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MONOLAYER ANALYSIS USING DYNAMIC
SECONDARY ION MASS SPECTROMETRY

FIELD OF THE INVENTION
The present invention relates to secondary ion mass spectrometry

(SIMS), and more particularly to a method and apparatus for collecting static

SIMS like data in a dynamic manner.

BACKGROUND OF THE INVENTION

Secondary ion mass spectrometry (SIMS) involves analyzing the
secondary ion emissions from a sample to determine surface and bulk
properties as well as to detect surface and bulk contamination. In this
process, a sample such as a silicon wafer is bombarded with an ion beam
(primary ions), whereupon surface atoms and molecules under bombardment
are ejected from the sample’s top surface. Ionization of the ejected atoms
and molecules takes place a few angstroms outside of the sample’s surface.
These ions (secondary ions) are accelerated into an analyzer device to
determine the mass, charge and/or energy of the secondary ions, from which
the composition of the sample’s surface can be determined. Bulk property
determinations are made by continuing the primary ion bombardment, which
etches a deeper hole into the sample surface to eject atoms and molecules
from deeper within the sample. Thus, analyzing the secondary ions over
time reveals the changing composition of different monolayers of the sample.

There are two basic types of SIMS: dynamic and static. A typical
dynamic SIMS system uses a primary ion beam with sufficient current (100-
1000 nano amps) to erode the sample surface at rates of 10-1000 angstroms
per second. This allows for depth profiling of the sample, where the
primary ion beam etches through multiple monolayers over time, and atoms
and molecules are collected from the different monolayers in the sample and
analyzed.

The drawback with dynamic SIMS systems is that they cannot utilize
analyzer devices that collect data serially to study secondary ions that are all

ejected from the same monolayer in the sample. Serial data collection means
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collecting and testing for one species of atoms and molecules at a time. Two
such devices are a sector double focusing mass spectrometer and a
quadrupole mass spectrometer, which use a magnetic and/or electric field to
sweep the ionic species it is analyzing across a detector. This sweeping
takes some period of time. Therefore, at any given time, one species is
being collected while all others are being discarded. Since the sample is
being constantly etched by the primary ion beam, the various analyzed
species are ultimately collected from different monolayers in the sample.

Another drawback to dynamic SIMS systems is edge effects that
adversely affect the data acquisition. Because the primary ion beam is not a
perfect step function, the crater created by the primary ion beam has slightly
sloped walls. Therefore, during depth profiling that accesses material deeper
within the sample, some secondary ions are produced from the sides of the
crater. Edge effects prevent a dynamic SIMS system from analyzing
secondary ions produced solely from the bottom of the crater.

While there are sector double focusing instruments (of the Mattauch-
Herzog design) which can detect more than one species at any given time,
these instruments have significantly lower mass resolution capability (the
ability of a mass spectrometer to resolve two different masses).

In a static SIMS system, the ion current is set in the range of 0.01 to
1000 pico amps. The erosion rates with such low primary ion current are as
low as 10* atom layers per second. This allows for analysis of different
species all from the top atom layer of the sample, even with spectrometers
that collect data serially. However, the number of secondary ions produced
by a static SIMS system is quite low, resulting in a low secondary ion
signal, low system sensitivity, longer acquisition times and proportionally
higher system noise. In addition, a static SIMS system does not allow for
analysis of species collected from monolayers deeper within the sample (no
depth profiling).

Many dynamic or static SIMS systems include analyzer devices that

operate with a continuous secondary ion beam. However, there are time of
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flight (TOF) type analyzers that require the secondary ion beam be pulsed,
whereby all species leaving the sample surface are recorded for every
applied primary ion pulse. However, resolutions greater than 1 part in
15,000 are rare, and are typically much lower. Further, the necessity to
pulse the primary or secondary ion beams present numerous technological
problems leading to limitations of this type of instrument. In addition, many
pulses are required to acquire the necessary data, where the latter pulses
produce secondary ions from deeper within the sample. Lastly, if the pulse
energy is increased to increase the number of secondary ions produced (to
increase the secondary ion signal and decrease the number of pulses), the
primary ion beam pulses each may have enough energy to etch through more
than one monolayer, thus preventing analysis of secondary ions produced
from a single monolayer.

