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Summary — The secondary ion microscope described here allows to obtain the simultaneous registration of chemical and isotopic
distribution maps of several elements composing the sample. The instrument has been specially designed to optimize both sensitivity
and selectivity: bombardment with primary Cs* ions to increase the ionization yields of negative secondary ions, efficient collec-
tion of secondary ions at the target surface, matching of the secondary ion beam etendue with the acceptance of the mass spectrome-
ter working at high mass resolution, spectrometer with parallel detection capabilities. The probe diameter can be made as low as
30 nm and ion induced electron images registered at the same time as ion images. Presently, four ion micrographs are obtained simul-
taneously over a field of view up to 20 x 20 um? containing up to 512 x 512 pixels. Examples are shown with an ion probe diame-
ter of 0.1 um.

secondary ion mass spectrometry / high resolution ion microscopy / parallel detection of different ionic species / high mass resolution spectrometer

Introduction

Any mass spectrometric method used to analyze solid sam-
ples is a destructive technique, /e target atoms have to be
ejected and ionized to produce a characteristic signal. For
example, Ia is a typical ion related to an element A in the
sample, getting a signal made of a number N (Ia) of Ia
ions implying the destruction of a given microvolume.
Now, as in any type of microscopy, the aim is to bring
down the lateral resolving limit which here means to make
as small as possible the size of the microvolume which must
be sputtered to produce the information contained in each
pixel of the ion micrograph, recalling that secondary ion
emission has the potential of sampling the target down to
microvolumes in the range of 10~¢ um3 for each pixel.
Then, the basic problem is to build an instrument having
not only the capability to resolve small details but also a
sensitivity high enough to obtain an adequate signal out
of each sputtered microvolume. Let us briefly recall the
main factors influencing the size of this microvolume.

First, the sputtered microvolume contains a number K
of target atoms which comprise different atomic (or iso-
topic) species A, B, ... with atomic concentrations CA,
CB, ... In any practical case, one will have to compare
signals related to different elements. With a conventional
mass spectrometer, the ionic species are successively regis-
tered while the sputtering of the target is going on. As a
consequence, if the dwell time on each spectral line is the
same, the size of the minimum microvolume is multiplied
by a factor equal to the number of elements. Obviously,
the microvolume needed for an analysis would be mini-
mized if a parallel detection system would be used for the
different ionic species.

The useful yield  is the other important factor. By defi-
nition, ¢~ ! is the mean number of atoms A that must be
removed from the sample to detect one ion Ia. To obtain
a number N(la) of characteristic ions Ia, it is necessary
to sputter a microvolume (in um?®) in the order of

[N(1a)/ptCA] where p is the atomic density (in
atoms/um?3). As long as the size of the collision cascades
can be neglected, the magnitude of this volume sets a limit
to the spatial resolution.

The useful yield depends upon: i) the efficiency of the
ionisation processes; ii) the overall transmission of the in-
strument (ratio of the number of the ions being produced
to the number of ions reaching the detector); and iii) the
quantum efficiency of the detector. The design of the in-
strument must also take into account the existence of
various cluster ions possessing the same number of ato-
mic mass units. Thus, the spectrometer must have the capa-
bility of working at high mass resolving powers to bypass
the confusion in mass identification and nevertheless have
a high transmission.

The instrument described in this paper is a scanning ion
microscope, using a cesium ion probe, coupled with a
magnetic sector double focusing mass spectrometer pos-
sessing a straight focal plane. The instrument has been desi-
gned to achieve; i) high lateral resolving power; ii) high
mass resolution with high transmission ; iii) parallel detec-
tion for different ionic species [1, 2].

