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SYSTEMS AND METHODS FOR BEAM ANGLE ADJUSTMENT IN ION
IMPLANTERS WITH BEAM DECELERATION

REFERENCE TO RELATED APPLICATION
This application claims priority to and the benefit of U.S. Provisional
Application Serial No. 62/096,861 which was filed December 28, 2014, entitled
"SYSTEMS AND METHODS FOR BEAM ANGLE ADJUSTMENT IN ION
IMPLANTERS WiTH BEAM DECELERATION", the entirety of which is hereby
incorporated by reference as if fully set forth herein.

FIELD OF THE INVENTION

The present invention relates generally to lon implantation systems, and

more specifically {o systems and methods for performing beam angle
adjustments of ion beams in ion implantation systems.

BACKGROUND OF THE INVENTION

in the manufacturs of semiconductor devices, ion implantation is used {o

dope semiconductors with impurities or dopants. lon beam implanters are used
to treat silicon wafers with an ion beam, in order {0 produce n or p type extrinsic
material doping or to form passivation layers during fabrication of an infegrated
circuit. When used for doping semiconductors, the ion beam implanter injects a
selected extrinsic species to produce the desired semiconduciing material.
implanting ions generated from source materials such as antimony, arsenic or
phosphorus results in "n type” extrinsic material wafers, whereas i "p type”
exirinsic material wafers are desired, ions generated with source materials such
as boron, or indium may be implanted.

Typical ion beam implanters include an ion sowrce for gensrating
positively charged ions from ionizable source materials. The generated ions are
formed into 8 beam and directed along a predsterminaed beam path to an

implantation station. The ion beam implanter may include beam forming and
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shaping structures extending betwsen the ion source and the implantation
station. The beam forming and shaping structures maintain the ion beam and
bound an slongated interior cavity or passageway through which the beam
passes en routs o the implantation station. When operating an implanter, this
passageway can be evacuated to reduce the probability of ions being deflected
from the predetermined beam path as a resull of collisions with gas molecules.

Trajeclories of charged particles of given kinetic ensrgy in a magnetic field
will differ for different masses {or charge-to-mass ratios) of these particies.
Therefore, the part of an extracted ion besam which reaches a desired area of a
semiconductor wafer or other target after passing through a constant magnstic
field can be made pure since ions of undesirable molecular weight will be
deflected {o positions away from the beam and implantation of other than desired
materials can be avoided, The process of selectively separating ions of desired
and undesired charge-to-mass ratios is known as mass analysis. Mass
analyzers typically employ a mass analysis magnet creating a dipole magnetic
field to deflect various ions in an ion beam via magnstic deflection In an arcuate
passagaway which will effectively saparate ions of different charge-lo-mass
ratios.

For some ion implaniation systems, the physical size of the beam is
smaller than a target workplece, so the beam is scanned In one or more
directions in order to adequalely cover a surface of the target workplecs.
Generally, an slectrostatic or magnetic based scanner scansthe lonbeamina
fast direction and a mechanical device moves the {arget workplece in a slow
scan direction in order o provide sufficient cover.

Theraafter the ion beam is directed foward a2 target end station, which
holds a target workpiece. lons within the ion beam implant inlo the target
workpiace, which is ion implantation. One imporiant characteristic of ion
implantation is that there sxists a uniform angular distribution of ion flux across
the surface of the target workpiece, such as a semiconducior wafer. The angular
content of the ion beam defines implant properties through crystal channeling
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affects or shadowing sffects under vertical structures, such as photoresist masks
or CMOS transistor gates. A non-uniform angular distribution or angular content
of the ion beam can lead {0 uncontrolled and/or undesired implant properties.

Angle correction is sometimes used when deflecting decel lenses arg
implemented in order to prevent the risk of energetic contamination. Energstic
contamination can be considered the content of ions with a non-desired energy
{typically higher than the desired enesrgy), resulling in improper dopant placement
in the workplecs, which can further cause undesired device performance or even
device damage.

Beam diagnostic equipment can be employed {o measure the angle
contant of ion beams. The measurement data can then ba emploved to adjust
angle characteristics of the ion beam. However, conventional approaches can
increase complaxity of the ion implantation system and undesirably increase the

length of path along which the ion beam travels.

SUMMARY OF THE INVENTION

The following presents a simplified summary of the invention in order {o

provide a basic understanding of some aspeacts of the invention. This summary
is not an extensive overview of the invention, and is neither intended to identify
key or critical elements of the invention nor {o delineate the scope of the
invention. Rathar, the purpose of the summary is to present somea concepts of
the invention in a simplified form as a prelude to the mors detailed description
that is presented laler.

