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EXTENDED LIFETIME ION SOURCE

Field
[0001] Embodiments relate to the field of ion sources. More particularly, the present

embodiments relate to an improved lifetime ion source for use with halogen species.

Background

[0002] Ion sources such as indirectly heated cathode (IHC) ion sources are used to generate a
variety of ion species including dopant ions that are used for implantation into semiconductor
substrates to control their electronic properties. Many precursors for dopant ions contain halogen
species such as fluorine (BF3, B,F4, GeF4, PF3, SiF,4 etc), which can create a corrosive environment
within an ion source. In particular, the lifetime of an IHC ion source is typically limited by the
lifetime of the cathode and repeller components of the ion source. During operation, portions of the
ion source that are exposed to halogens such as fluorine-containing species may be subject to
corrosion. For example, ion source components may be constructed at least partially from tungsten
that is exposed to fluorine species during operation. A halogen cycle may be established that
removes tungsten from relatively colder surfaces within the ion source and redeposits the tungsten
on relatively hotter surfaces, such as hot electrode surfaces or chamber walls. As a result, an
uncontrollable growth of tungsten may occur on some electrode surfaces, which can result in
glitching during operation of the ion source. Glitching is a phenomenon in which smooth operation
of an ion source is disrupted by arcing that occurs either inside the ion source or in the ion
extraction system. Glitching is exacerbated, for example, when sharp tungsten protuberances are

grown on electrodes surface. Because the electric field is enhanced by orders of magnitude at the
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surface of protiberances, such sharp protuberances may readily generate unipolar or bipolar arc
discharges (arc plasmas). Moreover, as irregular growth of redeposited metallic material proceeds,
such growth may result in electrical shorting between electrodes and chamber walls of the ion
source, making arc operation impossible. It is with respect to these and other considerations that the

present improvements have been needed.

Summary
[0003] Embodiments include improved ion sources and techniques for extending lifetime of ion
sources. In one embodiment, an ion source includes an ion source chamber, a cathode disposed
within the ion source chamber and configured to emit electrons to generate an arc plasma, and a
repeller configured to repel electrons back into the arc plasma. The ion source chamber and cathode
may comprise a refractory metal. The ion source chamber further includes a gas source configured
to provide a halogen species to the ion source chamber, and a reactive insert disposed within the ion
source chamber. The reactive insert is interoperative with the halogen species to yield a first etch
rate of the refractory metal material within the ion source chamber under a first set of operating
conditions that is less than a second etch rate of the refractory metal material within the ion source
chamber under the first set of operating conditions when the reactive insert is not disposed within

the ion source chamber.

[0004] In another embodiment, a method to operate an ion source comprises providing a halogen
species to an ion source chamber of the ion source, where the ion source chamber comprises a
refractory metal. The method also includes providing a reactive insert within the ion source
chamber, the reactive insert configured to react with the halogen species to produce one or more
product species, and generating an arc plasma including the reactive species in the ion source

chamber, wherein the halogen gas and reactive insert are interoperative to yield a first etch rate of
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the refractory metal within the ion source chamber under a first set of operating conditions that is
less than a second etch rate of the refractory metal within the ion source chamber under the first set

of operating conditions when the reactive insert is not disposed within the ion source chamber.

Brief Description of the Drawings
[0005] FIG. 1A depicts a side view of an exemplary ion source;
[0006] FIG. 1B depicts a top view of the ion source of FIG. 1A;

[0007]  FIG. 2A depicts a mass spectrum of species produced during operation of an exemplary

ion source under one set of conditions;

[0008] FIG. 2B depicts another mass spectrum of species produced during operation of the

exemplary ion source of FIG. 2A under another set of conditions;

[0009] FIG. 2C depicts another mass spectrum of species produced during operation of the
exemplary ion source of FIG. 2A under the set of conditions of FIG. 2B; and

[0010] FIG. 3 depicts another mass spectrum of species produced during operation of the

exemplary ion source of an exemplary ion source under an additional set of conditions.

