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an We, MINNESOTA MINING AND
MANUFACTURING COMPANY, a corporation
organised and existing under the laws of the
State of Delaware, United States of America,

5 of 3M Center, Saint Paul, Minnesota 55101 s
United States of America, do hereby declare
the invention, for which we pray that a patent
may be granted to us, and the method by which
itis to be performed, to be particularly described

10 in and by the following statement:—

This invention relates to improved surface
analysis techniques wherein information
concerning the surface composition is inferred
from the decrease in a kinetic parameter, such

15 as energy, associated with ions scattered off the
surface.

Varjous techniques and apparatus for analy-
zing surfaces by scattering ions from the surfaces
are disclosed in U.S. Letters Patent Nos. 3, 480,

20 774, 3, 665, 182, and 3, 665, 185. Such tech-
niques include impinging a primary ion beam
on a sample. The energy of the ions scattered at
a given angle is thereafter measured and the
intensity of a signal associated with the measured

25 scattered ions is plotted as a function of the
ratio of energy of the scattered ions to that of
the impacting ions (i.e., E, /Eg) to at least
semiquantitatively identify the elemental
composition of the bombarded surface. In the

30 techniques disclosed in these patents, signals
resulting from the passage of sputtered ions
through the energy analyzer have generally been
observed and measured, even when neutrali-
zation of surface charge buildup is achieved.

35 The presence of the signal generally attributed
to sputtered ions decreases the overall signal-
to-noise ratio, and obscures the detection of
scattered ions having a low ratio of E, /E,,
which low ratios correspond to those ions

40 that have lost a large fraction of their incident

energy as a result of being scattered from
surface elements of relatively low atomic mass.
The ion scattering spectrometers (ISS)
disclosed in the patents referenced hereinabove
appear to require the determination of the 45
energy lost by a scattered ion. Assuming that
the ions so measured are indeed scattered ions
such that the mass thereof is also known, the
mass of the target atom from which the primary
ion is scattered at 90° with respect to the 50
incident primary ion beam may be inferred
from the expression E; /Eq = (M,-M, )/
(M, +M,), where E; is the energy of the scat-
tered primary ion, E is the energy of the
primary ion before scattering, M, is the mass of 55
the primary ion, and M, is the mass of the
target atom.
A similar relationship can be expressed in
terms of the decrease in other kinetic parameters
such as velocity and momentum associated with 60
ions as a result of scattering. Thus a deter-
mination of the necessary information regard-
ing the scattering events may be made by any
of a large variety of analyzers, some of which
are generally referred to as energy analyzers, 65
while others may be more appropriately viewed
as momentum analyzers (magnetic sector analy-
zers), or velocity analyzers (time-of-flight
spectrometers) but all of which determine some
kinetic parameter (i.e., energy, momentum or
velocity).
It should be noted that the calibration of
most of the analyzers discussed hereinabove
(with the exception of the time-of-flight
analyzer) is dependent on the charge state of 75
the ion being analyzed. In most cases, the ion
is assumed to be singly charged. Where this is
not the case, the actual mass or kinetic para-
meters of the ion can be determined by assum-
ing the proper charge. 80



2 1558 828 2

These analyzers are all limited in that they
fail to distinguish between sputtered and scat-
tered ions and must assume that the detected
ions are indeed scattered ions which contribute

5 “noise” and background in the resultant spectra.

In contrast to the ion scattering spectro-
meters disclosed in the patents referenced here-
inabove, the ion scattering spectrometer of the
present invention utilizes an additional analyzer

10 such that a mass-sensitive filtering of the scat-
tered ions is accomplished simultaneously with
the measurement of a kinetic parameter.
Further, just as the first analyzer need not solely
determine the energy, for the kinetic reasons

5 discussed hereinabove, so also the second
analyzer need not specifically determine the
mass. According to elementary algebra, two
independent variables may be determined by
simultaneously solving two independent

20 equations involving the two variables. The mass
and the velocity (two independent variables)
can be directly measured with appropriate
analyzers, or they can be indirectly determined
by the measurement of two related parameters

25 such as energy and momentum. The analyzers
of the present invention need only be such that
when scattered ions are passed through each of
the analyzers to thereby satisfy the require-
ment for simultaneous solutions, both the mass

3¢ and kinetic parameters of the detected ions are
determined. Thus, any two analyzers that are
sensitive to any two of the characteristics con-
sisting of the mass and the three kinetic para-
meters are sufficient.

