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TITLE OF THE INVENTION
ION BEAM SOURCE WITH COATED ELECTRODE(S)

[0001] This invention relates to an ion source including an electrode(s) that is
at least partially coated with a coating. In certain example embodiments, a surface(s)
of a cathode and/or anode of an ion source may be at least partially coated with a
conductive coating for the purpose(s) of: reducing electrode erosion over time,
reducing the required frequency of cleaning, reducing contamination of the substrate,

and/or improving ion beam characteristics.

BACKGROUND OF THE INVENTION

[0002] Ion beam sources are known in the art. For example and without
limitation, see the various ion beam sources of U.S. Patent Nos. 5,508,368; 5,656,819;
5,888,593; 5,973,447, 6,002,208; 6,037,717; 6,147,354; 6,153,067; 6,238,526;
6,246,059; 6,335,086; 6,338,901; 6,359,388; 6,368,664; and 6,395,333, all of which

are hereby incorporated herein by reference.

[0003] An ion source is a device that causes gas molecules to be ionized and
then focuses, accelerates and/or emits the ionized gas molecules and/or atoms in a
beam or the like toward a substrate. Such an ion beam may be used for various
purposes including but not limited to cleaning a substrate, etching a substrate, milling

off a portion of a substrate, and/or depositing thin film(s) on a substrate.

[0004] An ion source discussed in U.S. Patent No. 6,359,388, for example,
includes a steel cathode (which includes iron) defining an ion emitting slit. An anode
is arranged adjacent to the slit and the cathode so as to be spaced therefrom. An
electric field is generated between the anode and cathode. Electron collisions with a
working gas in or proximate the electric field leads to ionization and a plasma is
generated. The term "plasma" means a cloud of gas including ions of a material to be
accelerated and/or emitted toward a substrate. The plasma expands and fills a region
including the ion emitting slit defined by cathode portions. Electrons in an jon

acceleration space proximate the slit are propelled by the known E x B drift in a
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closed loop path within the region of crossed electric and magnetic field lines

proximate the slit. An ion beam is thus directed from the slit toward a substrate.

[0005] Unfortunately, conventional ion beam sources suffer from the problem
that during use the electrode(s) (e.g., cathode and/or anode) erode over time. For
example, consider a situation where the cathode (or anode) is made of steel — which
includes iron. During use of the ion beam source, expos‘ed surface portions of at least

the cathode are prone to erosion.

[0006] This type of electrode erosion is problematic for a number of reasons.
First, significant erosion of the cathode over time can cause the width of the slit (i.e.,
the magnetic gap) to significantly change which in turn can adversely affect ion beam
processing conditions and lead to non-uniform coatings, etchings, etc. Second,
significant eroded material from the cathode (e.g., iron) can make its way onto the
substrate and/or into a film being ion beam deposited on the substrate, thereby leading
to contamination of the substrate and/or film. This latter problem may be
characterized by saying that the exposed steel electrode is sputtered during operation
of the ion beam source and an undesirably large amount of sputtered material
therefrom makes its way onto the substrate and/or film thereby contaminating the

same.

[0007] In view of the above, it will be appreciated that there exists a need in
the art for an ion source (and/or corresponding method) that enables at least one of the

aforesaid problems to be reduced and/or overcome.

BRIEF SUMMARY OF THE INVENTION

[0008] An object of certain example embodiments of this invention is to
provide an ion source (e.g., of the cold-cathode closed-drift type) that includes at least

one electrode (anode and/or cathode) that is coated with a coating.

[0009] Certain example embodiments of this invention fulfill one or more of
the above-listed objects and/or needs by providing an ion source comprising: an anode

and a cathode, with an electric gap defined between the anode and the cathode; and

[o®]
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wherein at least one of the anode and cathode is at least partially coated with a

conductive coating comprising a metal boride.

[0010] Certain other example embodiments of this invention fulfill one or
more of the above-listed objects and/or needs by providing an ion source comprising:
a conductive anode and a conductive cathode, with an electric gap defined between
the anode and the cathode; and wherein the ion source is manufactured so that at least
one of the anode and cathode is at least partially coated with a coating comprising a
metal boride. In certain example embodiments, the metal boride may be MeBy, where
Me (metal) is one of Ti, Zr, Ta and Fe.

[0011] Certain other example embodiments of this invention fulfill one or
more of the above-listed objects and/or needs by providing an ion source comprising:
a conductive anode and a conductive cathode, with an electric gap defined between
the anode and the cathode; and wherein the ion source is manufactured so that at least
one of the anode and cathode is at least partially coated with a conductive coating that
has a sputtering yield of no more than about 20% of that of an uncoated anode or

cathode.