Detailed Description
[0011] The present disclosure will now be described more fully hereinafter with reference to the
accompanying drawings, in which some embodiments are shown. The subject of this disclosure,
however, may be embodied in many different forms and should not be construed as limited to the
embodiments set forth herein. Rather, these embodiments are provided so that this disclosure will
be thorough and complete, and will fully convey the scope of the subject of this disclosure to those

skilled in the art. In the drawings, like numbers refer to like elements throughout.

[0012]  In various exemplary embodiments, ion sources are configured to improve performance

and/or extend operating life of an ion source. Ion sources arranged according to the present
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embodiments include those ion sources that are constructed from refractory metal materials and
designed to operate at elevated temperatures. Included among such ion sources are indirectly
heated cathode (IHC) ion sources in which a cathode may operate at temperatures in excess of
2000°C, such as about 2200°C. The ion sources may be constructed, at least in part, from tungsten,
molybdenum, or other refractory metal. During operation, other portions of the ion source such as
the ion source chamber walls may reach temperatures in the range of 500°C to about 1000°C, and in
particular between 500°C to about 800°C. In the present embodiments, an ion source constructed
from refractory metal is provided with a reactive insert placed within the ion source chamber that is
exposed to etching species generated when an arc discharge (arc plasma) is ignited within the ion
source chamber. During operation of the ion source using halogen gas, a halogen species such as
the halogen gas or a product of the halogen gas, the reactive insert is interoperative in conjunction
with the halogen species to reduce etching of refractory metal from within the ion source chamber.
The term “halogen species” as used herein refers to any halogen-containing gaseous compound and
the derivative of it that might be created in the plasma. This has the beneficial effect of reducing
erosion of ion source components, as well as preventing refractory metal regrowth on hot surfaces
of the ion source caused by redeposition of etched refractory metal. The reduction of the refractory
metal regrowth, in turn, reduces or prevents instability and/or shorting that may be otherwise
generated by the regrown refractory metal deposits. As detailed below, the halogen species and/or
reactive insert may be operative to generate low ionization potential gas species, where the
ionization potential is below about 11 eV. This has the effect of lowering electron temperature in
the arc plasma and implicitly lowering the plasma potential thus resulting in low bombarding
energies of the ions crossing the sheaths in front of the arc chamber walls or in front of the arc

electrodes. Low ion energy translates in reduced ion sputter yield of the refractory metal surfaces.
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The reactive insert may also act as a sacrificial material to generate reaction products with the
halogen species and thereby reduce reaction of the halogen species with the refractory metal
surfaces, so that during ion source operation etch rate of such surfaces is reduced in comparison to

etch rate when the reactive insert is absent.

[0013] FIG. 1A depicts general features of an ion source 100 consistent with the present
embodiments. The ion source 100 is an indirectly heated cathode (IHC) ion source that includes an
ion source chamber 102, which houses a cathode 104, repeller 108, and extraction plate 112 that has
an extraction slit 113. The ion source 100 also includes a filament 106 to heat the cathode 104. In
operation, species such as gaseous species are provided by gas manifold 110 to the interior 114 of
ion source chamber 102 through a gas inlet 111. The gas manifold 110 may provide feed material
in the form of gaseous species or vapor, which is ionizable in the ion source chamber 102.
Consistent with the present embodiments, suitable feed material includes one or more gaseous
compounds of boron (B), carbon (C), phosphorous (P), arsenic (As), silicon (Si), hydrogen (H), and

fluorine (F). The embodiments are not limited in this context.

[0014]  An arc plasma 116 may be generated when the cathode 104 is heated and a potential
difference (voltage) applied between ion source chamber 102 and cathode 104 and repeller 108,
where the cathode and repeller are held at the same potential. The ion source 100 is coupled to
various conventional components that are not depicted for clarity, including power supplies for the
cathode 104 and filament 106. In various embodiments, the ion source chamber and components
therein including the cathode 104 and repeller 108 are constructed from tungsten, molybdenum, or
other refractory metal. In various embodiments, feed material may be supplied in the form of
halogen species. For example, the ion source 100 may be employed in a conventional beamline

apparatus for ion implantation of B, P, As, Si, or other species, each of which may be derived from