It is known in the art to rotate the sample with a center of rotation
coincident about the analysis area to reduce sputter roughening associated
with crystalline specimens (see Zaler, Thin Solid Films, 124, 223-230,
1985). In particular, the sample rotation produces an averaging of the
incidence angle of the primary ion beam with respect to crystallographic
orientation. However, rotating the sample about the analysis area still
results in a crater that gets deeper with continuing etching, with secondary
ions being produced from different sample depths.

It is also known to provide one chamber for applying a sample to a
substrate, and transporting the substrate to a second chamber in which the
sample is analyzed in a step-wait-analyze procedure. In U.S. patent
5,001,939, a plurality of data points using an Auger electron spectrometer
are taken, where each data point is collected from a new spot on the sample
surface. However, this technique has several drawbacks. The sample has to
be moved between each data acquisition. This complicates the system
because the sample position has to be moved and verified each time data is
acquired, and the primary ion beam is shuttered between data acquisitions.

Further, the data acquisition process is excessively long due to the added

PCT/US98/19823
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steps moving the sample between data acquisitions. Lastly, this process does
not reduce edge effects.

There is a need for a dynamic SIMS system that can access various
depths of the sample, yet be able to extract and analyze species from a single

monolayer of the sample using an analyzing device that collects data serially,

and reduces edge effects.

SUMMARY OF THE INVENTION

The present invention solves the aforementioned problems by providing
a SIMS device that moves the target spot on the sample surface at which the
primary ion beam is directed to etch a trench thereon having a predetermined
depth.

The apparatus of the present invention includes a particle source for
producing a probe particle beam directed onto a surface of a sample to
produce a secondary particle beam, an analyzer that measures over a period
of time a property of the secondary particle beam, and a device for
continuously moving at least one of the probe particle beam and the sample
over the period of time so that the probe particle beam is continuously
scanned along the surface of the sample over the period of time.

In another aspect of the present invention, the apparatus includes an ion
source for producing a primary ion beam directed onto a surface of a
sample. The primary ion beam etches material from the sample surface to
produce a secondary ion beam. An analyzer measures over a period of time
at least one of a mass, an electrical charge and an energy of ions of the
secondary ion beam. A device continuously moves at least one of the
primary ion beam and the sample over the period of time so that the primary
ion beam etches a trench having a predetermined depth into the sample
surface.

In yet another aspect of the present invention, a method of analyzing a
sample includes the steps of producing a probe particle beam, directing the

probe particle beam onto a surface of a sample to produce a secondary
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particle beam, measuring over a period of time a property of the secondary
particle beam, and moving one of the probe particle beam and the sample in
a continuous manner over the period of time so that the probe particle beam
is continuously scanned along the surface of the sample over the period of
time.

In still yet another aspect of the present invention, a method of
analyzing a sample includes the steps of producing a primary ion beam,
directing the primary ion beam onto a surface of a sample where the primary
ion beam etches material from the sample surface to produce a secondary ion
beam, measuring over a period of time at least one of a mass, an electrical
charge and an energy of ions in the secondary ion beam, and moving one of
the primary ion beam and the sample in a continuous manner over the period
of time so that the primary ion beam etches a trench having a predetermined
depth into the sample surface.

Other objects and features of the present invention will become apparent

by a review of the specification, claims and appended figures.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a partial perspective view of the basic design of a quadrupole

spectrometer.

Fig. 2 is a partial side view of the basic design of a time of flight

spectrometer.

Fig. 3 is a partial plan view of the basic design of a sector double

focusing spectrometer.

Fig. 4 is a perspective view of the secondary ion mass spectrometer of
the present invention.

Fig. § is a cross-sectional side view of sample and the etching of the top
monolayer of the sample by the probe beam.

Fig. 6 is a perspective view of an alternate embodiment of the secondary

ion mass spectrometer of the present invention.
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Fig. 7 is a perspective view of a second alternate embodiment of the
secondary ion mass spectrometer of the present invention.
Fig. 8 is a perspective view of a third alternate embodiment of the

secondary ion mass spectrometer of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention is a method and apparatus for significantly
reducing the total etch rate of the sample by continuous off-axis rotation
and/or translation of the sample or secondary beam during SIMS data
acquisition. The rotation or translation results in arc scans and profiles or
line scans or profiles in which a thin trench is dug into the sample surface.
This method and apparatus reduces the etch rate at any given point on the
sample to a level comparable to static SIMS, thus allowing a dynamic SIMS
system to collect static SIMS like data. Therefore, data can be collected in
both a spectral (mass scan) mode and a depth profiling mode, meaning that
all the data can be collected from the same depth level in the sample while
still employing a high primary ion current level and using an analyzer device

that collects data serially. Further, half the edge effects are eliminated.

