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ION SOURCE FOR ENHANCED IONIZATION

FIELD

Embodiments of the present disclosure relate to an ion source,
and more particularly, an ion source with the cathode
electrically connected to the walls of the chamber to improve

the life of the ion source.

BACKGROUND

Various types of ion sources may be used to create the ions
that are used in semiconductor ©processing equipment. For
example, Bernas ion sources operate by passing current through a
filament disposed in a chamber. The filament emits electrons
which excite the gas that is introduced to the chamber. A
magnetic field may be used to confine the path of the electrons.
In certain embodiments, electrodes are also disposed on one or
more walls of the chamber. These electrodes may be positively or
negatively Dbiased so as to control the position of ions and
electrons, so as to increase the ion density near the center of
the chamber. An extraction aperture 1is disposed along another
side, proximate the center of the chamber, through which the

ions may be extracted.

One issue associated with Bernas ion source 1is the life of
the filament. Since the filament is exposed in the chamber, it
is subject to sputtering and other phenomenon which reduce its
life. In some embodiments, the life of the Bernas ion source

is dictated by the life of the filament.
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A second type of ion source 1s the indirectly heated
cathode (IHC) ion source. IHC ion sources operate by supplying a
current to a filament disposed behind a cathode. The filament
emits thermionic electrons, which are accelerated toward and
heat the cathode, in turn causing the cathode to emit electrons
into the chamber of the ion source. Since the filament is
protected by the cathode, its life may be extended relative to
the Bernas ion source. The cathode 1is disposed at one end of a
chamber. A repeller 1is typically disposed on the end of the
chamber opposite the cathode. The cathode and repeller may be
biased so as to repel the electrons, directing them back toward
the center of the chamber. In some embodiments, a magnetic field

is used to further confine the electrons within the chamber.

In certain embodiments, electrodes are also disposed on one
or more side walls of the chamber. These electrodes may be
positively or negatively biased so as to control the position of
ions and electrons, so as to increase the ion density near the
center of the chamber. An extraction aperture is disposed along
another side, proximate the center of the chamber, through which

the ions may be extracted.

One 1ssue associated with TIHC ion sources 1s that the
cathode may have a limited lifetime. The cathode is subjected
to bombardment from electrons on 1ts back surface, and by
positively charged dions on 1its front surface. The ion
bombardment results in sputtering, which causes erosion of the
cathode. In many embodiments, the life of the IHC ion source
is dictated by the 1life of the <cathode. In certain
embodiments, chemical vapor deposition from the plasma may

cause the negatively charged cathode to become electrically
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connected to the grounded walls of the ion source, causing

failure of the ion source.

Therefore, an ion source that has increased life may be
beneficial. Further, it would be advantageous 1if the ion
source experienced less sputtering on the components used for

electron generation.

SUMMARY

An ion source having improved life is disclosed. In certain
embodiments, the ion source 1s an IHC ion source comprising a
chamber, having a plurality of electrically conductive walls,
having a cathode which is electrically connected to the walls of
the ion source. Electrodes are disposed on one or more walls of
the ion source. A bias voltage is applied to at least one of the
electrodes, relative to the walls of the chamber. In certain
embodiments, fewer positive 1ons are attracted to the cathode,
reducing the amount of sputtering experienced by the cathode.
Advantageously, the 1life of the cathode is improved using this
technique. In another embodiment, the 1ion source comprises a
Bernas 1ion source comprising a chamber having a filament with
one side of the filament connected to the walls of the ion

source.

According to one embodiment, an indirectly heated cathode
ion source 1is disclosed. The indirectly heated cathode ion
source comprises a chamber, comprising a plurality of
electrically conductive walls, into which a gas is introduced; a
cathode disposed on one end of the chamber; a filament disposed

behind the cathode; a magnetic field passing through the

3
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chamber; a top wall having an extraction aperture; and an
electrode disposed in the chamber along a wall of the chamber;
wherein a voltage 1s applied to the electrode relative to the
chamber and the cathode is electrically connected to the
chamber. In some embodiments, the electrode is disposed on a
side wall ©parallel to the magnetic field. In a further
embodiment, a second electrode 1is disposed on a side wall
opposite the electrode, wherein an electric field between the
electrode and the second electrode and the magnetic field are
perpendicular to each other. In certain embodiments, the
electrode is disposed on the top wall on opposite sides of the

extraction aperture.

In a second embodiment, an indirectly heated cathode ion
source 1is disclosed. The indirectly heated cathode ion source
comprises a chamber, comprising a plurality of electrically
conductive walls, 1into which a gas 1is introduced; a cathode
disposed on one wall of the chamber; a filament disposed behind
the cathode; a magnetic field passing through the chamber; and
an electrode disposed in the chamber on a wall opposite the
cathode; wherein the cathode is disposed on a wall parallel to
the magnetic field. In certain embodiments, the cathode 1is
electrically connected to the chamber. In certain embodiments,

the electrode is positively biased relative to the chamber.