WO 2014/179677 PCT/US2014/036558

a halogen-containing precursor species. Examples of halogen species that may be used as
precursors for ions generated by the ion source 100 include BFs, PFs, SiF4, BoF4, GeF4 among other
species. Moreover halogen species include products of another halogen species. For example, BF3
gas may be provided to the ion source and BF; ions, BF; neutrals, BF, ions, BF neutrals, BF ions,
and F neutrals, F positive and negative ions and other heavy neutral radicals or ions ByFy among
others may all be produced through one or more processes from the parent BF; gas and are all

deemed to be halogen species. The embodiments are not limited in this context.

[0015] As further illustrated in FIG. 1B, the ion source 100 includes a pair of reactive inserts
118. In the embodiment depicted, a first reactive insert 118 is disposed in a first region (upper part)
of the ion source chamber 102 while a second reactive insert is disposed in a second region (lower
part) of the ion source chamber. In other embodiments a single reactive insert or three or more
reactive inserts may be included in an ion source. Notably, in other embodiments a pair of reactive
inserts may be located in a respective left region and right region of the ion source chamber 102 as
viewed from the perspective of FIG. 1B. As detailed below, the reactive inserts 118 are configured
to react with a halogen containing species to limit etching or erosion of refractory metal material
within the ion source chamber 102. Since both cathode 104 and repeller 108 are constructed from
refractory metal, this reduced erosion increases lifetime of both, which improves ion source

lifetime.

[0016] In the case of an IHC ion source constructed from tungsten, the present inventors have
discovered that certain combinations of materials used for the reactive inserts 118 and halogen
species supplied to the ion source chamber 102 are especially effective in reducing tungsten erosion.
In conventional operation, the so-called halogen cycle entails removal of tungsten atoms in the

present of halogen species such as fluorine species from relatively colder surfaces, and their
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redeposition on relatively hotter surfaces. By providing a combination of reactive insert 118 and
reactive species during operation of the ion source 100, the chemistry and energetics of the arc

plasma 116 may be altered in a fashion that reduces tungsten etching.

[0017] In one set of experiments, an o - alumina (“aluminum oxide” or “Al,03”) insert
consisting of a single plate was placed within a tungsten IHC ion source chamber in which a
discharge was produced using different fluorinated gases. In particular, an arc plasma in the ion
source was operated for 65 hours while NF; was supplied to the ion source chamber. After
operation substantial tungsten deposits were observed throughout the ion source chamber including
about 1-2 cm thick tungsten deposit on the surface of the cathode. In particular, in one instance, an
arc plasma in the ion source was operated for 65 hours while NF; was supplied to the ion source
chamber. After operation substantial tungsten deposits were observed throughout the ion source
chamber including about 1-3 mm thick deposit on the surfaces of the cathode and repeller. In a
second instance, an arc plasma in the ion source was operated for 120 hours under quasi-identical
operating conditions but BF; was supplied to the ion source chamber. After operation little tungsten

redeposition was observed.

[0018] In further experiments, mass spectra of the extracted ion beams during operation of the
ion source using both NF; and BF; based arc plasmas were collected and compared. FIG. 2A
illustrates a mass spectrum 200 of ions extracted from an IHC ion source when it is fed with 2.1
sccm NF3 and 0.4 sccm H, The mass spectrum, which plots ion current as a function of the ratio of
ion mass /charge, is characterized by multiple peaks as labeled. These include aluminum species
and byproduct species derived from the NF; precursor species. In particular, the spectral region 202
includes a peak representing a current of about 4 mA due to singly charged aluminum Al" whose

mass/charge ratio is about 27 amu. The mass spectrum 200 also includes a peak 204 and peak 205



WO 2014/179677 PCT/US2014/036558

indicative of AIF," and AIF" respectively, which may form as a result of the reaction of fluorine
species derived from NF; with the Al,Os insert. Also present in the mass spectrum 200 is a broad
peak 206 (which is a convolution of six isotopes) whose peak current is about 1 mA and is

attributable to W2

. These results indicate that a substantial amount of tungsten elemental species
are produced in the ion source discharge under gas flow conditions of 2.1 sccm NF; and 0.4 sccm

H,, in concert with the observation of large amounts of redeposited tungsten on the cathode after 65

hours operation.

