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& (57) Abstract: A magnetic deflector for anion beam is disclosed and comprises first and second coils. The coils are positioned above
& and below the beam, respectively, and extend along a width of the beam. Current passes through the coils to generate a magnetic
N ficld therebetween that is generally perpendicular to a direction of travel of the beam along substantially the entire width thereof.
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In another aspect of the invention, a method of deflecting a beam prior to implantation into a workpiece is disclosed. The method
includes determining one or more properties associated with the beam and selectively activating one of a magnetic deflection module
and an electrostatic deflection module based on the determination.
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A HYBRID MAGNETIC/ELECTROSTATIC DEFLECTOR
FOR ION IMPLANTATION SYSTEMS

FIELD OF THE INVENTION
The present invention relates generally to ion ’implantation systems, and more
particularly to a deflector system employed in an ion implantation system to

decelerate an ion beam to low energies.

BACKGROUND OF THE INVENTION

lon implantation systems are used to dope semiconductors with impurities in
integrated circuit manufacturing. In such systems, an ion source ionizes a desired
dopant element, which is extracted from the source in the form of an ion beam. The
ion beam is typically mass analyzed to select ions of a desired mass/charge ratio
and then directed at the surface of a semiconductor wafer in order to implant the
wafer with the dopant element. The ions of the beam penetrate the surface of the
wafer to form a region of desired conductivity, such as in the fabrication of transistor
devices in the wafer. A typical ion implanter includes an ion source for generating
the ion beam, a beamline assembly including a mass analysis apparatus for mass
resolving fhe ion beam using magnetic fields, and a target chamber containing the
semiconductor wafer or workpiece to be implanted by the ion beam.

In order to achieve a desired implantation for a given application, the dose
and energy of the implanted ions may be varied. The ion dose controls the
concentration of implanted ions for a given semiconductor material. Typically, high
current implanters are used for high dose implants, while medium current implanters
are used for lower dose applications. The ion energy is used to control junction
depth in semiconductor devices, where the energy levels of the beam ions determine
the degree to which ions are implanted or the depth of the implanted ions within the
semiconductor or other substrate material. The continuing trend toward smaller
semiconductor devices requires a mechanism that serves to deliver high beam
currents at low energies. The high beam current provides the necessary dose
levels, while the low energy permits shallow implants.

Medium current implantation systems are typically single wafer systems and
are capable of high tilt angle implants. Such systems are typically suitable for low

and medium dose processes in the medium to high energy range (e.g., 10-250 keV).
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At low energies, the beam current capability often drops substantially due to poor
beam transport efficiency through the various optical elements within the beamline.
One technique commonly used to improve the beam transport efficiency is to
transport the beam at a high energy, and then decelerate the beam to the desired
energy at a short distance from the workpiece. Typically, the higher the deceleration
ratio, the more gain in beam transport efficiency.

Deceleration systems such as the one described above, however, sometimes
produce undesirable energy contamination at the workpiece. Energy contamination
is a condition where neutral particles that are generated within the beam prior to
deceleration are allowed to reach the target. Since the neutral particles are not
decelerated, such particles reach the workpiece at a substantially higher energy than

the rest of the ion beam, and thus are often referred to as energy contaminants.

SUMMARY OF THE INVENTION

The following presents a simplified summary in order to provide a basic
understanding of one or more aspects 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 to delineate the scope thereof. Rather, the primary
purpose of the summary is to present some concepts of the invention in a simplified
form as a prelude to the more detailed description that is presented later.

The present invention is directed to a magnetic deflector in an ion implantation
system. The magnetic deflector provides a substantially uniform magnetic field
substantially transverse to a direction of beam travel. The magnetic field serves to
exert a force on the moving ions within the ion beam (e.g., a pencil-shaped beam or
a ribbbn-shaped beam), thereby deflecting the beam away from the beam axis and
such deflection serves to remove neutral particles from the beam that otherwise
serve as energy contaminants.

In accordance with one aspect of the present invention, the magnetic deflector
comprises a pair of coils positioned above and below the ion beam, respectively.
The coils, upon conduction of current therethrough, operate to generate a magnetic
field between the coils that is oriented substantially perpendicular to the direction of
beam travel. The coils preferably extend laterally along the entire width of the beam
when the beam is ribbon-shaped or scanned to appear as a ribbon beam, thereby

providing a uniform magnetic field along the entire beam width. In addition, plasma
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may be introduced into the region between the coils to facilitate in a neutralization of
space charge, particularly at low beam energies. The plasma may diffuse along the
magnetic field lines between the coils to provide for substantial uniform space charge
neutralization along the width of the beam.

