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The complete crystallographic distribution of field-evaporated W3+ and W** as well as field-desorbed
hydrogen has been observed by using a new technique called field desorption spectrometry. The
distributions are obtained during a single evaporation event in a modified field-ion microscope by recording
the desorption image displayed on a spherical CEMA detector time gated with the arrival of an ion species
of preselected mass-to-charge ratio. Preliminary observations show no unique crystallographic origin for
W3+ or W4+ at 78 or 27 K during field evaporation in vacuum or imaging gas. Hydrogen appears to
originate at random insterstitial locations at the surface and is not uniquely associated with the protruding
atoms imaged in a conventional ion micrograph. The general lack of a one-to-one correspondence between
gated desorption and ion micrograph images suggests that using the atom probe to identify individual
preselected ion micrograph image spots may be much more difficult than originally anticipated.

INTRODUCTION

The field-ion microscope! provides a simple but elegant
means for observing a metal surface in atomic resolution.
With the introduction of the atom probe? in 1967, the
identity of individual surface species could be deter-
mined, providing a surface analytical device with
single-atom resolution. Recently, a variation of the
atom probe? has extended its capability to include
single-atom identification at several different crystal-
lographic locations during a single evaporation event
in addition to permitting all imaged surface species to
be identified at one time. In this paper we present a
logical extension of this latter technique, yet one which
departs completely from atom probe philosophy. Rather
than attempt to determine the identity of a surface
species producing a preselected ion-image spot, we wish
to determine the complete crystallographic distribution
of a surface species of preselected mass-to-charge ratio.
The significant advantage of this approach is that one
obtains the complete surface distribution of a given
species during a single evaporation event and thereby
avoids the surface altering and tedious procedure
inherent in any statistically significant crystallographic
distribution determination using the atom probe. We
call this new technique field desorption spectrometry
(FDS) and use it here to provide the first comprehen-
sive crystallographic distribution data for the species
present on the surface of clean tungsten.

THEORY

Surface species, field evaporated from the specimen as
positive ions by a high-voltage pulse, enter the drift
region of a time-of-flight spectrometer with energy

Imt=qV,i=neVy,, (1)

where  is the mass of any single ion, v is its velocity, ¢
is its charge, e is the electronic charge, and V4 is a
positive bias applied to the specimen.

After traveling a time T in the drift region of length d,
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given by
T=d/v, (2)

the ions strike a curved Chevron CEMA detector,*
providing a visible desorption image on its phosphor
screen that can be photographically recorded. The
travel time of a given ion species is obtained by com-
bining Egs. (1) and (2) to give

T=d[(m/n)(0.193V )] (3)

where T is in usec, d is in meters, m/# is in amu, and V4
is in kV. Now suppose that instead of operating the
CEMA continuously, it is turned on for a short time
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Fi1G. 1. Field desorption spectrometer. Desorbed surface species

are detected by a time-gated curved Chevron CEMA detector so
that only ions having a preselected mass-to-charge ratio will be
displayed on its phosphor screen. This permits the complete
crystallographic dependence of the given species to be recorded
during a single evaporation event by placing photographic film
(Polaroid Type 57) in contact with the CEMA’s fiber-optic face
plate. The delay cable from the evaporation pulser compensates
for the inherent delay in the variable and mass gate pulsers.
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center of curvature of the CEMA to ensure identical travel
times for all ion species.

5The absolute abundance of the detected species on the surface
prior to field evaporation can be determined from these data
only if the entire surface layer of atoms has been removed
and if the active area of the CEMA is sufficiently large to
assure detection of essentially all ions striking it.

“The width of the gate pulse essentlally determines the mass
resolution, since 1t prov1des a “time window" during which
the CEMA has gain. At its maximum amplitude of 800 V
the gate pulse is 10 nsec wide, and its width increases to 30
nsec at 200 V. At this point the total potential (dc bias
~+pulse amplitude) is 1000 V, and the resulting CEMA gain
is insufficient to detect desorbed species.

A desorption microscope using a single channel plate and external

image intensifier was described by R. J. Walko and E. W.
Miiller, Phys. Status Solidi A 9, K9 (1972). Mass analysis of
the detected species was not p0551ble

8An alternate explanation is that a surface spec1es, 1mmed1ately
prior to removal from the surface as a positive ion, exists in
a metastable state whose surface location does not coincide
with the species’ original surface position. Subsequent removal
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from this new surface position would lead to a detected image
lacking correspondence with a conventional ion image.
However, this mechanism does not appear to be too probable
in view of the 110 region symmetry unless its importance is
dependent on specific crystallographic location.

SAnother possibility is that such images represent conventionally
imaged surface atoms whose trajections during field
evaporation are significantly but randomly altered from those
of neighboring species. Since the probability of appearance of
the “misplaced’ atoms seems to increase directly with the
severity of the evaporation event, it is usually desirable to
minimize the evaporation rate consistent with the ability to
remove species of interest.
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