[0012] Certain other example embodiments of this invention fulfill one or
more of the above-listed objects and/or needs by providing a method of making an ion
beam source, the method comprising: providing an anode and a cathode; coating at
least a portion of the anode and/or cathode with a conductive coating characterized by
at least one of: (a) the coating comprises a metal boride, (b) the coating has a bulk
resistivity of no greater than about 20 x 10® ohms-cm, (c) the coating has a sputtering
yield of no more than about 20% of that of an uncoated anode or cathode; and
arranging the anode and cathode so as to define an electric gap therebetween in the

ion beam source.

[0013] Still further example embodiments of this invention fulfill one or more
of the above-listed objects and/or needs by providing a method of making a coated
article, the method comprising: providing an ion beam source including an anode and
cathode with an electric gap defined therebetween, wherein at least a portion of the
anode and/or cathode is coated with a conductive coating that is characterized by at
least one of: (a) the coating comprises a metal boride, (b) the coating has a bulk

3
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resistivity of no greater than about 20 x 10™ ohms-cm, (c) the coating has a sputtering
yield of no more than about 20% of that of an uncoated anode or cathode; providing a
substrate under or above the ion source; and causing flow of at least one gas through
the electric gap between the anode and cathode so as to ionize gas, and wherein ions
are directed from the source toward the substrate in order to etch, mill and/or form a

film on the substrate.

[0014] Still further embodiments of this invention fulfill one or more of the
above-listed objects and/or needs by providing a an ion source comprising: a
conductive anode and a conductive cathode, with a gap defined between the anode
and the cathode; and wherein the ion source is manufactured so that at least one of the
anode and cathode is at least partially coated with a coating comprising at least one

of: a boride, a nitride, and a carbide.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] FIGURE 1 is a is a partial cross sectional view of a cold cathode closed

drift type ion beam source according to an example embodiment of this invention.
[0016] FIGURE 2 is a perspective view of the ion beam source of Fig. 1.

[0017] FIGURE 3 is a partial cross sectional view of a cold cathode closed
drift type ion beam source according to another example embodiment of this

invention.

DETAILED DESCRIPTION OF EXAMPLE EMBODIMENTS OF THE
INVENTION

[0018] Certain example embodiments of this invention relate to an ion source
of any suitable type that includes a plurality of electrodes (e.g., at least one anode and
cathode). In certain embodiments, at least one of the electrodes is coated with a

coating that has a sputtering yield less than that of the same electrode if uncoated. In

4
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certain embodiments, the electrode coating may be conductive and/or may be resistant
to oxidation (i.e., refractory) which can occur during cleaning and/or source

operation.

[0019] Because of the coating provided on at least one of the electrode(s) of
the ion source, variation of the magnetic gap and/or electric gap of the source over
time is significantly reduced compared to that of an uncoated electrode design:
Moreover, the electrode coating enables contamination of the substrate and/or of a

film being deposited to be reduced compared to use of an uncoated electrode.

[0020] Figures 1-2 illustrate an example ion source according to an’
embodiment of this invention. The illustrated source is a cold-cathode closed-drift
type ion beam source which is preferred in certain embodiments of this invention,
although the invention is not limited to this type of source (e.g. the invention may be
used for example with other types of gridless sources). The ion beam source includes
at least one gas/power inlet 26, a conductive anode 27, a conductive cathode 29, a
grounded cathode magnet portion 28, an insulator 30, and other known ion beam
components. It can be seen in Fig. 2 that the anode and cathode (and thus the slit 35)
are racetrack shaped in this example illustrated embodiment. The source may be
operated in an evacuated chamber (not shown) or in any other suitable context in
different embodiments of this invention. At least one of the anode 27 and/or cathode

29 is at least partially coated with a coating 40 to be more fully discussed below.

[0021] Operation of the Fig. 1-2 ion beam source involves flow one or more
feedstock gas(es) and/or cleaning gas(es) through the electric gap (E) between the
anode 27 and cathode 29 while maintaining a DC or rectified AC bias across the
electric gap (E). Simultaneously, a transverse magnetic field traps electrons into a
closed drift current within a loop aperture (magnetic gap M) defined by the racetrack-
shaped slit 35. Gas flowing through the electric gap (E) is ionized thereby creating
plasma. The plasma expands and fills the space just above the anode 27 including an
area proximate slit 35 defined between the inner 29a and outer 29b cathode portions.
A magnetic field 33 is defined in the magnetic gap (M) between the inner and outer
cathode 29 portions at slit 35. The magnetically confined electrons further enhance

the plasma density while the resulting perpendicular electric field accelerates ions 34

5
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from above the anode 27 through the magnetic gap (M) between the inner and outer

cathode 29 portions toward the substrate to be coated, cleaned and/or milled.