35 The ion scattering spectrometer of the
present invention is thus similar to the prior
art ISS system in that it includes an ion
generator for producing a primary ion beam,
which beam is directed along a preselected path

4o toimpinge upon and be scattered from a surface
of the material to be analyzed. In all such ISS
systems, ions indicative of surface atoms hav-
ing a given mass are transmitted to means for
receiving the transmitted ions and for convert-

45 ing the received ions into an electronic signal
characterisitc of the surface atoms.

In the present invention, such a spectrometer
includes two independent analyzers from which
the characteristics consisting of the mass and

50 the three kinetic parameters may be determined.
According to the invention, apparatus for
analyzing the surface of a material comprises:

means for generating a primary ion beam,
means for directing said beam along a pre-

55 selected path to impinge upon and be scattered
from a surface of the material to be analyzed;

a first analyzer means positioned adjacent a
said surface wherein ions scattered from said
surface at a predetermined angle are accepted

60 and a portion of such accepted ions are passed
therethrough;

a quadrupole analyzer means positioned in
tandem with the first analyzer means for accept-
ing ions passed through the first analyzer means

65 and for passing therethrough a portion of such

ions;

a retarding lens positioned at the entrance to
the quadrupole analyzer means, the quadrupole
analyzer means being biased to accept the thus
retarded ions, thereby maximizing the mass 70
selectivity of the quadrupole analyzer means;

means for establishing a time varying pre-
determined condition definitive of a given
kinetic parameter within the first analyzer
means for allowing only ions having a particular 75
value of said kinetic parameter to pass there-
through at any given time;

means for establishing another predetermined
condition definitive of a given mass within the
quadrupole analyzer means for allowing only 80
ions having a given mass to pass therethrough;
and

means for receiving the transmitted ions and
converting the received ions into an electronic
signal characteristic of said surface atoms to 85
generate a signal characteristic of surface atoms
having a given mass.

In preferred embodiments the first analyzer
means comprises an electrostatic energy filter
having an entrance aperture positioned to receive 90
ions scattered at a predetermined angle and
having an exit aperture for passing ions having
a given energy, the quadrupole analyzer means
having an entrance aperture positioned adjacent
the retarding lens to receive retarded ions 95
passed therethrough.

The method of the invention comprises:

generating a primary ion beam;

directing the beam along a preselected path
to impinge upon and be scattered from a surface 100
of the material to be analyzed; -

transmitting ions scattered at a predetermined
angle into a first analyzer means positioned
adjacent the surface such that a portion of such
scattered ions are passed therethrough;

transmitting said passed ions into a quad-
rupole analyzer means positioned in tandem
with said first analyzer means such that a portion
of said passed ions are passed therethrough;

focussing ions passed through the first
analyzer means through a retarding lens such
that said retarded ions are transmitted into
said quadrupole analyzer means at a lower
energy, and biasing said quadrupole analyzer
means to accept the thus retarded ions under
maximum mass selectivity conditions;

establishing a time varying predetermined
condition definitive of a given kinetic parameter
within the first analyzer means for allowing
only ions having a particular value of said kinetic
parameter to pass therethrough at any given
time;

establishing another predetermined condition
definitive of a given mass within the quadrupole
analyzer means for allowing only ions having a
given mass to pass therethrough, and

detecting the scattered ions passing through
both analyzer means such that the mass and a
given kinetic parameter of the transmitted ions
are known, and converting said detection ions
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into an electronic signal characteristic of said
surface atoms to generate a signal characteristic
of surface atoms having a given mass.