In a third embodiments, a Bernas ion source 1s disclosed.
The Bernas 1on source comprises a chamber, comprising a
plurality of electrically conductive walls, into which a gas 1is
introduced; a filament disposed on one end of the chamber; a
magnetic field passing through the chamber; a top wall having an
extraction aperture; and an electrode disposed along a wall of

the chamber; wherein a voltage 1is applied to the -electrode

4
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relative to the chamber and one lead of the filament is
electrically connected to the chamber. In certain embodiments,
the electrode 1is disposed on a side wall parallel to the
magnetic field. In certain embodiments, a second electrode 1is
disposed on a side wall opposite the electrode, wherein an
electric field between the electrode and the second electrode

and the magnetic field are perpendicular to each other.

BRIEF DESCRIPTION OF THE FIGURES

For a better understanding of the present disclosure,
reference 1s made to the accompanying drawings, which are
incorporated herein by reference and in which:

FIG. 1 1s an indirectly heated cathode (IHC) ion source in
accordance with one embodiment;

FIG. 2 1is an IHC ion source 1in accordance with another
embodiment;

FIG. 3 1is an IHC ion source 1in accordance with another
embodiment;

FIG. 4 1is a cross-sectional view of the TIHC ion source of
FIG. 1;

FIG. 5 1s a cross-sectional view of an TIHC ion source
according to another embodiment;

FIG. 6 1s an IHC ion source 1in accordance with another
embodiment; and

FIG. 7 1s an 1ion source 1in accordance with another

embodiment.
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DETAILED DESCRIPTION

As described above, 1ion sources may be susceptible to
shortened 1life due to the effect of sputtering, especially on
the components that are used to generate electrons. Typically,
over time, these components fail. In certain embodiments, the
failure of an IHC ion source 1is caused by an electrical short
circuit between the cathode and the walls of the ion source, or
by an electrical short circuit between the repeller and the
walls of the ion source. Similarly, Bernas ion sources may be
susceptible to shortened life due to the effect of sputtering on

the filament.

FIG. 1 shows an IHC ion source 10 that overcomes these
issues. FIG. 4 is a cross-sectional view of the IHC ion source
10. The IHC ion source 10 includes a chamber 100, comprising two
opposite ends, and side walls 101 connecting to these ends. The
chamber 100 also includes a bottom wall 102 and a top wall 103.
The walls of the chamber may be constructed of an electrically
conductive material and may be in electrical communication with
one another. A cathode 110 is disposed in the chamber 100 at a
first end 104 of the chamber 100. A filament 160 is disposed
behind the cathode 110. The filament 160 1is in communication
with a filament power supply 165. The filament power supply 165
is configured to pass a current through the filament 160, such
that the filament 160 emits thermionic electrons. Cathode bias
power supply 115 biases filament 160 negatively relative to the
cathode 110, so these thermionic electrons are accelerated from
the filament 160 toward the cathode 110 and heat the cathode 110
when they strike the back surface of cathode 110. The cathode
bias power supply 115 may bias the filament 160 so that it has a
voltage that is Dbetween, for example, 200V to 1500V more
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negative than the voltage of the cathode 110. The cathode 110
then emits thermionic electrons on 1its front surface into

chamber 100.

Thus, the filament power supply 165 supplies a current to
the filament 160. The cathode bias power supply 115 biases the
filament 160 so that it is more negative than the cathode 110,
so that electrons are attracted toward the cathode 110 from the
filament 160. Additionally, the cathode 110 is -electrical
connected to the chamber 100, so as to be at the same voltage as
the walls of the chamber 100. In certain embodiments, the

chamber 100 is connected to electrical ground.

In this embodiment, a repeller 120 1is disposed in the
chamber 100 on the second end 105 of the chamber 100 opposite
the cathode 110. The repeller 120 may be in communication with
repeller power supply 125. As the name suggests, the repeller
120 serves to repel the electrons emitted from the cathode 110
back toward the center of the chamber 100. For example, the
repeller 120 may be biased at a negative voltage relative to the
chamber 100 to repel the electrons. For example, the repeller
power supply 125 may have an output in the range of 0 to -150V,
although other voltages may be used. In certain embodiments, the
repeller 120 1is biased at between 0 and -150V relative to the
chamber 100. In certain embodiments, the repeller 120 may be
floated relative to the chamber 100. In other words, when
floated, the repeller 120 is not electrically connected to the
repeller power supply 125 or to the chamber 100. In this
embodiment, the voltage of the repeller 120 tends to drift to a
voltage close to that of the cathode 110.
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In certain embodiments, a magnetic field 190 is generated
in the chamber 100. This magnetic field is intended to confine
the electrons along one direction. The magnetic field 190
typically runs parallel to the side walls 101 from the first end
104 to the second end 105. For example, electrons may be
confined in a column that is parallel to the direction from the
cathode 110 to the repeller 120 (i.e. the y direction). Thus,
electrons do not experience any electromagnetic force to move in
the vy direction. However, movement of the electrons in other

directions may experience an electromagnetic force.