PRINCIPLES IN SECONDARY ION ANALYSIS

When a probe beam of charged particles (i.e. primary ions) is directed
onto a solid surface, atomic and molecular species are dislodged and ejected
from the surface. A fraction of these species are ionized, both positively
and negatively within a few angstroms of the surface from which they were
ejected, and are referred to a secondary ions. The nature of the primary ion
beam plays an important role in the surface ionization process. The number
of surface ions produced will depend upon the energy, current density and
type of ions making up the probe beam. Primary ion beams can have
energies below 1 KeV, and are typically between 3 to 10 KeV. As the
probe beam energy increases, so does the number of secondary ions

produced. As a consequence of this higher energy, the secondary ions are

PCT/US98/19823
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now ejected from not just the surface but from several atom layers deep. As
the ion current of the probe beam increases, from as low as picoamps to as
high as microamps, greater erosion of the sample surface takes place. The
erosion is very slow (around 10* atom layers per second) in the picoamp
range, but increases above one atom layer per second in the microamp
range.

The type of ions in the probe beam used on the sample will have an
effect on the resulting secondary ion beam. Typical primary ions are AR*,
O," and Cs™, but molecular probe beams as well as neutral probe beams can
also be utilized.

Since the presence of oxygen will in general enhance the surface
lonization process, oxygen probe beams are useful for enhancing secondary
ion yields. Thin surface oxide layers on a sample will also allow for high

initial yields which diminish as the surface oxide is etched away.

MASS SPECTROMETERS

Three types of mass analyzer devices have been typically used for SIMS
analysis: Quadrupole Mass Spectrometers, Time of Flight (TOF)
spectrometers, and Sector Double Focusing spectrometers. Each mass
analyzer has its advantages and disadvantages, as described below.

The basic design of a Quadrupole spectrometer is illustrated in Fig. 1,
and includes four conducting rods 10, a detector 12, a central axis 14 and a
power supply 16. The rods 10 are aligned parallel to the central axis 14 and
have curved surfaces facing each other. A voltage +®./2, which includes
the combination of rf (V) and dc (U) voltages, is applied to each rod 10 by

power supply 16 to produce the quadrupole field along axis 14 between rods

10. This voltage is given by:

®, = U-Vcoswt ¢))
The charged secondary ions are directed along axis 14 and through the

quadrupole field with a given velocity (typically using an extraction electrode
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near the sample), whereby the resulting ion trajectories through this
quadrupole field are mass dependent. Thus, in principle, for specific voltage
settings for rods 10, an ion having a particular mass will follow a trajectory
along axis 14, through the quadrupole field, and will exit and be measured
by detector 12. All other ions having other masses will instead hit the rods
10 or instrument walls and not be measured by detector 12.

The relationship between what ion mass will be transmitted to the

detector and the applied rf and dc voltages is given by the Mathieu equation,

with equations of motion given as:

du , e ®(U-Vcoswt)u = 0 2
dt*  Mr?

0

where u = x or y, and where:

4eU/Mo'r,” = a, = -a, = a ?3)
2eV/Muw't? = q, = -q, = q 4)
e = 0.50t (%)

such that the Mathieu equation is:
du | (a-2qcos2e)u = 0 (6)
de?

This equation describes the ion trajectories through the quadrupole field.
Thus, for particular dc and rf voltages, a given mass will be transported
along a stable trajectory and exit the spectrometer to be detected by detector
12 (which is preferably a Faraday cup or electron multiplier). The dc and rf
voltages are ramped to scan across and detect the various ion masses in the
secondary ion beam.

