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Description

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application is based upon U.S. Provision-
al Application, U.S. Serial No. 60/072,122, filed January
22, 1998 in the names of William E. Parfitt, Timothy L.
Karandy, Louis C. Frees, and Robert E. Ellefson, and U.
S. Provisional Application, U.S. Serial No. [to be as-
signed] Attorney Docket No. 247_127PRO filed May 1,
1998 in the names of William E. Parfitt, Timothy L. Ka-
randy, Louis C. Frees, and Robert E. Ellefson.

FIELD OF THE INVENTION

[0002] The invention relates to the field of mass spec-
trometers, such as those used for the analysis of gases
in vacuum process equipment, and more specifically to
an ion collector used in the quantitative and quantitative
measurement of said gases.

BACKGROUND OF THE INVENTION

[0003] When carrying out manufacturing processes in
vacuum environments, it is frequently useful or neces-
sary to employ a small or "miniature" mass spectrometer
to indicate the gas species present in the rarified atmos-
phere within a process zone. A miniature mass spec-
trometer is able to operate at higher absolute pressures
(ie., not as much vacuum) than a conventionally sized
spectrometer, thereby being useful for monitoring some
processes, such as sputter deposition of thin films,
which cannot be monitored by conventional equipment.
Such a mass spectrometer is commonly attached direct-
ly to the pressure vessel and operates in the vacuum
which is generated by the process system. Mass spec-
trometers designed for this purpose frequently include
a secondary sensing apparatus for indicating the oper-
ating vacuum level, such as atotal pressure collector or
a vacuum gauge, in addition to the primary sensing ap-
paratus for indicating the partial pressure of interest.
[0004] Referringto Figs. 1 and 2, a mass spectrome-
ter 10 of this type includes a dual ion source 16 in which
a total pressure (ion) collector 22 and an ion analyzer
18 are oppositely disposed relative to a common ioni-
zation volume 26 in which the ions are generated. The
ions are generated by heating of respective filaments
24, the ionization volume 26 being operated at a positive
potential by biasing an electrode, such as an anode 36,
typically in the 80 to 200 volt range with respect to
ground, so that positive ions are attracted to the total
pressure (ion) collector 22 and the ion analyzer 18. Fo-
cus lenses or plates 25, 27 having an opposite negative
potential are used to accelerate the ions into movement
to the ion analyzer 18 and the total pressure (ion) col-
lector 22, respectively.

[0005] The total pressure (ion) collector 22 typically
consists of an ion collector electrode 37 having a facing
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collector surface 21, incorporated with the ion source
16, with suitable electronic circuits to amplify and meas-
ure the electric current thus collected based on the col-
lection of generated positive ions from the primary ion
beam 34. When calibrated with a reference vacuum
gauge, the current collected by the total pressure col-
lector 22 can be used to indicate the degree of vacuum
available. lons strike the facing surface 21 of the collec-
tor electrode 37 with sufficient energy to cause the emis-
sion of significant quantities of electrons, known as sec-
ondary electrons. This well known effect is described in
publications, such as Methods of Experimental Physics,
vol, 4, Academic Press (1962), the contents of which
are herein incorporated by reference.

[0006] In brief, the ion analyzer 18 collects and ana-
lyzes a first portion of the produced ions to determine a
partial pressure for a selected gas species within a sam-
ple gas. As described herein, the ion analyzer 18 is a
mass filter, such as a quadrupole mass filter, which sep-
arates the ions, allowing only those ions having a pre-
determined mass to charge ratio to pass therethrough
to an ion detector 20. The oppositely disposed ion col-
lector 22 collects a second portion of the produced ions
from a secondary ion beam 34 to determine a total pres-
sure of the gas sample. The secondary ion beam 34 is
not segregated and is representative of the entire gas
sample.

[0007] The ion detector 20 includes means for collect-
ing the selected ions passing through the ion analyzer
18, The ions are collected and converted to an electric
current which can be externally measured by an ar-
ranged amplifier and indicator to indicate the quantity of
ions collected.

