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INTEGRATED EXTRACTION ELECTRODE MANIPULATOR FOR ION
SOURCE

FIELD OF THE INVENTION

The present invention relates generally to fon implantation systems and

more specifically to an lon source having a modular ion source having an
integrated exiraction electrode manipulglor that reduces the amount of time

and maintenance associated with the ion source and exiraction slactrods.

BACKGROUND OF THE INVENTION

in the manufacture of semiconductor devices and other ion related

products, ion implantation systems are used o impart dopant elements into
semiconductor wafers, display pansls, or other types of workplecss. Typical
ion implantation systems or ion implanters impact a workpisce with an ion
hearn utilizing a known recipe or process in order 1o produce n-type or p-lype
doped regions, or to form passivation layers in the workpiece., When used for
doping semiconduciors, the ion implantation system injects selected ion
species o produce the desired exirinsic material, Typically, dopant atoms or
molecules are lonized and isolated, somelimes accelersted or decelsrated,
formed into 8 beam, and implanted into a workpiecs. The dopant ions
physically bombard and enter the surface of the workplece, and subsequently
come o rest below the workpisce surface in the orystalline laltice shructure
thereof,

fon implantation has become the technology preferred by industry o
dope semiconduciors with impurities in the large-scale manufacture of
integrated circuilts. lon dose and ion energy are the two most important
variables used to define an implant step. lon dose relates 1o the concentration

of implanted ions for a given semiconductor material. Typically, high current
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implanters {generally greater than 10 milliamperes {(mA} ion beam current) are
used for high doss implants, while medium current implanters {(generally
capable of up to about 10 mA beam current} are used for lower dose
applications.

lon energy is the dominant parameter used o control junction depth in
semiconductor devices. The snergy levels of the ions that make up the lon
beam determine the degree of dapth of the implanted ions. High energy
processes such as those used to form retrograde wells in semiconductor
devices require implants of up to a few million electron-volts (MeV), while
shallow junctions may demand ulira low energy (ULE) levels below one
thousand slectron-volts {1 keV).

A typical lon Implanter comprises three sections or subsystems: (i} an
ion source for generating an fon beam, {it) an ion beam exiraction system, {iif)
a beamiine including a mass analysis magnet for mass resolving the lon
beam, and {(iv) a target chamber which contains the semiconductor wafer or
other substrate to be implanted by the ion beam. The continuing trend toward
smaller and smaller semiconductor devices is driving beamiine constructions
to deliver high beam currents at low snergies. High beam currents provide the
dasirad dosage levels, while low energies permit shaliow implants.
Sourcefdrain extensions in CMOS devices, for example, make if desirable for
such a high current, low energy application.

fon sources In ion implanters typically generale an ion beam by ionizing
a source gas containing a desired dopant element within an ion source
chamber, and an exitraction system exiracts the ionized source gas in the form
of an ion beam. The ionization process is effected by an electron beam, which
may take the form of a thermionic emitter such as a thermally haaled filament,
or a radio frequency (RF) antenna. A thermionic emitter is typically electrically
biased so that emitted electrons gain sufficlent energy {o ionize, while an RF
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antenna delivers a high snergy RF signal into the source chamber {o energize
ambient electrons,

The high-energy slectrons thus ionize the source gas in the lon source
chamber {0 generate desired lons. Examples of desired dopant ions produced
from the source gas may include boron (B), phosphaorous {P) or arsenic {As).
in an ion source utilizing a thermionic emitter for ionization, the local emitter
temperature typically excesds 2500°C, and the source chamber being
thermally irradiatad by the emitter may attain {emperatures on the order of
700°C.,

lons generatad within the lon source are axtracted through an
glongated source aperture or slit by an electric field associated with one or
more exiraction electrodes located outside of the source chamber. The
source aperiure and the extraction electrodes may be made of graphite, taking
advantage of the low vapor pressure of graphite at high temperatures and the
reduced contamination risk fo the workplecs, since very small levels of carbon
in silicon have small effects on the semiconductor's electrical properties. Each
extraction electrode system typically comprises spaced-apart elements
forming an elongated axtraction gap through which the ion beam travels. H a
positively charged ion beam is desired, the exiraction electrode is elactrically
biased negatively with respect {o the source aperture.

Typically, for positive lon exdraction more than one extraction electrode
are used, with one clectrode acting as electron suppression electrode by
providing a barrier for electrons present in the system downstream of the
axtraction system. The suppression electrode is therefore biased negatively
with respect {o the beamiine potential, and the last electrods in the extraction
system is typically at beamiine potential, o prevent the electric fields from the
extraction system from affecting beam transport after extraction. A typical

extraction system thus comprises two slecirodes; if more electrodes are used,
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the magnitude of the voltages on the plurality of electrodes is typically
decreased on sach successive electrode moving downstream so as {0 provide
an accelerating fisld for the positive ion beam, untll the suppression bias is
reached.

in designing such an ion implanter, # is desirable for the ion beam
generated by and exiracted from the ion source o accurately follow 3 desired
predetermined travel path. The precise position of the exiraction slectrode
with respect to the source aperiure is important in achieving a beam path that
coincides with the predetermined beam path. Thus, precise slignment and
positioning of the extraction electrode or electrodes with the source aperturg i
typically desired.

Extraction elecirodes are commonty mourtted on a struciure that
axtends from and/or is connectad to the source housing. Heat generated by
the operation of the ion source during lon implantation processes often causss
thermal expansion of this structure, thus resulling in misalignment of the
axiraction electrodes with the source aperfure when the temperature of the
electrode system varies while the system reaches a new equilibrium. Further,
alignment of the slectrodes with respect to the lon source conventionatly
necessitates removal of the ion source andfor extraction electrodes from the
ion implantation system, whereby various deleterious alignment issues can
arise. Allernatively, the sxtraction electrodes are separale from the ion
source, whereby removal of either the lon source or the extraction electrodes
for maintenance can lead {o additional misslignment. Such misalignments
may cause unwanted disruptions in the intended path of the lon beam and
result in unwanted "heam steering”, as well as distortions in the lon beam
guality which could mpair iis transport through the rest of the beamiine.