The basic design of a time of flight (TOF) instrument is illustrated in
Fig. 2, and is constructed to allow ions of a known velocity to traverse a
known distance. The TOF instrument basically includes a drift tube 20 with

ions drawn into one end by an extraction electrode and an ion detector 22 at

PCT/US98/19823
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the other end. The time (t) for ions of mass (M) with constant energy (Ve)
to traverse a drift length (L) is given by:

t = L(M/2Ve)'? )
and with constant momentum p:
t = LM/P (8)

In operation, bunches of ions leave an ion source (the sample surface) and
the time duration for the arrival of the ions at the detector 22 is measured by
comparing the arrival times with the timing of the primary ion pulse. The
masses of the arriving ions are calculated using the equations (7) and (8).

More complicated TOF arrangements can be constructed whereby the
lons traverse the electrostatic field regions as well as field free regions as
they travel from ion source to detector. This allows for corrections due to
the fact that not all ions will leave the ion source with precisely the same
energy, momentum or angle as is assumed in the equations above.

The basic design of a Sector Double Focusing Mass Spectrometer is
illustrated in Fig. 3, and includes an electrostatic analyzer (ESA) 30, a
magnet-analyzer 32, and a detector 34 aligned to an optical axis 36. The
term "double focusing" refers to the ability of the instrument to direct all
ions entering the instrument having a certain mass-to-charge ratio (m/e) to
the instrument’s detector, independent of the initial angle or velocity of the
ions as they enter the spectrometer. This type of spectrometer exhibits both
direction and velocity focusing.

Under the general theory for sector double focusing instruments, the ion
paths through the consecutive fields and drift regions is mathematically
described as a power series in o and 8 (angular spread and velocity from the
ion optical path). When the ion beam enters the magnetic sector of the

double focusing combination, the ion beam is dispersed based upon the
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charge-to-mass ratio. The magnetic analyzer 32 is of course a momentum
analyzer, but since a double focusing arrangement is used, the magnetic
sector is considered a mass analyzer. In this sector, the heavier masses
traverse the magnetic field with larger radii than do ions with lighter masses.
The focal point for lighter ions, after leaving the magnet and traversing some
drift space, will be to the inside of the optic axis 36 while the focal point for
heavier ions will be to the outside of the optic axis 36. The dispersion of
the system can be thought of as the physical distance that the focal points of
any two masses are separated. Thus, the greater the dispersion of the
instrument, the better the mass resolution.

A sector double focusing instrument is operated first by selecting the
appropriate electrostatic analyzer potential between a pair of electrostatic
plate 38. For ions with energy (qV) traversing a radial electrostatic field

with radius (r,), the plate voltage (v) between plates 38 is given by:

v = 2dV )]
L

where d is the separation between the electrostatic analyzer plates 38.
For any given magnetic field B in magnetic analyzer 32, an ion with a

charge to mass ratio g/m will be transported through the sector field along a

radius r,, according to:

4 - ]%3 (10)
where qV is the kinetic energy of the ion.

In most cases, this type of analyzer is operated by scanning the magnetic
field while at the same time monitoring the ion current exiting the
spectrometer using detector 34 (preferably an electron multiplier, a faraday
cup or a phosphor screen coupled with photomultipliers). In this manner, a
plot of the magnetic field versus ion intensity is produced. A mass spectrum

is produced by using the simple relationship to convert magnetic field to

mass as follows:

10
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B o« (m)'? (11)

ENERGY SPECTROMETERS

Ion Scattering Spectrometers utilize a ion probe beam in a similar
manner as described above, but they measure energy instead of mass. In
this technique, the primary ions directed onto the sample surface are also
scattered, in a binary elastic collision, by the sample surface. In a binary
elastic collision, a particle (in this case a primary ion) collides with an atom
or molecule on or near the sample surface. Kinetic energy is conserved in
the system because the collision is elastic, and the collision is binary because
only two particles are involved. Thus, the energy of the scattered ions will
be dependent upon the mass of the atoms on the surface of the sample which
were responsible for the scattering. The scattered primary ions are energy
analyzed using, for example, an electrostatic analyzer. The ratio of the
energy of the scattered primary ion to the energy of the primary ion before
scattering is related to the mass of the atom on the sample surface

responsible for the scattering.

SECONDARY ION MASS SPECTROMETER

The secondary ion mass spectrometer of the present invention is
illustrated in Figs. 4 and 5, and includes a primary ion source 40, a motor
42 and an analyzer 44.

The primary ion source 40 produces a primary ion beam (probe beam)
46. Examples of primary ion sources 40 include liquid metal sources,
duoplasmatrons, and surface ionization sources.