[0008] lon detectors usually contain a combination of
a Faraday collector (hereinafter also referred to as FC)
and an electron multiplier (hereinafter also referred to
as EM) to allow selective operation based on advantag-
es found in each. As is known, a Faraday Collector is a
conductive plate or electrode which is attached to
ground potential. Positive ions striking the plate are neu-
tralized and draw current from circuitry attached to the
electrode. The current flow resulting is exactly equal to
the incident ion current. An electron multiplier includes
an element which draws the positive ions based on a
negative high voltage bias. When an ion strikes a first
surface of the EM, one or more secondary electrons are
emitted. These electrons are further accelerated to a
second and subsequent surfaces, causing the emission
of further electrons, the process repeating itself until a
stream or pulse of electrons is created which is directed
to an electron collector, such as a Faraday Cup. As
such, the output from a Faraday detector is positive,
while the output of the EM is negative. The advantage
is an increased sensitivity, particularly at lower pres-
sures for EMs as opposedto FCs, more advantageously
used at higher pressures, for example. Other reasons
and advantages are known for each mode of operation
to those of sufficient skill in the field. Therefore, no fur-
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ther discussion is required, except as applicable to the
present invention.

[0009] The ion collecting surface of the total pressure
(ion) collector 22 faces the ionization volume 26. It has
previously been determined that some of the emitted
secondary electrons can be accelerated back into the
ionization volume, a portion of which pass though the
mass analyzer because the electrons have sufficient ve-
locity to transit the length of the analyzer during a small
period of the analyzer selection cycle when the separat-
ing voltage is at or near zero.

[0010] The effect of the secondary electrons produc-
es a negative baseline effect on the output of the ion
detector. As described in copending and commonly as-
signed USSN 08/891,694, filed July 11, 1997 by David
Holkeboer, herein incorporated by reference in its en-
tirety, an ion collector has been designed which deflects
a substantial portion of secondary electrons produced
by ion bombardment with the ion collector away from
the ionization volume.

[0011] It has been further determined, however, that
due to the amount of energy of the ions (typically on the
order of 80eV or more) accelerated into collision with
the ion collecting electrode 37, that photons or other en-
ergetic uncharged particles can also be produced. Pho-
tons are also emitted from the ionization volume by gas
molecules which are excited by the incident electron
beam. Some of the photons shine through the ion ana-
lyzer 18 to the ion detector 20. Additionally, ions moving
through the ion analyzer 18 can be neutralized and re-
tain kinetic energy. The result of photons or other ener-
getic neutral particles impinging onto the conducting
Faraday surface is the creation of additional electric cur-
rent which can not be discriminated from incident ion
current. The effect is pressure dependent; that is, more
photons are produced with an increasing number of ions
contacting the total pressure collector 22, and uniformly
affects the baseline in a positive sense, as shown by
comparing the graphical outputs illustrated in Figs. 3(a)
and 3(b).

[0012] Fig. 3(a) illustrates a spectrum of mass (amu)
versus current taken at a 10 milliTorr for nitrogen using
the system illustrated in Figs. 1 and 2. Fig. 3(b) illus-
trates a similar spectrum taken under the same condi-
tions, but having first removed the total pressure collec-
tor 22. The results are fairly pronounced; for example,
at mass 21 the baseline current shown in Fig. 3(b) is
reduced by a factor of .001 when the ion collecting elec-
trode 37 is removed.

SUMMARY OF THE INVENTION

[0013] Thereis a need to eliminate the deleterious ef-
fect caused by photons or other neutral particles enter-
ing the ion detector unaffected by the mass filter.

[0014] Therefore, and according to a preferred aspect
of the present invention, there is provided an ion collec-
tor fora mass spectrometer, said spectrometerincluding
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an ion source, an ionization volume into which ions from
said ion source are transmitted, a filter adjacent aid ion-
ization volume for allowing only ions having a specified
mass to charge ratio to pass therethrough, and an ion
detector disposed at an exit end of said filter, wherein
said detector includes a Faraday collector and an elec-
tron multiplier, each being selectively engageable for
determining the partial pressures ofa gas mixture.
[0015] A total pressure collector is disposed across
the ionization volume oppositely from the mass filter for
determining the total pressure of the gas being ionized.
The total pressure collector includes a total pressure
collecting surface capable of producing photons or other
uncharged particles which may pass into the ionization
volume and subsequently the mass filter and ion detec-
tor after striking the total pressure plate.

