, JEM-3200FSC/PP, TVIPS F-416 camera

Full

capsid

Empty

capsid
4-nm repeat

Condensed

DNA

Alignment fiducial

DNA 

strand

Advances in cryo-TEM 

2010-Present
Phase-plate imaging for cryo-EM



2010- present
New implementation of TEM phase-plate imaging
Applications in high-resolution

Cryo-TEM

Danev and Baumeister, eLife 2016;5:e13046. DOI: 

10.7554/eLife.13046



2010- present
“Cryo-EM Revolution” – direct-electron detectors

Mc Mullan et al. (2008) Nucl. Instr. and Meth. A. 

Gatan K2

“FEI” Falcon series

Direct Electron DE series



2010- present
“Cryo-EM Revolution” correction of beam-induced motion

“Movie mode” capability 

of direct electron 

detectors allow correction 

of beam-induced motion.

Near-atomic 

resolution of near-

native-state 

macromolecules 

now feasible.  

Amino-acid side 

chains now can be 

located and 

identified.



2010-Present
MSA Council, 2011-2014 

2011
2012

2013 2014



2010-Present
MSA Council, 2015-2017 

2015

2016 2017
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