[0022] In certain example embodiments of this invention, the electric gap (E)
between the anode and cathode may be from 1.0 to 5.0 mm, more preferably from 1.5
to 3.0 mm. In certain example embodiments of this invention, the magnetic gap (M)
between the inner 29a and outer 29b cathode 29 portions may be from 1.5 to 6.0 mm,
more preferably from 2.0 to 4.0 mm. The magnetic gap (M) may be larger than the
electric gap (E) in certain example embodiments. The source may be operated at a
pressure less than atmospheric in certain instances, for example from 0.1 to 3.0 x 107
Torr. Gas flow in the source may range from 20 to 140 sccm in certain example
embodiments, while the anode voltage may be from 0.5 to 5 kV in certain example
embodiments. Various feedstock gases such as argon, oxygen, acetylene (C,H,),
and/or other types of hydrocarbon gases may be used in the source in certain example

embodiments of this invention.

[0023] The ion beam source may be operated over a wide range of applied
voltages to deliver ions with kinetic energies ranging from about 100 eV to several
thousands of eV. The ion beam generated may be collimated, focused, or diffused in
different embodiments of this invention. In certain embodiments of this invention, the
ion beam source is used to etch and/or mill a substrate. In etching/milling
embodiments, gas(es) such as Ar and/or O, may be used in the source, with resulting
ions (e.g., Ar ions) being directed toward the substrate to be etched and/or milled.
When it is desired to use the ion beam source to deposit a film such as diamond-like
carbon (DLC) on a substrate (e.g., glass), at least a hydrocarbon gas(es) such as

acetylene may be used in the source.

[0024] Coating 40 is provided on at least a portion of anode 27 and/or
cathode 29 in certain embodiments of this invention. In certain example
embodiments of this invention, electrode coating 40 may be of or include a material
that has a sputtering yielq less than that of an uncoated anode or cathode. In certain
example embodiments, the sputtering yield of coating 40 is no more than about 50%
than that of an uncoated anode or cathode, more preferably no more than about 20%

than that of an uncoated anode or cathode, and most preferably no more than about

6
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10% than that of an uncoated anode or cathode given normal operating conditions of
the source. Thus, because coating 40 has a sputtering yield much less than that of an
uncoated anode 27 and/or cathode 29, during operation of the ion beam source with
coating 40 provided on 27 and/or 29, much less cathode and/or anode material is
sputtered or otherwise undesirably directed toward the substrate. As a result,
substrate and/or film contamination can be reduced and/or prevented due to the use of

coating 40 on one or both of anode 27 and cathode 29.

[0025] In certain embodiments of this invention, the coating 40 has a melting
point of at least about 2,000 degrees C, more preferably of at least about 2,500

degrees C, and most preferably of at least about 2,800 degrees C.

[0026] In the Fig. 1 embodiment, only the surface of anode 27 facing the
electric gap (E) is coated with coating 40. However, in other example embodiments
of this invention, the entire anode 27 may be coated with coating 40, or alternatively
only a portion of the surface of the anode facing the gap E may be coated with coating
40. Three of the four anode 27 surfaces may be coated in other embodiments. In a
similar manner, in the Fig. 1 embodiment of this invention the only part of the
cathode 29 that is coated with coating 40 is the major surface facing the substrate to
be coated and the surface defining the magnetic gap M (or slit 35). However, in other
example embodiments of this invention, the entire cathode 29 may be coated with
coating 29. In other alternative embodiments, only the surfaces of cathode 29
adjacent gaps E and/or M need be coated with coating 40. In any event, in certain
preferred embodiments of the invention, coating 40 is provided on anode 27 and/or
cathode 29 surfaces adjacent to electric gap (E) and/or magnetic gap (M), since this is
where the anode and/or cathode tend to erode the quickest if the coating 40 is not
present. As aresult, the gap(s) M and/or E vary less over time, and/or the source may

be operated for longer periods of time without re-building and/or cleaning.

[0027] Coating 40 is conductive in certain example embodiments of this
invention, so as to enable the electric field to be properly formed in the electric gap
(E) between the anode 27 and cathode 29 thus allowing good operation of the ion

beam source. In certain embodiments of this invention, coating 40 is a good
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refractory so as to be resistant to oxidation which may tend to occur on a uncoated

electrode during cleaning with oxygen gas or the like.