[0019] In contrast, FIG. 2B illustrates a mass spectrum 210 collected from ions extracted from
the THC ion source when 2.3 sccm BF; is provided to the ion source chamber. Similar to the results
observed in FIG. 2A, the spectral region 212 includes a peak representing a current of about 4.5 mA
due to singly charged aluminum Al" whose mass/charge ratio is about 27 amu. However, the mass
spectrum 210 shows a very small peak in the region 214 is attributable to W>*. Moreover, as shown
in FIG. 2C, when an extended mass spectrum 220 was collected up to 200 amu/charge, the peaks
222 and 224, indicative of W*"and W', respectively, are very small with respect to the Al peak.
These results indicate that in the presence of the alumina insert, operation of an ion source under
gas flow conditions of 2.3 sccm BF;yield a substantially reduced etching rate of tungsten in the ion
source discharge compared with operation of an ion source under a gas flow of 2.1 scem NF3/0.1

sccm Hj.

[0020] These results may be explained by consideration of the energetics of clementary
processes that take place when an arc plasma is ignited in an ion source. It is observed that the
change between a BF; based plasma and NF; based plasma causes a substantial change in plasma
density for a given set of operating conditions. This may result in a substantial change of the

plasma potential and implicitly in the kinetic energy of ionic species impacting surfaces of an ion
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source chamber including chamber walls, repeller, cathode, and face plate. In particular, the
formation of plasma in an arc plasma entails a balance between charge density in the plasma and
the plasma potential with respect to the chamber and electrodes potential. Notably, the plasma is
electrically quasi-neutral which means the number of ions is equal with the number of electrons.
When plasma density is relatively low the difference in potential between the plasma plume (arc
plasma) and the cathode potential (called “cathodic fall”) is relatively high. As the plasma density
decreases, the cathodic fall adjusts to become larger, thereby leading to higher kinetic energy of
ions leaving the plasma plume. This fact results in higher secondary electron emission from the
cathode under ion bombardment. The increased electron emission, in turn, allows the plasma to
maintain a dynamic equilibrium. If plasma density is relatively high, the cathodic fall becomes
relatively small. In such a case, to maintain the equilibrium, the smaller ion energy imparted to
ions accelerated from the plasma to the cathode is compensated by the higher number of ions that

bombard the cathode.

[0021] The change in plasma properties between a BF; plasma and NF; plasma may be
explained at least in part by the difference in ionization potentials of generated species in the BF;
plasma as opposed to the NFz plasma. Table I. illustrates ionization energies for several species of
interest in BF3 plasmas and NF3; plasmas. Unless otherwise noted, the term “ionization energy” as
used herein refers to the first ionization energy. In a BF; plasma, the BF3; molecules may dissociate
into BF,, BF, and B, among other species. As illustrated in Table I, each of these dissociation
product species has an ionization energy in the range of 8-11 ¢V, which is substantially lower than
the ionization energy for dissociation products of an NF; plasma including F (17.42 ¢VO0, N (14.71
eV) and N, (15.75 eV). Given the fact that ionization cross-sections differ only slightly this results

in a higher ionization rate coefficient for boron dissociation products from BF3 as compared to
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those from NF3 based plasma. This is confirmed by measurements during IHC ion source operation
using an Al,O; insert, where, for the same overall applied discharge power, a current of ~ 25 mA is
produced for BF; based plasma and only ~16 mA for the NF; based plasma. The higher plasma
density results in a smaller plasma potential and consequently smaller potential difference between
plasma plume and ion source chamber surfaces as ions are accelerated from the plasma and strike
surfaces in the ion source chamber, which translates into a lower ion energy of ions striking metallic
surfaces of the ion source chamber. Accordingly, less sputtering of material such as tungsten may

be expected in the BF; based plasma as is observed.