Various mechanisms for adjusting the position of the extraction

slectrodes with respect to the source aperiure In on implanters are known,
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Such mechanisms can be sesen in U.S. Pall No. 5,420,415 to Trueira, US.
Pat, No. 5,661,308 o Benvenisie et al., and U.5. Patent Publication No,
2005/0242293 o Banveniste. Conventionally, manipulation of the extraction
glactrodes is performed by exiraction alectrode manipulalors that are separale
from the ion generation mechanism or ion sourca. As such, multiple
componeants are removed from the ion implantation system, thus leading o
additional misalignment.

Additionally, the extraction slectrodes arg conventionally electricslly
isolated from the ion source in order {0 provide proper sxtraction potentials
between the extraction electrode and ion source. Separation of the extraction
glectrode and ion source has been achieved by using vacuum as an electrical
insulator, as doing so makes the individual components sasler o handle and
maintain, Howsver, using vacuum as the electrical insulalor comes at a
disadvantage of mechanical decoupling, thus leading to alignment issues as
described above. Conventionally, in order to service sither the ion source or
the exiraction electrodes, an operator would remove the two assemblies
separately, and then realign them with fidures. Thus, conventional ion source
and extraction slectrode maintenance has been time-consuming and offen

fraught with misalignment issues that lead o additional downtime or waste.

SUMMARY OF THE INVENTION

The present invention ovarcomes various limitations of the prior art by

providing a modular ion source having an infegrated extraction slectrode
manipulator, whersin the modular nature ¢of the ion source provides for an
efficient lon implantation system having reduced mainienance costs.
Accordingly, the following presents a simplified surmmary of the invention in
order to provide a basic understanding of some aspects of the invention. This

surnmary s not an exiensive overview of the invention. His infended to
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neither identify key or critical elements of the invention nor delineate the scope
of the invention. s purpose is 1o preseni some concepts of the invention in a
simplified form as a prelude {o the more detailled description that is presented
later.

The present invention is generally directed {0 a modular ion source and
exiraction apparaius that may be esasily replaced and maintained in an ion
implaniation system. According to one exemplary aspect of the invention, the
modular ion source and extraction apparatus comprises an ion source
chamber, wherein the jon source chamber is selectively slectrically coupled to
a vollage potential. The lon source chamber further comprises a source or
axtraction aperiure positioned near & distal end thersof.

An extraction slactrode system is further positioned proximates o the
gxtraction aperture of the on source chamber, wherain the first extraction
alacirode is slectrically biased {o an appropriaie potential and configured o
axtract ions from the ion source chamber, Subsaguent electrodes of the
axtraction systemn may be biased to accelerate and focus the sxtracted beam
to a desired energy and shape. The next-io-last electrode, for axample, may
be biased negative with respect 1o the beam guide, such that electrons
downstream from the extraction system are effectively suppressed by a
potential well, and prevented from reaching the lon source chamber. The
suppression elactrode, for example, may prevent these electrons from forming
an energetic electron beam that could load the electric extraction circuit,
dissipate additional heat in the source chamber which could cause local
melting of material, and generate x-ray radiation which could represent a
safety hazard to operators.

The suppression slectrode thus parmils safe operation of the extraction
system while contributing o appropriate focusing and acceleration of the ion

beam. The ast electrode in the extraction system, for axampls, is at beam
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guide potential, sffectively terminating extraction fislds and permitting ion
beam self-neutralization downstream of the exiraction system. Self-
neulralization is an effect that helps enhance the transport of ions, especially
int high current ion beams. In the case of a two-slactrode axtraction system,
for example, the first electrode acts as the exiraction and suppression
glactrode, and the sscond {or last) electrode is grounded.

According {o one aspect, one or more linkages are operably coupled to
the on source chamber. One or more insulators further coupls the extraction
glectrode system o the respective one or more linkages, wherein the one or
more insulators slectrically insulate the respective one or more linkages from
the exiraction electrode. Thus, the extraction slectrode system is slectrically
insulated from the ion source chamber via the one or morg insulators,

One or morg actuators are further provided, whersin the one or more
actuators operably coupls the one or more linkages o the lon source
chamber. The one or more actualors, for example, are configured to translate
the one or more linkages with respect (o the ion source chamber, therein
fransiating the extraction slectrode syslem along one or more axes. Thus, a
modular ion source and extraction elecirods assambly is provided, whershy
conventional maintenance and slignment issues may be ameliorated due to
the modular nature of the present disclosurs.

in accordance with one exemplary aspact, the ons or more linkages
comprise at least one gap controlling linkage and at least one angle controlling
linkage. The one or more actuators further comprise a gap controlling actustor
and an angle controilling actuator. The gap controliing actustor, for example, is
operably coupled o the ion source chamber and configured to linearly
transiate the at least one gap controlling linkage along a first axis with respect
i the ion source chamber. The angle controlling actuator, for exampls, is
operably coupled to the ion source chamber and configurad o linearly

7



10

15

20

25

WO 2016/160421 PCT/US2016/023577

transiate the at least ong angle controliing linkage along a second axis with
respact {o the ion source chamber, wherein the first axis and second axis are
approximately parallel and spaced a predstermined distance apart. The
second axis, for example, may vary angularly with respect {o the first axis,
however, as long as variability of such a tilt angle is small, any aforementioned
variation is of the order of tilt angle, and thus, also small,

A linear transiation slage may be further provided, wherein a base of
the linear transiation stage is generally fixedly coupled o the ion source
chamber and a pigtform of the linear stage is in insar sliding engagement with
the base. The at least one gap controfling linkage, for example, is generally
fixedly coupled to the platform. A frame is further operably coupled o the
platform, wherein the gap controlling actuator is configurad to linearly translale
the platform and frame generally paraliel {o the first axis, therein linsarly
franslating the at least one gap controlling linkage along the first axis.

in ancther example, the angle controlling actuator is fixedly coupled to
the platform, wherein the gap controlling actuator is further configured to
inearly translate the angle controlling actuator generally paralis! to the first
axis. Thus, the gt least one angle controlling linkage is further linearly
franslated along the second axis along with the at least one gap controliing
linkage upon actuation of the gap controlling actuator, while the angle
controlling actualor is still operably {o lingarly transiate the angle controlling
linkage with respect {o the platform.