Agpects of the invention facilitate ion implaniation by performing angle
adiustments without additional components being added to ion implantation
systems. The aspects employ a mass analyzer to parform selecied angle
adiustiments during lon implantation instead of employing separate andior
additional components.

in accordance with one aspect of the invention, an ion implantation system
amploys a mass analyzer for both mass analysis and angle correction. Anion

3
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source generates an ion beam along a beam path. A mass analyzer is located
downstream of the ion source that performs mass analysis and angle correction
on the ion beam. A resolving apsriure within an aperture assembily is located
downstream of the mass analyzer component and along the beam path. The
resolving aperiure has a size and shaps according to a selected mass resolution
and a beam envelope of the ion beam. In addition, a deflecting slement is
configured to provide selectable deceleration of the ion beam downstream of the
mass analyzer in order to selectively provide post decel and drift modes of
operation. In post decel mode, for example, post decel slectrodes are provided
to selectively decrease an energy of the ion beam after the mass analyzer. In
drift mode, the energy of the lon beam is not aliered after the mass analyzer.

An angle measurement system is further located downstream of the
resolving aperture and obtaing an angle of incidence value of the ion beam. A
control system derives a magnetic field adjustment for the mass analyzer
according to the angle of incidence value of the ion beam from the angle
measurement system. Other systems and methods are also disclosed.

The following description and annexed drawings set forth in detail certain
Hlustrative aspects and implementations of the invention. Thess are indicative of
but a few of the various ways in which the principles of the invention may be

smploved.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 llustrates an example ion implantation system in accordance with

an aspect of the present invention.

Fig. 2 is a diagram illustrating an ion implantation system employing a
mass analyzer for mass analysis and angle correction in accordance with an
aspect of the present invention.

Fig. 3A is a view of a portion of an ion implantation system in accordance
with an aspect of the present invention whergin an lon beam travels along a base
or nominal path.
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Fig. 3B is a view of a portion of an ion implantation system in accordance
with an aspect of the present invention wharein an ion baam travels along an
altered path.

Fig. 3C is another view of a portion of an ion implantation system in
accordance with an aspect of the present invention wherein an ion beam travels
along an altered path.

Fig. 4 is a side view of a resolving aperture assembly in accordance with
an aspect of the present invention.

Fig. § is a flow diagram of a method of adjusting the angle of implantation

in accordance with an aspact of the present invention.

DETAILED DESCRIPTION OF THE INVERNTION

The present invention will now be described with reference fo the

drawings wherein like reference numerals are used to refer {o ke slements
throughout, and wherein the Hlustrated structures are not necessarily drawn to
scale.

Aspecis of the present invention facilitate ion implantation emploving a
mass analyzer to perform angle correction/adjustment in addition to mass
analysis. As a resull, angle corrsctions of the implant angle can be performed
without additional components along the beam line.

Fig. 1 Hustrates an example ion implantation system 110 in accordance
with an aspect of the present invention. The system 110 is presented for
illustrative purposes and it is appreciated that aspects of the invention are not
limited to the describad ion implantation system and that other suitable ion
implantation systems of varied configurations can also be employed.

The system 110 has a terminal 112, a beamiine assembly 114, and an
end station 116, The tferminal 112 includes an ion source 120 powered by a high
voltage power supply 122 that produces and directs an ion beam 124 to the

beamiine assembly 114. The ion source 120 generates chargad ions that are



10

15

20

25

30

WO 2016/106424 PCT/US2015/067728

extracted and formed into the ion beam 124, which is directed along a beam path
in the beamline assembly 114 o the end siation 116.

To generate the ions, a gas of a dopant material (not shown) {0 be ionized
is located within a generation chamber 121 of the lon source 120, The dopant
gas can, for sxampile, be fed into the chamber 121 from a gas source {not
shown). In addition {o power supply 122, it will be appreciated that any number
of suitable mechanisms (none of which are shown} can be used to excite free
glectrons within the ion generation chamber 121, such as RF or microwave
axcitation sources, slectron beam injection sources, slectromagnstic sources
and/or a cathode which creates an arc discharge within the chamber, for
example. The excited electrons collide with the dopant gas molecules and ions
are generated thereby. Typically, positive ions are generated although the
disclosure herein is applicable to systems wherein negative ions are generated
as wall,

The ions are controliably extracted through a slit 118 in the chamber 121
by an ion exiraction assembly 123, in this example. The ion exitraction assembly
123 comprises a plurality of exiraction and/or suppression electrodes 125. The
extraction assembly 123 can include, for example, a separats extraction power
supply {not shown) {o bias the extraction and/or suppression electrodes 125 {o
accelerate the ions from the generation chamber 121, It can be appreciated that
since the ion beam 124 comprises like charged particles, the beam may have a
tendency to blow up or expand radially outwardly as the like charged particles
rapel one ancther. i can also be appreciated that beam blow up can be
exacerbated in low energy, high current (high perveance) beams where many
like charged particles {e.g., high current} are moving in the same direction
relatively slowly {(6.g., low anergy) such that there is an abundance of repulsive
forces among the particles, but little particle momentum to keep the particles
maoving in the direction of the beam path. Accordingly, the extraction assembly
123 is generally configured so that the beam is extracied at a high snergy so that
the beam does not blow up {e.g., 50 that the particles have sufficient momentum
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{o avercome repulsive forces that can lead o beam blow up). Moreover, the
beam 124, in this example, is generally transferred at a relatively high energy
throughout the system and can be reduced just before the workpiece 130 to
promote beam containment.