In accordance with another aspect of the present invention, a hybrid magnetic
and electrostatic deflector system is employed within an implantation system. The
hybrid deflector system comprises a magnetic deflector module and an electrostatic
deflector module, along with a controller that is operable to selectively activate one of
the modules based upon one or more input control signals. For example, the
controller is operable to activate the magnetic deflector module when the input
control signal(s) indicates that a mass-energy product is less than a predetermined
threshold and activate the electrostatic deflector module when the mass-energy
product is greater than the threshold. In the above manner, the hybrid system
employs magnetic deflection at low beam energies, wherein plasma may be
employed to mitigate the impact of space charge effects that may be problematic at
low energies. Likewise, the hybrid system may employ electrostatic deflection at
higher beam energies when space charge effects are less pronounced and where
magnetic rigidity limits may be experienced.

In accordance with the present invention, the hybrid deflector is applicable to
pencil beams, ribbon beams or scanned pencil beams that are ribbon-like in nature.
To the accomplishment of the foregoing and related ends, the following
description and annexed drawings set forth in detail certain illustrative aspects and
implementations of the invention. These are indicative of but a few of the various

ways in which the principles of the invention may be employed. Other aspects,
advantages and novel features of the invention will become apparent from the
following detailed description of the invention when considered in conjunction with

the drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic block diagram illustrating components of an ion
implantation system in accordance with one or more aspects of the present
invention;
Fig. 2 is a schematic view of an ion implantation system in accordance with

one or more aspects of the present invention;
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Fig. 3A is a block diagram illustrating a magnetic deflection system employed

for reducing energy contamination in accordance with an aspect of the present

" invention;

Fig. 3B is a diagram illustrating the impact of a magnetic field on a moving ion
in accordance with the Lorentz force equation;

Fig. 4A is a perspective view of a portion of an exemplary magnetic deflector
comprising a coil in accordance with an exemplary aspect of the present invention;

Fig. 4B is a cross section of Fig. 4A taken along lines 4B-4B illustrating the
magnetic deflector portion and current flow through the coil;

Fig. 5A is a block diagram illustrating a magnetic defiection system employing
a pair of coils to generate a magnetic field oriented generally perpendicular to a
direction of travel of a ribbon beam according to an aspect of the present invention;

Fig. 5B is a perspective view of an exemplary magnetic deflector in
accordance with the present invention; ‘

Fig. 6A is a block diagram illustrating a hybrid magnetic/electrostatic
deflection system for deflecting an ion beam to reduce energy contamination in
accordance with another aspect of the present invention;

Fig. 6B is a graph illustrating a threshold associated with a mass-energy
product and a selection of magnetic or electrostatic deflection based on the mass-
energy product;

Figs. 7A and &B are block diagrams illustrating the hybrid
magnetic/electrostatic deflection system according to additional examples; and

‘ Fig. 8 is a flow chart diagram illustrating a method of reducing energy
contamination in ion implantation employing a pencil beam or a ribbon beam in

accordance with yet another aspect of the present invention.

DETAILED DESCRIPTION OF THE INVENTION
The present invention will now be described with reference to the drawings
wherein like reference numerals are used to refer to like elements throughout. The
illustrations and following descriptions are exemplary in nature, and not limiting.
Thus, it will be appreciated that variants of the illustrated systems and methods and
other such implementations apart from those illustrated herein are deemed as falling

within the scope of the present invention and the appended claims.
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The present invention pertains fo a deflection system employed in conjunction
with a deceleration system to obtain a low energy ion beam. The deflection system
is configured to receive an ion beam and deflect the beam from an incoming
beamline axis toward the workpiece in order to prevent neutral particles from
reaching the workpiece. As will be further appreciated below, the present invention
includes a magnetic deflector that is operable to deflect the beam away from the
beamline axis. The magnetic deflector may further be employed in conjunction with
an electrostatic deflector to form a hybrid deflection system, wherein the magnetic
deflector module is employed for defiection at generally low ion beam energies, while
the electrostatic deflection module is employed at generally higher beam energies.
The present invention is applicable to both pencil beam and ribbon beam
implantation systems.

