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A new approach to surface studies by time-of-flight secondary ion mass spectrometry is proposed.
The time-of-flight technique is implemented in an unconventional way utilizing a continuous-
probing beam. The “birth” moment of the secondary ion is fixed by the detection of secondary
electrons emitted when a probing-beam particle strikes the surface. Multichannel mass
identification of secondary ions is thus possible using a low-intensity continuous-probing beam,
which permits one to study fragile and extremely thin (down to few monolayers) objects,
sensitive to damage by intense probing beam and high doses. The technique has been applied to
thin (30-A) self-supporting carbon foil, semiconducting material, and the sensitive surface of a

microchannel plate.

INTRODUCTION

Secondary ion mass spectrometry (SIMS) is one of the ma-
jor techniques in the study of surfaces,'™ used for the most
diverse problems, which has extended our fundamental and
practical knowledge of surfaces in response to the challenges
of material science and technology. Though SIMS is most
efficient for a number of applications, it is not without its
disadvantages and limitations. Therefore, the development
of a new approach to SIMS, which may improve its capabili-
ties and permit application to new objects, is of considerable
importance.

In a typical SIMS analysis, the surface is bombarded by
a collimated beam of noble-gas ions {argon is commonly
used) with an energy of several keV. The secondary ions
(SI) are collected by the potential applied to the entrance slit
of a magnetic or electrostatic mass analyzer. The analyzing
field is then changed in order to register a mass spectrum.
Therefore, the conventional technique is essentially the con-
secutive single-channel SIMS, since only one mass is collect-
ed at a time and the others are lost. Such an approach re-
quires a highly stable and intense probing beam. The
requirement for beam stability limits, in practice, the expo-
sure time. To study trace elements, the high-intensity prob-
ing beam is required, being prohibitive to a number of fragile
and thin objects, e.g., self supporting thin (<100 A) carbon
foils. The applications of such foils are increasing in the labo-
ratory and in space experiments,*® Thin foils especially re-
quire excellent knowledge of their composition and the state
of the surface.

In this article, a new approach to SIMS is proposed
which utilizes a continuous-probing beam and concurrent
multichannel analysis of secondary ions, enhances sensitiv-
ity, and permits a significant decrease in the probing-beam
intensity. To demonstrate the technique, secondary ion mass
spectra were obtained for a carbon foil (30-A thickness), a
semiconducting material, and the sensitive area of micro-
channel plate (MCP) surface. What is important is that the
surface study of thin foils and MCPs is possible not only in
dedicated surface physics experimental facilities, but also
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within instruments and devices in which they are installed.
Surface analysis can be performed in the actual operating
environment of these foils and MCPs. It is difficult to overes-
timate the importance of the latter if one takes into consider-
ation that for energetic neutral-atom identification, the sub-
tle effects of its interaction with the foil are proposed to be
utilized in instruments for future space experiments,*” and
that a lot of effort has been spent to improve MCP perfor-
mance in EUV and soft x-ray astronomy by covering its sen-
sitive surfaces with different layers.'*"?

I. CONVENTIONAL TIME-OF-FLIGHT SIMS

It is obvious that if all masses of secondary ions are de-
tected without loss, the dose and the sampie consumption for
complete mass analysis could be reduced significantly. The
concurrent multichannel mass detection is implemented in
time-of-flight (TOF) mass spectrometers.

The TOF SIMS is a well-established technique now, and
TOF secondary ion analysis is based on the measurement of
the ion flight time across a known distance, providing that
the energy (or momentum) is fixed. For the known geome-
try and fields in the analyzer, the time interval between ion
detection and the mement of ion “birth” is mainly a function
of the secondary ion mass and only to some extent of the
initial ion velocity. The position of the area where the sec-
ondary ion is created is well known—this is the interaction
region of the probing beam with the object under study—
and the initial velocity is not usually very high. All
secondary ions are accelerated up to the same kinetic energy
{per charge) in the analyzer and the flight times across the
same distance are different due to the difference in velocities
according to their masses. The scatter of flight time for ions
of the same mass is determined by the initial velocity distri-
bution of the secondary ions. Therefore, the TOF analyzer
can be used, in principle, to study the initial kinematic pa-
rameters of secondary ions.

