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The Atom-Probe was Erwin Wilhelm Müller's last major achievement

1911:  Born June 13 in Berlin, Germany.

1936:  Degree with Nobel Laureate Gustav Ludwig Hertz.

1937:  Invented the Field Emission Microscope.

1941:  Discovered Field Desorption.

1951:  Invented the Field Ion Microscope.

1952:  Joined the Penn State faculty.

1956:  First observation of individual atoms.

1966:  Invented the Atom-Probe Field Ion Microscope.

1975:  Elected to the National Academy of Science*.

1975:  Elected to the National Academy of Engineering.

1975:  Nominated for the National Medal of Science.

1977:  Died, May 17 of a heart attack.

1977:  Awarded the National Medal of Science posthumously 
           (in November 22 by President Carter at the White House).
*Under consideration for a Nobel Prize in Physics for the Atom-Probe 
Field Ion Microscope (with Ernst Ruska for the electron Microscope).



The progenitor of the Atom-Probe was the Field Emission Microscope



Optical Micrograph of a Tip

Electron Micrograph of a Tip

200 nm

The apex of the tip is approximately spherical



Radial projection from the apex of the tip creates a highly magnified image



A commercial Field Emission Microscope is available



My Atom Probe legacy began in 1966 at Penn State in the Field Emission Laboratory

1.	 John Panitz
2.	 Douglas Barofsky
3.	 Klaus Rendulic

4.	 Brooks McLane
5.	 Jay Politzer

6.	 Myron Hicks

7.	 Tien Tzou Tsong

8.	 Gerry Fowler
9.	 Sandy Mori 
		  (Secretary)

10.	 Osamu Nishikawa

11.	 Professor Müller
12.	 Albert Nishikawa
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Activity in the Field Emission Laboratory centered on the Field Ion Microscope

Gas phase helium atoms in a Field Ion Microscope 
are polarized and attracted to the tip apex where they 
thermally accomodate to the tip temperature in a 
series of hopping motions. When a polarized atom 
passes through an ioniztion zone located ≈ 4Å above 
each protruding atom on the tip surface an electron 
will tunnel back into the tip, producing ions that 
accelerate radially from the tip apex to a fluorecent 
screen form an image. When a critical field strength 
is reached, protruding atoms are removed from the 
surface as positive ions that accelerate from the apex 
to produce an atomically smooth surface. This is the 
ultimate cleaning procedure!



Atomic resolution imaging in the Field Ion Microscope was a routine procedure

•	A ball model of the tip apex
	 can reflect the appearance of a 
	 Field Ion Microscope image.
•	Changes in the tip apex could  
	 be observed by an optical color 
  comparison of two black and 
	 white images projected through 
	 red and green filters. An optical 
	 color comparison of a tungsten 
	 image before ion implantation 
	 (red) and after ion implantation 
	 (green) is shown at the left  
	 Yellow (red + green that overlap) 
	 indicate no change in the 
	 surface of the tip apex.
•	The chemical identity (m/z)
  of an atom in an image could 
  not be determined.

Ball model of a 110 oriented tip apex

Protruding atoms on the ball model

110



In the fall of 1966 Erwin suggested building an Atom Probe Field Ion Microscope

•	Erwin had returned from european travel and suggested the 
	 concept of an Atom Probe Field Ion Microscope.

•	Erwin called the device an "Atom Probe" in analogy with 
	 Robert Castaing's "Electron Probe".1

•	The chemical identity (m/z) of an individual image spot in a 
	 Field Ion Microscope image would be determined by mass 
	 spectrometry.

•	John Panitz had completed an M.S. thesis with Erwin Müller.

•	Douglas Barofsky was completing a Ph. D. thesis with Erwin
	 Müller that used a magnetic sector mass spectrometer and 
	 suggested using a Time-of-flight (TOF) mass spectrometer 
	 for the Atom-Probe.

•	A team was assembled: Erwin Müller (Provide Focus and 
	 direction) John Panitz (Create a single atom detector, a 
	 mass calibration technique and assist Gerry Fowler in 
	 constructing the instrument) Brooks McLane (Provide 
	 Electronic Support)
1.	R. Castaing. Electron Probe Microanalysis. Adv. Electronics
	 Electron Phys. 13 (Academic Press, NY 1960) 317.

Erwin Müller's Atom-Probe Concept



During 1966 Gerry Fowler and I assembled the first Atom-Probe Field Ion Microscope



Single atoms and “UFOs” were found using the detector I had constructed

UFO



Only the glass chamber survives and that's a story in itself!