The probe beam 46 is directed to a target spot 47 on a top surface 48 of
a sample 50, whereupon a secondary ion beam (secondary beam) 52 is
emitted therefrom and directed into the analyzer 44 (typically using an
extraction electrode). The motor 42 is connected to the sample 50 to rotate
it about a central axis of rotation 54 that is not coincident with the target

spot 47 being irradiated by the probe beam 46. The analyzer 44 can be any

11
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analyzer device that measures aspects of the ions in the secondary beam
(such as mass, charge and/or energy), including those mass/energy
spectrometers described above.

The essential feature of the present invention is the continuous

movement of target spot 47 on sample surface 48 during data acquisition.

- This is accomplished in the embodiment of Fig. 4 by off-axis sample

rotation, which is rotation of the sample 50 about a center axis of rotation 54
(through angle 6) which is not coincident with the target spot 47. Thus,
when the motor 42 rotates the sample 50, the probe beam 46 etches a trench
56 into the sample surface 48 instead of a single hole.

The rotation speed of the sample 50, spot size of target spot 47, and the
ion current of the probe beam 46 can selected so that trench 56 has any
desired depth (such as a single monolayer) and width. For example, as
shown in Fig. 5, the sample 50 has a plurality of monolayers 58. The
sample rotation speed, spot size of target spot 47 and probe beam ion current
can be set to etch only the first (top) monolayer. Thus, secondary ions are
produced only from the first monolayer throughout one complete revolution
of the sample, which is ideal for analyzing multiple species from a single
monolayer using particle analyzers that collect data serially. If one
revolution of the sample does not provide a long enough stream of secondary
ions, additional trenches 56 with different diameters, or a spiral trench 56,
can be etched during additional revolutions of the sample. Once the analysis
of the first monolayer is complete, deeper monolayers can be studied by
etching material from existing trenches 56.

Moving the sample in the manner described above allows dynamic
SIMS, with high ion current probe beams and therefore higher secondary
beam signals, to serially collect data from single layers of the sample. Even
for TOF systems, higher power pulses can be used, where the pulses etch a
trench pattern to produce more secondary ions all from a single monolayer.
Thus, higher ion currents can be used with dynamic SIMS to study single

monolayers. If depth profiling is desired, motor 52 can be deactivated so

12
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that the probe beam 46 etches sample material from a single spot, or the
probe beam 46 can retrace the same pattern of trenches to etch deeper into
the sample.

As stated above, the key to serial collection of data from constant
sample depths (or even single monolayers) using a dynamic SIMS system is
the constant movement of the target spot 47 along the sample surface during
data acquisition to form trench 56. In Fig. 4, constant movement of the
target spot 47 is performed by non-axis rotation of the sample. However,
there are several ways of scanning the probe beam along the sample surface
for constantly repositioning the target spot 47 and etching a predetermined
trench pattern of specified depth onto the top surface of the sample during
data acquisition. For example, the sample can be placed onto a translation
stage 58 to move the sample relative to the probe beam 46, as illustrated in
Fig. 6. Alternately, the probe beam 46 can be redirected by beam deflection
devices, movable mirrors 60 (Fig. 7), or by moving or tilting the primary
ion source 40 itself using an actuator, translation stage or motor 62 (Fig. 8).
Lastly, any combination of ways for moving probe beam 46 relative to the
sample listed above can be simultaneously or serially used to scan probe
beam 46 along the surface of the sample.

Adverse edge effects are reduced by gathering data through trench
edging under the present invention. Adverse edge effects result from etching
deep into the sample where the edges of the hole or trench have a range of
depth that contribute to the secondary beam signal. As data is acquired
through etching of existing trenches, only the side walls contribute to
adverse edge effects (side wall material ejecting secondary ions from layer
depths not being currently analyzed). In contrast, when etching a crater with
a stationary probe beam, the entire circumference of the crater wall
contributes to edge effects.

Edge effects can be further reduced by rasterizing the trenches 56.
Rasterizing includes moving the probe beam back and forth in a direction

perpendicular to the trench length as the trench is being etched. The data
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acquisition is then gated, meaning that data acquired when the beam is
etching material away from the center of the trench is ignored, thus
maximizing the amount of secondary ions produced from the bottom of the
trench (which is presumably at a constant depth).