In the method of the present invention the
second analyzer, is a mass analyzer, and is
adjusted to pass into the detector only such
ions as have the same mass as the ions in the
incident beam. The detector then generates a
signal corresponding to the instantaneous
concentration of scattered ions having a given
decrease in a kinetic parameter, e.g., a given
energy loss. In this manner, those ions having
the'same energy as a primary ion scattered from
the surface but which are actually sputtered
therefrom are rejected by the mass analyzer and
do not contribute to the resultant spectrum.
Scattered jons having low ratios of E; /Eq
which were previously undetectable due to the
large sputtered ion peak may now be readily
resolved.

The invention will now be described by way
of example and with reference to the
accompanying drawings wherein:

Figure 1 is a combined cross-sectional view
and schematic diagram of an apparatus
constructed in accordance with the present
invention; and

Figures 2 to 5 are graphs of spectra showing
the analysis of a tin sample obtained from the
present invention.

Figure 1 shows a compact elemental analyz-
ing apparatus comprising a multipositionable
target support 60, an ion generating means 26,
beam deflection members 57 and 110, energy
analyzer 45, mass analyzer 120, an ion detector
70, and indicating apparatus 80.

In operation, the apparatus described above,
with the exception of the indicating apparatus
80, is located within a vacuum chamber 12. A
vacuum pump (not shown) is provided to
evacuate the chamber to a pressure of less than
10-® Torr. A getter and a cryopanel (not shown)
are positioned within the chamber to further
purify the active elements remaining in the
chamber. The pumping of inert gases is discon-
tinued and a gas (or a mixture of gases), such as
a noble gas, is released into the chamber until
the static pressure is increased to approximately
5 x 1075 Torr. Thereafter, all openings to the
chamber are closed. The gas atmosphere within
the chamber is utilized to analyze the elements
forming the surface of the sample. The noble
gas preferably used herein may be any noble
gas, however, Helium (He), Neon (Ne) and
Asxgon (Ar) are commonly used. Insulated
electrical feedthroughs or connectors provide
the necessary electrical connections between
the components within the chamber and the
electrical apparatus located outside the chamber.

The multiple positionable target support 60
includes a rotatable wheel 61 which contains a
number of recessed openings in a lower face
thereof to receive samples 62 and 63 which are
to be analyzed. The wheel 61 is coupled through
the bevel gears shown generally as 65 and

through a conventional mechanical feedthrough
to a knob positioned outside the vacuum
chamber 12. The samples 62 and 63 are held on
the face of the wheel 61 by any suitable tem-
porary fastenings such as springs, screws, clips
or the like. The target support 60 further
includes a sliding contact arm insulated from
the supporting members and engageable with
indents on the wheel to electrically connect

the wheel 61 and the sample being analyzed
with a current measuring device 81 for monitor-
ing the level of the ion beam current., Any
variety of similar multiple target supports may
likewise be provided. Alternatively, larger samples
may be mounted singly on a slightly altered 80
sample wheel.

The ion generating means preferably
comprises a grounded tubular housing 25,
essentially 5.1 x 7.6 x 10.0 cm, adapted to
support the operative components of the ion
generator. The ion generator, essentially 2.5 x
2.5 x 7.6 cm, includes a heated filament 27 for
producing electrons, a highly transparent grid
28 having greater than 80% open area and defin-
ing behind an extractor plate 31 an ionization
region 29, a repeller 30 encircling the filament
27, a first, second, third and fourth anode
plates 33, 35, 37 and 39, respectively, and a
feedback stabilization loop 41.

A filament power supply 84 powers the fila- 95
ment to produce electrons and a grid power
supply 83 biases the grid with respect to the
fialment 27. The produced electrons from the
filament 27 are accelerated by the grid 28 to a
potential sufficient to ionize the gas atoms.