Basic considerations
Scanning microscope versus direct microscope

The first applications of secondary ion emission in bio-
logy have used direct imaging microscopy and most pre-
sent studies are still going on using this technique [3]. In
a direct imaging instrument, the primary beam illumina-
tes a broad area and the sputtered ions, stemming from
each point of the bombarded surface, are focused into an
image by an immersion objective lens. Each image point
is surrounded by an aberration disk which limits the late-
ral resolution in the ion micrograph. The size of the aber-
ration disk can be reduced by limiting the angular aperture
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of the pencil of ions trajectories converging in each image
point with a material stop placed on the crossover of the
objective lens. This operation results in a lowering of the
signal, that is a reduction of ¢, which may become redhi-
bitory when one aims at low lateral resolving limits. Howe-
ver, direct imaging is very convenient for surveying a
sample in the range of I um resolving limit because the
ion image is displayed on a fluorescent screen almost
instantaneously.

On the other hand, in a scanning microscope, the late-
ral resolving limit is obtained by focusing the primary beam
into a small spot of the sample surface and the size of this
spot sets the resolving limit. As a consequence, there is
no limitation of the collection efficiency of secondary ions
by lateral resolving limit requirements. Then, another type
of limitation appears due to the fact that secondary ions
are emitted with a broad energy spectrum and a large angu-
lar distribution. Indeed, those energy and angular initial
distributions determine the etendue of the secondary ion
beam which contains most of the emitted intensity origi-
nating in the probe area. Since this etendue does not fit,
in general, what the spectrometer will accept for a given
mass resolving power, new stopping down of the secon-
dary beam is necessary. Nevertheless, the useful yield is
expected to be much higher in the case of a scanning
microscope coupled to a mass spectrometer.

Acquisition time

In a scanning microscope, the ion microprobe is rastered
over the sample surface and the acquisition time ¢, for an
ion picture depends upon the dwell time ¢, in each pixel
and upon the number N X N of pixels in the picture. If
we neglect the time necessary to switch from one pixel to
the next, ¢, = £y N2. The number N(la) of secondary ions
per pixel is a function of the total sputtering yield Y, the
useful yield =, the intensity I, in the probe, the atomic
concentration CA and the dwell time ¢ per pixel:

N(la) = Y CA « I, 1,

Let us take a spectrometer permanently tuned on the
ionic species Ia and let us try ‘reasonable’ values for the
previous parameters so as to evaluate what can be expec-
ted. With = 1072, Y =4 (target atoms)/(primary ion) I,
=107 jong/s (1.6 pA), CA 1072 and 7, = 8 ms, the follo-
wing numbers are obtained n, = It =8 X 10* (primary
ions)/pixel, N, 3.2 x 10° (sputtered target atoms)/pixel,
N(la) = 32 ions/pixel that is 4 x 10° counts/s and ¢, =
8.75 mn for a picture with 256 X 256 pixels.

Let us now consider the situation where the previous ion
signal is ten times smaller either because the useful yield
7 or because the concentration CA is smaller. If a Poisson
distribution is assumed to be valid, a mean counting num-
ber of 3.2 would give a probability of about 96% to obtain
at least one count per pixel. Thus, in the absence of any
background, such an ion signal would still be adequate to
ascertain the presence of element A in a given area of the
sample.

With fixed values of r, CA and Y, the only way to
improve the counting statistics in the situation just des-
cribed would be to increase the number N, of primary
ions striking each pixel. This can always be done by
increasing ¢4 and consequently the acquisition time. In the
example taken here, to reach the previous counting statis-
tics of 32 ions/pixel would require to multiply #, by a fac-
tor of ten. In other words it would take about 1.5 h to

register the ion micrograph. It is a long time and can be
used only in exceptional cases. Of course, it would be much
simpler to increase the intensity /, carried by the probe
but, depending upon the diameter of the probe, this ope-
ration might go beyond the capabilities of the instrument.
The acquisition time is not the only parameter to be con-
sidered as the two previous situations are compared.
Indeed, if the ion signal is divided by ten, ten times more
atoms have to be sputtered in order to obtain the same
time integrated signal per pixel.