The beamiine assembly 114 has a beamguide 132, a mass analyzer 128,
a scanning system 135, and a paralielizer 139. The mass analyzer 128 performs
mass analysis and angle correction/adjustment on the ion beam 124, The mass
analyzer 126, in this example, is formed at about a ninety degree angle and
comprises one or more magnets (not shown) that serve {0 establish a (dipole)
magnetic field therein. As the beam 124 enters the mass analyzer 128, itis
correspondingly bent by the magnetic field such that ions of an inappropriate
charge-to-mass ratio are rejected. More particularly, ions having too great or oo
small a charge-to-mass ratio are deflected into side walls 127 of the mass
analyzer 126, In this manner, the mass analyzer 126 merely allows thoss lons in
the beam 124 which have the desired charge-to-mass ratio to pass there-through
and exit through a resolving aperture 134 of an aperture assembly 133,

The mass analyzer 128 can perform angle corrections on the ion beam
124 by controlling or adjusting an amplitude of the magnetic dipole fisld. This
adjustment of the magnetic fisld causes selecied ions having the
desirad/selected charge-to-mass ratio to travel along a different or altered path.
As a result, the resolving aperture 134 can be adjusted according to the altered
path. In one example, the aperture assembly 133 Is movable about an x
direction so as o accommodate allered paths through the aperture 134, In
ancther example, the aperture 134 is shaped s0 as {0 accommodate a sslected
range of altered paths. The mass analyzer 126 and the resolving aperture 134
allow variations in the magnetic field and resulting altered path while maintaining
suitable mass resolution for the system 110, More detailed sxamples of suitable
mass analyzer and resolving aperture systems are provided below.

it will be appreciated that ion beam collisions with other particles in the
systemn 110 can degrade beam integrity. Accordingly, one or more pumps {not

g
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shown) may be included o evacuate, at least, the beamguide 132 and mass
analyzer 126,

The scanning system 135 in the Hlustrated example includes a magnetic
scanning slement 136 and a focusing and/or steering element 138. Respsctive
power supplies 148, 150 are operatively coupled fo the scanning element 138
and the focusing and steering elemant 138, and more particularly to respective
aslectromagnet pieces 1363, 136b and electrodes 138a, 138b located therein,
The focusing and steering element 138 receives the mass analyzed ion bgam
124 having a relatively narrow profile (e.g., a "pencil” beam in the Hllustrated
system 110}, A voltage applied by the power supply 150 to the plates 138a and
138k operates to focus and steer the beam (o the scan vertex 1581 of the
scanning element 138, A voltage waveform applied by the power supply 148
{which theoretically could be the same supply as 150) fo the electromagnets
136a and 136b then scans the beam 124 back and forth, in this example. it will
be appreciated that the scan vertex 151 can be defined as the point in the optical
path from which each beamist or scanned part of the beam appears {o originale
after having been scannad by the scanning element 136,

The scannad beam 124 is then passed through the parallelizer/corrector
138, which comprises two dipole magnets 138a, 138b in the Hlustrated exampls.
The dipoles are substantially trapezoidal and are oriented to mirror one another
to cause the baam 124 to bend into a substantially s shape. Siated ancther way,
the dipoles have equal angles and radil and opposite directions of curvature.

The paralielizer/corrsctor 138 causes the scanned beam 124 {o agller its
path such that the beam 124 travels parallel to a beam axis regardiess of the
scan angle. As a resull, the implantation angle is relatively uniform across the
warkpiece 130, in one example, one or more parallelizers 139 also act as
deflecting components, such that neutrals generated upstream of the
parallelizers will not follow the nominal path, and thus have as smaller probability
of reaching the end station 116 and the workpiece 130,
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One or more deceleration stages 157 are located downstream of the
paralielization component 139 in this example. Up fo this point in the system
110, the beam 124 is gensrally transporied at a relatively high energy level o
mitigate the propensity for beam blow up, which can be particularly high where
beam densily is elevated such as al scan vertex 151, for example. The
deceleration stage 157 comprises one or more electrodes 187a, 157b operable
to decelerate the beam 124. The electrodes 157 are typically apertures thiu
which the beam travels, may be drawn as straight lines in Fig. 1.