The moment when a secondary ion is detected at the end
of its flight can be fixed with high accuracy (=1 ns) rather
easily. The main problem is how to determine the moment of
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the secondary ion “birth.” Here, several approaches could
be used.

Historically, the first TOF mass-spectrometers, which
date back to the end of the 1940s,'*" were developed to
study secondary ions produced in a gas phase. Secondary
ions are injected into the flight domain by extraction voltage
pulses,'® which can be of special shape,'” or a pulsed electron
beam is used to ionize the gas atoms or molecules.'®'° These
pulses provide the START signals. If the number of second-
ary ions N, per one START pulse is Ng; > 1, then the TOF
spectrum is registered in a “one-shot mode.” On the other
hand, if Ng; is not large enough (N <1), then the TOF
spectrum is to be accumulated in the digital memory after a
number of START pulses. The secondary ion detection trig-
gers the STOP pulse, the time interval between START and
STOP signals is measured, and the corresponding memory
cell is incremented.

For present-day surface analysis, the moment of the sec-
ondary ion “birth,” i.e., the moment of the impact of the
probing-beam particle on the surface, is usually fixed by
pulsing the beam. The technique is well developed, and
asually the pulses are produced by sweeping the beam across
the small-diaphragm corifice.”>*' Because of strong modula-
tion (or electronic “chopping”) of the beam, the probing
particles may hit the surface only during short (5-10 ns)
well-defined time intervals. The moment the beam is
“switched on,” the START pulse is generated, and ion detec-
tion triggers the STOP pulse. Such an approach was success-
fuily implemented in a number of experiments.**~** Usually,
only one STOP pulse for every START pulse could be regis-
tered. The probing-beam intensity is selected in a way 1o
fulfill the condition N; €1, which facilitates the processing
of the TOF spectra. In another case, a pile-up spectrum-
correction procedure® is to be introduced.

Though enjoining such TOF technique advantages as
multichannel detection with low dose and low sample con-
sumption and insensitivity to probing-beam intensity varia-
tions, this approach is rather inefficient since the beam is

“switched on’’ only during a small part {<10 ~*) of the ex-
posure time. Another drawback is connected with the signif-
icant difficulty in shortening ion pulse bunches down to 1 ns
in order to match the typical accuracy of fixing the STOP
pulses, which is required for high mass resolution.

For the sake of completeness, two more applications of
TOF technique (based on pulsing approach ) to surface anal-
ysis should be mentioned: the atom probe field ion micro-
scope and LAMMA analyzers. In the TOF atom probe field
ion microscope, the secondary ions are produced by either a
high-voltage pulse’*?” or a laser shot.***” In commercially
available LAMMA analyzers,* the plasma cloud is created
by the laser shot at the surface; the ions are extracted, accel-
erated, conveyed to the detector, and registered by the tran-
sient recorder.

il. ALTERNATIVE APPROACH
The ideal TOF SIMS technique would use a continuous

probing beam of arbitrarily low intensity and allow precise
independent determination of the time of probe particle im-
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pact on the surface. Such an approach was pushed forward
earlier and resulted in the development of the TOF tech-
nique known as **>Cf plasma desorption mass spectrometry
(*CE-PDMS).*" One of the **’Cf fission fragments bom-
bards the surface under study and another fragment triggers
START pulse.*>*! Both positive and negative secondary ion
spectra can be registered in this way. The same fission frag-
ment which produces desorption of secondary ions can also
be used for triggering of the START signal if registered after
penetration of the foil supporting the sample.’'** The
PDMS has proved particularly successful for the large mole-
cules ( ® 10 000 amu) typical for biochemical research.