The evaluations made until now are valid whatever the
probe size (except for the point that it might not be possi-
ble to increase /; for small probe diameters). If this new
parameter is taken into account, it is easy to figure out
that, with a 1-um probe in the first of the two situations
being considered, obtaining 32 counts/pixel would require
the sputtering of 2% of a monolayer whereas with a 0.1-um
probe it would take about two monolayers. Thus, there
is a change from static to dynamic SIMS conditions.
Clearly for small probes and/or lower signals, several
monolayers will have to be consumed in most cases so that,
in general, we will have to deal with dynamic SIMS con-
ditions in high resolution ion microscopy.

Choice of the nature of primary ions and ion source

In static SIMS conditions, the ionization probability
depends upon the surface chemistry. The same is true in
dynamic SIMS conditions but now the chemical state of
the surface results from the dynamics of sputtering,
implantation of primary ions, bombardment induced dif-
fusions or induced surface reactions with the vacuum gas
phase. By bombarding the sample with reactive ions, it is
often possible to change the surface chemistry in a direc-
tion which favors the increase of the useful yield.

In this work, Cs* primary ions have been chosen to
enhance the useful yield of negative secondary ions [4, 5].
For example, = for oxygen O~ ions sputtered from a silica
sample is sixty times higher when the sample is bombard-
ed with cesium ions than with argon ions. It should also
be noted that about one-third of the periodic table is com-
posed of elements having an electron affinity high enough
for producing negative ions with good yields. In less favor-
able cases, elements may form clusters with high affini-
ties. For instance, AlO (3.6 eV) or CN (3.82 eV) have
affinities of the same order as that of chlorine (3.6 eV).

The yield of negative ions depends upon the concentra-
tion of cesium implanted in the upper atomic layers of the
target. When the bombardment is started on a fresh sur-
face, the yield varies as a function of time before a dyna-
mic equilibrium is reached in which the removal of
implanted cesium atoms by sputtering occurs at the same
rate as the rate of arrival of primary ions. As an example,
after the onset of the beam, the intensity of '2C~ ions
emitted from a fresh carbon surface exhibits a sharp
decrease first, goes through a minimum and then gradually
increases up to a stationary value two orders of magni-
tude higher than the minimum : what appears as a sharp
decrease is due to the removal of chemisorbed layers (part
of the secondary emission used in static SIMS), the mini-
mum corresponds to the emission of carbon target not yet
significantly loaded in cesium and the progressive increase,
up to the saturation level, expresses the increase of implan-
ted cesium concentration in the target upper layers. The
time scale of this evolution depends upon the primary den-
sity and the whole process takes the sputtering of about
a few tens of nanometers before reaching the steady state.
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It should also be noted that the amplitude of the increase
due to cesium implantation varies from one element to
another according to its electron affinity. Indeed, if an ele-
ment has a high affinity one may expect that its ion yield
will be high right from the beginning of the bombardment
so that the enhancement due to cesium implantation will
be modest (much less than 10 for CN~). On the contrary,
an element with low electron affinity will exhibit a strong
increase of its ionic yield because the starting level is low.
This is likely to explain some of the results published on
the comparison of gallium and cesium bombardments [6].
Besides, the atomic concentration of cesium in the upper
layers depends upon the sputtering yield of the target,
therefore, the yield of a given element may vary according
to the matrix.

Naturally, other primary ions can be used to produce
similar enhancement effects. It is well known that the
implantation of oxygen or halogen ions has a strong
influence on the production of positive secondary ions.
The choice of cesium ions will be completed with other
reactive primary ions in the future.

As has already been stated, the intensity carried by the
probe should be the highest possible to lower the acquisi-
tion times. For cesium primary ions, there was the choice
between liquid metal and thermal ionization sources. In
the present stage of instrument development, the latter has
been preferred even though the probes are produced with
lower currents. The source presently used is of a special
design which is described elsewhere [7]. It provides us with
a beam of 10 keV energy possessing a small crossover
(40 pum), a thermal energy spread (< 1 eV), a reasonable
brightness (150 A/cm?/Sr), good operation stability
(better than 0.5% over 10 mn) and no manipulation of
liquid cesium.

