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Very early days...

Ionenoptische Abbildungen mit elektrischen Linsen.
Von Jergen Koch und Wilhelm Walcher in Berlin-Charlottenburg.
Mit 8 Abbildungen. (Eingegangen am 19. Juli 1935.)
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Jargen Koch and Wilhelm Walcher, Zeitschrift fiir Physik, 97 (1935) 131-137
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Lithium lon Source
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Hans Boersch
(1909 — 1986)

\ 60 kV Siemens Ubermikroskop

MqgO crystals imaged with Li*

loneniibermikroskopie, H. Boersch, Experientia, 4 (1948) 1-5



CTIM in France

Lithium Microscope based on a two-lens CSF microscope (Pierre
Grivet) was built by Maurice Gauzit at the Laboratoire de
Radioélectricite, Sorbonne/ENS
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Small sphere of glassy
. p-eucryptite (Li,O)

(1

=ary -

Observed “milling” of fine
structures and ion beam-
=1 » induced deposition of carbon

vacuum (10° torr)

nm/min) due to the poor

Problems

Low brightness ion source, so large apertures
Electrostatic lens have intrinsically poorer lens
properties compared to magnetic lenses

Short IMF of ions therefore chromatic aberration

M Gauzit, Proc. Ann. Phys. Paris, 9 (1954) 683-700



After working on field emission in Berlin for
Siemens he invented the Field lon
Microscope (FIM) also in Berlin before
moving to the Pennsylvania State
University, USA in 1951.

October 11, 1955

Erwin Miuller, and his graduate
student Kanwar Bahadur, used
their FIM to resolve clearly the
individual atoms in a piece of
crystalline wire. For mankind this
was a landmark achievement,
the first convincing direct
visual evidence that the
atomic notion of Democritus
was indeed true.
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1977:

Born June 13 in Berlin, Germany.

Dr.-Ing from Gustav Ludwig Hertz.
Invented the Field Emission Microscope.
Discovered Field Desorption.
Habilitation, Technical University Berlin
Invented the Field lon Microscope.
Joined the Penn State faculty.

First observation of individual atoms.
Invented the Atom-Probe.

National Academy of Science.

National Academy of Engineering.
National Medal of Science™.

Died, May 17 of a heart attack.

Recollections of Erwin Miiller's laboratory: the development of FIM (1951-1956),
Allan J. Melmed, Applied Surface Science, 94/95 (1996) 17-25



But which atoms?

14th

Erwin W, Miller and John Panitz

FIELD EMISSION SYMPOSIUM

Physics Department, The Pennsylvania State University
University Park, Pa,
June 26-30, 1967
A serious limitation of the field ion microscope has
been its inability to identify individually imaged atoms. A

National Bureau of Standards newly conceived Atom-Probe FIM, consisting of a combination
Gaithersburg, Maryland

probe hole FIM and mass spectrometer having single particle
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The Archetypal Atom-Probe, J. A. Panitz, Mater. Charact. 44 (2000) 3-10
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Scanning Transmission lon
Microscope (STIM)

Scanning Transmission Ion Microscope with a Field Ion Source

(ion optics/field ionization/microradiography)

W. H. ESCOVITZ, T. R. FOX, AND R. LEVI-SETTI

The Enrico Fermi Institute and Department of Physics, The University of Chicago, Chicago, Illinois 60637

Communicated by Albert V. Crewe, February 24, 1976
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W.H. Escovitz et al, Proc. Nat. Acad. Sci. USA, 72 (1975) 1826-1828




Space Propulsion

John F Mahoney and Julius Perel developed a Cs EHD source at
Electro-Optical Systems (Xerox subsidiary), Pasadena, California
USA during the 1960’s. The work was partly funded by the Air
Force Aero Propulsion Laboratory
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¥ Electrohydrodynamic lon Source, J.F. Mahoney et al, J. Appl. Phys. 40 (1969)
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My tailor is rich.... R

i1 B Taylor was the grandson of George Boole, the inventor of
Boolean logic.

He was sent to the United States as part of the British delegation to
the Manhattan project between 1944 and 1945. In 1944 he also
received his knighthood.

His overriding interest in the movement of air and water, and by
extension his studies of the movement of unicellular marine
creatures and the weather, were related to his lifelong love of
sailing.