In the embodiment shown in FIG. 1, electrodes 130a, 130b
may be disposed on side walls 101 of the chamber 100, such that
the electrodes 130a, 130b are within the chamber 100. The
electrodes 130a, 130b may be biased by a power supply. In
certain embodiments, the electrodes 130a, 130b may be in
communication with a common power supply. However, in other
embodiments, to allow maximum flexibility and ability to tune
the output of the IHC ion source 10, the electrodes 130a, 130b
may each be in communication with a respective electrode power

supply 135a, 135b.

Like repeller power supply 125, the electrode power
supplies 135a, 135b serve to bias the electrodes 130a, 130b
relative to the chamber 100. In certain embodiments, the
electrode power supplies 13b5a, 135b may bias the electrodes
130a, 130b positively or negatively relative the chamber 100. In
certain embodiments, at least one of the electrodes 130a, 130b
may be Dbiased at between 40 and 500 wvolts relative to the
chamber 100.
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Fach of the cathode 110, the repeller 120 and the
electrodes 130a, 130b are made of an electrically conductive

material, such as a metal.

Disposed on another side of the chamber 100, referred to as
the top wall 103, may be an extraction aperture 140. In FIG. 1,
the extraction aperture 140 1is disposed on a side that 1is
parallel to the X-Y plane (parallel to the page). Further, while
not shown, the IHC ion source 10 also comprises a gas inlet
through which the gas to be ionized is introduced to the chamber

100.

A controller 180 may be in communication with one or more
of the power supplies such that the voltage or current supplied
by these power supplies may be modified. The controller 180 may
include a processing unit, such as a microcontroller, a personal
computer, a special purpose controller, or another suitable
processing unit. The controller 180 may also include a non-
transitory storage element, such as a semiconductor memory, a
magnetic memory, or another suitable memory. This non-transitory
storage element may contain instructions and other data that
allows the controller 180 to perform the functions described

herein.

The controller 180 may be used to select an initial voltage
or current to be supplied by cathode bias power supply 115,
filament power supply 165, electrode power supplies 135a, 135b,
and repeller power supply 125. This initial voltage may be based
on the type of gas being used, or on the type of ions that are
to be extracted from the IHC ion source 10. Further, in certain
embodiments, the controller may also monitor the current of the

extracted ion beam. Based on the monitored extraction current,

9
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the controller 180 may vary at least the current supplied by
filament power supply 165 to achieve a desired extraction

current.

During operation, the filament power supply 165 passes a
current through the filament 160, which causes the filament 160
to emit thermionic electrons. These electrons strike the back
surface of the cathode 110, which may be more positive than the
filament 160, causing the cathode 110 to heat, which 1in turn
causes the cathode 110 to emit electrons into the chamber 100.
These electrons collide with the molecules of gas that are fed
into the chamber 100 through the gas inlet. These collisions
create positive ions, which form a plasma 150. The plasma 150
may be confined and manipulated by the electrical fields created
by the repeller 120, and the electrodes 130a, 130b. Further, in
certain embodiments, the electrons and positive i1ons may be
somewhat confined by the magnetic field 190. In certain
embodiments, the plasma 150 is confined near the center of the

chamber 100, proximate the extraction aperture 140.

Since the cathode 110 is not biased relative to the chamber
100, fewer positive 1ions are attracted to the cathode 110 and
these ions have lower energy so they sputter less. Thus, the
amount of sputtering may be reduced and the life of the cathode
110 may be extended. Further, even in the presence of
sputtering, the risk of electrical short circuit 1is eliminated
as the cathode 110 is at the same voltage as the walls of the
chamber 100.

In this embodiment, the electrons are attracted to the
electrode 130a, which may be positively biased relative to the

chamber 100. However, the electrons need to overcome

10
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electromagnetic forces to cross the magnetic field 190. Thus,
the selection of the strength of the magnetic field 190 and the
positive voltage applied by electrode power supply 13ba
determines the velocity and energy of the electrons as the
electrons are attracted toward electrode 130a. A dJgreater
magnetic field with a low positive bias voltage applied to the
electrode 130a will reduce the amount of electrons that are able
to cross the magnetic field 190. In contrast, a weak magnetic
field coupled with a greater bias voltage applied to the
electrode 130a will cause more electrons, moving at a higher

velocity, to move toward the electrode 130a.

Thus, by varying the strength of the magnetic field 190 and
the voltage applied by the electrode power supply 135a, the
velocity and energy of the electrons may be manipulated. This
allows the IHC ion source 10 to be useful for multiple charged

ions, monomers, and ionized molecules.

For example, for single charged ions, a rich gas may be
used 1in conjunction with a weak magnetic field. In certain
embodiment, a first wvoltage may be applied by the electrode
power supply 13ba. For multiple charged ions, a lean gas may be
used 1in conjunction with a strong magnetic field. 1In this
embodiment, the voltage applied to the electrode 130a may be
greater than the first voltage. Stronger magnetic fields may
cause more <collisions to occur, creating multiple charged

species.