Specie Graniz (V)
B 8.29

BF, .44

BF 11.12

BF, 15.70

F 17.42

M 14.71

N, 15.75

Table 1. Ionization Energy of Various Species

[0022] It is to be noted that when an arc plasma is ignited for NF; based plasma or BF; based
plasma gaseous species derived from the alumina insert itself may serve to adjust the plasma
properties. For example, aluminum and aluminum fluoride products are believed to be produced in
plasmas where aluminum oxide is exposed to fluorine-containing precursors. Because aluminum
metal has a first ionization potential of 5.99 eV, aluminum species generated from the alumina
insert may serve to increase plasma density in the NF; based plasma or BF; based plasmas when

aluminum is etched from the alumina insert. However, in the presence of an NF; based plasma,

10



WO 2014/179677 PCT/US2014/036558

where ionization thresholds for dissociation products shown above is about 15 ¢V or higher, the
aluminum species do not exert a sufficient contribution to increase plasma density to the extent that
ion energy is reduced to the point where tungsten metal sputtering is suppressed. On the other hand,
the combination of alumina insert and BF3, both of which yield species having ionization energies
below 11 eV, is sufficient to generate a high enough plasma density and therefore lower ion

bombardment energy to suppress sputtering of tungsten within the ion source chamber.

[0023] In additional embodiments, the reactive inserts 118 may be made from solid silicon.
During operation of the ion source 100 the solid silicon may act as a sacrificial material that is
preferentially etched by fluorinated gases or fluorine radicals, thus inhibiting the etching and
deposition of tungsten or molybdenum surfaces of the ion source chamber 102. In one embodiment,
the reactive inserts 118 are configured as solid silicon inserts and BF; gas is provided to the ion
source chamber 102. Fluorine and fluorinated gases may readily react with silicon to produce
silicon fluorides such as SiF, and SiF4 each of which is a gas phase species at typical operating
temperatures of the ion source chamber 102. Such SiF; and SiF4 products may therefore be readily
pumped out of the ion source chamber 102 during operation. Although the presence of silicon in the
reactive inserts 118 inhibits the etching of tungsten material, exposed surfaces, such as tungsten
surfaces in the ion source chamber 102 may still react with fluorine containing gas species to some
extent, yielding tungsten fluorides. The tungsten fluorides may, in turn, react with the reactive
(silicon) insert 118 to produce silicon fluorides while reducing the tungsten fluorides to tungsten
metal. Since the reactive inserts 118 present a silicon surface that is exposed to the arc plasma 116
during operation of the ion source 100, sputtering of the Si surface by ions from the discharge 116
may prevent a passivating layer of tungsten from forming on the reactive inserts 118. Thus, the

reactive inserts 118 when configured as silicon inserts presents a continuous supply of etchable

11
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silicon that reduces the etching of tungsten or other refractory metal from surfaces within the ion
source chamber 102. Accordingly, the use of a silicon material for reactive inserts 118 in concert
with a gas such as BF; is effective in reducing of the etching and redeposition of refractory metal on
the cathode 104, repeller 108, and elsewhere within the ion source chamber 102, thus increasing the

ion source lifetime.

[0024] In order to assess the effect of operating an ion source with a reactive silicon insert, a set
of experiments was conducted in which mass spectra were collected from an IHC ion source during
operation with and without the presence of a solid silicon insert. FIG. 3 presents results of the
experiments including a mass spectrum 302 collected during IHC ion source operation with a
silicon insert (continuous line) and a mass spectrum 304 collected during IHC ion source operation
without a silicon insert (dashed line). Each mass spectrum includes a series of peaks representing
different mass/charge ratios as described above. In particular, the mass spectrum 302 includes
several peaks 306, 308, 310, 312, 314, 316 that represent silicon ions or silicon fluoride ions as
shown. Each of these is not present in the mass spectrum 304 indicating that the peaks 306-316 are
generated by the presence of the silicon insert. Other boron, fluorine, and boron fluoride peaks are
common to both mass spectrum 302 and mass spectrum 304 and are representative of product ion
species derived from the BF; gas. Moreover, the mass spectrum 304 includes a peak 318 that is not
present (or greatly reduced) in the mass spectrum 302. The peak 318 may be assigned to W
thereby indicating the presence of substantial tungsten species in the arc plasma when silicon inserts
are absent. The reduction of W?* peak at a mass/charge ratio of about 92 amu in the mass spectrum
302 indicates that the halogen cycle is substantially suppressed by the use of the silicon inserts. An
advantage of embodiments in which silicon is used as a reactive insert include the fact that in

addition to reducing etching of metallic surfaces of the ion source, no additional metallic species are