[0016] According to the invention, the ion collector in-
cludes an electrically grounded beam shield for captur-
ing incoming photons and other energetic neutral parti-
cles which may traverse the mass filter structure. The
beam shield is disposed in the path of the entering ion
beam.

[0017] The beam shield is used together with the ap-
plication of an appropriate deflecting bias or electrical
potential on the grid shield at the entrance of the electron
multiplier when the detector is used in the Faraday de-
tection mode of operation. According to the invention,
the electron multiplier mode of operation is not affected.
[0018] A primary advantage realized by the present
invention is an improvement in the performance char-
acteristics of the mass spectrometer due to the removal
of a pressure dependent offset found in the recorded ion
current versus mass. Therefore, the resulting mass re-
solved ion current measured in the Faraday detection
mode is more directly proportional to the abundance of
the ion species in the gas being analyzed than when a
bias current from photons and/or neutrals is present.
[0019] Anocther advantage realized by the present in-
vention is that the noise level of the electron multiplier
mode of operation is lowered because the elimination
of the portion of the Faraday plate extending into the
path of the incoming ion beam increases the distance
between the high voltage on the electron multiplier en-
trance and the Faraday plate. The increase in distance
thereby reduces the capacitive coupling of the AC noise
present on the high voltage to the electrometer input.
[0020] Yet another advantage realized by the ion de-
tector of the present invention is that a single common
electrode can be used for both Faraday and electron
multiplier modes of operation in conjunction with a bi-
polar electrometer, further simplifying manufacturing as
well as cost while providing savings in space allocation.
[0021] These and other objects, features, and advan-
tages will now be described in the following Detailed De-
scription of the Invention which should be read with the
accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0022]

Fig. 1 is a schematic diagram of a known mass
spectrometer;

Fig. 2 is a partial sectional view of a quadrupole
mass spectrometer using a known ion detector;
Fig. 3(a) is a representative graphical representa-
tion of an ion current output using the mass spec-
trometer of Fig. 2;

Fig. 3(b) is the representative graphical output of
Fig. 3(a) with the total pressure collector removed
to illustrate the presence of a pressure dependent
offset;

Fig. 4 is a plan view of an ion detector similar to that
used in the mass spectrometer of Fig. 2;

Fig. 5 is a side elevational view of the ion detector
of Fig. 4 as taken sectionally through the lines 5-5;
Fig. 6 is the sectional view of the mass spectrometer
of Fig. 2, incorporating an ion detector in accord-
ance with a preferred embodiment of the present
invention;

Fig. 7 is a plan view of the ion detector of Fig. 6; and
Fig. 8 is a side elevational view of the ion detector
of Fig. 6, as taken sectionally through the lines 8-8.

DETAILED DESCRIPTION OF THE INVENTION

[0023] Refemngtothe drawings, and more specifical-
ly to Fig. 1, a block or schematic diagram is illustrated
for a gas analysis sensor such as a quadrupole mass
spectrometer 1. According to this specific embodiment,
the sensor includes a sensor assembly 10 mounted
within a housing 12, shown only partially, containing
electrically insulated, hermetically sealed connections
14 so that the sensor can be operated in a high vacuum
with an external apparatus for providing the necessary
power inputs and for measuring the sensor outputs.
[0024] The sensor assembly 10 includes an ion
source 16, an ion analyzer 18 such as a quadrupole
mass filter, an ion detector 20, and a total pressure col-
lector 22. According to this embodiment, the total pres-
sure collector 22 is disposed relative to the ion source
16 with respect to the ion analyzer 18 and the ion de-
tector 20. Separate suitable electrical power supplies 24
and 26 provide necessary voltages and currents for the
ion source 16 and the ion analyzer 18, respectively. A
suitable amplifier and indicator 28 measures the output
of the ion detector 20, while a similar amplifier and indi-
cator 30 measures the output of the total pressure col-
lector 22. The electrical connections shown indicate
general functions and may in fact represent a number
of electrical conductors between sensor components
and their respective external components.