Referring initially to Fig. 1, an ion implantation system 100 suitable for
implementing one or more aspects of the present invention is depicted in biock
diagram form. The system 100 includes an ion source 102 for producing an ion
beam 104 along a beam path. As will be discussed in further detail below, the ion
beam may comprise a pencil-type beam or a ribbon beam. The ion beam source
102 includes, for example, a plasma source 106 with an associated power source
108. The plasma source 106 may, for example, comprise a plasma confinement
chamber from which an ion beam is extracted. |

A beamline assembly 110 is provided downstream of the ion source 102 to
receive the beam 104 therefrom. The beamline assembly 110 may include a mass
analyzer 112, a scanner 114 (for a pencil-beam type system), a deceleration system
116, and a deflector system 118. The beamline assembly 110 is situated along the
path to receive the beam 104. The mass analyzer 112 includes a field generating
component, such as a magnet (not shown), and operates to provide a field across
the beam path so as to deflect ions from the ion beam 104 at varying trajectories
according to mass (e.g., charge to mass ratio). lons traveling through the magnetic
field experience a force which directs individual ions of a desired mass along the
beam path and which deflects ions of undesired mass away from the beam path.

The scanner 114 is operable to adjust a direction of the beamline axis in order
to direct or “scan” the pencil beam across the workpiece in a controlled fashion so as
to produce the effect of a ribbon shaped beam. The scanner may be electrostatic or
magnetic and any such scanning mechanism or other type systems may be
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employed in conjunction with the present invention. As an alternative to scanning a
pencil shaped beam to produce a ribbon-like beam, one could use an ion source that
directly produces a ribbon beam. One exemplary ribbon beam source that may be
employed in conjunction with the present invention is disclosed in U.S. application
serial no. 10/136,047, filed on May 1, 2002, and assigned to the assignee of the
present invention, and is hereby incorporated by reference in its entirety.

The beamline 110 further comprises a deceleration module 116 that is
controliable and selectively operable to alter an energy associated with the ion
beam. For example, at medium energies no substantial change in beam energy may
be necessary, and the module allows the beam to pass therethrough without a
substantial change thereto. Alternatively, in low energies applications (e.g., for
formation of shallow junctions in a semiconductor body), the energy of the beam may
need to be decelerated. In such circumstances, the deceleration module 116 is
operable to reduce the energy of the béam toa desiréd energy level by deceleration
thereof.

The beamline further comprises a deflection system 118 according to the
present invention. The deflection system 118 includes a magnetic deflector that is
operable, after passing through the deceleration system 116, to deflect the ion beam
away from the beamline axis. For example, if the incoming beam has been
decelerated, any neutral particles entrained within the beam have not been
decelerated, and thus such neutral particles will otherwise reach the workpiece as
energy contaminants. The magnetic deflector of the deflection system 118 is
operable under such circumstances to deflect the ion beam away from the beamline
axis and towards the workpiece. The neutral particles, however, are not deflected by
the magnetic deflector and thus continue traveling along what was previously the
beamline axis, thus not reaching the workpiece.

It will be appreciated that the neutral contaminating particles may be produced

“in a region upstream of the deflection system by collisions among ions and

background or residual particles. Such encounters can cause some of the ions to
exchange charges with the background or other particles, thereby becoming neutral
particles or contaminants. These neutral particles can be implanted into the wafer in
areas that are to be doped with ions, thereby diluting the intended level of doping
and adversely affecting the doping process. More importantly, because these
particles are electrically neutral they can pass through the decelerator, and more
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particularly through electrostatic fields generated by the electrodes unaffected (e.g.,
without being decelerated, focused, bent or otherwise altered in speed and/or
direction). As such, these particles can be implanted into the wafer at undesired
depths as their (unaffected) energy levels will likely differ from the energy levels of
the bent, focused, accelerated and/or decelerated ions in the ion beam that have
passed through and been adjusted by the accelerator. This neutral particle
contamination can severely degrade the desired performance of resulting
semiconductor devices.

One or more aspects of the present invention address neutral particle
contamination, at least, by bending the ion beam to deflect the ions away from the
neutral contaminants within the beam. The decontaminated beam of ions may, for
example, be deflected by an angle of between about 5 to 25 degrees from the path
of the contaminants, which also happens to be the original beam path of the beam
since the contaminants, being electrically neutral, are unaffected by the electrodes.
The ion beam is directed to the workpiece to encounter select areas of the workpiece
for implantation thereof. It will be appreciated that some type of barrier can, for
example, be placed in front of the stream of neutral particles to prevent the
contaminants from encountering the workpiece or wafer.