[0028] Coating 40 may be of any suitable material satisfying one or more of
the aforesaid characteristics. In certain example embodiments of this invention,
coating 40 may be of or include a metal boride (MeB,), such as titanium diboride
(TiB,) or zirconium diboride (ZrB;). In addition to Ti and Zr, the metal (Me) may be
Ta or Fe in certain alternative embodiments (e.g., coating of or including TaB or
Fe,B), and x is generally from 1 to 4. Thus, "boride" means a boride of any valence
including for example, monoboride, diboride, triboride and tetraboride compbunds.
In other embodiments of this invention, coating 40 may be of or include a nitride such
as titanium nitride or the like, and/or a carbide such as boron carbide. The coating 40
may be crystalline and/or amorphous in different embodiments of this invention.
These example materials are conductive, refractory, substantially chemically inert,
and have sputtering yield(s) much less than conventional uncoated steel
anodes/cathodes. These materials may or may not be doped with other element(s) in
different embodiments of this invention. When such materials are used in coating 40,
the coating may be formed on the cathode 29 and/or anode 27 by way of sputtering,
CVD, or in any other suitable manner (e.g., in the case of a titanium boride coating
40, the coating may be formed on the anode and/or cathode by sputtering a titanium
boride (e.g., TiB2) cathode target while negatively biasing the anode/cathode to be
coated). These suitable example materials for coating 40 are provided for purposes of
example only, and are not intended to be limiting as other coating materials may also

be used.

[0029] Coating 3 has a sheet resistance (if using a reference thickness of 250
angstroms measurable if deposited on a reference glass sheet, for example and
without limitation) Ry of less than 50 ohms/square, more preferably less than 20
ohms/square, and most preferably less than 15 ohms/square in certain example
embodiments of this invention. Coating 3 may in certain example embodiments also

have a bulk resistivity of no greater than about 20 x 107 ohms-cm, more preferably no
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greater than about 10 x 10° ohms-cm, and most preferably no greater than about 2.5 x

107 ohms-cm.

[0030] In certain example embodiments of this invention, the coating 40 is of
a material different than the material being ion beam deposited onto the substrate
and/or the gas being used for etching/milling, and/or the coating 40 is formed on the
anode and/or cathode before operation of the source. In other words, the ion source is
manufactured so as to have an anode 27 and/or cathode 29 that is at least partially

coated with coating 40.

[0031] In certain example embodiments of this invention, coating 40 may be
at least about 1 pm thick, more preferably at least about 5 pm thick. In certain
embodiments, the coating 40 may have a thickness of from about 1 to 30 um thick,
more preferably from about 5 to 20 pm thick, and most preferably from about 10-15
um thick. These thicknesses are provided for purposes of example. The coating 40
may be of a substantially uniform thickness in all areas where the coating is provided
in certain example embodiments of this invention; while in other embodiments the
coating 40 may be deposited thicker in areas adjacent gap(s) E and/or M than in areas
not adjacent the same. In certain example embodiments of this invention, coating 40
may have a hardness of from about 10 to 80 GPa, more preferably from about 20 to
70 GPa.

[0032] Fig. 1 illustrates coating 40 being deposited directly on the anode and

cathode. However, the instant invention is not so limited. For example, in alternative
embodiments of this invention, other layer(s) may be provided between the coating 40
and the anode 27 and/or cathode 29. In still other embodiments, other layer(s) may be

provided on the anode 27 and/or cathode 29 over coating 40.

[0033] Fig. 3 illustrates another embodiment of this invention where coating
40 is also provided on an interior surface of the cathode 20 across the electric gap

from the anode.
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[0034] The ion beam source(s) of Figs. 1-3 may be used in any suitable
manner. For purposes of example and without limitation, the source may be used to
ion beam mill a glass substrate during the making of a vehicle or architectural window
product. Alternatively, the ion beam source may be used to deposit a thin film on a
glass substrate during the making of a window product. Alternatively, the ion beam
source may be used to etch or mill a semiconductor substrate during the manufacture
of a semiconductor device, and/or to deposit a thin film thereon. Moreover, the ion
beam source may be used to deposit any of the layer(s) as discussed in any of U.S.
Patent Nos. 6,395,333, 6,335,086, 6,338,901, or 6,261,693 (all incorporated herein by
reference), or may be used to ion beam mill a substrate as discussed in U.S. I'Datent
No. 6,368,664 (incorporated herein by reference), and/or may be used to make any of

the products discussed in any of the aforesaid patents.

[0035] While the invention has been described in connection with what is
presently considered to be the most practical and preferred embodiment, it is to be
understood that the invention is not to be limited to the disclosed embodiments, but on
the contrary, is intended to cover various modifications and equivalent arrangements

included within the spirit and scope of the appended claims.
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CLAIMS

1. An ion source comprising:

an anode and a cathode, with an electric gap defined between the anode and
the cathode; and

wherein at least one of the anode and cathode is at least partially coated with a

conductive coating comprising a metal boride.