[0025] The ion source 16, as illustrated in Figs. 1 and
2, is referred to throughout the course of discussion as
a dual ion source. The dual ion source 16 utilizes a com-
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mon ionization volume 26, situated between the oppo-
sitely disposed ion analyzer 18 and the total pressure
(ion) collector 22, from which a primary ion beam 32 is
extracted for focusing onto the ion analyzer 18, and a
secondary ion beam 34 is similarly extracted and direct-
ed to the total pressure collector 22.

[0026] The ion analyzer 18 is a quadrupole mass filter
which selects ions of a particular species according to
mass ie., selected ions 38, for transmission to the ion
detector 20 while diverting of rejecting ions of all other
masses. Details relating to the theory of operation and
other details of quadrupole mass filters are commonly
known in the field and therefore require no further dis-
cussion herein. The adjacent ion detector 20, described
in greater detail below, collects and converts the select-
ed ions 38 to an electric current which can be externally
measured by the separate amplifier and indicator to
measure the quantity of ions collected.

[0027] The oppositely disposed total pressure (ion)
collector 22 captures the entirety of the secondary ion
beam 34 containing all ion species, regardless of mass,
and converts them into electric current. Through calibra-
tion with another vacuum gauge, the vacuum level in the
defined ionization volume 26 is calculated from the mag-
nitude of the total pressure current. As noted above, a
separate amplifier and indicator 30 indicate the quantity
of ions collected by the total pressure collector 30.
[0028] Referringto Figs. 4 and 5, the ion detector 20
is a combination channel electron multiplier/Faraday
cup ion detector, such as the Continuous Dynode Elec-
tron Multiplier with Faraday Plate Model 366, manufac-
tured by Detection Technology, Inc. The ion detector 20
includes a base portion 44 connected to a horizontal
mounting plate 46, the detector having a center axis 57
which is coaxially aligned with the exit face of the ion
analyzer 18, Fig. 1. The description which follows refers
to the center axis 57 as being vertical. This description
should not be interpreted as limiting, but is intended to
provide a suitable frame of reference when comparing
to the accompanying drawings.

[0029] A Faraday collector (FC) 50 includes a three
sided member having an open end 51, the three sides
vertically extending in a direction which is parallel to the
center axis 57 and spaced therefrom to define an open-
ended rectangular enclosure. The FC 50 is mechanical-
ly attached by conventional means to the mounting plate
46 and is made from a conductive plate material, such
as stainless steel, and attached electrically via a signal
lead 53 attached to a mounting screw 55 or other fas-
tener supporting the base portion to the mounting plate,
the signal lead extending to an electrometer 54 connect-
ing the FC essentially to ground potential. A beveled
plate portion 59 of the Faraday collector 50 extends in-
wardly from each of the sides thereof and is angled rel-
ative to the horizontal axis. In the present embodiment,
the plate portion is angled approximately 45 degrees,
though this value can be varied. The beveled plate por-
tion 59 is spotwelded or otherwise integrally formed with
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the remainder of the collector 50.

[0030] A tubularly shaped continuous dynode elec-
tron multiplier 58 having a thermally conductive interior
surface on an insulating substrate, includes a conically
shaped entrance opening 62 having a conductive grid
shield 61, Fig. 2, which is connected by known means
to a power supply (not shown), the conical opening fac-
ing the open end 51 of the FC 50. The electron multiplier
58 includes a hollow interior and axially extends in a hor-
izontal plane through a substantially 360 degree circuit,
the multiplier having an exit end opening 63 disposed in
proximity with a vertically extending grounded shield 60
with an appropriately sized hole 56 for electrons to strike
the extenor side of the Faraday collector 50. The multi-
plier 58 is supported mechanically with clips 65 connect-
ed to respective EM voltage sources 69. According to
this embodiment, the exit end opening 63 is substantial-
ly diametrically opposite from the conical entrance
opening 62. Each of the FC 50, the electron multiplier
58 are housed within a cylindrical grounded shield 71,
as is known.