Nevertheless, it will be appreciated that while two electrodes 1258a and
125h, 136a and 138b, 138a and 138b and 157a and 187b are respectivaly
flustrated in the exemplary ion extraction assembly 123, scanning slement 138,
focusing and steering slement 138 and deceleration stage 157, that these
glements 123, 136, 138 and 157 may comprise any suitable number of
electrodes arranged and biased {0 accelerate and/or decelerate ions, as well as
o focus, bend, deflect, converge, diverge, scan, paralislize and/or decontaminate
the ion beam 124 such as provided in U8, patent No. 6,777,686 to Rathmell et
al. the entirety of which is hereby incorporated herein by reference.

Additionally, the focusing and steering slement 138 may comprise
electrostatic deflection plates {(e.g., one or more pairs of slectrostatic deflection
plates), as well as an Einzel lens, quadrupoles and/or other focusing elements to
focus the ion beam. Togesther with the deceleration lens, the paralielizers 138
thus also act as deflectors to reduce energy contamination. It will be appreciated
that additional deflacling filtlers in additional directions may also be implemented.
For example, the deceleration stage 157 in Fig. 1 deflects the beam in the v
direction to increase the energy purity of the implant.

in addition, a deflecling decesleration slemant 180 is provided and
configured to provide selectable deceleration of the lon beam 124 downstream of
the mass analyzer 126 to selactively provide post decel and drift modes of
operation. In post decsl mode, for example, post decel electrodes 157a, 157b are

provided {o selectively decrease an energy of the ion beam 124 after the mass
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analyzer 128, In drift mode, the energy of the ion beam 124 is not sHiered after
the mass analyzer 126,

The end station 118 then receives the ion beam 124 which is directed
toward a workpiece 130. His appreciated that different types of end stations 116
may he employed in the implanter 110, For example, a "baich” type end station
can simultaneously support multiple workpleces 130 on a rotating support
structure, wherein the workpieces 130 are rotated through the path of the ion
heam until all the workpleces 130 are completely implanted. A "serial” type end
station, on the other hand, supports a single workpiece 130 along the beam path
for implantation, wherein multiple workpieces 130 ars implanted one at a time in
serial fashion, with each workpigce 130 being completely implanted before
implantation of the next workpiece 130 begins. In hybrid systems the workplece
130 may be mechanically translated in a first {Y or slow scan) direction while the
beam is scanned in a second {X or fast scan) direction to impart the beam 124
over the entire workpisce 130.

The end station 118 in the jllustrated example is a "serial” type end station
that supports the single workpiece 130 along the beam path for implantation. A
dosimetry systemn 152 is included in the end station 118 near the workpiece
location for calibration measuremaents prior to implantation operations. During
calibration, the beam 124 passes through dosimetry system 152, The dosimetry
system 152 includes one or more profilers 156 that may continuously traverse a
profiler path 158, thereby measuring the profile of the scanned beams.

The profiler 156, in this exampls, may comprise a cuwrent density sensor,
such as a Faraday cup, for example, that measures the current density of the
scanned beam, where current density is a function of the angle of implantation
{.g., the relative orientation between the beam and the mechanical surface of
the workpiece and/or the relative orientation between the beam and the
crystalline lattice structure of the workpisce). The current density sensor moves

in a generally orthogonal fashion relative to the scanned beam and thus typically
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fraverses the width of the ribbon beam. The dosimetry system, in one exampls,
measures both beam density distribution and angular distribution.

A control systemn 154 is present that can control, communicate with and/or
adjust the ion source 120, the mass analyzer 127, the aperture assembly 133,
the magnetic scanner 136, the paralielizer 138, and the dosimetry system 152,
The control system 154 may comprise a computer, microprocessor, efc., and
may be operable 1o take measurement values of beam characleristics and adjust
parameters accordingly. The control systermn 154 can be coupled {o the terminal
112 from which the beam of lons Is generated, as well as the mass analyzer 126
of the beamiine assembly 114, the scanning element 138 (s.g., via power supply
148}, the focusing and steering element 138 {s.g., via power supply 150}, the
paralielizer 139 and the deceleration stage 157. Accordingly, any of these
elements can be adjustad by the control systam 154 {o facilitate desired ion
implantation. For example, the energy level of the beam can be adapted to
adjust junclion depths by adjusting the bias applied {0 elecirodes in the ion
extraction assembly 123 and the deceleration stage 157, for example.