2. The ion source of claim 1, wherein the metal boride is MeB,, where

Me is one of Ti, Zr, Ta and Fe.

3. The ion source of claim 2, wherein x in MeBy is from about 1 to 4.

4. The ion source of claim 1, wherein the metal boride comprises one of
TiBz and ZI‘Bz.

5. The ion source of claim 1, wherein the metal boride comprises titanium
boride.

6. The ion source of claim 1, wherein the coating is from about 5 to 20
pum thick

7. The ion source of claim 1, wherein the cathode is coated with the

coating at least in an area adjacent the electric gap.

11



WO 2004/010455 PCT/US2003/022544

8. The ion source of claim 1, wherein a sputtering yield of the coating is

no more than about 20% of that of an uncoated anode or cathode.

9. The ion source of claim 1, wherein the ion source is a cold-cathode

closed-drift type ion beam source.

10. The ion source of claim 1, wherein the coating has a bulk resistivity of

no greater than about 20 x 10~ ohms-cm.

11.  An ion source comprising:

a conductive anode and a conductive cathode, with a gap defined between the
anode and the cathode; and

wherein the ion source is manufactured so that at least one of the anode and

cathode is at least partially coated with a coating comprising a metal boride.

12. The ion source of tlaim 11, wherein the metal boride is MeB,, where

Me is one of Ti, Zr, Ta and Fe.

13 The ion source of claim 11, wherein the metal boride comprises one of

TiB, and ZrB,.

14, The ion source of claim 11, wherein the coating has a bulk resistivity

of no greater than about 20 x 10” chms-cm.

12
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15.  Anion source comprising:

a conductive anode and a conductive cathode, with an electric gap defined
between the anode and the cathode; and

wherein the ion source is manufactured so that at least one of the anode and
cathode is at least partially coated with a conductive coating having a sputtering yield

of no more than about 20% of the sputtering yield of an uncoated anode or cathode.

16. The ion source of claim 15, wherein the conductive coating has a
sputtering yield of no more than about 10% of the sputtering yield of an uncoated

anode or cathode.

17. The ion source of claim 15, wherein the coating comprises at least one

of a metal boride, a boron carbide, and a metal nitride.

18.  The ion source of claim 15, wherein the coating has a bulk resistivity
of no greater than about 20 x 10 ohms-cm.

19. A method of makjng an ion source, the method comprising:

providing an anode and a cathode;

coating at least a portion of the anode and/or cathode with a conductive
coating characterized by at least one of: (a) the coating comprises a metal boride, (b)
the coating has a bulk resistivity of no greater than about 20 x 10” ohms-cm, (c) the
coating has a sputtering yield of no more than about 20% of the sputtering yield of an

uncoated anode or cathode; and

13
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arranging the anode and cathode so as to define an electric gap therebetween

in the ion beam source.

20.  The method of claim 19, wherein the coating comprises a metal boride

MeBy, wherein Me is selected from Ti, Zr, Ta and Fe.

21.  The ion source of claim 1, wherein another layer is provided between

the coating and the anode and/or cathode on which the coating is provided.

22. A method of making a coated article, the method comprising:

providing an ion source including an anode and cathode with an electric gap
defined therebetween, wherein at least a portion of the anode and/or cathode is coated
with a conductive coating that is characterized by at least one of: (a) the coating
comprises a metal boride, (b) the coating has a bulk resistivity of no greater than
about 20 x 10™ ohms-cm, (c) the coating has a sputtering yield of no more than about
20% of the sputtering yield of an uncoated anode and/or cathode on which the coating
is provided;

providing a substrate; and

causing flow of at least one gas through the electric gap between the anode
and cathode so as to ionize gas, and wherein resulting ions are directed from the

source toward the substrate in order to etch, mill and/or form a film on the substrate.

23.  The method of claim 22, wherein the coating comprises a metal boride

MeBy, wherein metal (Me) is selected from Ti, Zr, Ta and Fe.

14
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24.  The method of claim 22, wherein the coating comprises boron carbide.
25.  The method of claim 22, wherein the coating comprises boron.
26.  The method of claim 22, wherein the coating comprises a metal nitride.
27. An ion source comprising:
a conductive anode and a conductive cathode, with a gap defined between the

anode and the cathode; and

wherein the ion source is manufactured so that at least one of the anode and

cathode is at least partially coated with a coating comprising at least one of: a boride,

a nitride, and a carbide.
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