[0031] Referring to Figs. 1-5, the operation of the ion
detector 20 is as follows: First, and in the FC mode of
operation, the FC is connected to the input of the elec-
trometer 54, which is essentially at ground potential. The
incoming ion beam enters the ion detector 20 along the
center axis 57 and impinges upon the beveled plate 59.
The ions are positively charged, as noted above, and
are neutralized upon striking the beveled plate 59, draw-
ing current as a signal output to the electrometer 54. The
problem, as described above, are that photons and oth-
er energetic uncharged particles from the total pressure
collector 22, Fig. 1, are also transmitted through the ion
analyzer along the direction of travel of the ion beam.
The incidence of photons with energy greater than the
work product of stainless steel upon the beveled plate
59, or in other known detectors having any portion ex-
tending into the path of the ion beam, causes an in-
crease in current due to photoelectric effects. The inci-
dence increases with pressure, making use of the FC
mode less effective.

[0032] In the alternate or EM (electron multiplier or
amplification) mode of operation of the detector 20, a
high voltage electrical potential is established (approxi-
mately -1000 to -3000 volts, -1150 volts according to this
embodiment) at the grid shield 61 adjacent the conical
entrance opening 62. This negative potential draws the
positive ions from the incoming beam into the interior of
the multiplier where secondary electrons are created. A
less negative potential (approximately -650 volts ac-
cording to this embodiment) further accelerates the
electrons to the exit end opening 63 where the negative
potential repels the electrons through the exit end open-
ing through the hole in the grounded shield and toward
the exterior side of the FC 50. Electrons emerging from
the opposing exit end opening 63 of the multiplier 58
located substantially diametrically opposite to the coni-
cal entrance opening 62 are caused to impinge against
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the proximate exterior side of the FC 50. Further details
relating to the theory of electron amplification are de-
scribed in greater detail in U.S. Patent No. 4,227,087,
the entire contents of which are incorporated herein by
reference.

[0033] Referring now to Figs. 1 and 6-8, a preferred
ion detector 20A is now described for use with the fore-
going mass spectrometer. For the sake of clarity, similar
parts are labeled with the same reference numerals.
[0034] Asshown inFig. 6, a mass spectrometer 1A is
shown having an ion source 16, a total pressure ion col-
lector 22 and an ion analyzer 18, such as a quadrupole
mass filter, arranged in the manner previously de-
scribed. In fact, with the exception of the ion detector
20A, the entirety of the system is identical to that de-
scribed and shown in Fig. 2.

[0035] The ion detector 20A includes a base portion
44 attached to a horizontal mounting plate 46, and in-
cludes a center axis 57, similarly aligned with the direc-
tion of travel of an incoming ion beam. As previously de-
scribed, the interior of the detector 20A includes a cylin-
drical grounded shield 71 surrounding the active com-
ponents of the detector and an interior shield 60 includes
a hole 56 through which electrons from the EM impinge
onto the exterior side of the FC 78

[0036] The ion detector 20A also includes an electron
multiplier 58, preferably made from a dynode material,
which is disposed in the manner previously described
and having a conical entrance opening 48. The multipli-
er 58 extends axially in a substantially circular manner
and includes an exit end opening 63 diametrically oppo-
site from the conical entrance opening 62 relative to thc
center axis 57. The plane of the entrance and exit ends
62, 63 are substantially vertical and are spaced from the
center axis 57 of the ion detector 20A. A conductive grid
shield 61 covers the conical entrance opening 62 and
acts an electrode such that a negative high voltage po-
tential can be applied for diverting the positive ions from
the incoming ion beam. As in the preceding, the electron
multiplier 58 is electrically connected to an electrometer
54. Preferably, the electrometer 54 is of the bi-polar type
for reasons detailed below.