The strength and orientation of magnetic field(s) generated in the mass
analyzer 128 can be adjusted, such as by reguiating the amount of electrical
current running through field windings therein {o alter the chargs to mass ratio of
the beam, for example. The angle of implaniation can be controlled by adjusting
the strength or amplitude of the magnetic field(s) generated in the mass analyzer
128 in coordination with the aperiure assembly 133. The control system 154 can
adjust the magnetic fisld{s} of the mass analyzer 128 and position of the
resolving aperture 134 according to measurement data from, in this example, the
profiler 158, The control system 154 can verify the adjustments via additional
measurement data and perform additional adjustments via the mass analyzer
128 and the resolving aperture 134 if necessary.

Fig. 2 is a diagram Hlustrating an ion implantation system 200 emploving a2
mass analyzer for mass analysis and angle correction in accordance with an

aspect of the present invention. The system 200 is providsd as an example and
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it is appreciated that other variations and configurations can be smployed for
alternate aspects of the invention.

The system 200 includes an ion source 202 that generates an ion beam
204, a mass analyzer 208, a resolving assembly 210, an actuator 214, a control
systermn 216, and an angle measurement system 218, The ion source 202 can be
an arc based source, RF based source, electron gun based source, and the like
and generates the ion beam 204 along a beam path having a selected dopant or
species of ions for implanting. The ion source 202 provides the ion beam 204
with an initial energy and current.

The mass analyzer 206 is located downstream of the ion source 202 and
performs mass analysis and angle correction on the ion beam 204, The mass
analyzer 206 generates @ magnetic field that causes particlesfions having a
selected charge-to-mass ratio to travel along a desired path. The magnestic field
can also be adjusted o accommaodate for angle corrections {o alter the desired
path {o vield the angle corrections or adjustments.

Although not shown, a quadrupole lens or other focusing mechanism can
be positioned downstream of the mass analyzer 206 to compensate or mitigate
the impact of beam blow up upon the lon beam 204.

The resolving assembly 210 is positioned downstream of the mass
analyzer 208, The resolving assembly 210 includes a resolving aperture 212
through which the ion beam 204 passes through. The aperture 212 permiis the
selected dopants/species to pass through while preventing other particles from
passing through, Additionally, the resolving assembly 210 can be moved along
an axis transverse {o the path of the ion beam 204, This permits the resolving
aperture 212 to be moved in response o changes in the desired path of the ion
beam through the mass analyzer 208. The actuator 214 mechanically moves the
resolving assembly 210 such that the resolving aperture 212 coincides with a
path of the ion beam corresponding to angle adjustments performed by the mass

analyzer 208, In other aspects of the invention, the actuator 214 can also select
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other resolving assemblies {0 accommodate other resolutions and/or other sized
beams.

Generally, the resolving aperiure 212 is sized {0 accommodate the beam
envelope of the ion beam 204. However, in alternate aspects, the resolving
aperture 212 can be sized to accommodate the beam envelopes across a ranga
of possible beam paths.

The control system 218 is responsible for controlling and initiating angle
adjustments during ion implantation as well as controlling mass analysis. The
control system 218 is coupled (o the mass analyzer 208 and the actuator 214
and controls both components. Another component, the angle measuremaeant
system 218, measures angle of incidence values of the ion beam and determines
naeded adjustment angles. The angle measurement system 218 can employ
Faraday cups or some other suitable measurement device to obtain the
measurad angle of incidence values., Additionally, the angle measurement
system 218 can derive or measure an average angle of incidence valus for the
ion beam 204, The angle measurement system 218 then provides adjustment
angles or correction values to the control system 216 based on the measured or
derived angle of incidence values and a desired or selected angle of incidence
value,

initially, the control system 216 sets the magnetic figld of the mass
analyzer 208 at a nominal or base angle value, such as zero, and a selected
charge-to-mass ratio. Additionally, the control system 216 sets the initial position
of the resoling aperture 212 {0 coincide with a nominal path 220 associated with
the base angle value. During implantation, a non-zero adjustment angle can be
received from the angle measurement system 218, Based on the adjustment
angle, the control systemn 216 adjusts the magnetic field of the mass analyzer
such that the selecled speacies having the selected charge-to-mass ratio travels
along an altered path corresponding o the adjustiment angle. Additionally, the
control system 218 also adjusts the positioning of the resolving aperture 212 via

the actuator 214 according to the altered path. Thereafter, the angle
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measurament system 218 can provide additional adjustment angles for further
adjustment of the implant angle.

Figs. 3A to 3C are views of a portion of an ion implantation provided to
iflustrate alterad beam paths and angle adjustments in accordance with an
aspect of the present invention. The views are provided for lllustrative purposes
and as examples in order to facilitate understanding of the present invention.