For example, the electrons could have from
100-125 electron volts of energy, which is
sufficient to ionize Helium, which has an
ionization potential of about 24 electron volts.
The repeller 30 is at the filament potential,

and repels or deflects any approaching electrons
to result in a long mean-free-path which increases
the probability of the electrons striking the
atoms of the gas to thereby ionize those atoms.

If the static pressure of the gas within the
evacuable chamber 12 is increases, then the ion
beam current is increased. Therefore, by
regulating the electron current at a constant
gas pressure, the ion beam current is also
regulated. The feedback stabilization loop 41
maintains a stable electron current between the
filament and the grid and thereby controls
the ion beam current throughout pressure
changes within the evacuable chamber 12,

An ion gun voltage divider network 85
biases the extractor plate 31 to a potential to
extract positive jons from the ionization region
29. The network 85 includes a number of
resistors to selectively bias the extractor plate
31 and the anode plates 33, 35 and 37, except
the fourth anode plate 39 which is grounded.

The extractor plate 31 includes an extractor
aperture 32 about 0.6 cm in diameter, located
about the beam axis 42 to extract the positive
ions. The jons are focused and apertured by the
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anode plates forming a primary ion beam. Each
anode plate has a potential applied thereto
from the network 85. The first anode plate 33
is primarily used to control, modulate and
initially focus the extracted ions into a colli-
mated beam. The second anode plate 35, which
is spaced from the first plate 33 a distance greater
than the spacing between the other plates, is
the primary beam collimating and focusing
anode. The third anode plate 37 is run at a sub-
stantially fixed potential from the voltage
divider network 85, while the fourth plate 39

is af ground potential or, alternatively, could be
connected to one side of a high voltage power
supply 86 and biased with respect to ground.
The anode plates are each formed with a small
aperture and are constructed of very thin
conductive material to control the ion flow and
to maintain a monoenergetic beam. The plates
are, for example, .25 mm thick, in order to
minimize the wall surface defining the apertures.
In this manner the ineraction of the passed ions
with the wall surfaces similarly minimizes the
attendant loss of energy in the ions passing
therethrough.

The beam passing out of the tubular housing
25 is directed through the gas atmosphere
toward the sample 62 to be analyzed. Under
normal operating conditions, beam perturbing
collisions do not cause serious deviations in
analysis.

Two pairs of deflector plates 57 and 110,
positioned near the end of the housing 25 and
at opposite sides of the beam axis 42, serve to
deflect the beam to enable scanning the beam
about a predetermined area of the sample. The
plates 57 and 110 are charged by an ion deflector
power supply 87 in a conventional manner. The
ion beam strikes or bombards the sample 62 on
the sample surface about the predetermined
area and the impinging primary ions are scat-
tered therefrom. The current to the sample
produced by the impinging beam is measured
by the current measuring device 81. Such
measured current may be used to determine the
approximate current density striking the surface
of the sample.

The energy analyzer 45 is preferably a con-
ventional 127° electrostatic energy analyzer.
The analyzer 45 includes an entrance diaphragm
46 having a rectangular entrance slit 47, an exit
diaphragm 49 having a rectangular exit slit 50,
and two curved electrostatic analyzer plates 48.
The entrance diaphragm 46 and exit diaphragm
49 may be grounded as shown in Figure 1, or
may be charged by a biasing power supply if
desired. The slits in the diaphragms have a
preferred width of 0.125 mm. The entrance
diaphragm 46 is spaced about 1.0 cm from the
surface of the sample 62 being analyzed.

The analyzer plates 48 are charged by the
output from an analyzer plate sweeping power
supply 90 receiving power from a dual power
supply 89. The analyzer plate sweeping power
supply 90 permits a suitable potential to be

applied to the plates 48 to direct ions having a
predetermined energy through the slit 50 in the
exit diaphragm 49. The analyzer plates 48 have
a mean radius of 5.1 cm.

The ions passed through an exit diaphragm
49 are coupled into a mass analyzer 120. The
mass analyzer is preferably a quadrupole type
mass analyzer having four rods 122, 124, 126
and 128 symmetrically disposed about an axis
130 along which ions pass upon leaving the exit
diaphragm 49.