12
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introduced into the arc plasma from the silicon inserts. In addition, in applications in which the ion
source is to be used to implant silicon, the presence of a sacrificial silicon insert increases the
supply of gas phase silicon that is ionized in an arc plasma and thereby increases the silicon beam

current that can be extracted from the ion source at a given power level.

[0025] It is to be noted that in the present embodiments reactive inserts that are effective to
suppress ctching of refractory metal surfaces in the ion source chamber need only occupy a
relatively small portion of the ion source chamber. In some embodiments the reactive insert or
inserts may have a surface arca Al that is a fraction of the surface area A2 that includes of the
internal walls of ion source chamber, the cathode, and repeller. In some cases A1/A2 equals about
0.01 to 0.2. Accordingly, a reactive insert or inserts whose surface area constitutes such a modest
fraction of the surface area presented by refractory metal surfaces, does not require substantial

redesign of other components of an ion source.

[0026] The present disclosure is not to be limited in scope by the specific embodiments
described herein. Indeed, other various 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 present disclosure. Further, 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 beneficially implemented
in any number of environments for any number of purposes. Accordingly, the subject matter of the
present disclosure should be construed in view of the full breadth and spirit of the present disclosure

as described herein.
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What 1s claimed is:

1.  Anion source, comprising:
an ion source chamber;

a cathode disposed in the ion source chamber and configured to emit electrons to generate an
arc plasma within the ion source chamber, the ion source chamber and cathode comprising a
refractory metal;

a repeller configured to repel electrons back into the arc plasma; and

a reactive insert disposed in the ion source chamber, the reactive insert interoperative with a
halogen species introduced into the ion source chamber to yield a first etch rate of the refractory
metal within the ion source chamber under a first set of operating conditions that is less than a
second etch rate of the refractory metal material within the ion source chamber under the first set of

operating conditions when the reactive insert is not disposed within the ion source chamber.

2. The ion source of claim 1, wherein the reactive insert comprises aluminum oxide.

3. The ion source of claim 1, wherein the reactive insert comprises silicon.

4. The ion source of claim 1, wherein the halogen species comprises BFs.

5. The ion source of claim 1, wherein the reactive insert is a first reactive insert disposed in a
first region of the ion source chamber, the ion source further comprising a second reactive insert

disposed in a second region of the ion source chamber.

6. The ion source of claim 1, wherein cathode and the repeller are disposed on opposite sides
of the ion source chamber and wherein the reactive insert is disposed between the cathode and the

repeller.

14
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7. The ion source of claim 1, wherein the halogen species is configured to generate product

species having an ionization threshold less than about 11 eV.

8. The ion source of claim 1, wherein the refractory metal comprises tungsten or molybdenum.

9. The ion source of claim 1, the repeller disposed opposite the cathode and constructed from

refractory metal, the repeller and cathode being held at cathode potential.

10. The ion source of claim 8, wherein the reactive insert comprises a first surface area Al,
wherein internal chamber walls of the ion source chamber, cathode and repeller together comprise a

second surface area A2, wherein a ratio of A1/A2 is equal to about 0.01 to about 0.20.

11. The ion source of claim 1, wherein temperature of the cathode during the first set of
operating conditions is about 2000 °C or higher and temperature of a wall of the ion source chamber

comprises a temperature in the range of 500 °C to 800 °C.