Agcording to yet another example, the ion source chamber comprises a
flange that is distally opposed o the exdraction apsriure. The flange, for
axample, comprises an interior side facing toward the extraction aperiure and
an exterior side opposing the interior side. The linear translation stage and
frame, for example, ars operably coupled {o the exterior side of the flange.

The base of the linear transiation stage may be fixedly coupled {o the exierior
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side of the flange. The flangs may further comprise one or More passages
extending therethrough from the interior side to the exterior side of the flangs,
wherein the at lsast one gap controlling linkage and al least one angle
controliing linkage pass through the one or more passages of the flangs. In
one example, the at least one gap controlling linkage and at least one angle
controlling linkage are in sliding engagement with the one or more passages.

A bellows may further respectively couple the flange to each of the at
least one gap controling linkage and at least one angle controlling linkage,
wherain sach bellows provides a seal {s.g. vacuum seal} between the interior
side of the flange and an environment associated with the exierior side of the
flange. Alternatively, various other seals configured {o provide a vacuum seal,
such as an o-ring based sliding seal, could be used.

The frame, for example, may comprise a yoke having distal ends
associated therewith, wherein the at least one gap controlling linkage
comprises a first gap controlling linkage and a second gap controlling linkage
fixadly coupled to respective distal ends of the yoke along the {ilt axdis.
Accordingly, the linear transiation stage comprises a plurality of bases fixedly
coupled o the ion source chamber and a plurality of platforms in respactive
finear sliding engagarment with the plurality of bases, whersin the plurality of
platforms are fixedly coupled to the yoke.

A controfier may be further provided and configured 1o selactively
independently actuate the gap controlling actuator and angle controlling
aciuator, therein independently controlling the transiation of the extraction
glectrode system along the one or more axes.

In ancther example, the gap controliing actuator and angle controlling
actuator are operably coupled to a sidewall of the ion source chamber,

According to another exemplary aspect of the invention, an ion

implantation system comprises an lon beam source including the above
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maodular ion source and exiraction electrode manipulator apparatus. A beam
fine assembly receives the on beam from the source comprising a mass
analyzer that selectively passes selected ions and an end station that receives
the ion beam from the beam line assembly.

To the accomplishment of the foregoing and related ends, the invention
comprises the features hereinafter fully described and particularly pointed out
in the claims. The following description and the annexed drawings set forth in
detail certain illustrative embodiments of the invention. These embodiments
are indicative, however, of a few of the various ways In which the principles of
the invention may be employed. Other objects, advantages and novel
features of the invention will become apparent from the foliowing detailed

description of the invention when considered in conjunction with the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 Hustrates an axemplary ion implantation system according to one

gxample of the presant disclosurs,

Fig. 2 Hlusirates a partial cross-sectional view of a modular ion source
and axtraction electrode apparatus according (o one aspect of the disclosurs.,

Fig. 3 Hlustrates an end view of the modular lon source and exttraction
glectrode apparatus of Fig. 2 according o one aspsct of the disclosure,

Figs. 4A-40 illustrate additional partial cross-sectional views of a
modular ion source and exiraction electrode apparatus in various positions

according o other aspecis of the disclosure.

DETAILED DESCRIPTION OF THE INVENTION
The present invention is directed generally towards a modular ion

source and extraction slectrode manipulator system and method of use,

theraof, More particularly, the system and method efficiently extract an ion
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beam utilized in an ion implantation system with lower maintenance costs by
providing the modular lon source and extraction electrode manipulator
assembiy.

Accordingly, the present invention will now be described with reference
{0 the drawings, wherein like reference numerals are used to refer {o like
glements throughout. It should be understood that the desoription of these
aspecis are merely llustrative and that they should not be taken in a limiting
sense. in the following description, for purposes of axplanation, numerous
speciiic details are set forth in order o provide a thorough understanding of
the present invention. i will be evident o one skilled in the art, howaver, that
the present invention may be practiced without these specific detalls.

Refarring now to the Figures, in order {o gain a befter understanding of
the disclosure, exemplary ion implantation systemn 100 is schematically
Hustrated in Fig. 1, wherein the exemplary lon implaniation system is suilable
for implementing oneg or more aspeacts of the present invention. i should be
noted that although the ion implaniation systerm 100 is Hlustrated as one
exampile, the present invention can be practiced using various other types of
ion implaniation apparatus and systems, such as high energy systams, low
gnergy systems, or other implantation systems, and all such systems are
contemplated as falling within the scope of the present invention.

The ion implantation system 100 of Fig. 1, for example, comprises a
terminal 102, a beamiine assembly 104, and an end station 108 {a.g.,
comprising & process chamber), whersin the ion implantation system is
generally placed under vacuum by ons or more vacuum pumps 108, The ion
implantation system 100, for exampile, is configured 1o implant ions into a
workpisce 110 {e.g., a semiconductor wafar, display panel, stc.). Inone
axample, the ion implaniation system 100 is configured {0 implant ons into a

singte workpiece 110 {(&.g., 2 "serial’ ion implanter), wherein the workpiece
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generally resides on a support 112 {8.g., a pedestal or slectrostatic chuck)
situated within the end slation 108, Allernatively, the ion implantation system
100 is configurad o implant ions into muttiple workpieces 110 {e.g., 8 "batch”
ion implanier}, wherain the end station 1086 comprises a rotating disk {not
shown), whereon several workpisces are translated with respect to an ion
beam 114, it should be noted that any ion implantation apparatus operahle to
extract ions from an lon source and implant them into one or more workpleces
is contemplated as falling within the scope of the presant invention,