FIG. 1 shows an embodiment of an IHC ion source 10 where
the cathode 110 is electrically connected to the chamber 100,
while the repeller 120, and the electrodes 130a, 130b are all

individually biased relative to the chamber 100 using repeller

11
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power supply 125, and electrode power supplies 135a, 135b,
respectively. FIG. 2 shows an IHC ion source 11 according to
another embodiment. Similar components have been given identical
reference designators. The IHC ion source 11 has the cathode 110
and the repeller 120 both electrically connected to the chamber
100. Further, one of the electrodes 130b is also electrically
connected to the chamber 100. In other words, the cathode 110,
the repeller 120, the electrode 130b and the walls of the
chamber 100 are all at the same voltage. Therefore, electrode
power supply 135b and repeller power supply 125 may be

eliminated.

In this embodiment, only electrode 130a is biased relative
to the chamber 100. The electrode 130a may be positively biased
at between 40 and 500 volts relative to the chamber 100. Thus,
the electric field within the chamber 100 1is created solely by
electrode 130a. Further, the electrical field Dbetween the
electrodes 130a, 130b 1is perpendicular to the magnetic field
190. Specifically, the magnetic field 190 is in the Y direction,
while the electrical field between the electrodes 130a, 130b 1is
in the X direction. Therefore, the electromagnetic force 1is
primarily in the Z direction. In some embodiments, the
electromagnetic force 1s upward toward the extraction aperture

140.

FIG. 3 shows a wvariation of the TIHC ion source 11
illustrated in FIG. 2. In FIG. 3, the repeller of the IHC ion
source 12 has been eliminated. Since the repeller 120 shown in
FIG. 2 is at the same voltage as the chamber 100, its removal in
FIG. 3 does not alter the operation of the IHC ion source 12. In

other words, the second end 105 opposite the cathode 110 1is

12
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biased at the same voltage as the walls of the chamber 100 in

both embodiments.

FIG. 4 shows a cross-sectional view of the IHC ion source
10 of FIG. 1, taken along line AA of FIG. 1. In this figure, the
cathode 110 1is shown against the first end 104 of the IHC ion
source 10. Electrodes 130a and 130b are shown on opposite side
walls 101 of the chamber 100. The magnetic field 190 is shown
directed out of the page, in the Y direction. 1In certain
embodiments, the electrodes 130a, 130b may be separated from the
side walls 101 of the chamber 100 through the use of insulators
133a, 133b, respectively. Electrical connections from the
electrode power supplies 13ba, 135b may be made to the
electrodes 130a, 130b by passing a conductive material from the
exterior of the chamber 100 through the insulators 133a, 133b
and to the respective electrodes 130a, 130b. In certain
embodiments, electrode 130b may be in electrical communication
with the chamber 100. In these embodiments, the insulator 133b
may not be employed and the electrode 130b may be disposed
against the side wall 101. Further, in certain embodiments,
since the electrode 130b is at the same voltage as the side wall

101, it may be eliminated.

Further, 1in certain embodiments, insulators 133a, 133b are
not employed. Rather, if the electrode 130a is biased relatively
to the chamber 100, the electrode 130a may be spaced apart from
the wall of the chamber 100.

While FIGs. 1-4 all show the electrodes 130a, 130b disposed
along opposite side walls 101 of the chamber 100, other
embodiments are also possible. FIG. 5 shows such an embodiment.

FIG. 5 is a cross—-sectional view of an IHC ion source 14. This

13
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IHC ion source 14 1s similar to the other IHC ion sources 1in
most respects, except for the location of the electrode 230. In
this embodiment, the electrode 230 is disposed on the top wall
103 of the chamber 100, where the extraction aperture 140 is
disposed. The electrode 230 may be isolated from the top wall
103 using insulator 233. In some embodiments, the electrode 230
may be disposed within the chamber 100 and surround the entirety
of the extraction aperture 140. In other embodiments, the
electrode 230 may be disposed within the chamber 100 on opposite
sides of the extraction aperture 140. Thus, the electrical field
is strongest proximate the extraction aperture 140. This
configuration may increase the i1on Dbeam current or energy

relative to the configuration of FIG. 4.

FIG. 6 shows another embodiment of an IHC ion source 15. In
this embodiment, the cathode 210 and the filament 160 have been
moved from the end of the IHC ion source 15 to a side wall 101,
opposite electrode 130a. In other words, the cathode 210 is
disposed on a side wall 101 that is parallel to the magnetic
field 190. Thus, unlike the earlier embodiments, the electrons
emitted from the cathode 210 encounter magnetic field 190
immediately. Thus, the voltage applied by electrode power supply
135a to electrode 130a may be sufficiently large to attract the
emitted electrons across the magnetic field 190. Alternatively
or additionally, the magnetic field 190 may be relatively weak
to allow the electrons to cross the field toward the electrode
130a. In this embodiment, the two ends of the IHC ion source 15,
which typically contain the cathode and repeller, may not be
populated.

