INTRODUCTION

APPLICATIONS and INSTRUMENT DEVELOPMENT

J. J. Thomson is credited with the first observation of secondary ions in mass spectrometry.

In his 1910

The Development of
Secondary Ion Mass
Spectrometry (SIMS)

paper on “Rays of Positive Electricity” he notes among other things,

P. Jane Gale,

“I had occasion in the course of the work to investigate the secondary
Canalstrahlen produced when primary Canalstrahlen [positive rays] strike
against a metal plate. I found that the secondary rays which were emitted in
all directions were for the most part uncharged, but a small fraction carried
a positive charge.”
The field lay fallow for the next 20 years, picked up again in the 1930s by R. P. Sawyer in A. J. Dempster’s
laboratory at the University of Chicago. The “reflected” ions Sawyer reported were reinterpreted as secondary
negative ions by K. S. Woodcock and J.S. Thompson. Work on the production of negative secondary ions during
this period includes that of F. L. Arnot and J.C. Milligan, R. H. Sloane and R. Press.
Following a hiatus in efforts during WWII, work in the field took off again in the late 1940s and early 1950s.
In a 1948 publication, R. F. K. Herzog and F. P. Viehböck described a 20 kV ion source with which they could
bombard a target of metal or salt to produce positively-charged secondary ions, which they extracted with an
electric field. In 1950, R. E. Honig at RCA Laboratories conceived the first sputtering instrument for analyzing
semiconductor materials, the spectrometer tube for which is on display in this exhibit.

FIRST COMMERCIAL INSTRUMENTS

A, sampled area; B, image of A; P, primary source; SO, secondary optics; SF, secondary filter; D, detector; SP, spectrum;
PF, primary filter; PO, primary optics; R, raster scanning.

A major advantage of using ion beams to initiate
desorption is that the charged particles can be
focused to a small spot, allowing mass spectra to
be acquired from a well-defined x,y coordinate
on the sample. In the early 1960s, two
techniques emerged: (a) direct microscopy
with a stigmatic ion optical system developed
by R. Castaing and G. Slodzian, later
commercialized with added microprobe
capability by CAMECA and (b) an ion source
redeveloped to include a small spot-size primary
beam that could be rastered over a well-defined
target area introduced by H. Liebl and Herzog
and commercialized at ARL by Liebl as the ion
microprobe mass analyzer or IMMA.

A key parameter of sputtering in secondary ion mass spectrometry (SIMS) is the flux of the primary beam. In dynamic SIMS, a high current
density of energetic primary ions erodes the surface, enabling depth profiling and trace element analysis. Limiting the dose to ~1% of the
surface area, as done in static SIMS, allows elemental and molecular species to be desorbed intact from undisturbed portions of the surface.
Rastering the ion beam over a defined area and collecting mass spectra on the fly permits imaging SIMS: reconstruction of a spatiallyresolved visualization of mass-analyzed data from the entire mass
spectrum acquired at every pixel. Significant breakthroughs in
the SIMS technique, often application-driven, are highlighted
Dynamic Simulations and Sputtering Models
in the table below.
G. K. Wehner’s experimental
observations of anisotropic
Breakthroughs in SIMS
atomic sputtering of metals and
the effect of crystal structure on
Quadrupole mass analyzers: increased transmission and decreased cost
sputtering (so-called Wehner
Time-of-flight (TOF) analyzers: simultaneous collection of ions of all
spots) laid the groundwork for
masses, increasing mass range and sensitivity
advances in sputtering theory.
Raster-gating, energy filtering, and dynamic emittance matching:
P. Sigmund researched physical
Cooperative uplifting mechanism for ejection of a
improved mass and spatial resolution and sensitivity
polystyrene tetramer from a Ag surface. The Ag
sputtering theory and C. A.
atoms are represented by silver spheres and the
Andersen developed an LTE
Liquid metal ion guns (LMIG): greater flux with improved spatial
C and H atoms by large and small gold spheres.
resolution
(Image courtesy of BJ Garrison, Penn State
model for secondary ion
University)
emission. Models for
Cluster ion beams: shallow sampling with possibility of 3-D imaging
preferential sputtering were developed by R. Kelly and others. The
Surface flooding with cesium and oxygen: enhanced secondary ion yields
advent of powerful computing platforms made possible computer
Post-ionization of sputtered neutrals: increased detection sensitivity and
simulation of sputtering, advances in the theory of the sputtering
selectivity
process, and molecular dynamics simulations (D. E. Harrison and
B. J. Garrison), providing the means by which theoretical predictions
could be compared with experimental data for aspects such as damage
and range and to guide the development and optimization of emerging
instrumentation and analysis methods.

Left to right:
RE Honig, A Benninghoven,
RFK Herzog, H Liebl, and
CA Evans, Jr, photo taken in
1985 at the SIMS V Conference in
Washington, DC (Photograph
courtesy of RJ Colton, Naval
Research Laboratory)
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Herzog & Viehböck
Sputtering of salts

Veksler
Sputtering of
metals

Honig
Sputtering of
semiconductors

Castaing & Slodzian
Ion Microscope

Liebl & Herzog
Ion source for
sputtering

Liebl
Ion Microprobe
Mass Analyzer
(ARL IMMA)

Slodzian
Sec. Ion Microscope
(CAMECA SMI 300)

Andersen
Reactive gas
primary beams
Benninghoven
UHV-SIMS, Static SIMS
for inorganics

Wittmaack
Quadrupole SIMS
(> transmission)

Krohn & Ringo
Liquid metal ion
source

Benninghoven
Organic SIMS
(Static SIMS for
organics)

Magee
Quadrupole SIMS
(quantitation)

Benninghoven
High performance
TOF-SIMS

Barber &
Vickerman
Liquid SIMS (FAB)
Standing & Chait
TOF-SIMS

Winograd
Laser
post-ionization
of neutrals

Standing & Chait
Ion mirror
(electrostatic
reflector)
Rüdenauer
LIMG with 0.04 μ
spot size

Benninghoven
Reflectron TOF

Briggs & Hearn
LMIG-TOF for submicron imaging

Schueler
Stigmatic
imaging (1-5 μ)
TOF-SIMS

Winograd &
Vickerman
Cluster beams –
3-D imaging
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