[0037] The ion detector 20A also includes a Faraday
collector (FC) 78 defined by a rectangularly shaped en-
closure defined by three orthogonal and vertically ex-
tending sides and an open end disposed about the cent-
er axis 57 of the ion detector 20A and mounted by con-
ventional means. As opposed to the preceding version,
however, no horizontal or beveled plate portion is pro-
vided, meaning that no portion of the FC 78 is in the path
of the incoming ion beam.

[0038] A beam shield 80, made from a suitable con-
ductive material, is attached and connected by known
means to ground potential. The beam shield 80 is a flat
conductive plate member extending substantially hori-
zontal; that is, substantially parallel to the mounting
plate 46, the shield being roughly centered on the center
axis 57 of the ion detector 20A and beneath the electron
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multiplier 58 and the FC 78. In this configuration, the
beam shield 80 is aligned with the exit lens (not shown)
of the ion analyzer 18.

[0039] The method of operation of the ion detector of
the present embodiment will now be described. As in
the preceding, the ion detector 20A is capable of selec-
tive modes of operation, employing either an FC mode
or an EM mode. First, and in the FC mode, a positive
electrical potential is applied to the grid shield 61 at the
conical opening 62 of the electron multiplier 58. It has
been determined that a potential of between 50 and 100
volts is suitable. Approximately, 50 volts are applied in
the present embodiment. The positive ions passing
emerging from the ion analyzer 18 from the ionization
volume 26 are deflected due to the applied positive bias
of the electric field, thereby repelling the ions to impinge
upon the vertically disposed sides of the FC 78. The
photons, and any other energetic uncharged particles
entering the ion detector 20A, however, are unaffected
by the electric field, and therefore impinge directly on
the surface of the grounded beam shield 80. Electrons
produced due to the photoelectric effect are attracted to
the positive deflection voltage applied to the cone of the
EM, though their effect on current measured is negligi-
ble.

[0040] The EM mode of operation of the present ion
detector 20A is unchanged. That is, a high voltage neg-
ative potential is again established (approximately
-1.15kv) at the entrance grid shield 61 ofthe electron
multiplier 58 causing the incoming beam of positive ions
to be deflected by the created electric field to the conical
opening 62. The ions are accelerated through the inte-
rior of the hollow dynode member, producing electrons
through contacting the interior wall of the multiplier 58.
The less negative potential at the exit end repels the
formed electrons onto the exterior side of the conductive
FC 78, which is electrically connected in a known man-
ner to the electrometer 54.

[0041] Inthatacommon electrode is used for both FC
and EM modes of operation, a single bi-polar electrom-
eter can be utilized. Inversion of the polarity of the neg-
ative electron current from the EM detector output is ac-
complished with a gain of (-1) amplifier stage of the elec-
trometer output to produce a positive ion intensity signal
for each detection mode.

[0042] In the meantime, any uncharged particles en-
tering the ion detector 20A in this mode are unaffected
by the generated electric field, and impinge directly upon
the beam shield 80. Any electrons created as a result of
the particles striking the surface of the beam shield 80
do not affect the output of current. Therefore, the overall
positive baseline effect shown in Fig. 3(a) is minimized,
improving the output characteristics of the mass spec-
trometer.

[0043] In addition, by removing the portion of the FC
extending directly into the path of the incoming ion
beam, an increase in distance is realized relative to the
electron multiplier 58, This increase in distance produc-
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es a further realized benefit the capacitive coupling of
the AC noise present on the high voltage to the elec-
trometer input is dramatically reduced. Reductions by a
factor of 5-10 can be realized, depending on the individ-
ual EM/FC detector unit.

[0044] Though the preceding related to a preferred
embodiment, it should be apparent that other modifica-
tions and/or variations can be realized by one of suffi-
cient skill in the field which embody the concepts taught
herein and according to the following claims. For exam-
ple, the present invention can be utilized for other known
ion detectors used in combination with mass spectrom-
eters and having conductive plate portions extending in-
to the path of the incoming ion stream.