The ferminal 102, for example, comprises an lon source 120 powersd
by a source power supply 122 {Vsouse) that defines the energy of extracted
ions, and an extraction assembly 124 powerad by an extraction power supply
126 {(Vex) to extract ions from the ion source via an axtraction voltage Vewrsa
The extraction assembly 124, in conjunction with the beamiine assembly 104,
for exampls, is operable {o dirgct the ions toward the workpiecs 110 residing
on the support 112 in the end station 106 for implaniation thereof at a given
anergy level

in one example, the ion source 120 biased at potential Visouwee comprises
a plasma chamber 128 wherein ions of a procass material Msoure are
generated at relatively high plasma densities (e.g., 10" 10 10% o). |
should be noted that genserally, positive ons are generated, although the
prasert invention is also applicable to systems whersin negative ions are
generated by the ion source 120. The exiraction assembly 124 further
comprises an extraction aperture 130 and one or more extraction electrodes
132, wherein the extraction aperture is biased {0 the exiraction potential
Vsourse. 1 N8 extraction volagse Vewsat 18 defined by the potential Vsoure and the
voltage Vex applied o axtraction electrodes, thereby providing the extracted
ion beam 114 to the beamline assembly 104, In one sxample, if an ion energy
of 120 keV is desred, Veeuree™ 120 KV with respect to the workpiece 110, when
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the workpiece is grounded. The exiraction assembly 124 and configuration
thereof is discussed in further delall infra.

In accordance with the disclosure, when the first of the one or more
axiraction glectrodes 132 is at suppression potential, for example, the
axtraction vollage Vewaa may be defined as the difference of the potentials of
the exiraction power supply 128 {Vee) and source power supply 122 {Vsource).
it another example, when the first electrods is grounded, the exiraction
voltage Vewsa may be defined as the potential of the source power supply
122, H will be understood that various other configurations of the one or more
exiraction slectrodses 132 and electrical connections thereto are contemplated
as falling within the scope of the present disclosure.

i positive ions are generated, the one or more exiraction slectrodes
132, for example, are biased at a2 voltage less than Ve {8.7., 3n exiraction
voltage of 0-100 kV). The negative relative potential at the one or more
extraction slectrodes 132 with respect {o the axtraction electrode creates an
glactrosiatic fisld between the extraction aperture 130 and ong or more
axiraction electrodes 132 operable to exiract and accelerate the positive iong
out of the ion source 120. For example, the one or more exiraction slectrodes
132 have one or more slectrode apertures 134 associated therewith, wherain
posiively charged ions exit the ion sourcs 120 through the exiraction aperiure
130 and one more electrods aperiures to form the ion beam 114, and whersin
a velocity of the exiracted ions is generally determined by the potential Veasa
provided {0 the one or more exiraction slectrodes, and the final velocity after
extraction is determined by Vsource.

The beamiine assembly 104, for example, comprises a beamguide 135
having an entrance near the ion source 120 {e.g., associated with the
extraction aperiure 130}, a2 mass analyzer 136 thal receives the extracied ion
beam 114, and an exit with a resolving plate 138, wherein the mass analyzer
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generally creates a dipole magnetic field to significantly pass only ions of
appropriate charge-to-mass ratio or rangs thereof {(e.g., a mass analyzed ion
beam having lons of a desired mass range) to the workpisce 110 positioned in
the end station 108. In general, the ionization of source materizals in the ion
source 120 generates a species of positively charged ions having a desired
atomic mass. However, in addition {0 the desired spacies of ions, the
ionization process will also generate a proportion of ions having other masses
as well, lons having an atomic or molecular mass above or below the proper
mass are not suitable for implantation and are referred to as undesirable
species. The magnetic fisld generated by the mass analyzer 136 generally
causes the ions in the ion beam 114 {0 move in an arcuate trajeciory, and
accordingly, the magnetic fisld is established such that only ions having an
mass equal to the mass of the desired ion species traverse the beam path P lo
the end station 106.

The resciving plate 138 at the exit of the beamguide 135, for example,
operates in conjunclion with the mass analyzer 136 in order {o eliminate
undesirable ion species from the ion beam 114 that have a different charge-{o-
mass ratic from the charge-to-mass of the desired species of ions. The
resolving plate 138, for example, includes one or more elongated aperiures
140, whersin the ions in the ion beam 114 pass through the aperture as they
axit the beamguids 135. Al the resolving plate 138, a dispersion of desired
ions from the path P of the lon beam 110 {e.g., Hlusirated at P is at its
minimum value, wherein a width of the ion beam {(P'-P'} is at a minimum where
the ion beam 114 passes through the resolving aperture 140, Undesirable
species of ions having & mass much largsr or much smaller than the desired
ion mass are substantially deflected from the desired beam path P within the
beamguide 135 of Fig. 1, and generally do not exit the beamguide. However,

if the mass of an undesirable ion closely approximates the mass of the desired
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speacies, the trajectory of the undesirabla ion will be only slightly deflected from
the desired beam path P. Accordingly, such an undesirable ion having only a
slight deflection from the desired beam path P would have a tendency to
impact an upstream facing surface 142 of the resolving aperture 140

in one example, the strength and orientation of the magnetic field of the
mass analyzer 136, as well as the velocily of the ions extracted from the ion
source 120, is established by a controller 144, such that generally, only ions
having a mass squal {0 the mass of the desired species will raverse the
predetermined, desired ion beam path P {o the end station 108, The controlier
144, in ong example, is operable {0 control all aspacts the ion implantation
system 100. The controller 144, for example, is operable {o control the source
power supply 122 for producing the ions, as well as the extraction power
supply 126, wherein the ion beam path P is generally controlied. The
controller 144, for example, is further operable to adjust the strength and
orientation of the magnetic fisld associated with the mass analyzer 138,
among other things. In another example, the controller 144 is further operable
to control a position of the workpiecs 110 within the end siation 108, and can
be further configured {o control a transfer of the workpiece between the end
station 108 and an external environment 143, i will be appreciated that the
cantroler 144 may comprise a processaor, computer systemn, and/or operator
for overall control of the system 100 {e.g., a computer system in conjunction
with input by an operator).