The embodiments described above in the present application

may have many advantages. First, since the cathode is

14
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electrically connected to the chamber, short circuits between
the cathode and the wall of the chamber are not problematic,
eliminating a common cause of IHC 1on source failure. Second,
since the cathode 1is electrically connected to the chamber,
fewer positive ions are attracted to the cathode, reducing the
amount of sputtering that the cathode is exposed to. Third, the
source power 1s reduced relative to conventional IHC ion sources
for equivalent extraction current, contributing to longer ion
source life as well. Further, ion sources according to the
embodiments described herein work equally well for multi-
charged, monomer and molecular species. Empirical data has shown
that the ion sources described herein provide up to 40% more

beam current at up to 30% less source power.

The concept of maintaining the components used for electron
generation at or near the voltage of the chamber can be applied
to other ion sources as well. FIG. 7 shows a Bernas ion source

300 according to one embodiment.

Like the IHC ion source shown 1in FIG. 3, the Bernas ion
source 300 includes a chamber 310 having a plurality of
electrically conductive walls. The Bernas ion source 300 may or
may not have a repeller. Additionally, electrodes 330a, 330b may
be disposed on opposite side walls 301. The Bernas ion source
300 includes a filament 360, which is in communication with a
filament power supply 365. The positive terminal of the filament
power supply 365 is in communication with one 1lead of the
filament 360 and is also in communication with the walls of the
chamber 310. The negative terminal of the filament power supply
365 is in communication with the other lead of the filament 360.

The voltage across the leads of the filament 360 may be less

15
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than 10 wvolts. The filament 360 may be disposed at the first
end 304 of the chamber 310.

A magnetic field 390 may also be applied from the first end
304 of the Bernas ion source 300 toward the second end 305,
which is opposite the first end 304. Like with the IHC ion
sources described above, electrons may be somewhat confined to
columns that are oriented in the Y direction. The electrode 330a
may be positively biased relative the chamber 310, and may be

disposed on a side wall 301.

During operation, the filament power supply 365 passes a
current through the filament 360, which causes the filament 360
to emit thermionic electrons. These electrons collide with the
molecules of gas that are fed into the chamber 310 through the
gas 1inlet. These collisions create positive ions, which form a
plasma 350. The plasma 350 may be confined and manipulated by
the electrical fields created by the electrodes 330a, 330b. Like
the IHC ion sources, the electrode 330a may be in communication
with an electrode power supply 33ba. Further, in certain
embodiments, the electrons and positive i1ons may be somewhat
confined by the magnetic field 390. In certain embodiments, the
plasma 350 1is confined near the center of the chamber 310,

proximate the extraction aperture 340.

The function of controller 180 may be as described above.

Since one lead of the filament 360 1s electrically

connected to the chamber 310, fewer positive ions are attracted

to the filament 360. Thus, the amount of sputtering may be
reduced and the life of the filament 360 may be extended.

16
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While FIG. 7 shows a Bernas 1on source 300 with the
electrode 330b electrically connected to the chamber 310 and
without a repeller, other embodiments are also possible. For
example, the cathode 110, cathode bias power supply 115,
filament 160 and filament power supply 165 of FIGs. 1 and 2 may
be replaced with the filament 360 and filament power supply 365
shown in FIG. 7. In other words, 1in certain embodiments, the
Bernas ion source may include a repeller, which may be grounded
to the chamber, or a repeller in communication with a repeller
power supply. Additionally, in certain embodiments, the

electrode 330b may be in communication with an electrode power

supply.

Additionally, the Bernas ion source 300 of FIG. 7 may be
modified by disposing the electrode 330a on the top wall, as
shown in FIG. 5.

Like the IHC ion sources described earlier, the embodiments
of the Bernas ion source described above 1in the present
application may have many advantages. For example, since one
lead of the filament 1is electrically connected to the chamber,
fewer positive ions are attracted to the filament, reducing the
amount of sputtering that the filament is exposed to. This

reduction in sputtering may extend the l1life of the filament.

The present disclosure is not to be limited in scope by the
specific embodiments described herein. Indeed, other wvarious
embodiments of and modifications to the present disclosure, in
addition to those described herein, will be apparent to those of
ordinary skill in the art from the foregoing description and
accompanying drawings. Thus, such other embodiments and

modifications are intended to fall within the scope of the

17
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present disclosure. Furthermore, although the present
disclosure has been described herein in the context of a
particular implementation in a particular environment for a
particular purpose, those of ordinary skill in the art will
recognize that its usefulness is not limited thereto and that
the present disclosure may be Dbeneficially implemented 1in any
number of environments for any number of purposes. Accordingly,
the claims set forth below should be construed in view of the

full breadth and spirit of the present disclosure as described

herein.
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What is claimed is:

An indirectly heated cathode ion source, comprising:

a chamber, comprising a plurality of electrically
conductive walls, into which a gas is introduced;

a cathode disposed on one end of the chamber;

a filament disposed behind the cathode;

a magnetic field passing through the chamber;

a top wall having an extraction aperture; and

an electrode disposed in the chamber and along a wall
of the chamber;

wherein a voltage is applied to the electrode relative
to the chamber and the cathode is electrically connected
to the chamber.