Sir Geoffrey TAYLOR
(1886 — 1975)

Photograph by J. E. Mack of the first atomic explosion in New

Mexico
The Formation of a Blast Wave by a Very Intense Explosion. Il. The Atomic Explosion of 1945,
— G. Taylor, Proc. R. Soc. Lond. A 201, (1950) 175-186



Taylor’s mathematical cone

“The disintegration of drops in strong electric fields is believed to play an important part in
the formation of thunderstorms”

“It is shown theoretically that a conical interface between two
fluids can exist in equilibrium in an electric field, but only when
the cone has a semi-vertical angle 49.3°”

Oil/water interface

In conclusion I express my thanks to]Professor C. W. Oatley|for lending appa-
ratus and to Mr A. D. MacEwan for help in the design of the apparatus and in
carrying out the experiments.

Disintegration of water drops in an electric field, G. Taylor, Proc. R. Soc. Lond. A 280
— (1964) 383—-397
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lon Microprobe (SIMS) R

Victor E. Krohn and G.R. Ringo working at the Argonne National Laboratory, Argonne,
lllinois, USA developed a Ga EHD source for use in their ion microprobe (SIMS), however
they mentioned micro-machining, micro-implantation as additional applications

...the EHD source would appear to offer considerable advantages over the
Duoplasmatron when spot sizes less than 1 um are needed. Below 0.2 um the
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/7 BRASS 0 [ 2 advantage would appear to be well over a factor of 100 in current...
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In the conclusion they wrote:

...More radical changes should also be considered. For example, the very sharp tungsten needles used
by Clampitt and Jefferies [Second Workshop on_ Electric Propulsion and _its Space Application,
Toulouse, France, 1972] with the liquid metal, applied externally, migrating to the tip in the form of a

film...

\

lon source of high brightness using liquid metal, Krohn and Ringo, Appl. Phys. Lett.
— 27 (1975) 479



UKAEA, Culham

e g )Mcamb,ﬂldge | Roy (_Zlampitt in the UK, introduced the idea -
ok S 1; : p of using a tungsten needle wetted by the
e T m,Z; liguid metal to anchor the field emission,
T vady) ml nf e rather than trying to form a Taylor cone in the
03‘%073{ B m ; fl Golden T riangle liquid metal itself.
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Miniature lon Source for analytical instruments, R. Clampitt and D.K. Jefferies, Nuc. Inst. Meth. 149 (1978)

739-742
NN N o

haracteristics of a Ga liquid metal field emission ion source, P.D. Prewett and D.K. Jefferies, J.

& Phys. D: Appl. Phys. 13 (1980) 1747-1755




Malibu, California
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Maskless doping of semiconductors
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Focused ion beams in microfabrication, Robert L. Seliger and W. P. Fleming,

J. Appl. Phys. 45 (1974) 1416



LABORATORIES * Ga LMIS (Culham design)
e ——_ k A *© Single-gap accelerating lens
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A high intensity scanning ion probe with sub-micrometer spot size, R. L. Seliger, J. W. Ward, V.
Wang, and R. L. Kubena, Appl. Phys. Lett. 34 (1979) 310



Tipping point...
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Focused ion beam technology: a bibliography, R.A.D Mackenzie and
G.D.W Smith, Nanotechnology, 1 (1990) 163-201



Semiconductor industry

* 1984, IBM started work on mask repair H I I AC H I

1985, Motarola worked on maskless implantation ]-n spire th e N e‘)({

* 1985, Hitachi pioneered integrated circuit cross-sectioning
*1990’s Crow et al at Intel pursued the use of FIB in device modification and TEM sample preparation

m MOTOROLA

<|||

In 1986, the number of FIB fabrication
systems totalled about 35 (25 of them in
® " )] Japan); in 1998, manufacturers of FIB
MODEL SERNO systems estimated the number of such
MADE IN THE o= 2 =8 systems to between 520 to 870.

1985
FIB for commercial use in mask repair Manufacturers producing FIB
and IC production failure analysis instruments at the end of the 1990’s:
FAI, FEI/Philips, Hitachi, JEOL,
Metron/Seiko, Micrion, NANO-FAB, and
NN Schlumberger.

AMicrion Corp.