Choice of the mass spectrometer

Parallel detection can be achieved in several ways. A time
of flight (TOF) spectrometer would be, in many respects,
the ideal instrument [8]. Unfortunately, the duty cycle is
too small (10™%) so that it would take too long to obtain
ion micrographs with 256 X 256 pixels. The solution
actually experimented with is made of a combination of
electrostatic and magnetic sector fields. The layout is simi-
lar to a Mattauch-Herzog instrument since the mass spec-
trum is displayed along a focal plane. The problem is then
to have a parallel detection system possessing both high
sensitivity and enough spatial resolution along the focal
plane, ie a modern version of the photographic plate
without its well known inconveniences. A provisional solu-
tion has been designed consisting of discrete detectors plac-
ed at adjustable positions along the focal plane. This
solution allows us to choose detectors having a large dyna-
mical range since one deals with signals ranging from a
few 10® counts/s to less than one count/s. Other experi-
mental arrangements for special situations can be plan-
ned but no universal satisfactory solution has been found
as yet.

Description of the instrument
Co-axial probe forming and ion collecting optical system
The same optical set is used to focus the primary beam

into a fine spot on the sample and to collect the secon-
dary ions. The schematic diagram of this objective lens
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Fig 1. Co-axial objective lens EWL and separation of the beams:
Primary ions (o), secondary ions (*) and electrons (). Bm mag-
netic field for separating secondary electrons.

EWL is shown in figure 1. The first electrode is the target
itself which is a plane conducting surface polarized at a
negative voltage (— 5 kV). It is followed by four electrodes
W, P, S and T with revolving symmetry about an optic
axis perpendicular to the surface target: W is at the same
voltage as the target, P and S are at positive and negative
voltages respectively and T is at ground potential. Primary
and secondary ions have different energy and opposite
signs, thus P mainly acts upon the primary positive ions
and S on the secondary negative ions which makes the
adjustments for each type of particles almost independent.

At the surface of the target, secondary ions experience
a strong electrostatic field (about 20 kV/cm) which coun-
teracts the natural dispersion of the trajectories resulting
from the angular and energy dispersion of ejected parti-
cles. This feature contributes to minimize loss in the
subsequent transport of the beam. Besides, the last dema-
gnifying lens of the probe forming system has the smal-
lest possible working distance so that its chromatic and
spherical aberration coefficients (22 mm and 38 mm res-
pectively) are small which is favorable for producing pro-
bes with high current density.

The diaphragm, Do, adjustable both in position and size,
controls the aperture of the primary beam (and thus the
aberrations on the probe). The position of Do along the
optic axis has been chosen to coincide with the image plane
of the sample surface produced by EWL with secondary
ions. As a result, the size of Do limits the area from which
secondary ions can be collected. Do is large enough to leave
the collection efficiency of secondary ions unaltered over
a square sample area of several tens of micrometers side.

Separation of the primary and secondary beams and scan-
ning scheme

After EWL, the transport of the primary and secondary
ion beams along the same axis is achieved by an optical
system (OT) as well as the transport of the beam of secon-
dary electrons emitted under the impact of primary ions.
The beams are deviated by the action of crossed electrostat-
ic and magnetic fields inside Sp. The electrostatic field acts
on the positive primary and negative secondary particles
with forces in opposite directions and produces deviations
with different amplitudes because the energy is not the
same. In addition, the magnetic field splits the secondary
beams into its ionic and electronic components.
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The electron beam is directed towards a scintillator as-
sociated with a photomultiplier. The amplified signal is
numbered after an amplitude to frequency conversion and
is used to produce an electronic image of the surface. This
ion — electron image is extremely useful for adjusting the
focus of the probe and for surveying the sample (fig 4).

The secondary ion beam is directed towards the spec-
trometer through a transport system, not described here,
which, in addition, produces a shaping of the beam so as
to improve the transmission of the spectrometer.