The indirectly heated cathode ion source of claim 1,
wherein a repeller 1s disposed on a second end of the
chamber opposite the cathode and is electrically
connected to the chamber.

The indirectly heated cathode ion source of claim 1,
wherein the electrode is positively biased relative to
the chamber.

The indirectly heated cathode ion source of claim 1,
wherein the electrode is disposed on a side wall parallel
to the magnetic field.

The indirectly heated cathode ion source of claim 4,
further comprising a second electrode on a side wall
opposite the electrode, wherein an electric field between
the electrode and the second electrode and the magnetic
field are perpendicular to each other.

The indirectly heated cathode ion source of claim 5,

wherein the magnetic field and electric field are

19
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configured to apply a force to positive ions toward the
extraction aperture.

7. The indirectly heated cathode ion source of claim 5,
wherein the second electrode is in electrical
communication with the chamber.

8. The indirectly heated cathode ion source of c¢laim 1,
wherein the electrode 1is disposed on the top wall on
opposite sides of the extraction aperture.

9. An indirectly heated cathode ion source, comprising:

a chamber, comprising a plurality of electrically
conductive walls, into which a gas is introduced;

a cathode disposed on one wall of the chamber;

a filament disposed behind the cathode;

a magnetic field passing through the chamber;

and

an electrode disposed in the chamber on a wall
opposite the cathode;

wherein the cathode is disposed on a wall parallel to
the magnetic field.

10. The indirectly heated cathode ion source of claim 9,
wherein the cathode 1s electrically connected to the
chamber.

11. The indirectly heated cathode ion source of claim 9,
wherein the electrode is positively biased relative to
the chamber.

12. A Bernas ion source, comprising:

a chamber, comprising a plurality of electrically
conductive walls, into which a gas is introduced;

a filament disposed on one end of the chamber;

a magnetic field passing through the chamber;

a top wall having an extraction aperture; and

an electrode disposed along a wall of the chamber;

20
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wherein a voltage is applied to the electrode relative
to the chamber and one lead of the filament 1is
electrically connected to the chamber.

13. The Bernas 1ion source of claim 12, wherein the electrode

5 is disposed on a side wall parallel to the magnetic
field.

14. The Bernas ion source of claim 13, further comprising a
second electrode on a side wall opposite the electrode,
wherein an electric field between the electrode and the

10 second electrode and the magnetic field are perpendicular
to each other.

15. The Bernas 1ion source of claim 14, wherein the second
electrode 1s 1in electrical communication with the
chamber.

15

20

21



PCT/US2017/033981

WO 2018/004878

e

B HELD

e

B HELD




PCT/US2017/033981

WO 2018/004878

e

B HELD

L3r]

B FIELD




PCT/US2017/033981

WO 2018/004878

B FIELD




PCT/US2017/033981

WO 2018/004878

Wsoon

B HELD

FI6.7



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2017/033981

A. CLASSIFICATION OF SUBJECT MATTER
HO01J 27/02(2006.01)i, HO1J 27/08(2006.01)i

According to International Patent Classification (IPC) or to both national classification and [PC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
HO1J 27/02; HO1J 27/00; HO1J 27/20; HO1J 27/08

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
Korean utility models and applications for utility models
Japanese utility models and applications for utility models

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
cKOMPASS(KIPO internal) & keywords: ion, source, cathode, chamber, housing, electric, connect

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

Y US 2001-0042836 A1 (JOSEPH C. OLSON et al.) 22 November 2001 1-15
See paragraphs [0023]-[0025], [0045]; and figure 1.

Y US 2014-0265854 A1 (NISSIN ION EQUIPMENT CO., LTD.) 18 September 2014 1-15
See paragraphs [0037], [0045], [0052]; and figure 3.

A US 2010-0155619 A1 (JOHN BON-WOONG KOO et al.) 24 June 2010 1-15
See paragraphs [0014]-[0020]; claims 1-5; and figures 2-4.

A US 2010-0148089 A1 (THOMAS NEIL HORSKY et al.) 17 June 2010 1-15
See paragraphs [0197]-[0199]; claims 1-65; and figures 3, 5, 8.

A US 2010-0051825 A1 (TAKATOSHI YAMASHITA et al.) 04 March 2010 1-15
See paragraphs [0036]-[0098]; claim 1; and figures 1-7.