And then there's the story of my glassblowing and Erwin's personality



In 1967 Erwin and I introduced the Atom-Probe Field Ion Microscope



In 1968 the first paper was published but what about Gerry Fowler?

It is quite clear that a basic advance in 
field ion microscopy would be achieved 
with the identification of the atomic 
species associated with individual image 
dots. This difficult task now appears 
possible with a combination field ion 
microscope and mass spectrometer 
having single particle detection 
capability. Such a device may be called 
an atom-probe FIM in analogy with 
the well known electron microprobe 
developed by Castaing.

In the atom-probe FIM we wish to 
determine the nature of one single atom 
seen on a metal surface and selected 
from neighboring atoms at the discretion 
of the observer.



In 1968 Gerry Fowler constructed the second Atom-Probe

Gerald Leroy Fowler (Gerry) was a technician in the Field 
Emission Laboratory at Penn State where he designed 
and constructed instruments and helped to train a cadre 
of Erwin Müller's students.
The Atom-Probe was wheeled out of sight if visitors were 
expected. Only two grooves in the floor remained!



Erwin, Brooks and I collected data with the second Atom-Probe each Friday



Essential Features

• 	An illuminated switch. 
• 	A toggle switch. 
•	Knobs and dials. 
•	Always Available 
•	No wiring!

Useful Features

•	Lightweight. 
•	Portable. 
•	Indestructible.

I created a widget for Erwin



Data collection and analysis was always a challenge

Record Ion Travel times on an Ocilloscope Take a Polaroid Print of the Oscilloscope Screen

Optically Magnify the Print

Calculate the Mass-to-Charge Ratio for Each Travel Time Use a Yard Stick to Find Travel Times from a Timing Trace

Müller or My Data?



Erwin believed each event was significant but I used Penn State's IBM 360 to provide statistics



In the end I saw myself differently



I graduated in 1969 and described an “Aiming Error”

“If an image spot is placed over the 
probe hole, and a few atoms of the net 
plane edge are evaporated, no metal 
ion is ever detected However, if the 
probe hole is placed approximately 
one image spot diameter from the 
selected image spot toward the center 
of the plane, a metal ion is recorded 
during essentially every pulse.”

As a result one could not "determine 
the nature of one single atom seen 
on a metal surface and selected from 
neighboring atoms at the discretion of 
the observer". 

PROBE HOLE

IMAGE SPOT

The rationale for the Aiming Error



In 1970 I joined Sandia Laboratory in Albuquerque and reinvented the Atom-Probe

Mass Analysis

 The Aiming Error with W3+ Time-Gating



In 1977 Erwin Wilhelm Müller died during a meeting of the National Academy of Science



Erwin once remarked "Here lies a great idea in a rotten brain"



Had Erwin envisioned the modern Atom-Probe?

In 1998 Thomas F. Kelly founded Imago 
Scientific Instruments. Using modern data 
aquisition technology with high voltage and 
picosecond laser pulsing, Imago created 
the Local Electrode Atom Probe (LEAP). 
It featured a position sensitive detector 
and a microextraction counter electrode 
and could acquire and display a mass 
resolved 3D tomographic image of metals, 
semiconductors and insulators in real time. 
The first instrument was shipped in 2003 
to Oak Ridge National Laboratory. In 2010 
Imago was acquired by Ametek, Inc and 
merged with its subsidiary Cameca SAS. A 
Cameca Atom-Probe Tomographic image 
and the instrument used to produce it is 
shown at the left.1

1. A. D. Giddings, et. al. Reverse
    Engineering at the Atomic Scale: 
    Competitive Analysis of a Gallium 
    Nitride-Based Commercial Light 
    Emitting Diode. Microscopy Today.
    22 (2014) 12.



For more about the Atom-Probe visit ImagingMuseum.com
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The Atom-Probe Field Ion Microscope was introduced in 1967. 
It was, and remains, the only instrument capable of determining 
the chemical identity of one single atom seen on a metal surface 
and selected from neighboring atoms at the discretion of the 
observer. The development of the Atom-Probe is a story of an 
instrument that one NSF reviewer called “impossible because 
single atoms could not be detected”. It is also a story of my life 
with Erwin Wilhelm Müller as his graduate student in the Field 
Emission Laboratory at the Pennsylvania State University in the 
late 1960s and his strong and volatile personality that arguably 
cost him the Nobel Prize in Physics, a personality perhaps 
fostered by his pedigree as Gustav Hertz’s student in the Berlin 
of the 1930s. It is the story that has defined my scientific career.

Abstract
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