The ions passed from the energy analyzer 45
are coupled to the mass analyzer 120 via an
electrostatic lens 114. Such a lens may be
energized via power supply 115 to focus the
ions passing through the energy analyzer at the
entrance region of the quadrupole analyzer
120, thereby optimizing the analysis thereof in
the quadrupole mass analyzer 120.

Since the energy analyzer typically operates
on ions having relatively high kinetic energies,
and since the quadrupole mass analyzer pre-
ferably operates on low energy ions, it is des-
irable to establish a potential difference between
the electrostatic analyzer and the quadrupole
mass analyzer, such that the ions exiting the
electrostatic analyzer experience a retarding
field and thereby enter the quadrupole mass
analyzer with reduced kinetic energies. Such a
retarding field is provided in the form of the
retarding lens 114 to also focus the ions into
the quadrupole mass analyzer.

Within the mass analyzer 120, a first set of
opposing rods 122 and 124 are preferably
electrically connected together while the oppos-
ing rods 126 and 128 are similarly connected
together. Each set of rods is coupled to the
quadrupole mass analyzer power supply 132,
which produces an f voltage and a DC bias
voltage and which causes appropriate electro-
static fields to be set up along the axis 130 such
that a stable trajectory along that axis exists
only for ions having a preselected mass. Those
ions thus pass along the axis and out of the
mass analyzer 120.

The ions passed by both analyzers 45 and
120 are detected and converted by the ion
detector 70 into electrons to be received by
the electron collector 68. The electron collector
68 converts the collected electrons into an
electronic signal.

The ion detector 70 within the enclosure 69
is a continuous channel electron multiplier 71,
and is powered by the high voltage power supply
99. The multiplier 71 has a 15 mm entrance
cone, which compasses the entire exit area
along the axis 130 from the mass analyzer 120.
The multiplier may be a commercially available
device such as Model No. CM4028 manufactured
by Galileo Electro Optics Corp., Galileo Park,
Sturbridge, Massachusetts 01581.

In the present invention, the electronic
signal is preferably coupled through a signal
processor circuit 100 to extend the duration
of pulses associated with discrete scattering
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events. Lhe processed signal is thereafter coupled
to the indicating apparatus 102. The data from
the circuit 100 may thus be permanently
recorded by the apparatus 102 as a graph or
visually indicated on an oscilloscope 101. A
signal from the analyzer power supply 90 is
similarly coupled to the indicating apparatus
102 so as to enable a spectrum to be displayed
which corresponds to a plot of the magnitude
of the scattered ions having a given amount of
energy loss as a function of the ratio of the
energy after scattering to the initial energy of
the incident ion beam (i.e., E1 /Eo).

Figures 2 and 3 show spectra prepared under
substantially the same conditions but in which
in one case (i.e, Figure 3) the mass analyzer 120
has been tuned to reject all ions except those
having the same mass as the primary ion beam.
During the preparation of these spectra, the
chamber 12 was back filled with a partial
pressure of Neon gas and the power supplies
associated with the ion generator 26 were
energized to produce a primary ion beam of Ne
ions having an energy of 1.5 keV. This beam
was then directed onto a sample of tin oxide
coated on a glass substrate. The ions scattered
at 90° were then passed into the energy analyzer
45 and a varying potential applied to the
analyzer plates 48 by the analyzer power supply
90 in a conventional manner.

In the preparation of the spectra shown in
Figure 2, the rods 122, 124, 126 and 128,
respectively, were all operated at zero potential
such that all masses leaving the exit diaphragm
49 were allowed to pass along the trajectory
130 and thereby enter the ion detector 71. In
this spectra, the peak at a value of E; /Eg of
approximately 0.7 corresponds to a counting
rate of approximately 3100 counts per second.
The broad peak extending over an energy ratio
range from O to approximately 0.4 corresponds
to sputtered ions and has a maximum intensity
of approximately 5650 counts per second. It
may readily be appreicated that signals corres-
ponding to scattered ions havingaratio of E; [Eq
within this range will be appreciably masked by
the large sputtered ion signal. Since signals
associated with sputtered ions are also present,
albeit to a lesser degree, in the higher energy
range, such sputtered ion signals will also con-
tribute to a higher noise content in that energy
range.