12. A method to operate an ion source, comprising:

providing a halogen species to an ion source chamber having a refractory metal;

providing a reactive insert in the ion source chamber, the reactive insert configured to react
with the halogen species to produce one or more product species; and

generating an arc plasma including the halogen species in the ion source chamber, wherein
the halogen species and reactive insert are interoperative to yield a first etch rate of the refractory
metal within the ion source chamber under a first set of operating conditions that is less than a
second etch rate of the refractory metal within the ion source chamber under the first set of

operating conditions when the reactive insert is not disposed within the ion source chamber.

15
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13. The method of claim 12, further comprising providing the reactive insert as an aluminum

oxide insert.

14. The method of claim 12, further comprising providing the reactive insert as a silicon insert.

15. The method of claim 12, further comprising providing the halogen species as BF;.

16



WO 2014/179677

PCT/US2014/036558

LA LA AT

NI AN
/
fﬁ
SF‘

114
2 LIS RV A L i Y, /2
M
1

...............................................

SUBSTITUTE SHEET (RULE 26)



WO 2014/179677 PCT/US2014/036558
2/4
6
%5_" 2+
%4" Ai ::AE‘H“
& Y o
53 W o 2
gg" orl Ll - ﬁf +
= M - Li ﬁ?z s M g Wz“*“
= U A
0 ‘ f /\/ 2067
T 4@ W6 70 80 @@ 100
20 MASS/CHARGE {ome)
FiG. 24
;
=7 B M2
25 i By*
= 4 g )
=3 |60 24
= 1 ( 3 g::BF‘“ AF Ay \
= + e ; !
=1 . M 3 8 o
T T L I I

24 MASS/(HARGE {amu)

FI6. 28

SUBSTITUTE SHEET (RULE 26)



WO 2014/179677 PCT/US2014/036558

3/4

b

5,

4: EFQJF
:’% _ A§2+
=3 (01
=, Wz {@ Pt
oo +Hi
=1 oy Bt gl +
= IF 232 94
Ee"ghmd& [ RN

220 MASS/CHARGE {amu)

A6 2(

SUBSTITUTE SHEET (RULE 26)



WO 2014/179677

I0N BEAM CURRENT (mA}

PCT/US2014/036558

MASS/CHARGE {omu)
FIG. 3

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US2014/036558

A. CLASSIFICATION OF SUBJECT MATTER
HO01J 37/08(2006.01)i, HO1J 27/02(2006.01)i, HO1L 21/425(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 37/08; HO1J 27/02; HO1J 27/00; C23C 14/48;, HO1J 37/317, HO1L 21/425

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, reactive insert, halogen species, extended lifetime

C. DOCUMENTS CONSIDERED TO BE RELEVANT

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

Y US 2012-0235058 A1 (ASHWINI SINHA et al.) 20 September 2012 1-15
See paragraphs [0028]-[0042]; claim 11; and figure 1.

Y US 2010-0107980 Al (THOMAS N. HORSKY et al.) 06 May 2010 1-15
See paragraphs [0028]-[0116], [0173]-[0180]; and figures 3-6B.

A US 2011-0240878 Al (VICTOR BENVENISTE et al.) 06 October 2011 1-15
See paragraphs [0020]-[0026]; and figures 3, 3A.

A US 2010-0155619 A1 (JOHN BON-WOONG KOO et al.) 24 June 2010 1-15
See paragraph [0017]; and figure 3.

A US 2009-0242793 A1 (RUSSELL J. LOW et al.) 01 October 2009 1-15
See paragraphs [0007]-[0016]; and figures 2, 3.

|:| 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 referring 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
04 September 2014 (04.09.2014) 09 September 2014 (09.09.2014)
Name and mailing address of the [ISA/KR Authorized officer

International Application Division
+ Korean Intellectual Property Office
g

189 Cheongsa-to, Seo-gu, Dagjeon Metropolitan City, 302-701, KIM, Do Weon
Republic of Korea

Facsimile No. +82-42-472-7140 Telephone No. +82-42-481-5560
Form PCT/ISA/210 (second sheet) (July 2009




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/036558
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2012-0235058 Al 20/09/2012 CN 103189956 A 03/07/2013