Fig. 3A is a view 301 of a portion of an ion implantation system in
accordance with an aspect of the present invention wherein an ion beam travels
along a base or nominal path 320,

A mass analyzer 306 is located downstream of an ion source {not shown)
and performs mass analysis and angle corraction on an fon beam. The mass
analyzer 308 generates a magnetic field that causes particles/ions having a
selected charge-to-mass ratio {o travel along a desired path. The magnetic field
can also be adjusted o accommodate for angle corrections to alter the desired
path o visld the angle corrections or adjustments. In this example, the ion beam
fravals along a bassa or nominal path 320 associated with the selected charge-to-
mass ratio and a nominal or zero angle adjustment. A focusing mechanism {not
shown} can be employed downstream of the mass analyzer 306 to compensats
or mitigate the impact of beam biow up on the ion beam 304,

The resolving assembly 310 is positioned downstream of the lens 308,
The resolving assembly 310 includes a resolving aperture 312 through which the
ion beam 304 passes through., The aperture 312 permits the sslected
dopants/species {o pass through while preventing other particles from passing
through. Additionally, the resolving assembily 310 can be moved along an axis
fransverse to the path of the ion beam.

For the nominal path 320, the resolving assembly 310 is placed at a
nominal position so that the lon beam can pass through the resolving aperture
312 while blocking other particles from passing through.
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Fig. 3B is a view 302 of a portion of the ion implantation system in
accordance with an aspect of the present invention wherein an ion beam travels
along an altered path 322.

The mass analyzer 306 generates a varied field from that shown and
described in Fig. 3A in order to alter the path of the ion beam. In one example,
the mass analyzer 306 increases the magnitude of the magnelic fisld generated.
As a result, the ion beam travels along the altered path 322 instead of the
nominal path 320. The altered path 322 corresponds to a first angle adjustment
or offset. The allered path 322 passes through the lens 308 and toward the
resoiving assembly 310, In view 302, for example, the resolving assembly 310 is
moved in a positive direction such that the resolving aperture 312 permils
passage of the ion beam there through along the altered path 322. Similarly, Fig.
3C is ancther view 303 of a portion of the lon implantation system in accordance
with an aspect of the present invention wherein an ion beam ftravels along an
altered path 324.

Again, the mass analyzer 300 generates a varied field from that shown
and described Fig. 3A and Fig. 3B in order to alter the path of the ion beam. In
one example, the mass analyzer 308 decreases the magnitude of the magnetic
field generated. As a resull, the ion beam travels along the allered path 324
instead of the nominal path 320. The altered path 324 corrasponds to a second
angle adjustment or offset. The altered path 324 passes through the lens 308
and toward the resolving assembly 310. The resolving assembly 310 is
positioned in a negative direction, in this example, such that the resolving
aperiure 312 permits passage of the ion beam there through along the altered
path 324 while blocking non selected species and unwanted particles.

As stated above, the resolving aperture assembly comprises a resolving
aperture through which an ion beam travels. The shape and size of the resolving
aperturs is generally dependent upon the mass resolution and a size and shape
of a desired ion beam, also referred o as the beam envelope. A larger resolving

aperiure vislds lower beamn resolution in that more unwanted particles and ions
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can pass through such an aperiure. Similarly, a smaller resolving aperiure vieilds
greater beam resolution in that less unwanted particles and lons can pass
through such an aperture. Howsever, the higher resolution can also prevent more
of the selected or desired species from passing through the resolving aperture,
thereby causing undesired beam current loss. Thus, resolving apertures are
typically sized according to a desired mass resolution and beam anvelopa.

Additionally, the resolving aperture of the present invention can also be
designed to accommodale varied beam paths corresponding 1o a range of
possible angle adjustments. The above Figs. 3A to 3C depict some examples of
some possible varied paths. The resolving aperture can be appropriately sized
to accommodate such varied beam paths.

Fig. 4 is a side view of a resolving aperture assembly 400 in accordance
with an aspect of the present invention. The view is provided as an example and
is not intended to limit the invention. The assembly 400, in this example, can
accommodate remaovable plates that allow changing the resolving aperiure
amploved. Additionally, the assembly 400, in this example, can operate with
varied shaped beams and/for varied mass resolutions, Thus differently sized
beams can be employved within such systems and different plates can be
employed {o accommodate the varied beam envelopes. Additionally, different
plates can be employed to accommaodate for varied resolutions and ranges of
angle adjustments.

in Fig. 4, the assembly 400 comprises an arm 402 that holds a resolving
plate 404, The resaclving plate 404 includes a plurality of resolving apertures 408,
408, 410 having selected sizes and shapes, which can correspond to selected
beam envelopes, selected resolutions, and/or ranges of angle adjusiments.

The first aperture 408 has a selectad size and shape that corresponds {o a
beam envelops, selected resolution, and/or range of angle adjustments. in this
example, the size of the first aperture 406 in the y-direction {e.g., height) is
sufficiently large to not occlude the passage of the ion beam in the y-direction,
whereas in the x direction, the size of the first aperiure {e.g., width) is relatively
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small. Thus, for example, the first aperiure 408 could accommodats an ion beam
whose size in the x-direction, or width, is relatively small.