iy an lon implantation system 100 running at 2 high-current, for
example, a length of the beam path P is relatively short, and a deceleration of
the ion beam 114 (e.g., called “decel mode”}, is often desired just prior o the
ion beam Impacting the workpisce 110, In such a system, a decsl
suppression plale 148 is provided downstream of the resolving plate 138,

wherein a decel suppression voltage Voece provided by a decel suppraession
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voltage supply 148 generally decelerates the ion beam and prevenis eleclrons
from traveling upstream along the beamline P. A ground plate 150 is Tfurther
provided downstream of the decel supprassion plate 148 in order 1o neutralize
downstream sffects of the decel suppression plate 148. The decel
suppression plate 146 and ground plate 150, for example, are further utilized
as optics in order to focus the decelerated ion beam 114 prior to impacting the
workpiece 110, 1t should be noted that while the decsl suppression plats 148
is ulilized in one example o provide deceleration and/or suppression of the ion
baam, the decel suppression plale can be comprised of any electrically biased
plate and/or aperture, and all such plates andfor apertures are contemplated
as faliing within the scope of the present invention. Further, while deceleration
if the ion baam 114 is discussed as one example, it will be undersiood that the
presert disclosure may be practiced without deceleration, wherein a variety of
configurations of the ion implantation system, and operation theraof, are
comntemplated.

Mainienance of the ion implantation system 100 often requires
disassembly of various components of the system, wherain rapeatable,
pracise alignment of the components during re-assembly is important o
having reproducible implants. As alluded o above, one area that has been
conventionally troublesome Is the alignment of the sxdraction electrodes with
the ion source.  Thus, in accordance with one exemplary aspect, a modular
ion source and extraction apparatus 200 is provided with the prasent
disciosure, wherein the modular ion source and extraction apparatus provides
reproducible alignment during maintenance and removal of the apparatus from
the on implantation system 100,

Thus, in accordance with the present disclosure, Fig. 2 illusirates the
exemplary modular ion source and extraction apparatus 200 in greater detall.
The modular ion source and extraction apparatus 200 of Fig. 2, for exampls,
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comprises an ion source chamber 202 that is selectively slectrically coupled to
a voitage potential (Vasourse associated with the source power supply 122 of Fig.
11, wherein the ion source chamber comprises an exiraction aperiure 203
having an extraction aperture plane 204 associated therewith. An exiraction
electrode system 208 comprising one or more extraction electrodes 206
associated with an extraction slectrode plane 207 is further positioned
proximate to the extraction aperturs 203 of the lon source chamber 202,
wharein the one or more exiraction slecirodes are respectively electrically
grounded or energized and configured o extract ions from the ion sowrce
chamber, as discussed praviously,

in accordance with one example, one or more linkages 208 {s.g., one
or more shafts or other members) are further operably coupled o the ion
source chamber 202, whereln one or mors insulators 210 further coupls the
axiraction electrode system 205 {o the respective one or more linkages,
Accordingly, the one or more insulators 210 alectrically insulats the respective
ona or more linkages 208 from the exitraclion slecirods system 205, therein
electrically insulating the one or more exiraction elactrodes 208 from the fon
source chamber 202,

{ne or more actuglors 212 are further operably coupled to the ons or
mors linkages 208 and the ion source chamber 202, wherein the ons or more
actuators are configured to transiate the one or more linkages with respect o
the ion source chamber, therein transiating the extraction slectrode system
205 with respect {o one or more axes. Accordingly, the ion source chamber
202 is integrated with the extraction slectrode system 208 in one cohesive
unit, wharein the ion source chamber and extraction slectrodel{s) 206 are
coupled together, regardless of the placement of the extraction apparatus 200
in, or ramoval therefrom, the ion implantation system 100 of Fig. 1.

The modular ion source and extraction apparatus 200 of Fig. 2, for
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gxample, mechanically couples the ion source chamber 202 and exiraction
glactrode system 205 via the one or more linkages 208 and one or more
insulators 210, and wherein the one or more actuators 212 are electrically
coupled io the ion source chamber, vel the exiraction electrode system 205 is
glactrically isclated from the ion source chambear, As such, during operation of
the ion implantation system 100 of Fig. 1, the one or more actugtors 212 and
one or more linkages 208 of Fig. 2, for example, are at the vollage potential
Vsource, while the one or more insulalors 210 provide the exiraction elaecirode
system 205 at ground or a lower potential than the voliage potential of the ion
source chamber 202,

in accordance with another exampie, the one or more linkages 208
comprise at lsast one gap controliing linkage 214 and at lsast one angle
controlling linkage 216, Further, the ong or more actuators 212 comprise a
gap controlling actustor 218 and an angle controlling actuator 220, whersin
the gap controliing actuator is operably coupled to the ion source chamber and
configured o linearly transiate the al least one gap controliing linkage 214
along a first axis 222 with respect to the on source chamber 202. The gap
controlling actuator 218 thus selectively controls a gap 223 between the
extraction slectrode(s) 208 and the extraction aperture 203 of the on sourca
chambaer 202.