. . . . N .
|:| Further documents are listed in the continuation of Box C. See patent family annex.
* Special categories of cited documents: "T" later document published after the international filing date or priority
"A" document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
"E" carlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
"L"  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other "Y" document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referting to an oral disclosure, use, exhibition or other combined with one or more other such documents,such combination
means being obvious to a person skilled in the art
"P"  document published prior to the international filing date but later "&" document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
21 August 2017 (21.08.2017) 22 August 2017 (22.08.2017)
Name and mailing address of the [SA/KR Authorized officer

International Application Division

Korean Intellectual Property Office AHN, Jeong Hwan
189 Cheongsa-ro, Seo-gu, Daejeon, 35208, Republic of Korea

",

Iy,

A

Facsimile No. +82-42-481-8578 Telephone No. +82-42-481-8633

Form PCT/ISA/210 (second sheet) (January 2015)



INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/033981
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2001-0042836 Al 22/11/2001 CN 1428001 A 02/07/2003
CN 1451169 A 22/10/2003
EP 1285452 Al 26/02/2003
EP 1299895 Al 09/04/2003
EP 1299895 B1 19/01/2005
JP 2003-533848 A 11/11/2003
JP 2004-501486 A 15/01/2004
JP 4803941 B2 26/10/2011
JP 4925544 B2 25/04/2012
KR 10-0778164 Bl 22/11/2007
KR 10-0837900 Bl 13/06/2008
KR 10-2003-0011334 A 07/02/2003
TW 227906 A 11/02/2005
TW 286774 A 11/09/2007
US 2001-0043040 Al 22/11/2001
US 6777686 B2 17/08/2004
US 7276847 B2 02/10/2007
WO 01-88946 Al 22/11/2001
WO 01-88947 Al 22/11/2001
US 2014-0265854 Al 18/09/2014 CN 104051209 A 17/09/2014
JP 2014-183040 A 29/09/2014
KR 10-1741870 Bl 30/05/2017
KR 10-2014-0113294 A 24/09/2014
TW 201435956 A 16/09/2014
US 8994272 B2 31/03/2015
US 2010-0155619 Al 24/06/2010 US 8263944 B2 11/09/2012
US 2010-0148089 Al 17/06/2010 AU 2001-24306 Al 18/06/2001
AU 2001-66847 Al 11/06/2002
AU 2003-247495 Al 19/01/2004
AU 2003-258960 Al 19/01/2004
AU 2430601 A 18/06/2001
CN 101308785 A 19/11/2008
CN 101308785 B 09/06/2010
CN 101308822 A 19/11/2008
CN 101308822 B 25/12/2013
CN 101384747 A 11/03/2009
CN 101384747 B 20/11/2013
CN 101512716 A 19/08/2009
CN 101512716 B 18/01/2012
CN 101908473 A 08/12/2010
CN 101908473 B 13/03/2013
CN 102034665 A 27/04/2011
CN 102034665 B 25/06/2014
CN 1477984 A 25/02/2004
CN 1894763 A 10/01/2007
CN 1894763 B 08/12/2010

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/033981
Patent document Publication Patent family Publication
cited in search report date member(s) date

CN 1964620 A 16/05/2007
CN 1964620 B 21/07/2010
CN 1973346 A 30/05/2007
CN 1973346 B 18/05/2011
EP 1245036 Al 02/10/2002
EP 1245036 Bl 19/06/2013
EP 1347804 Al 01/10/2003
EP 1535324 Al 01/06/2005
EP 1535324 B1 06/06/2012
EP 1538655 A2 08/06/2005
EP 1538655 A3 03/06/2009
EP 1579481 A2 28/09/2005
EP 1579481 B1 04/12/2013
EP 1675154 A2 28/06/2006
EP 1675154 A3 15/07/2009
EP 1695038 A2 30/08/2006
EP 1695038 B1 13/02/2013
EP 1695369 A2 30/08/2006
EP 1945832 Al 23/07/2008
EP 2027601 A2 25/02/2009
EP 2426692 A2 07/03/2012
EP 2426692 A3 21/08/2013
EP 2426693 A2 07/03/2012
EP 2426693 A3 16/01/2013
JP 2004-507861 A 11/03/2004
JP 2004-519070 A 24/06/2004
JP 2005-531156 A 13/10/2005
JP 2006-147599 A 08/06/2006
JP 2006-196465 A 27/07/2006
JP 2006-515711 A 01/06/2006
JP 2007-115704 A 10/05/2007
JP 2007-518221 A 05/07/2007
JP 2007-521398 A 02/08/2007
JP 2009-515301 A 09/04/2009
JP 2009-540534 A 19/11/2009
JP 2010-140908 A 24/06/2010
JP 2010-156047 A 15/07/2010
JP 2010-157518 A 15/07/2010
JP 2010-161072 A 22/07/2010
JP 2010-232668 A 14/10/2010
JP 2010-262930 A 18/11/2010
JP 2010-267623 A 25/11/2010
JP 2011-066022 A 31/03/2011
JP 2013-127976 A 27/06/2013
JP 2014-053319 A 20/03/2014
JP 4643588 B2 02/03/2011
JP 4646920 B2 09/03/2011
JP 4744141 B2 10/08/2011
JP 4749713 B2 17/08/2011
JP 4820038 B2 24/11/2011

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/033981
Patent document Publication Patent family Publication
cited in search report date member(s) date