It is important to note that the present invention is not limited to
examination of separate monolayers, but rather is ideal for analyzing
material of a sample found at any desired depth within the sample. The
formation of trenches under the present invention effectively limits data
acquisition for materials existing at any predetermined depth in the sample
because the trenches formed by continuously moving the sample and/or the
probe beam have very stable fixed depths. Thus, re-etching of existing
trenches provides a constant stream of ions from any fixed depth for depth
profiling.

The present invention is not limited to secondary ion mass spectrometry,
but includes any material analysis that uses a probe beam that etches or
degrades the sample material over time while producing a secondary beam
for analysis. Specifically, laser mass spectrometry uses a laser probe beam
to etch material and produce secondary ions. Auger electron spectrometry
and X-ray photo electron spectrometry use an electron probe beam to
produce a secondary beam of electrons and/or protons that can be analyzed
to determine sample material composition. The electrons in the probe beam
embrittle and degrade the sample material, so it is beneficial to continuously
move the probe beam over the sample to generate a constant stream of

electrons and/or protons that properly reflect the properties of the sample.

It is to be understood that the present invention is not limited to the
embodiments described above and illustrated herein, but encompasses any
and all variations falling within the scope of the appended claims. For
example, when translating the sample or moving the probe beam, the trench
can be formed in any desired pattern, not just circular or linear. Further,

the sample could also be a liquid.

14
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What is claimed is:

1. An apparatus for analyzing a sample, comprising:

a particle source for producing a probe particle beam directed onto a
surface of a sample to produce a secondary particle beam;

an analyzer that measures over a period of time a property of the
secondary particle beam; and

a device for continuously moving at least one of the probe particle beam
and the sample over the period of time so that the probe particle beam is

continuously scanned along the surface of the sample over the period of

time.

2. The apparatus of claim 1, wherein the probe particle beam etches

a trench having a predetermined depth into the sample surface.

3. The apparatus of claim 1, wherein the property is at least one of

a mass, an electrical charge and an energy of particles of the secondary

particle beam.

4. The apparatus of claim 1, wherein the secondary particle beam
comprises at least one of particles from the probe particle beam and particles

from a material of the sample.

5. The apparatus of claim 2, wherein a current level of the probe
particle beam and a rate of continuous movement between the probe particle
beam and the sample are selected so that the predetermined depth

corresponds to a depth of sample material to be analyzed.
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6. The apparatus of claim 1, wherein the device is a motor that
continuously rotates the sample over the period of time about an axis of
rotation that does not correspond to a spot on the sample surface at which

the probe particle beam is directed.

7. The apparatus of claim 1, wherein the device is a translation

stage that continuously translates the sample over the period of time.

8. The apparatus of claim 1, wherein the device deflects the probe
particle beam to continuously scan the probe particle beam across the surface

of the sample over the period of time.

9. The apparatus of claim 1, wherein the device includes at least
one of an actuator that tilts the particle source and a translator that translates
the particle source to continuously scan the probe particle beam across the

surface of the sample over the period of time.

10.  An apparatus for analyzing a sample, comprising:

an ion source for producing a primary ion beam directed onto a surface
of a sample, wherein the primary ion beam etches material from the sample
surface to produce a secondary ion beam;

an analyzer that measures over a period of time at least one of a mass,
an electrical charge and an energy of ions of the secondary ion beam; and

a device for continuously moving at least one of the primary ion beam
and the sample over the period of time so that the primary ion beam etches a

trench having a predetermined depth into the sample surface.

11.  The apparatus of claim 10, wherein the secondary ion beam is at
least one of ions from the primary ion beam that are scattered by the sample

and ions from the etched material of the sample.

16

PCT/US98/19823



10

15

20

25

30

WO 99/15884 PCT/US98/19823

12. The apparatus of claim 10, wherein an ion current level of the
primary ion beam and a rate of continuous movement between the primary
ion beam and the sample are selected so that the predetermined depth

corresponds to a depth of sample material to be analyzed.

13. The apparatus of claim 12, wherein the device is a motor that
continuously rotates the sample over the period of time about an axis of
rotation that does not correspond to a spot on the sample surface at which

the primary ion beam is directed.

14.  The appbaratus of claim 12, wherein the device is a translation

stage that continuously translates the sample over the period of time.