The second aperture 408 has a second selected size and a second shape
that corresponds o a second beam envelope, a second selected resolution,
andfor a second range of angle adjustments. As an example, the second
aperture 408 could accommodate a medium width ion beam.

The third aperiure 410 has a third selected size and a third shaps that
corresponds to a third beam envelope, a third selected resolution, and/or a third
range of angle adjustments. As an exampils, the third aperture could
accommodate a relatively wids ion beam.

it is noted that the vy direction for the apertures 406, 408, 410 is depicted
as similar for Hlustrative purposes, however aspects of the invention can also
include variations in the v direction. Additionally, aspects of the invention can
include more or less apertures on a single plate.

During operation, the assembly 400 is positionad such that one of the
aperiures is positioned along a path of an ion beam to remove contaminants or
unselected material from the ion beam. The selected aperiure corresponds to a
selected beam envelope and/or selected mass resolution. it is apprecialed that
materials or portions of the beam may pass through one of the non sslected
aperiures, but those portions are not generally propagated o a targst workplece,
and can advantageously be blocked by additional aperture. For example, while
not shown, such an additional aperture can be centered on the desired beam
path, while blocking any other beams.

Fig. 5 is a flow diagram of a method 500 of adjusting the angle of
implantation in accordance with an aspect of the present invention. The method
500 can facilitate uniform angular distribution of ion flux across the surface of a
workplece during ion implantation by correcting or adjusting the angle of implant.
it is appreciated that the above figures and descriptions can also be referenced
for the method 500.
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The method 500 begins at block 502 wherein parameters of an ion source
are selected according to a desired specie, snergy, curent, and the like. The ion
source can be an arc basad or non are based ion source, such asan RF or
slectron gun base ion source, The specie or species can be selected by
selacting one or morg source materials for the ion source. The current can be
selected by modulating power values andfor electrodes.

Parameters of a mass analyzer are selected at block 504 according to a
charge-to-mass ratio corresponding to the selected species and a base or
nominal angle. The parameters, such as current applied to coll windings, are set
to yield a magnetic field that causes the selected specis to travel along a nominal
or base path corresponding to the nominal angle and pass through the mass
analyzer.

An initial positioning of a resolving aperture Is also selected at block 5086.
The initial positioning corresponds {0 the base path and permits passage there
through according to a selected mass resolution.

An ion beam is generated as ion implantation is initiated at block 508. An
average angle of incidence for the lon beam is obtained at block 510. The
average angle of incidence can be measured in one example. in ancther
exampie, muitiple beam angle measurements are obtained and an averags value
is derived there from. It is noted that other beam measuraments and angie
values can also be employed. For example, calculations of the average angle
through an optical train of an lon implanter can be employed taking into account
the effects of acceleration and/or deceleration whenaver applicable.

An angle adiustment is derived from a selected angle of implant and the
average angle obtained at block 512, For example, if the selected angle is equal
to the average angle, the angle adjustment is zero. A magnestic field correction
and apsriure position correction are determined and applied at block 514
according fo the angle adjustment. The magnetic field correction adjusts the

path of the ion beam to correct the angle of the ion beam. The aperture position
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corraction moves the resolving aperture so that the selecled species can pass
thers through.

it is noted that the angle adjustment and/or magnetic field correction can
be limited s0 as to prevent over adjustment. Also, errors in the angle adjustment
can be reduced by employing iterative correction algorithms. In such instances,
suitable angle correction can {ake a number of passes.

A corrected average angle of implant is obtained at block 518 after
applying the field and position corrections. The corrected average angle of
implant is oblained as in block 510, If the second average angle is not
sufficiently close o the sslected angle of implant or within an acceptable
tolerance, as determined at block 5§18, the method returns 1o block 510 and
continues iteratively untll the average angle of the ion beam is within the
accepiable tolerance of the selected angle.

it is appreciated that the method 500 is described in the above order in
order fo facilitate an understanding of the present invention, ltis noted that the
meathod 500 can be performed with other sultable orderings in accordance with
tha present invention. Additionally, some blocks can be omitted and other
additional functions performed in other aspects of the invention.