Ideas rather close to PDMS were used by Doyle ef a/.**
for the study of the secondary ions produced from a thin foil
target by projectile ions with several MeV per nucleon ener-
gy. Mass spectrum was measured by the TOF technique:
The STOF signals were produced by secondary ions, while
the START signals were produced by a detector which regis-
tered the probing-beam ions.

The main drawbacks of the described technique can be
summarized as follows: (1) Only high-energy particles (ca-
pable of the feil penetration) can be used; the physics of their
interaction with the surface is guite different from that of
“low"-energy ions typical for conventional SIMS. The latter
poses difficulties to quantitative mass spectrometry. (2) The
fission fragments are varying in their energy and mass; for
instance, for **Cf more than 40 different pairs of nuclei can
be produced with energies from 50 up to 120 MeV.*'7* (3) It
is important that the fission source be well protected and
contained, since the nuclide ***Cf does pose a health hazard
from its radioactivity and body chemistry.?' (4) The use of
multi-MeV accelerators to produce the probing beam does
not make the technique easy.

An alternative approach to fix the moment of secondary
ion “birth” is possible by the detection of the secondary elec-
trons which may be emitted concurrently with the secondary
ions. Though, as will be discussed further, this way of trig-
gering the START pulse has been already used for negative
ions, this is the first time that such an approach is proposed
and implemented to the positive secondary ions.

A new acronym—MASTIF (mass analysis of secondar-
ies by time-of-flight technique)—was coined for this tech-
nique to distinguish it from traditional TOF SIMS and
PDMS-TOF, which use the pulsing of either the probing
beam or the extraction potential or multi-MeV probing par-
ticles.

The main advantageous features of the MASTIF ap-
proach are the following: ( 1) Secondary ion detection is per-
formed in coincidence with secondary electron detection.
The coincidence mode makes possible the extraction of faint
useful signals (coincidences) from the superior background
count rate (even if the signal is much less than the detector’s
own noise count rate). Valuable instrument housekeeping
information on the detection efficiencies, and the probing-
beam absolute intensity can be obtained without preliminary
instrument calibration.” (2) The probing beam is contin-
uous, and as a result, the beam is used with the utmost possi-
ble efficiency, there is no need for the rather complex “elec-
tronic chopper,” and the time of the particle impact on the
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surface is fixed with the same accuracy as the secondary ion
detection. (3) The probing-beam intensity may be decreased
(with a corresponding increase of exposure time) down te,
in principle, arbitrarily low values. There is no rigorous re-
quirement upon the probing-beam intensity stability since
the spectrum is accumulated in the parallel multichannel
mode. (4) The use of the probing ions (atoms} of the same
mass and energy as in conventional SIMS make possible ap-
plication of the vast accumulated data on secondary ion
yields under various conditions. [t can be claimed, therefore,
that the proposed MASTIF provides a quantitative analysis
at least to the same extent as conventional SIMS.

Features (1), (3), and (4) are common for both con-
ventional SIMS and MASTIF, but feature (2) is character-
istic for the latter only.

Because of these features, trace elements and fragile
and/or ultrathin objects sensitive to the damage by the prob-
ing beam may be studied. The main disadvantage, inherent
to the proposed technique, which limits principally its appli-
cations, is that the secondary ions and secondary electrons
must be separated (in space and/or time) and detected inde-
pendently. This demand limits the realm of objects which
may be studied.

The MASTIF approach can be rather easily realized if
the START and STOP pulses are produced by the particles
of the'same charge sign, for instance, by electrons and nega-
tive secondary ions. In an electrostatic field they acquire dif-
ferent velocities due to the difference in masses and are sepa-
rated in time. The measurement of the distribution of the
time intervals between the detection of the electrons and neg-
ative secondary ions gives mass spectrum. Such an approach
was realized successfully in spontaneous desorption TOF
mass spectrometry’® and for the bombardment of the surface
by MeV ions.”’