In the preparation of Figure 3, the same tin
sample was bombarded under identical con-
ditions. However, in this case the mass analyzer

120 was energized by the quadrupole analyzer
power supply 132 so as to desirably pass only
ions having an atomic mass of 20 amu, i.e.,
to pass only Neon ions. This resulted in a
decrease in the total amount of ion current
passing through the mass analyzer 120 such that
the peak corresponding to Neon ions scattered
from the tin surface had relative intensity of
approximately 400 counts per second as opposed
to the previously observed intensity of 3100

counts per second (see Figure 2). More signi-
ficantly, it may be seen that the large peak
associated with sputtered ions is entirely eli-
minated. In this manner, surface contaminants,
impurities or the like having a mass correspond-
ing to a scattered ion energy ratio in the range
of 0 to 0.4 may now readily be detected.

Complete verification of the mass analysis
shown in Figures 2 and 3 could be possible by
showing a series of ISS spectra in which the 75
mass analyzer was tuned to pass different
masses. Such verification could also be made by
scanning the mass analyzer while holding the
energy analyzer fixed at a predetermined value.

A pair of such spectra are shown in Figures4  gq
and 5, i.e., an energy analysis at fixed mass and

a mass analysis at fixed energy, respectively.

The fixed mass in Figure 4 and the fixed

energy in Figure 5 are those associated with Ne
ions (100 eV) eleastically scattered from a SnO gs
surface. In the mass analyzed ion scattering
spectrum of Figure 4, the quadrupole mass
analyzer is tuned to allow Ne ions (20 amu)

to pass therethrough. Figure 4 is thus sub-
stantially the same as that presented in Figure gg
3, except that the energy of the bombarding

ions was 100 eV rather than 1500 eV.

In preparing the spectrum shown in Figure
5, the electrostatic energy analyzer was tuned
to pass only ions having the appropriate ratio g5
of E, [Eq corresponding to elastically scattered
Ne ions, i.e., 0.7, and the quadrupole mass
analyzer was scanned. As may be seen, only
ions having a mass of approximately 20 amu
were detected, thus indicating proper mass 100
analysis by the quadrupole mass analyzer.

The present invention has additional utility
in that the mass analyser 120 may be tuned to
selectively pass other atomic species. Accord-
ingly, while in one mode of operation, the 105
sputtered ions are prevented from complicat-
ing the energy spectra, in another mode such
sputtered species may be selectively identified.

For example, the prior art ion scattering
spectrometers have demonstrated, at best, a 110
limited ability to resolve various isotopes of
surface elements. With the present invention,
such isotopes may be definitively identified
by tuning the mass analyzer 120 to pass first
one and then another of the isotopes of a given 115
atomic species to determine the relative con-
centration of each of the isotopes.

Whereas previous ISS systems could not
effectively differentiate between most isotopes,
the present invention now allows for isotopic 129
separations such as K3° and K*!. The deter-
mination of these isotopes on the outer surface
of a membrane such as a cell wall is a central
factor in the understanding of intercellular
communications relating to such cellular 125
phenomena as osmosis and cancerous growth.

Similarly, while the prior art ion scattering
spectrometers have been incapable of detect-
ing hydrogen, the analysis of sputtered species
may enable such detection. For instance, if 130
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excessive oxygen and hydrogen are present on a
metallic surface, the combined mass and energy
analysis may yield information pertinent to
whether the oxygen and hydrogen are due to
the increased mettallic oxide content or merely
absorbed water.