The angle controlling actuator 220, for example, is operably coupled to
the ion source chamber 202 and configured o inearly transiate the al least
oie angle controlling inkage 216 along a second axis 224 with respsct o the
ion source chamber, In ancther example, the one or more insulators 210
associated with at least one gap controlling linkage 214 and at least one angle
controliing linkage 216 are operably coupled the exiraction slecirode sysiem
208 vig ong or more ball joints 225, wherein the ong or more ball joints provide

multiple degrees of freedom of movement of the exiraction slectrode sysiem
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with respect to the ion source chamber 202, In the present example, the first
axis 222 and second axis 224 are generally parsilel and spaced a
predetermined distance 226 apart. Accordingly, the angle controlling actuaior
220 selectively controls an angle 227 between the exiraction electrode system
205 and the extraction aperture 203 of the lon source chamber 202 {ga.q.,
between the exiraction aperture plans 204 and the extraction electrode plane
207}, The first axds 222 and second axis 224, for example, are approximatsly
parailel, but may vary angularly with respect {o one another upon the condrol of
the angle 227. However, as long as variability is small, any paraixieiism er7or
will thus also be small

{One or more inear translation stages 228 may be further provided, as
fltustratad in Fig. 3, wherein each linear transiation stags, for example,
comprises a base 230 that is fixedly coupled to the ion source chamber 202
Each linear translation stage 228 further comprises a platform 232 that s in
inear sliding engagemeant with the respective base 230, In the present
gxample, the at least one gap controlling linkage 214 is generally fixedly
coupled io the platform 232, A frame 234, for example, is further operably
coupled fo the platform 232, wherein the gap controlling actuator 218 is
configured {o linearly fransiaie hoth the platform 232 and the frame 234
generally parallel {o the first axis 222 of Fig. 2. Thus, via the frame 234, the at
least one gap controlling finkage 214 is further linearly ransiated along the first
axis 222 by the gap controlling actuator 218.

in ancther example, the angle controlling actuator 220 of Fig. 3 is
fixedly coupled to the platform 232, whersin the gap conirolling actuator 218 is
further configured to linsarly transiate the angle contreliing acluator generally
naraliel to the first axis 222 of Fig. 2, therein further linearly fransiating the at
least one angle controlling linkage 216 along the second axis 224, Thus, the
angle 227 between the extraction slectrode system 205 and the sxtraction
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aperture 203 of the ion source chamber 202 is maintained independent of the
gap 223. The angle controlling actuator 228, for exampls, is further configured
to translate the angle controliing linkags 216 with respedt i the frame 234,
therein controlling the angle 227 independently of the gap 223, as illustrated in
the example of Fig. 4C, as will be discussed further infra.

According to another example, a housing 235 of the ion source
chamber 202 of Fig. 2 comprises a flange 236 that is distally opposed to the
exiraction aperture 203, The flange 236, for example, comprises an interior
side 238 facing the extraction aperture 203 and an exterior side 240 opposing
the interior side. The flangs 236, for example, provides a mounting surface
{not shown) for mounting the modular ion source and exiraction apparatus 200
within the on implantation system 100 of Fig. 1. In the present example, the
one or more linear transiation slages 228 {s.g., the base 230 of each linear
transiation stage) and frame 234 are operably coupled to the exterior side 240
of the flange 236, wherein the flange 236 and components siectrically coupled
thereto {&.g., the ons or more gap controliing actuators 218, one or more angle
controlling actuators 220, ong or more gap controlling linkages 214, and one
or more angle controlling linkages 2186) are further at the voltage potential
Waauros.

The flange 238, for example, may comprise one of More passages 242
axtending through the flange from the interior side 238 {0 the axterior side 240
theraof, wherein the at least one gap conirolling linkage 214 and at least one
angle condrolling linkage 216 pass through the one or more passages of the
flange. In one axampie, the at least one gap controlling linkage 214 and at
izast one angle controlling linkage 218 are in sliding engagement with the one
oF mors passages 242, In another example, the at least one gap controlling
linkage 214 and at least one angle controlling linkage 218 simply pass through

the one or more passages 242 and do not contact the flangs 236,
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A bellows 244, for example, respectively couples the flange 236 {0 each
of the at least one gap controlling linkage 214 and at least one angle
controlling linkags 218, wherein each bellows provides a seal between the
interior side 238 of the flange and an environment 246 {2.¢., atmosphers or
the external environment 143 of Fig. 1 is sealed from the evacuated beamline}
associated with the exierior side 240 of the flangs of Fig. 2. Alternatively, a
shding seal or other known seal can provide a vacuum seal,

in ancther example, while not shown, the frame 234 may be rotatably
coupled to the platform 232 with respect to a it axis 247, wherein the at least
one gap controlling inkage 214 is fixedly coupled {o the frame along the tilt
axis, and wherein the i axis is generally perpendicular {o the first axis 222, In
another example, the frame 234 of Fig. 3 can comprise a yoke 248 having
distal ends 250 associaled therewith, whearein the at least one gap controlling
linkage 214 comprises a first gap controlling linkage 214A and a second gap
controlling linkags 2148 fixedly coupled {0 respective distal ends of the yoke
along or paraliel to the Ul axis 247, Further, the linsar translation stage 228
may comprise a plurality of bases 230 fixedly coupled o the ion source
chamber 202, wherein a respactive plurality of platforms 232 are fixedly
coupled o the yoke 248 {e.g., proximate o the respsclive distal ends 250 of
the yokal.

in accordance with yet another aspect, the controller 144 of Fig. 1 is
further configured o selectively independeantly actuate the gap conirolling
actuator 218 and angle controlling actuator 220, thersin independently
controlling the translation of the extraction elecirode 208 in the one or more
axes.

in yet another example, the gap controlling actuator 218 and angle
controlling actustor 220 are operably coupled {0 a sidewall 251 of the housing

235 of the ion source chamber 202 of Fig. 2. While not shown, in another
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alternative, a single gap controlling actualor 218 and a single angle controlling
actuator 220 are fixedly coupled to the sidewall 251 of the housing 235 of the
ion source chambear 202 in opposition to aach other {e.g., up to 180 degree
oppasition {o one another), Thus, when acluated in unison, the single gap
controlling actuator 218 and single angle controlling actuator 220 provide
control of the gap 223, and when actuated independently or differentially,
provide control of the angle 227 or HiL