As far as positive-ion SIMS is concerned, the range of
applications is restricted to a number of special objects such
as thin self-supporting foils, semiconducting materials, and
MCP sensitive area surfaces. Only for these objects has the
separation of negatively charged electrons and positive ions
been realized. The main difficulty arises from the fact that if
secondaries of certain charge sign are extracted from the
impact point by an external electrostatic field, then the sec-
ondaries with the opposite charge sign would be pushed back
into the surface from which they have been sputtered.

It is interesting to mention here an attempt>® to obtain
positive-ion mass spectra in PDMS-TOF by triggering the
START signal by “light” secondary ions (H', Na*, K*)
and STOP signal by heavy secondary ions. Obviously this
can be applied only for the study of very heavy secondary
ions and the technique difficulties are connected with the
problem of START ion identification.

For the sake of completeness, the application of coinci-
dence detection ideas to the analysis of secondary ions pro-
duced in the gas phase is worth mentioning. Secondary ion
detection in coincidence with the simultaneously born sec-
ondary electron was described the first time by Brehm and
von Puttkamer.”® In experiments of this type, the gas atoms
or molecules are ionized by photons with fixed energy and
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the characteristics of secondary ions and photoelectrons are
studied.*®

1ll. MASS RESOLUTION

Actual mass resolution of the MASTIF technique is de-
termined by the geometrical characteristics and the electro-
static field of the analyzer as well as by the initial energy
distribution of the secondary ions. If no special measures are
implemented to focus in time ions with different initial ener-
gies, and if the ion acceleration distance is much less than the
flight distance, then the mass resolution is

M 1 E,

AM 2 E
where E, is the energy acquired by an icn after acceleration
and E, is the initial energy of the ion. Obviously, to achieve
the high (>100-500) mass resolution is unrealistic by the
straightforward increase of acceleration voltage, since sec-
ondary ion energy distribution is characterized by a rather
extended high-energetic “tail” (up to 50 eV).

Drastic improvement in mass resolution may be
achieved if the trajectories of the ions are isochronous, i.e.,
the time of flight is independent of the initial energy of the
secondary ions. Such time focusing was realized by Ma-
myrin ef al.*’ in a rather simple device calied a “‘reflectron.”
The principle is based on the ideas*' of turning ions in the
electric field. The achievement of time focusing in more
complex magnetic and electrostatic analyzers was consid-
ered extensively by Poschenrieder.**#?

The same time-focusing technique may be applied for
conventional TOF SIMS also; however, the improvement in
mass resolution would be less significant due to the rather
large uncertainty (typically 5-10 ns) of actual START sig-
nal.

In this work, no special attempts for time focusing were
made. The aim of the work is only to demonstrate that the
MASTIF approach can be realized, and the achieved mass
resolution is modest at best ( =20). For real surface MAS-
TIF analysis, either reflectron or Poschenrieder analyzer de-
signs should be implemented.

IV. EXPERIMENTAL DEMONSTRATION

Several simple experimental detector systems were built
and tested to evaluate the proposed technique.

A. Experimental arrangement

It is important that both detector systems and corre-
sponding electronics can be based on standard commercially
available elements. MCP stacks are used for particle detec-
tion, and the detector system can be built as a rather compact
device. Overall dimensions are confined within limits
10X 10X 12 cm” and the secondary ion total flight distance
is 6-7 cm only. Even for high acceleration voltages (up to 10
kV), time of flight is 1-2 us for heavy ions (M= 1000 amu).
Typical timing accuracy for MCP detectors is 1 ns, which
makes feasible mass resolution up to 500. Relatively small
flight distances (and corresponding low probability for the
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F1G. 1. Principal scheme of time-of-flight measurements: {a) single-chan-
nel mode; (b) two-channel mode; 7 time interval between START and
STOP signals; 7%: time interval actually measured in single-channel mode.
CFD: constant fraction discriminator; TAC: time-to-amplitude converter;
ADC: analog-to-digital converter.

ion to be lost due to the interaction with residual gas) allow
functioning of the device in rather poor vacuum conditions,
such as the pressure 10~ ° Torr, which is required for the
MCP detectors.