[0045] It should also be readily apparent that single
mode off-axis FC detectors can also be modified in ac-
cordance with the teachings of the present invention.
Using such an FC detector, a positive potential can be
applied to a conductive plate or other shaped collector
to deflect the incoming ion beam using a positive poten-
tial in the manner described for the EM grid. A grounded
beam shield disposed in the path of the ion beam can
be used to stop photons and neutral particles. In addi-
tion, this potential can be applied, for example, using the
power source 24, Fig. 1, used to bias the anode 36, Figs.
2,6

PARTS LIST FOR FIGS. 1-8

[0046]

1 mass spectrometer

10 sensor assembly

12 housing

14 electrical connections
16 ion source

18 ion analyzer

20 ion detector

21 ion collecting (facing) surface
22 total pressure collector
24 filaments

26 ionization volume

28 amplifier and indicator
30 amplifier and indicator
32 primary ion beam

34 secondary electron beam
36 anode

37 ion collecting electrode
38 selected ions

44 base portion

46 mounting plate

50 Faraday collector

51 openend

53 signal lead

54 electrometer

55 mounting screw

56 hole

57 center axis
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58 electron multiplier

59 beveled plate portion

60 grounded shield

61 grid shield

62 conical entrance opening
63 exit end opening

64 electron collector

65 clips

69 EM voltage sources

71 cylindrical grounded shield
78 Faraday collector

80 beam shield

Claims

1.  An ion detector for a mass spectrometer, said de-

tector comprising a Faraday collector and an elec-
tron multiplier to allow selective modal operation of
said detector, in which said Faraday collector and
said electron multiplier include contacting surfaces
arranged in a direction which is parallel to the direc-
tion of travel of an incoming ion beam, said electron
multiplier including means for generating an electri-
cal potential for deflecting said incoming ion beam
s0 as to impinge upon one of either said contacting
surface of said electron multiplier and said Faraday
collector, said detector including a grounded plate
disposed in the path of said incoming ion beam be-
neath said contacting surfaces for allowing un-
charged particles contained in said ion beam to im-
pinge thereupon.

An ion detector as claimed in Claim 1, wherein the
contacting surface of said electron multiplier is dis-
posed oppositely from said contacting surface of
said Faraday collector relative to the direction of
travel of said incoming ion beam, said generating
means including means for charging a first potential
on said contacting surface of said electron multiplier
s0 as to deflect said incoming ion beam toward said
electron multiplier in the electron multiplier mode of
operation, and for charging a second oppositely
charged potential across said contacting surface so
as to deflect said ion beam onto the contacting sur-
face of said Faraday collector when a Faraday de-
tection mode is enabled.

An ion detector as claimed in Claim 2, wherein said
electron multiplier is a hollow tubular member made
from a dynode material.

An ion detector as claimed in Claim 3, wherein said
hollow tubular member includes an entrance open-
ing and an exit opening, each of said openings be-
ing diametrically opposed relative to the direction of
travel of said incoming ion beam and said conduc-
tive surface of said Faraday collector.
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5.

An ion detector as claimed in Claim 2, including a
bi-polar electrometer electrically connected to said
contacting surface for allowing each mode of oper-
ation of said detector.

Apparatus for collecting ions from an incoming par-
ticle beam containing electrically charged and un-
charged particles, said apparatus including a Fara-
day collector having a ion collecting surface ar-
ranged off axis relative to said incoming beam,
means for deflecting charged particles contained in
said beam to said ion collecting surface, and a
grounded plate disposed in the path of said incom-
ing beam to stop incoming uncharged particles
when said deflecting means is enabled.

Apparatus as claimed in Claim 5, wherein said de-
flecting means includes a power supply electrically
connected to said ion collecting surface, said ion
collecting surface being made from a conductive
material, said power supply being capable of apply-
ing an electric potential for drawing charged parti-
cles to said ion collecting surface.

Apparatus as claimed in Claim 6, wherein said
grounded plate is made from a conductive material.
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