PEABODY, MA 01960




Oregon Graduate Center

1963 - 2001 Tektronix- (8|
Private, postgraduate-only / s/
research university in $2M grant from
Beaverton-Hillsboro, Oregon, the Tektronix
U.S.A Foundation

Lynwood W. Swanson, a professor of Applied
Physics and Electrical Engineering at OGC, co-
founded the Field Electron and lon Company in
1971, as an extension of his research in focused
ion beams (FIB) and liquid metal ion sources
(LMIS). His PhD student Jon Orloff joined the
board of FEl in 1978.

s FEI'




ORSAY
PHYSICS

1989 : Company founded by Pierre Sudraud, from

La Ferme du Moulon Orsay-Paris University

Chemin du Moulon

91190 Gif / Yvette, France ; Sl

Tel: (1) 60 19 09 13 ‘ ‘,« ‘ ‘

High Technology Consulting,
R&D, Diffusion of Scientific Instruments for
Microscopy, Microanalysis and Microfabrication

UHV

Compatible

Pierre Sudraud

EP] ORSAY PHYSICS 4th April 1944 — 1st March 2015 |

TESCAN ORSAY HOLDING

A 1990: World’s first FIB/SEM developed for IBM
N\ P

& 1997: Relocated to Fuveau, Bouches-du-Rhéne




Castaing’s legacy
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Raymond Castaing
(1921 — 1998)

Correcteur dastigmatisme
\\
Fente de sélection —  _ gt
Lentilfe de projection . __f—
Ecran fluorescent

Image
électronique

C.

Cameca replica of Castaing’s ion

microscope (1965) G dtinage | =1 LTE= rags i
1962 Slodzian & Castaing
SIMS

R Castaing and G Slodzian, Microanalyse par émission ionique sécondaire, J. Microscopie, 1 (1962) 395-410

we go?” Sarfati asked. In February 1995, contacts were made with Peter
Sudraud, who had just left the University of Orsay and founded Orsay-

Physics. But eventually, relations between Sarfati and Orsay-Physics '« CAMECA

became strained after a contract on a liquid cesium source for SIMS did
not vield the expected results.

“A History of Cameca (1954-2009)”, Emmanuel de Chambost, Adv. Imag. and Elec. Phys.,167
(2011) 1-119




First steps...
Pierre Sudraud These d’Etat, Université Paris-Sud, Orsay, 1979.

MET 3 MeV, Toulouse

...Lutilisation des propriétés de
supetfluidité d’un film d’hélium mouillant
une pointe meétallique pour apporter une
solution a ce probleme nous a été suggérée
par R. CASTAING au début de cette

étude...

SCHLUMBERGE

iGe+ =40 A 500 nm

In situ HV-TEM observation of an EHD ion source, G Benassayag, P Sudraud, B Jouffrey,

Ultramicr. 16 (1985) 1-8



MATIERE

iNSTITUT LUMIERE

lon Gun & | 1,
defining
condenser lens

p—

5

Multihole
Aperturé —|

Final

IGP

~+Blanker

I

+Aligner
-+ Stigmator

]

—+Scanning

1

focusing*
lens

« L'histoire, c'est la rencontre d'une
volonté et d'un événement. »

Charles de Gaulle

“l believe that the more you know
about the past, the better you are
prepared for the future.”

Theodore Roosevelt




Electrosprays

TO VOLTMETER
W AND STATIC MACHINE
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The Electrical Discharge from Liquid Points, and a Hydrostatic

Method of Measuring the Electric Intensity at Their Surfaces,
J. Zeleny, Physical Review , 3 (1914)69-91  |nstability of Electrified Liquid Surfaces,

J. Zeleny, Physical Review, 10 (1917) 1-6




Proton Transmission Microscope

Proton transmission microscope proposed by Claude Magnan and Paul Chanson
at the Laboratoire de Physique Atomique et Moléculaire du College de France in
1945 and then constructed 3 instruments between 1950 and 1958. Resolution 5 nm

ZnO crystals after 3 hours of proton eprsure

LE PROTON DETRONERA-T-IL L'ELECTRON en
microscopie corpusculaire ?

Par C.-G. BOSSIERE
Publié le 01 décembre 1951

HF discharge proton

source with 90% | iddl=iE
WELELLE XX IV © Low brightness ion source, so large apertures

» Electrostatic lens have intrinsically poorer lens
properties compared to magnetic lenses
» Short IMF of ions therefore chromatic aberration

C. Magnan and P. Chanson, Proc. 3" Int. Conf. Elec. Microscopy, London, 1954 294-299



54,3, 2,1... Lift-out

Infroduction to
Focused lon Beams

Instrumentation, Theory,
Techniques and Practice

Edited by
Lucille A. Giannuzzi
Fred A. Stevie

@ Springer

\\\ A review of focused ion beam milling techniques for TEM specimen preparation, L.A. Giannuzzia

& & F.A. Stevie, Micron 30 (1999) 197—204
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