In the past, ion scattering spectrometers
have desirably used an isotopically purified
probe gas. Such purification is quite costly and
therefore the elimination of such a need offers
significant savings. With the present invention
the mass analyzer 120 may be tuned to reject
all ions except those having a mass of a desired
isotope of the probe gas, thereby rendering
immaterial the presence of other isotopes of
the probe gas.

The invention further allows extremely
accurate calibration of the energies of scattered
ions, inasmuch as a known target may be bom-
barded with ions of a known isotope and the
mass analyzer tuned to accept only ions of
that atomic weight. In this manner, the energy
analyzer may then be accurately adjusted to
pass a maximum scattered signal. With the high
signal intensity thus obtained, small variations
in the energy of the scattered ions such as may
result from chemical bonding effects or varia-
tions in the atomic surface topology may be
observed.

WHAT WE CLAIM IS:—

1. Apparatus for analyzing the surface of a
material comprising:

means for generating a primary ion beam;

means for directing said beam along a pre-
selected path to impinge upon and be scattered
from a surface of the material to be analyzed;

a first analyzer means positioned adjacent a
said surface wherein ions scattered from said
surface at a predetermined angle are accepted
and a portion of such accepted ions are passed
therethrough;

a quadrupole analyzer means positioned in
tandem with the first analyzer means for accept-
ing ions passed through the first analyzer means
and for passing therethrough a portion of such
ions;

a retarding lens positioned at the entrance to
the quadrupole analyzer means, the quadrupole
analyzer means being biased to accept the thus
retarded ions, thereby maximizing the mass
selectivity of the quadrupole analyzer means;

means for establishing a time varying pre-
determined condition definitive of a given
kinetic parameter within the first analyzer
means for allowing only ions having a particular
value of said kinetic parameter to pass there-
through at any given time;

means for establishing another predetermined
condition definitive of a given mass within the
quadrupole analyzer means for allowing only
ions having a given mass to pass therethrough;
and

means for receiving the transmitted ions and
converting the received ions into an electronic
signal characteristic of said surface atoms to

generate a signal characteristic of surface atoms
having a given mass.

2. Apparatus according to Claim 1 wherein
the first analyzer means comprises an electro-
static energy filter having an entrance aperture 5q
positioned to receive ions scattered at a pre-
determined angle and having an exit aperture
for passing ions having a given energy, the quad-
rupole analyzer means having an entrance
aperture positioned adjacent the retarding lens 75
to receive retarded ions passed therethrough.

3. Apparatus for analyzing the surface of a
material substantially as described herein with
reference to and as illustrated by the accompany-
ing drawings.

4, A method for analyzing the surface of a
material comprising:

generating a primary ion beam;

directing the beam along a preselected path
to impinge upon and be scattered from a sur-
face of the material to be analyzed;

transmitting ions scattered at a predetermined
angle into a first analyzer means positioned
adjacent the surface such that a portion of such
scattered ions are passed therethrough;

transmitting said passed ions into a quad-
rupole analyzer means positioned in tandem
with said first analyzer means such that a portion
of said passes ions are passed therethrough;

focussing ions passed through the first
analyzer means through a retarding lens such
that said retarded ions are transmitted into said
quadrupole analyzer means at a lower energy,
and biasing said quadrupole analyzer means at
a lower energy, and biasing said quadrupole
analyzer means to accept the thus retarded jons
under maximum mass selectivity conditions;

establishing a time varying predetermined
condition definitive of a given kinetic parameter
within the first analyzer means for allowing
only ions having a particular value of said
kinetic parameter to pass therethrough at any
given time;

establishing another predetermined con-
dition definitive of a given mass within the
quadrupole analyzer means for allowing only
ior‘lis having a given mass to pass therethrough,
an

detecting the scattered ions passing through
both analyzer means such that the mass and a
given kinetic parameter of the transmitted ions
are known, and converting said detected ions
into an electronic signal characteristic of said
surface atoms to generate a signal character-
istic of surface atoms having a given mass,

5. A method of analyzing a surface of a
material according to Claim 4 and substantially
as herein described.
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