Although the invention has been illustrated and described with respect o
one or more implementations, alterations and/or modifications may be made fo
the illustrated examples without departing from the spirit and scope of the
appended claims. In particular regard fo the various functions performed by the
above dascribed components or structures {blocks, units, engines, assembilies,
devices, circuils, systems, elc.), the terms {including a reference {0 a "'means™)
usad o describe such components are intended 1o correspond, uniess otherwise
indicated, {o any component or structurs which performs the specified function of
the described component (e.g., that is functionally equivalent), even though not
structurally equivalent to the disclosed structure which performs the funclion in
the herein Hustrated exemplary implementations of the invention. in addition,

while a particular feature of the invention may have been disclosed with respect
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o only one of several implementations, such feature may be combined with ona
or more other features of the other implementations as may be desired and
advantageous for any given or particular application. The term "exemplary” as
used hergin is intended 1o imply an example, as opposed to best or superior.
Furthermore, o the extent that the {erms "including”, "includes”, "having", "has”,
"with", or variants thereof are used in either the detailed description and the
claims, such terms are intended {o be Inclusive in a manner similar to the term
"comprising”.
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CLAINMS
What is claimed is:

1. An ion implantation system comprising:

an ion source from which an ion beam is extracted;

an analyzer magnst configured to mass analyze the exiracted beam and
selectively output a mass analyzed beam along one of a first axis that intersects
a workpiece at 2 nominal angle of incidence and a second axis thal intersects the
workpiece at an adjusted angle of incidence, wherein the adjusted angle of
incidence differs from the nominal angle of incidence;

a deflecting element configured to selectively deflect the mass analyzed
beam along the second axis in one of a drift mode and a decel mode;

a moveable mass resolving skt for directing the ion beam; and

an endstation configured 1o support the workpiecs that is to be implanted

with ions from the mass analyzed beam.

2. The system of claim 1, wherain the aperture assembly further
comprises:

a resolving plate comprising the plurality of different resolving apertures;
and

an actuator operably coupled {o the resolving plate, and configured o
position one of the plurality of different resolving apertures in an exit beam path
of the mass analyzer based on one or more of the selected beam envelope and

selacted mass resolution.
3. The system of claim 1, further comprising a control system

configured to control the actuator based on one or more of the selscted beam

gnvelope and selectad mass resolution.
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4, The system of claim 1, wherein the angle adjustment is zero.
5. The system of claim 1, wherein the angle adjustment is non-zere.
8. The system of claim 1, further comprising a focusing component

positionad downstream of the mass analyzer and upstream of the aperture

assembly that causes the ion beam to converge.

7. The system of claim 1, further comprising:

an angle deteclor configured 1o ascertain beam incidence angle local to a
workpiece; and

a control system configured o alter a magnetic field associated with the
mass analyzer based on the ascertained beam incidence angle, thereby

generating the angle adjustment.

8. The system of claim 1, further comprising:

an angle measurement system downstream of the aperiure assembly that
obtains an angle of incidence value of the ion beam; and

a control system that derives a magnetic field adjustment for the mass
analyzer according 1o the angle of incidence value of the ion beam from the

angle maasurement system.

9. The system of claim 8, further comprising an actuator coupled to

the aperture assembly for moving the aperiure assembly.

10, The system of claim 8, wherein the control system further derives a
position adjustment for the resolving aperiure according to the angle of incidence
value of the ion beam from the angle measurement system and the actuator

moves the aperture assembly according to the position adjustment,
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11.  The systemn of claim 8, wherain the one of the plurality of resolving
apertures has a size and shape further according 1o a range of possible angle

adiustments by the mass analyzer.

12.  The system of claim 8, wherein the mass analyzer comprises an
electromagnest having coils and wherein current flowing through the coils is

controfied by the control system.

13.  The system of claim 8, the aperture assembly further comprising a
second resolving aperiurs having a size and shape according 1o a second mass
rasolution and a second beam envelope, whergin the control system positions
one of the aperture assembly and thus the second resclving aperture along the

beam path.

14.  The system of claim 8, wherein the angle measurament systam
comprises a measurement cup movable across the ion beam that measures a

plurality of angle of incidence values at a plurality of locations.

18, The system of claim 14, wherein the angle measurement system
derives the angle of incidence value from the plurality of angle of incidence

values,

18.  The system of claim 8, wherein the angle of incidence value is an

average angle of incidence value across the ion beam.

17.  The system of claim 8, further comprising:

a magnetic scanner downstream of the resolving apsriure component that
generates a time varying oscillatory magnetic field across a portion of the beam
path;
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a paralielizer downstream of the magnetic scanner that redirects the ion
beam paraliel o a common axis; and
an end station positioned downstream of the parallslizer component that

receives the ion beam,

18.  The system of claim 8, wherein the control system derives an angle
adjustment from a selected angle of implant and the angle of incidence value
from the angle measurement system and derives the magnetic fisld adjustment

according fo the angle adiustment.

18.  The sysiem of claim 8, wherein the magnetic field adjustment is

timited by a threshold value.
20.  The systemn of claim 1, wherein the deflecting slement is configured

o selectively deflect the mass analyzed beam along the sscond axis inons of a
drift mode and a decel mode.
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