The two sets of scanning plates Bl and B2 (fig 1) act
on the primary ions only and make their beam rotate about
the center 2 of Sp. The system (OT) conjugates 2 with
the center Qo of the diaphragm Do so that the diaphragm
limits a solid angle always made of the same type of
primary rays.

The two sets of deviating plates B3 and B4 act only on the
secondary ion beam. They are powered in synchronism with
the scanning of the primary beam so as to maintain the
axis of the secondary beam in a fixed position when the
ion probe is moved on the sample surface. This procedure
allows us to have the same transmission for the spectrom-
eter when the primary beam is rastered over the whole field
of view, in other words, there is no ‘vignetting’ on the ion
micrographs when the overall transmission is maximum.

Mass spectrometer and detection system

The considerations presented above have guided our choice
of the spectrometer. We have designed a mass spectrome-
ter made of an association of two sectors (electrostatic EP
and magnetic MP) coupled with a quadrupole lens, Q, and
a slit lens, SL, and possessing a focal plane, FP, along
which the different ionic species are focused as narrow lines
(fig 2). It is an instrument which provides us with angular
and energy-first-order focusing all along the focal plane
for trajectories in the so-called ‘horizontal section’ which
is the plane of symmetry chosen for the drawing in
figure 2. Additional features improve the transmission at
high mass resolution (correction of second order aperture
aberrations by a proper choice of the entrance, exit and
deviation angles of the magnetic prism and by the action
of a hexapole, Hx, in front of the electrostatic sector,
focusing in the vertical section by SL, etc) [1].

EP

Fig 2. Schematic diagram of the double-focusing mass spectro-
meter with its focal plane FP. Three detection units are shown
adjusted for three different ionic species M1, M2 and M3. ES
is the entrance slit. For other items see text.

Several gears can be moved along the focal plane, each
comprising a selection slit followed by an open electron
multiplier magnetically shielded: a Faraday cup may
replace the electron multiplier. Presently, four detection
units are in operation moved by step-by-step motors un-
der computer control. The open mulitipliers have been
preferred to a channel plate stretched out along the focal
plane [9] because their quantum efficiency is better and
their dynamical range is larger since at high counting rates,
with narrow lines covering only a few tens of channels,
saturaton is likely to occur with channel plates.

The mass range that can be displayed along the focal
plane is given by the interval (MO, ME) where MO and
ME stand for the atomic masses of ions running, inside
the magnet, along the shortest and the longest radii, respec-
tively. In our present set-up ME = 20 X MO and MO
can be varied from 1 to 50 by changing the strength of
the magnetic field from 0.14 to 1 T.

With the miniature open multipliers being used here, the
minimum distance between two adjacent slits is presently
9 mm which allows simultaneous detection of mass num-
bers differing by one unit up to mass number 19. This sit-
uation could be improved, for instance by blowing up a
small fraction of the spectrum with an adequate projec-
tion optical system.

Instrument performances

Presently, four mass analyzed secondary ion micrographs
and one electron picture can be recorded simultaneously. The
number of pixels can be varied from 64 X 64 to 512 x 512.
The probe is moved step by step, the dwell time per pixel
can be adjusted from 1 to 64 ms and the time to switch
from one pixel to the next is less than 2 us. A computer-
driven acquisition system stores count numbers from each
pixel in the four selected ionic images. Distribution images
related to different ionic species, in exact registration with
each other, are produced from the same sputtered volume.
Then, the N X N matrices stored in the memory can be
used for various calculations and can be displayed on a
CRT using 256 grey scale levels or different colour scales.

For a given probe diameter, the intensity can be op-
timized by a proper demagnification of the source and
aperturing of the beam. In our instrument, we currently
work with 0.1-um probes carrying up to 3 pA. The probe
diameter here is defined as the diameter d, which contains
80% of the intensity. Smaller probes can also be produced
as shown in the ion — electron micrograph (fig 3) obtained
on a graphite sample: probe diameter 30 nm, 512 x 512
pixels, 10 x 10 um? and ¢, = 35 mn.