Two modes are possible for the measurement of time
intervals between START and STOP signals: single-channel
and two-channel modes. In the single-channel mode, both
the START and STOP signals are sent through the same
signal line {Fig. 1(a)]. The signal from the MCP detector is
amplified by a fast amplifier (FA) and the standard pulse is
formed by a constant fraction discriminator (CFD). Timing
accuracy better than | ns can be achieved witk CFD. Two
delay lines are used to arrange the proper sequence of pulses
at START and STOP inputs of the time-to-amplitude con-
verter (TAC). If the pulses after CFD are delayed more in
STOP line than in START line, then the same pulse would
trigger both START and STOP inputs of TAC. To avoid
this effect, pulses in START line are delayed more than in
STOP line. Then, the START input of TAC is triggered by
the first pulse in the pair and the STOP input is triggered by
the second pulse, and the time interval between two pulses is
measured [Fig. 1(a)]. The puise height at TAC output is
digitized by an analog-to-digital converter {ADC) and is
sent to a microcomputer which accumulates TOF (and, cor-
respondingly, mass) spectrum. In the two-channel mode,
START and STOP signals are sent through separate lines
and the scheme is shown in Fig. 1(b). We built our elec-
tronic system on the basis of CAMAC, and it is convenient
that all necessary modules (FA, CFD, DELAY, TAC, 10-
bit ADC) are available commercially.

Not all START signals are accompanied by STOP
pulses and vice versa, and on average, START signals (sec-
ondary electrons) are more frequent than STOP ones (sec-
ondary icns). Therefore, events are possible when the
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FI6. 2. Negative-ion MASTIF. Single-channel mode of TOF analysis is per-
formed.

START signal is produced by one probing-beam particle,
and the STOP signal by another one. The probing beam is a
random flux of particles, and the probability of such false
coincidences is proportional to the square of the probing-
beam intensity. So for the beam intensity resulting in emis-
sion of 10* secondary particies per second, there will be ap-
proximately 1% of such faise coincidences if maximum time
of flight in the detector system is 1 us. Decreasing of the
probing-beam intensity is the way to reduce the probability
of such events.

All results described further were obtained at a typical
count rate of 10°-10° s~ for electrons. Count rates for sec-
ondary ions were somewhat lower, 10-10° s™ ', and coinci-
dence (i.e., TOF event) count rate, 1-30s™".

B. Negative ions

The most simple implementation of the MASTIF idea is
for negative ions. Figure 2 shows the setup. Probing-beam
atoms bombard the surface under study. An ion probing
beam also may be used; however, in that case, the effect on
ion trajectories due to electrostatic fields in front of the sur-
face must be taken into account. The secondaries—electrons
and negative ions—are accelerated by the nearest grid. The
positive secondary ions are pushed back into the surface.
After a turn in the electrostatic mirror, particles reach detec-
tor D. Fine, high-transmission harp grids are preferable for
use in an electrostatic mirror. The particles are registered by
a chevron MCP stack detector. The energy per charge
gained by each secondary is the same. This results in differ-
ent velocities for the secondaries (and corresponding separa-
tion in time) according to their masses. Electrons reach the
detector first. Afterwards, the secondary ion arrives. This
technique utilizes the single-channel mode of TOF analysis.
Such an approach was realized for negative secondary ion
TOF SIMS earlier.*®?” The approach has the advantage of
simplicity but also several disadvantages.”** In particular,
afterpulses, which are often observed in secondary electron
multipliers, may create some problems.

The two-channel TOF analysis was realized for a thin
(30-A) self-supporting carbon foil (Fig. 3). If the foil is
*“thin,” then electrons produced within the foil bulk near the
point of particle impact on the input surface have a good
chance of reaching and escaping the output surface of the
foil. The electrons are registered by detector D,, which pro-
vides the START signal.
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MCP detector D,

MCP detector D,

START

FiG. 3. Two-channel TOF mode for thin-foil analysis by MASTIF. fons of
any selecled charge sign may be analyzed.