It will be further appreciated that one or more aspects of the present invention
also address issues related to ion beam blow up. Beam blow up occurs as a result
of the repulsive properties of like charged particles. Positively charged ions which
form the ion beam repulse each other because of a so-called "space-charge force".
Space-charge effects are inversely proportional to the 3/2 root of the ion beam
energy, and thus may increase as the ions in the beam are decelerated, making the

beam more prone to dispersal or blow up. Because of the space-charge force, the

| lateral spread of an ion beam is proportional to:

(Vm [Jq ) x (122U ¥2)

where m is an ion mass, q is an ion charge, | is a beam current, U is beam energy,
and z is the traveling distance of the ion beam, assuming that the ion beam is

uniform. Thus, it can be appreciated that the likelihood of beam blow up increases
as the beam energy decreases. Accordingly, if an ion beam has a lower energy, it
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becomes more difficult for all ions to reach the wafer, particularly where the beam is
decelerated and there is a large beam current or concentration of ions within the
beam. ‘

The magnetic deflector of the present invention provides advantages over
electrostatic deflection mechanisms at low energies. At low energies, problems
associated with space charge forces may become exacerbated, resulting in a
tendency for beam blow-up, which is undesirable. With deflection occurring in the’
presence of a magnetic field, plasma may be employed therein to help neutralize the
space charge. The magnetic field generally provides a resistance of plasma
diffusion across field lines, but exhibits little resistance for plasma diffusion along the
field lines. Since the magnetic field, as will be appreciated in greater detail below, is
oriented generally perpendicular to the direction of travel (or propagation) of the
beam, the plasma may readily diffuse transversely across the entire width of the
beam (either the ribbon beam or scanned pencil beam that appears ribbon-like near
the workpiece), thereby facilitating a uniform neutralization of space charge
associated therewith.

Returning to Fig. 1, an end station 120 is also provided in the system 100 to
recéive the mass analyzed, substantially decontaminated ion beam 119 from the
beamline avssembly 110. The end station 120 supports one or more workpieces
such as semiconductor wafers (not shown) along the beam path (however, offset
from the original beamline axis due to the deflector 118) for implantation using the
ion beam 119.

Fig. 2 illustrates in greater detail an exemplary ion implantation system 200
suitable for providing a medium current pencil beam or ribbon beam at low energies |
according to one or more aspects of the present invention. The system 200
includes, for example, a modular gas box 202, an auxiliary gas box 204 and a gas
box remote purge control panel 206. The gas boxes 202, 204 comprise, among
other things, one or more gases of a dopant substance, and facilitate a selective
delivery of the gas(es) into an extended life ion source 208 within the system 200,
wherein the gas(es) can be ionized to generate ions suitable for implantation into
wafers or workpieces selectively brought into the system. The gas box remote
control panel 206 facilitates venting or purging gas(es) or other substances out of the

system 200 on an as needed or desired basis.
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High voltage terminal power distribution 210 and a high voltage isolation
transformer 212 are included to, among other things, electrically excite and impart
energy to the dopant gas(es) to generate ions from the gas(es). An ion beam
extraction assembly 214 is included to extract ions from the ion source 208 and
accelerate them into a beamline 216, which includes a mass analysis magnet 218.
The mass analysis magnet 218 is operable to sort out or reject ions of an
inappropriate charge-to-mass ratio. In particular, the mass analysis magnet 218
comprises a beamguide having curved sidewalls into which ions of an undesired
mass-to-charge ratio collide as they are propagated through the beamguide by way
of one or more magnetic fields.

A component 220 may be included to assist with controlling the angle of the
scanned ion beam. This may include, among other things, a scan angle correction
lens. An acceleration/deceleration column 222 facilitates controlling and adjusting
the speed, and/or focusing, of ions within the ion beam. A deflection system 224 is
further included and, as discussed briefly above, is operable to filter out contaminant
particles to mitigate energy contaminating particles from encountering wafers or
workpieces.

Wafers or workpieces 226 are loaded into an end station chamber 228 for
selective implantation with ions. A mechanical scan drive 230 maneuvers the wafers
within the chamber 228 to facilitate selective encounters with the beam(s). The
wafers or workpieces 226 are moved into the end station chamber 228 by a wafer
handling system 232, which may include, for example, one or more mechanical or
robotic arms 234. An operator console 236 allows an operator to regulate the
implantation process by selectively controlling one or more components of the
system 200. Finally, a power distribution box 238 is included to provide power to the
overall system 200.