The evaluation of the useful yield of !2C~ on a
graphite sample has given a value  #5 x 103 referring
to the full intensity of the '>2C~mass spectral line. A mass
resolving power of 12000 at FWHM or 6000 at 20% val-
ley and 3000 at 2% valley between equal height peaks can
be deduced from this line shape. For resolving powers
lower than 1000, t takes value of 4 x 10~2 which shows
that there is still room for improving the transmission.

Examples showing the use of the microscope
SiC fibers embedded in a TA6V matrix

The sample is made of silicon carbide fibers embedded in
a TA6V matrix (90% Ti, 6% Al, 4% V) [10]. Four micro-
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Fig 3. Simultaneous 15 x 15 um? ion images on a SiC fiber embedded in a TA6V matrix: a. Al; b. C; c. Si; d. Ti and e. Ti*Si
correlation image. Linear display between | and M ions/pixel in (a), (b), (d) and (e) with M respectively equal to 25, 940, 100 and
6500. Logarithmic display (1, 2500) in (c).

Fig 4. Graphite sample. lon — electron image: 10 x 10 um?, d, =30 nm.
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graphs simultaneously recorded on a polished section per-

pendicular to the fibers axes are shown in the interface.

region (fig 3). The Cs* probe diameter is d, =0.1 um and
carries 1 pA. The number of pixels is 256 x 256 for a field
size of 15 um X 15 um. The counting time per pixel is
16 ms and the total acquisition time is a little more than
18 min. 2C-, #Si-, 4'Ti'® 0~ and ¥’Al'%0O- secondary
ions have been used. Aluminium and titanium having low

Fig 5. Chemical micrographs of an Epon section of a kidney
glomerulus. Field of view 20 x 20 um?, 256 X 256 pixels.
Probe diameter 0.1 um. A. '2C"*N- linear display (0, 5000). B.
328~ square root display (0, 800). C. '2C- linear display (0,
2500). D. '7Ag- linear display (0,20). E. 8Se- linear display
(0,15).

electron affinities (0.44 eV and 0.08 eV, respectively), it
turned out that the best sensitivity was obtained with
AlO~ and TiO~ ions, the contribution of oxygen is like-
ly to come from the chemisorbed vacuum gas phase (the
residual pressure being about 10~ 7 mbar). The thickness
of the layer which is eroded during the recording is in
the range of a few nanometers. In each micrograph, the
total number of counts is '*C~ - 2.6 x 107, 8Si~ -
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Fig 6. Labelled ('*N) adenine molecules traced in a human breast cancer cell. Pictures: 256 x 256 pixels in a 20 x 20 um? field
of views. Probe: d, 0.1 um and /, = IpA. a. 12CI4N - logarithmic display (100, 3000) in counts pixel, total counts Ns = 7.2 X
107. b. 3P~ linear display (1, 25), Ns =#2.5 X 10°. c. 23S~ linear display (1, 100), Ns = 2.4 x 10°. d. ')C"*N~ linear scale (1, 100),

Ns = 1.6 x 10°.

4.2 x 107, YAI''0- - 2.4 x 10° and “'Ti'%0~ — 1.1
x 108,

In the interface region one can observe a variety of zones
with different compositions. It is possible to correlate the
presence of two elements pixel by pixel. For instance, the
picture (fig 3e) has been built by multiplying, pixel by pixel,
the number of counts in Si and in Ti and then suitably
normalized. In this picture, a border line beaded with small
precipitates, likely to be SiTi containing some carbon, can
be demonstrated.

Elemental mapping in a kidney glomerulus

The micrographs in figure 5 show the chemical maps of
five elements in an Epon section of a kidney glomerulus
from a patient poisoned by silver. The 1-um thick section,
was placed on a flat metallic holder. The micrographs were
obtained with a 0.1-um probe and an acquisition time of
35 mn. The field of view, 20 x 20 um? contains 256 X
256 pixels.