15. The apparatus of claim 12, wherein the device deflects the
primary ion beam to continuously scan the primary ion beam across the

surface of the sample over the period of time.

16.  The apparatus of claim 12, wherein the device includes at least
one of an actuator that tilts the ion source and a translator that translates the
ion source to continuously scan the primary ion beam across the surface of

the sample over the period of time.

17. The apparatus of claim 12, wherein the analyzer is a sector

double focusing spectrometer that includes:

an electrostatic analyzer having a pair of plates chargeable to create an

electrostatic field;

a magnet analyzer having a magnet for creating a magnetic field; and

a detector;
wherein the secondary ion beam is directed through the electrostatic analyzer
and the magnet analyzer, and wherein the amplitudes of the electrostatic field

and magnetic field are selected so that ions of the secondary ion beam having
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a particular mass-to-charge ratio are directed to the detector while the other

ions of the secondary ion beam are not directed to the detector.

18.  The apparatus of claim 12, wherein the analyzer is a time of
flight (TOF) spectrometer that includes:

a drift tube with one end that is open, and

a detector aligned with the other end,
wherein the secondary ion beam is pulsed and directing into the open end,
and wherein the detector measures the time it takes the ions of the secondary

ion beam to traverse the length of the drift tube.

19.  The apparatus of claim 12, wherein the analyzer is a quadrupole
mass spectrometer that includes:

a plurality of conductive rods extending parallel to and surrounding a
central axis,

a detector aligned disposed along the axis, and

a power supply connected to the plurality of rods for applying voltages
to the rods to create a quadrupole field along the axis,

wherein the secondary ion beam is directed along the central axis and
through the quadrupole field such that ions of the secondary ion beam having
a particular mass will pass through the quadrupole field and strike the
detector, while the other ions of the secondary ion beam not having the

particular mass will be drawn away from the central axis and not strike the

detector.
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20.  The apparatus of claim 12, wherein the moving device oscillates
the primary ion beam across a width of the trench as the trench is etched
into the sample surface, and an output of the analyzer include only a portion
of data collected from the analyzer measurements that corresponds to ions of

the second ion beam that are produced from a center portion of the trench
width.

21. A method of analyzing a sample, comprising the steps of:

producing a probe particle beam;

directing the probe particle beam onto a surface of a sample to produce
a secondary particle beam;

measuring over a period of time a property of the secondary particle
beam; and

moving one of the probe particle beam and the sample in a continuous
manner over the period of time so that the probe particle beam is

continuously scanned along the surface of the sample over the period of

time.

22.  The method of claim 21, wherein the probe particle beam etches

a trench having a predetermined depth into the sample surface.

23.  The method of claim 21, wherein the property is at least one of a

mass, an electrical charge and an energy of particles of the secondary

particle beam.

24.  The method of claim 21, wherein the secondary particle beam

comprises at least one of particles from the probe particle beam and particles

from a material of the sample.
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25.  The method of claim 22 further comprising the step of:
selecting a current level of the probe particle beam and a rate of
continuous movement between the probe particle beam and the sample so

that the predetermined depth corresponds to a depth of sample material to be

analyzed.

26. A method of analyzing a sample, comprising the steps of:

producing a primary ion beam;

directing the primary ion beam onto a surface of a sample, wherein the
primary ion beam etches material from the sample surface to produce a
secondary ion beam;

measuring over a period of time at least one of a mass, an electrical
charge and an energy of ions in the secondary ion beam; and

moving one of the primary ion beam and the sample in a continuous
manner over the period of time so that the primary ion beam etches a trench

having a predetermined depth into the sample surface.

27.  The method of claim 26, further comprising the step of:
selecting an ion current level of the primary ion beam and a rate of
movement between the primary ion beam and the sample so that the

predetermined depth corresponds to a depth of sample material to be

analyzed.

28.  The method of claim 27, wherein the moving step includes
continuously rotating the sample over the period of time about an axis of
rotation that does not correspond to a spot on the sample surface at which

the primary ion beam is directed.

29.  The method of claim 27, wherein the moving step includes

continuously translating over the period of time at least one of the primary

ion beam and the sample.
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30.  The method of claim 27, wherein the moving step includes
continuously deflecting over the period of time the primary ion beam to scan

the primary ion beam across the surface of the sample.
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