EP 2617050 A2 24/07/2013
JP 2013-545217 A 19/12/2013
KR 10-2013-0102595 A 17/09/2013
SG 188998 Al 31/05/2013
TW 201234400 A 16/08/2012
WO 2012-037007 A2 22/03/2012
WO 2012-037007 A3 26/07/2012
US 2010-0107980 Al 06/05/2010 AU 2001-024306 Al 18/06/2001
AU 2001-066847 Al 11/06/2002
AU 2003-247495 Al 19/01/2004
AU 2003-258960 Al 19/01/2004
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 101477984 A 25/02/2004
CN 101512716 A 19/08/2009
CN 101512716 B 18/01/2012
CN 101894763 A 10/01/2007
CN 101894763 B 08/12/2010
CN 101908473 A 08/12/2010
CN 101908473 B 13/03/2013
CN 101964620 A 16/05/2007
CN 101964620 B 21/07/2010
CN 101973346 B 18/05/2011
CN 102034665 A 27/04/2011
CN 102034665 B 25/06/2014
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 Bl 13/02/2013
EP 1695369 A2 30/08/2006
EP 1945832 Al 23/07/2008
EP 2027601 A2 25/02/2009
EP 2027601 A4 20/04/2011
EP 2426692 A2 07/03/2012

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/036558
Patent document Publication Patent family Publication
cited in search report date member(s) date

EP 2426692 A3 21/08/2013
EP 2426693 A2 07/03/2012
EP 2426693 A3 16/01/2013
JP 00443588 B2 02/03/2011
JP 04646920 B2 09/03/2011
JP 04744141 B2 10/08/2011
JP 04749713 B2 17/08/2011
JP 04820038 B2 24/11/2011
JP 04927859 B2 09/05/2012
JP 05026711 B2 19/09/2012
JP 05107567 B2 26/12/2012
JP 05128640 B2 23/01/2013
JP 05457816 B2 02/04/2014
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
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 1288964 B 21/10/2007
TW 1326102 B 11/06/2010
TW 1328244 B 01/08/2010
TW 1334196 B 01/12/2010

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT

International application No.

Information on patent family members PCT/US2014/036558
Patent document Publication Patent family Publication
cited in search report date member(s) date

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
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 2010-0148089 Al 17/06/2010
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

Form PCT/ISA/210 (patent family annex) (July 2009)




INTERNATIONAL SEARCH REPORT International application No.

Information on patent family members PCT/US2014/036558
Patent document Publication Patent family Publication
cited in search report date member(s) date

US 7629590 B2

US 7725700 B2

US 7732787 B2

US 7791047 B2

US 7800312 B2

US 7820981 B2

US 7834554 B2

US 7838842 B2

US 7838850 B2

US 7960709 B2

US 7994031 B2

US 8154210 B2

US 8368309 B2

US 8502161 B2

WO 01-043157 Al
WO 02-043803 Al
WO 02-063653 Al
WO 2004-003973 A2
WO 2004-003973 A3
WO 2004-003990 Al
WO 2005-059942 A2
WO 2005-059942 A3
WO 2005-060602 A2
WO 2005-060602 A3
WO 2007-056249 Al
WO 2007-149727 A2
WO 2007-149727 A3

US 2011-0240878 Al 06/10/2011 US 8188448 B2
US 2010-0155619 Al 24/06/2010 US 8263944 B2
US 2009-0242793 Al 01/10/2009 US 8330127 B2

08/12/2009
25/05/2010
08/06/2010
07/09/2010
21/09/2010
26/10/2010
16/11/2010
23/11/2010
23/11/2010
14/06/2011
09/08/2011
10/04/2012
05/02/2013
06/08/2013
14/06/2001
06/06/2002
15/08/2002
08/01/2004
26/10/2006
08/01/2004
30/06/2005
13/10/2005
07/07/2005
04/01/2007
18/05/2007
27/12/2007
27/11/2008

29/05/2012
11/09/2012

11/12/2012

Form PCT/ISA/210 (patent family annex) (July 2009)




	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 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - wo-search-report
	Page 24 - wo-search-report
	Page 25 - wo-search-report
	Page 26 - wo-search-report
	Page 27 - wo-search-report