JP 4927859 B2 09/05/2012
JP 5026711 B2 19/09/2012
JP 5107567 B2 26/12/2012
JP 5128640 B2 23/01/2013
JP 5457816 B2 02/04/2014
KR 10-0569213 Bl 10/04/2006
KR 10-0702582 Bl 04/04/2007
KR 10-0703121 Bl 05/04/2007
KR 10-0788472 Bl 24/12/2007
KR 10-0788474 Bl 24/12/2007
KR 10-0797138 Bl 22/01/2008
KR 10-0827670 Bl 07/05/2008
KR 10-0864048 Bl 17/10/2008
KR 10-0883148 Bl 10/02/2009
KR 10-1160642 Bl 28/06/2012
KR 10-2008-0065276 A 11/07/2008
KR 10-2009-0023380 A 04/03/2009
TW 200405518 A 01/04/2004
TW 200523977 A 16/07/2005
TW 200529271 A 01/09/2005
TW 200739821 A 16/10/2007
US 2002-0070672 Al 13/06/2002
US 2003-0085663 Al 08/05/2003
US 2003-0230986 Al 18/12/2003
US 2004-0000647 Al 01/01/2004
US 2004-0002202 Al 01/01/2004
US 2004-0104682 Al 03/06/2004
US 2004-0188631 Al 30/09/2004
US 2004-0195973 Al 07/10/2004
US 2004-0245476 Al 09/12/2004
US 2005-0051096 Al 10/03/2005
US 2005-0269520 Al 08/12/2005
US 2006-0097193 Al 11/05/2006
US 2006-0097645 Al 11/05/2006
US 2006-0238133 Al 26/10/2006
US 2006-0272775 Al 07/12/2006
US 2006-0272776 Al 07/12/2006
US 2007-0105325 Al 10/05/2007
US 2007-0107841 Al 17/05/2007
US 2007-0108394 Al 17/05/2007
US 2007-0108395 Al 17/05/2007
US 2007-0170372 Al 26/07/2007
US 2007-0176114 Al 02/08/2007
US 2007-0176115 Al 02/08/2007
US 2007-0181830 Al 09/08/2007
US 2007-0194252 Al 23/08/2007
US 2007-0210260 Al 13/09/2007
US 2007-0262262 Al 15/11/2007
US 2007-0278417 Al 06/12/2007
US 2008-0042580 Al 21/02/2008

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/033981
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008-0047607 Al 28/02/2008
US 2008-0087219 Al 17/04/2008
US 2008-0121811 Al 29/05/2008
US 2008-0223409 Al 18/09/2008
US 2009-0014667 Al 15/01/2009
US 2010-0107980 Al 06/05/2010
US 2010-0320395 Al 23/12/2010
US 6452338 Bl 17/09/2002
US 6686595 B2 03/02/2004
US 6744214 B2 01/06/2004
US 7022999 B2 04/04/2006
US 7023138 B2 04/04/2006
US 7064491 B2 20/06/2006
US 7107929 B2 19/09/2006
US 7112804 B2 26/09/2006
US 7185602 B2 06/03/2007
US 7394202 B2 01/07/2008
US 7479643 B2 20/01/2009
US 7491953 B2 17/02/2009
US 7528550 B2 05/05/2009
US 7609003 B2 27/10/2009
US 7629590 B2 08/12/2009
US 7723700 B2 25/05/2010
US 7732787 B2 08/06/2010
US 7791047 B2 07/09/2010
US 7800312 B2 21/09/2010
US 7820981 B2 26/10/2010
US 7834554 B2 16/11/2010
US 7838842 B2 23/11/2010
US 7838850 B2 23/11/2010
US 7960709 B2 14/06/2011
US 7994031 B2 09/08/2011
US 8154210 B2 10/04/2012
US 8368309 B2 05/02/2013
US 8502161 B2 06/08/2013
WO 2004-003973 A2 08/01/2004
WO 2004-003973 A3 26/10/2006
WO 2004-003990 Al 08/01/2004
WO 2005-059942 A2 30/06/2005
WO 2005-059942 A3 13/10/2005
WO 2005-060602 A2 07/07/2005
WO 2005-060602 A3 04/01/2007
WO 2007-056249 Al 18/05/2007
WO 2007-149727 A2 27/12/2007
WO 2007-149727 A3 27/11/2008
US 2010-0051825 Al 04/03/2010 CN 101661862 A 03/03/2010
CN 101661862 B 15/06/2011
JP 2010-080429 A 08/04/2010
JP 4428467 Bl 25/12/2009

Form PCT/ISA/210 (patent family annex) (January 2015)




INTERNATIONAL SEARCH REPORT
Information on patent family members

International application No.

PCT/US2017/033981
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 8253114 B2 28/08/2012

Form PCT/ISA/210 (patent family annex) (January 2015)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - claims
	Page 22 - claims
	Page 23 - claims
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - wo-search-report
	Page 29 - wo-search-report
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report
	Page 33 - wo-search-report