The secondary ions of any selected charge sign (depend-
ing on the extraction potential) may be accelerated and re-
gistered by detector D,. The portion of a typical TOF spec-
trum for negative secondary ions from the carbon foil is
presented in Fig. 4. The probing beam is 3-keV argon atoms;
the carbon foil thickness is 30 A. The emitted secondary ions
were accelerated to 2100 eV. A total of about 3 < 10* events
were accumulated in this spectrum. The calculated mass dif-
ferences (in atomic mass units) are shown between adjacent
mass peaks. The identification of the mass peaks clearly indi-
cates that the carbon foil is covered by a “dirty” layer. The
mass resolution for such a simple setup having a low accel-
eration voltage is better than 10. The spectrum of negative
ions obtained in the single-channel mede (Fig. 2) from the
same foil was similar to that shown in Fig. 4. Obviously, in
that case, any conducting surface could be studied in the
same mode as the thin foil. The use of the uncharged parti-
cles in the probing beam and its low intensity make this ap-
proach also promising for the poorly conducting surfaces.

C. Positive ions

Applying the negative acceleration voltage, the positive-
ion spectrum was obtained from the same foil (the portion of
the spectrum is shown in Fig. 5). The experimental condi-
tions for this spectrum were almost the same as for the spec-
trum in Fig. 4. The energy of secondary positive ions after

|' 00E P Cp,Fal
C CE CE Ta /
450 - 1f1/2 1
~l :
150 + |'|i .n
4] N 1 ! 1 e

K,y (1 chel.34 ns)

FiG. 4. A portion of the TOF spectrum (negative ions) obtained from car-
bon foil (30-A thickness). Probing beam: 3000-¢V argon atoms. The energy
of the secondary ions after acceleration is 2100 eV. Calculated mass differ-
ences (in amu) between peaks are shown. Mass resolution M /AM =20.
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FIG. 5. A portion of the TOF spectrum (positive ions) obtained from car-
bon foil (30-A thickness). Probing beam: 3000-eV argon atoms. The energy
of the secondary ions after acceleration is 2000 V. Calculated mass differ-
cnces (in amu) between peaks are shown. Mass resolution M /AM =20.

acceleration was 2000 eV. The mass spectrum for positive
ions is more abundant in lines when compared with that of
negative ions. The mass resolution is better than 20.

D. Microchannel plate surface

One important case where positive-ion MASTIF could
be impiemented is shown in Fig. 6. A sensitive area of a MCP
is bombarded by probing-beam atoms. Secondary electrons
initiate an electron avalanche in the MCP stack and produce
the START pulse. The STOP signal is triggered by the de-
tection of a positive secondary ion SI™. Secondary ions can
be produced from semiconducting glass (the microchannel
walls) and/or from a conducting metal layer. If an ion bar-
rier film is attached to the MCP, this film will be the source
of the secondary ions. Since the triggering of D, is the neces-

F1G. 6. Setup to study microchannel plate sensitive surface area by the
MASTIF technique. NA: neutral atom of the probing beam. Secondary ions
are emitted cither from the semiconducting glass microchannel walils or
from the metal layer.
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FiG. 7. A portion of TOF spectrum (positive ions) cbtained from MCP
sensitive surface area. Probing beam: 3000-eV argon atoms. The energy of
the secondary ions after acceleration is 2000 eV. Calculated mass differ-
ences (in amu)} between peaks are shown. Mass resolution M /AM = 20.

sary condition for registering a TOF event, then only sec-
ondary ions emitted from those parts of the MCP surface
that take part in the detection of particles be studied by
MASTIF. This technique gives the opportunity to monitor
the condition of the sensitive surface area of the MCP. The
iatter is important for EUV and soft x-ray astronomical de-
tectors, where different layers (mainly alkali halides) have
been tested to cover MCP surfaces to improve their charac-
teristics in the desired wavelength range. The secondary ion
spectrum, obtained from the sensitive area surface of the
MCP (a portion is shown in Fig. 7), is obviously rather com-
plex and abundant in peaks. Some peaks are widened due to
the dependence of the energy acquired by ion on the place of
its “birth” in microchannel.