Figs. 4A-4C Hustrate various configurations of the sxdraction apparatus
200 in accordance with several examples of the present disclosure. Fig. 4A,
for example, Hlustrates the extraction apparaius 200 in a refracted position
254, wherein the exiraction slectrode system 205 is positioned proximate to
the extraction aperture 203 vz the gap controlling actuator 218, Inthe
ratracted position 254 of Fig. 44, the at least one gap controlling linkage 214 s
retracted such that the gap 223 between the extraction slecirode{s) 206 and
the extraction aperture 203 of the ion source chamber 202 is at a first
predetermined gap value. As illustrated in Fig. 48, the at least one gap
controlling linkage 214 is exiended o position the exiraction electrode system
205 In an exisnded position 256 via the gap controlling actusior 218, such that
the gap 223 between the exiraction electrode(s) 208 and the exiraction
aperture 203 of the ion source chamber 202 is at a second predstermined gap
value. As Hlustrated in the example of Figs. 4A and 48, the angle controlling
actuator 220 holds the angls controlling linkage 218 in a substantially constant
position with respect to the frame 234, thus maintaining the angle 227 {e.g.,
shown as being approximately zero degrees in Figs. 4A and 48, whersin the
aextraction aperiure plane 204 and the extraction electrode plane 207 are
generaily paraliel} in both the retracted position 252 of Fig. 4A and the
axtended position 254 of Fig. 4B,

Fig. 4C, for example, also lllustrates the exiraction apparatus 200 in the
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axtended position 258, wherein the gap 223 between the extraction
slectrode(s) 206 and the exiraction aperture 203 of the ion source chamber
202 is at the first predetermined gap value. However, in Fig. 40, the
extraction apparatus 200 is further ilustrated in 3 tilled position 258, whersin
the exiraction siectrode systermn 205 is further titled via the angle controliing
actuator 220. As fllustrated in Fig. 4C, the angle 227 bstween the extraction
aperture 203 of the ion source chamber 202 and the extraction slectrode(s)
208 has been modifiad from that shown in Fig. 4B by the angle controlling
actuator 220, wherein the position of the angle controliing linkage 216 with
respect o the frame 234 is controlled by the angle controlling actuator, therein
preserting the extraction slectrode system 205 in the tilied posilion 258, #
should be noted the angle 227 iliustrated in Fig. 40 as one example of many
possible angles, and that any positive or negative angle is contemplated as
falling within the scope of the present disclosure. Further, it should be noted
that addifional or other angle controlling actustors andfor angle controlling
finkages {(not shown} may be provided in order to control various angles of the
gxtraction electrode system 208 with respect to the ion sowrce chamber 202 in
miuitiple planes, and are further contamplated as falling within the scops of the
present disclosure,

Accordingly, the modular ion source and extraction apparatus 200 of
Figs. 1-4 may be removed from the ion implaniation system 100, wherein
another modular ion source and exdraction apparatus is on standby and ready
to be replaced in the ion implantation system. Conventional systems provide
no such modularity, wherein an slignment process is conventionally neaded
after reassembling the ion source or extraction slectrode in the ion
implantation system 100 each time the ion source or extraction electrode is
maintained. The present disclosure provides modularity, wherein the modular

ion source and extraction apparatus 200 may be laken o & workbench and
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swapped with another modular ion source and extraction apparatus that has
already bean mainiained and aligned, slc.

Although the invention has been shown and described with respectio g
ceriain preferred embodiment or embodiments, it is obvious that equivalant
alterations and muodifications will ocour to others skilled in the arl upon the
raading and understanding of this spacification and the annexed drawings. In
pariicular regard o the various funclions performed by the above described
components (assembiies, devices, circuils, efe.}, the terms {(including a
reference 1o a "meaang”} used {0 describe such components arg inlended to
corraspond, unless otherwise indicated, to any component which performs the
spacifiad function of the described component {{Le., that is functionally
aquivalent), even though not structurally equivalent {o the disclosed struciure
which performs the funclion in the herein Hllustrated exemplary embodiments
of the invention, In addition, while a particular featurs of the invention may
have been disclossd with respect to only one of several embodiments, such
faature may be combined with one or more other features of the other
embodimenis as may be desired and advantageous for any given or particular

application.
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WHAT IS CLAIMED 18!

1. A modular ion source and exiraction apparatus, comprising:

an ion source chamber selectively electrically coupled to & vollage
potential, whersin the ion source chamber comprises an extraction aperture;

an extraction slectrode system positioned proximats {o the exiraction
aperture of the ion source chamber, wherein the extraction electrode system is
configured to extract ions from the ion source chamber via one or more
axiraction electrodes;

one or more linkages operably couplad (o the ion source chamber;

one or mors insulators coupling the extraction electrode system to the
respective one or more linkagss, wherein the one or more insulalors
glectrically insulate the respeclive one or more linkages from the extraction
slacirode system, thergin electrically insulating the extraction electrode system
from the fon source chamber; and

one or more actuators operably coupling the one or more linkages to
the ion source chamber, wherain the onsg or more actusiors are configurad 1o
franslate the one or mors linkages with respect o the ion source chamber,

thersin fransiating the axtraction electrode along one or more axes.

2. The modular ion source and extraction apparatus of claim 1,
wharein the ion source chamber and exiraction electrode are mechanically
coupled vig the one or mors linkages and plurality of insulators, wherein the

one or more aciuators are slectrically coupled o the ion source chamber.

3. The modular ion source and exiraction apparatus of claim 1,
wherein the one or mors linkages comprise al least one gap controliing linkage

and at least one angle controlling linkage, and wherein the one or mors
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actuators comprise a gap controliing acituator and an angle controlling
actuator, wherein the gap controlling actuator is operably coupled {o the ion
source chamber and configured to insarly transiale the at least one gap
conirolling linkage along a first axis with respeact {0 the ion source chamber,
and wherein the angle conirolling actuator is operably coupled {o the ion
source chamber and configured fo linearly transiale the at least one angle
controlling linkage along & second axis with respect to the ion source
chamber, wherein the first axis and second axis are approximately paralisl and

spacad a predstermined distance apart.

4, The modular ion source and extraction apparatus of claim 3,
further comprising:
a linear translation stage comprising:
& base fixedly coupled {0 the ion source chamber; and
a platform in linear sliding engagemaent with the base, wherein
the at isast one gap controlling linkage is generally fixedly coupled o
the platform; and
a frame operably coupled to the platform, wherein the gap controlling
actuator is configured to linearly ranslate the platform and frame generally
paraliel to the first axis, therein linearly transiating the at leasi one gap

controlling linkage along the first axis.