Pictures A and B, representing the distribution of nitro-
gen and sulphur, allow one to recognize the histological
structure of a portion of glomerulus comprising: the lu-
men, L, of the capillaries, the red blood cells, G, the
cytoplasm, C, of an epithelial cell with a vacuol, V, and
its periphery rich in sulphur and nitrogen. Picture C shows
that the distribution of carbon is spread rather homogene-
ously in the kidney tissue as well as in the inclusion medi-
um except at the level of the capillary basement membranes
which appear as darker lines. Micrographs D and E show
the distribution maps of silver and selenium respectively
and demonstrate that those elements are localized in the
basement membranes, extracellular part of the capillary
walls. Besides, it seems that the red blood cells contain
some selenium.

Tracing labelled molecules in a human breast cancer cell

This example refers to a biological sample of a human
breast cancer cell 24 h after the introduction of adenine
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molecules labelled with N stable nitrogen isotope in
the culture medium [11]. The micrographs shown (fig 5)
are obtained with 1-um thick section tissue. Because of
the proximity of the mass numbers the pictures have
been simultaneously recorded two by two, 3P~ with
2CHN- and 328~ with '2C!°N-, the acquisition time
of each set is 7, ~35 mn.

The 2C!N micrograph gives the general structure of
the cell and the 3'P image, which is related to the presence
of nucleic acids and the structure of the elemental mapp-
ing in a nucleus.

The 32S micrograph, roughly speaking, represents the
distribution of proteins more or less rich in sulphur. In
this micrograph the arrows point towards three nucleoli,
two of them appear bright in the *'P image and the other
as the weaker dot surrounded by a depleted area. The
nucleoli can also be seen on the '2C!*N micrograph.

Adenine is known to incorporate both in DNA and
RNA. It can be observed in the '2C'N- image that
among the three nucleoli only one labelled molecules,
demonstrating that in the same nucleus different nucleoli
may be at different phases of RNA synthesis at a given
time.

Conclusion

The scanning ion microscope described here in an ex-
perimental set-up aiming at high sensitivity and selectivi-
ty has allowed us to test the optical design, to survey
possible applications, to evaluate a few essential
parameters such as the useful yield, the mass resolving
power, probe diameters (with their associate intensities)
and to locate the features that have to be modified to im-
prove the performances. In particular, the optical scheme
could be made much simpler by suppressing the scanning
electron microscope built inside the instrument along the
axis of the co-axial objective and which has not been
described here for the sake of simplicity. If, in addition,
the sample voltage were increased from 5 to 10 kV, com-
puter simulations show that the overall transmission could
be improved at high mass resolution (the useful yield meas-
urements on 2C- already mentioned show that secon-
dary ionic signal is lost). Sub-micron probes and/or
parallel detection instruments [8, 12—14] have already been
described but here we have tried to realize a design con-
sistent with the fact that the method is destructive which
means that we have tried to use in a consistent way high
yield ionization processes, efficient collection of secondary
particles, parallel detection and high transmission at high
mass resolution.

The parallel detection capabilities can still be developed
but it seems difficult to reach the flexibility of the TOF
spectrometer for surface analysis or heavy molecule iden-
tification. However, the use of a sector instrument is
presently essential for imaging with small probes (=0,1 zm)
because there are no duty cycle limitations since the mass
channels are permanently open. Of course, this conclu-
sion must be revised if one would limit the analysed area
to a small number of pixels.

In heterogenous samples, when specific features have
to be analysed (precipitates in metals, matrix-fiber inter-
faces, nucleoli or mitochondria in cells) obtaining the ana-
lytical information often requires the removal of a number
K of target atoms much larger than that corresponding to
a fraction of monolayer. In general, it will not be possi-
ble to rely on the chemical state of the surface as it comes

out from the sample preparation to produce an adequate
useful yield throughout the sputtering of a number of
atoms equivalent to several monolayers. The bombard-
ment with reactive primary ions (Cs*, O~ is then one of
the possible ways for changing the yields in a favorable
direction and it is what has been realized here for the nega-
tive emission mode.
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