E. Semiconducting surface

Positive secondary ion MASTIF can also be realized for
a semiconducting material (or the thin layer, e.g., mono-
layer, covering such a surface)., The principal scheme is
shown in Fig. 8. The rectangular plate (2420 mm?®) of
semiconducting material (Zn,TiO,) was bombarded by a
collimated beam (argon atoms, 3000 eV). A voltage
U = 800 V was applied across the plane. Secondary elec-
trons were accelerated in one direction and were registered
by detector D,. Secondary ions were accelerated in the oppo-
site direction and, after a reflection in the electrostatic mir-
ror, were registered by detector D,. The detection of an elec-
tron triggers the START pulse and the detection of an ion
the STOP pulse for the TOF analyzer. The electrostatic mir-
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F1G. 8. Setup for positive secondary ion MASTIF of a semiconducting sur-
face. D,: electron detector; D,: ion detector; U: applied voltage across the
semiconducting plate under study.
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116G. 9. TOF mass spectrum (positive ions) from the semiconducting mate-
rial (Zn,TiC,). Arrows indicate calculated positions (in amu) of the mass
peaks. Mass resclution M /AM = 5.

ror is necessary to prevent ion feedback between D, and D,.
The other reason why the ion detector is not situated symme-
trically with the electron detector is that part of the primary-
beam particles could be reflected as neutrals from the surface
under bombardment and be registered by 2,. These reflected
atoms produce a very broad peak in the TOF spectra cover-
ing secondary ion peaks. The typical TOF spectrum is
shown in Fig. 9. Calculated positions of some mass peaks are
indicated by the arrows. The achieved mass resolutionis M /
AM=35. The enhancement of voltage and the implementa-
tion of the time focusing are the ways to improve the mass
resolution.

The time interval between detection of the secondary
electron and the secondary ion depends upon the mass of the
ion and the position of the area where it is sputtered from the
surface. If the position is fixed, then the device performs as a
mass analyzer. On the other hand, if the mass of the second-
ary ion is known (this could be achieved by covering the
semiconducting material by an appropriate layer, say, LiF),
then this device would perform the function of a ocne-dimen-
sional position-sensitive detector. Actually, this device (Fig.
7) was proposed initially*® to be implemented in this capac-
ity in the modified version of a space instrument for the
study of the interstellar helium-atom fluxes in interplanetary
space.*®

V. DISCUSSION

The experimental realizations of the MASTIF princi-
ple, which are described above, clearly show the feasibility of
the approach. Though mass resolution achieved is at best
modest, it may be improved significantly by an increase in
the acceleration voitage (say, up to 10 kV) and by imple-
mentation of the time-focusing technigue. The accuracy to
fix the moment of the electron and/or ion detecticn is about
i ns. For realistic flight distances, this accuracy would not
pose a limitation on the acceleration voltage enhancement.

Among immediate possible applications of the proposed
technique are studies of thin foils and the sensitive surface
areas of MCPs under operational conditions. The informa-
tion on afterpulses in MCP detectors when energetic ions
and neutrals are registered may also be obtained. One of the
possible sources of afterpulses is the secondary ion emission
from microchannel wall following the impact of the particle
to be detected. The indirect proof that such a mechanism
may be involved is the observation** that afterpulses are
rather frequent events when heavy atoms are registered and
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are rare events for hydrogen atom detection.

The coincidence mode, implemented in MASTIF, pro-
vides an opportunity to increase significantly the dynamic
range of conventional SIMS, i.e., to register trace elements.
Therefore, a search for negative ions which were not yet
detected from certain elements may be performed. Such ele-
ments as S¢, Mn, Zn, Sr, and Hf are immediate candidates
for such a search, and the metastable negative ions created in
sputtering also may be studied.

A new approach to secondary ion mass spectrometry
described in this article offers advantages for the study of
certain objects and, as any new technique, may find new and
unexpected applications.
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