5. The modular ion source and exiraction apparatus of claim 4,
whaerein the angle controliing actuator is fixedly coupled {o the platform,
wherein the gap controlling actuator is further configured {o linearly translate
the angle controlling actuator generally parallel to the first axis, therein further
fingarly transiating the at least one angle controlling linkage aiong the second
axis.

26



£r

10

15

a0

25

WO 2016/160421

PCT/US2016/023577

&. The modular ion source and exiraction apparatus of claim 4,
wherain the lon source chamber comprises a flange that is distally opposed to
the extraction aperture, wherein the flange comprises an interior side facing
the extraction aperiure and an exterior side opposing the interior side, and
wherein the linear transiation stage and frame are opsrably coupled {o the

extarior side of the flanges.

7. The modular ion source and extraction apparatus of claim 6,
whaerain the base is fixedly coupled to the exterior side of the flange.

8. The madular lon source and sextraction apparatus of claim §,
whearein the flange comprises one or more passagss exiending through the
flange from the interior side io the exierior side thereof, wherein the at least
one gap controlling linkage and at least one angle controlling linkage pass

through the one or more passages of the flange.

8. The modular ion source and exdraction apparatus of claim 8,
further comprising a bellows respectively coupling the flange o each of the at
least one gap controliing nkage and at least one angle controlling linkage,
wherein sach bellows provides 2 seal between the interior side of the flange

and an environment associated with the exterior side of the Hlange.

10.  The modular ion source and exiraction apparatus of claim 8,
wherain the at least one gap confrolling linkage and at least one angle

controlling linkage are in sliding engagement with the ong or more passages.

11, The modular ion source and extraction apparatus of claim 4,
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comprising a plurality of linsar translation stages having a plurality of bases
and a plurality of platforms, wherein the frame is fixedly coupled to each of the
plurality of platfiorms.

12. The modular ion source and exiraction apparatus of claim 4,
wherein the frame is rotatably coupled to the platform along a 8l axis, wherain
the at least one gap controlling linkage is fixedly coupled to the frame along

the tilf axis, and whersin the tilt axis is generally perpendicular to the first axis.

13, The modular lon source and extraction apparatus of claim 4,
wherain the frame comprises a yoke having distal ends associaled therewith,
whaergin the at least one gap controliing linkags comprises a first gap
controliing inkage and a second gap controlling linkags fixedly coupled to

raspective distal ends of the yoke along the it axis.

14. The modular ion source and exiraction apparatus of claim 13,
wherain the Hnear transiation stage comprises a plurality of bases fixedly
coupled o the on source chamber and a plurality of platforms in respactive
finear sliding engagement with the plurality of bases, whersin the plurality of
platforms are fixedly coupled o the yoka.

15, The modular ion source and exiraction apparatus of claim 14,
wherein at least two of the plurality of platforms are fixedly coupled to the yoke
proximate o the respactive distal ends of the yoke.

18.  The modular ion source and extraction apparatus of claim 3,
further comprising a controlier configured to selectively independently actuate
the gap controliing actualor and angle controlling actuator, therein
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independently controlling the transiation of the exiraction slectrode in the one

OF MOre axes.

17.  The modular ion source and extraction apparatus of claim 3,
wherein the gap controlling actustor and angle controlling aciuator are

oparably couplad o a sidewsll of the lon source chamber,

18.  The modular ion sourcs and exiraction apparatus of claim 1,
further comprising a controller configured to selectively independently actuate
tha one or more acluators, therein controlling the translation of the exiraction

glectrode in the one or More axes.

18.  The modular ion source and axiraction apparatus of claim 1,
wherein a position of the exitraction glectrode with respect to the lon sourcs
chamber is selectively fixed by the one or more actualors and one or more

linkages.

20,  The modular ion source and exiraction apparatus of claim 18,
further comprising a mounting apparatus configured {o selectively couple the
ion source chamber and extraction electrode as 3 moduie to an ion

implaniation systam.
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BoxNo.ll  Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. |:| As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1, 2, 18-20

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

|:| No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2016/ 023577

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1, 2, 18-20

A modular ion source and extraction apparatus, comprising an
jon source chamber selectively electrically coupled to a
voltage potential, wherein the ion source chamber comprises
an extraction aperture; an extraction electrode system
positioned proximate to the extraction aperture of the ion
source chamber, wherein the extraction electrode system is
configured to extract ions from the ion source chamber via
one or more extraction electrodes; one or more linkages
operably coupled to the ion source chamber; one or more
insulators coupling the extraction electrode system to the
respective one or more linkages, wherein the one or more
insulators electrically insulate the respective one or more
linkages from the extraction electrode system, therein
electrically insulating the extraction electrode system from
the ion source chamber; and one or more actuators operably
coupling the one or more linkages to the ion source chamber,
wherein the one or more actuators are configured to
translate the one or more linkages with respect to the ion
source chamber, therein translating the extraction electrode
along one or more axes (claim 1);

wherein the ion source chamber and extraction electrode are
mechanically coupled via the one or more linkages and
plurality of insulators, wherein the one or more actuators
are electrically coupled to the ion source chamber (claim 2)

2. claims: 3-17

The modular ion source and extraction apparatus of claim 1,
wherein the one or more linkages comprise at least one gap
controlling Tinkage and at least one angle controlling
linkage, and wherein the one or more actuators comprise a
gap controlling actuator and an angle controlling actuator,
wherein the gap controlling actuator is operably coupled to
the ion source chamber and configured to linearly translate
the at Teast one gap controlling linkage along a first axis
with respect to the ion source chamber, and wherein the
angle controlling actuator is operably coupled to the ion
source chamber and configured to Tinearly translate the at
least one angle controlling linkage along a second axis with
respect to the ion source chamber, wherein the first axis
and second axis are approximately parallel and spaced a
predetermined distance apart (claim 3).
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