Turning now to Fig. 3A, an exemplary deflector system, such as systems 118,
224 of Figs. 1 and 2, is illustrated and designated at reference numeral 300
according to one aspect of the present invention. The deflector system 300
comprises a magnetic deflector 302 coupled to a controller 304 and operationally
associated with a plasma source 306. The magnetic deflector 302 is activated by
the controller 304 based on one or more input control signals 308 and is operable to
generate a magnetic field in a region 310 that is generally perpendicular (or
transverse) to a direction of travel 312 of the ion beam 313. In accordance with the
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present example, the beam is a pencil beam, a scanned pencil beam (thus
appearing ribbon-like due to its scanning) or a ribbon beam, and all such alternatives
are contemplated by the present invention. More particularly, the magnetic field 310
is operable to deflect the ion beam away from a beamline axis 314 in a direction 316
toward a workpiece 318 such as a semiconductor wafer.

The magnetic deflector 302 is operable to generate a magnetic field that is
substantially uniform across the beam, and in the case of a ribbon or ribbon-like
beam, an entire width (not shown) of the beam 313. Consequently, the deflection of
the beam 313 along the direction 316 occurs substantially uniformly across the entire
beam width to advantageously maintain uniformity of the ribbon beam. In addition,
the plasma source 306 provides plasma to the region 310 to facilitate a neutralization
of space charge associated with the beam that may be significant at low beam
energies. Use of a magnetic field for deflection at low beam energies is beneficial
since the magnetic field does not extinguish or push away the plasma. Rather, the
plasma is generally permitted to diffuse through the region 310 along the magnetic
field Iines;

The magnetic field serves to deflect ions in the beam 313 in accordance with
the Lorentz force equation: F = q(v X B), wherein a charge moving with a velocity in
a direction indicated by the velocity vector v in the presence of a magnetic field
oriented as indicated by the magnetic field vector B is a value having a direction
indicated by the force vector F. More particularly, as illustrated in Fig. 3B, if an ion
320 in the beam is positively charged and moving with velocity V in the Z direction,
and a magnetic field is oriented in the X direction perpendicular to the direction of
travel, a force is exerted on the ion in the negative Y direction, or in this example,
downwards as illustrated.

The plasma source 306 is operationally associated with the magnetic field
region 310. In one example, the plasma is beam plasma caused by interaction of
ions within the beam with any residual gas that may exist within the region.
Alternatively, the plasma source may be a source of gas that has high ionization
efficiency such as Xenon, for example. In yet another alternative, the plasma source
306 may be a plasma flood or other type device operable to generate and inject
plasma into the magnetic field region.

Since the magnetic field within the region serves to deflect ions in the beam, it

is desirable for the magnetic field to be as uniform as possible across the beam, and

10
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particularly across the entire width of the beam when enﬁploying a ribbon or ribbon-
like beam. In one exemplary application where the ribbon beam is scanned across a
300 mm semiconductor wafer, the ribbon beam is greater than 300 mm wide, and
thus it is desirable that the magnetic field be uniform over a distance corresponding
to the ribbon width that is substantially greater than the ribbon width to minimize
distortion at edges of the ribbon beam.

In accordance with one exemplary aspect of the present invention, the
magnetic field of the magnetic deflector 302 is generated using a pair of coils, one of
which is illustrated in Fig. 4A and designated at reference numeral 350. The coil 350
comprises, in one example, a conductor wrapped around a yoke 352. When current
conducts through the coil 350, a magnetic field is generated through the loop with
the magnetic field lines forming a closed path. As illustrated in Fig. 4B, if a current (1)
through the coil 350 is in the clockwise direction (electrons moving in counter-
clockwise direction), then according to the right hand rule, the resultant magnetic
field comes into the page at 354 in the yoke and out of the page at 356 in the
magnetic field region 310 wherein the ribbon beam travels, as illustrated in Fig. 4A.
By having a distance or lateral extent 360 at which the coil 350 extends along the
yoke 352 be larger than the width of the ribbon beam, a substantially uniform
magnetic field exists along the entire beam width. Alternatively, other magnetic field
generation mechanisms may be employed such as, for example, permanent
magnets or electromagnets to generate a dipole field.

Fig. 5A illustrates a system 400 having a magnetic deflector employing a pair

| of coils 350, wherein the first coil 350a resides above the beam 313 and the second

coil 350b is positioned below the beam, respectively. The coils 350 operate in
conjunction with one another to form a magnetic field 402 in the field region 310 that
is substantially perpendicular to the direction of travel of the beam. In addition, the
first and second coils 350 in the present example are configured such that an input
end has an opening size 404 and an output end located downstream from the input
end having an opening size 406 that is larger than the input. The larger output
opening provides for the deflection of the beam without the beam being physically
disrupted along the deflected path toward the workpiece 318. It should be
understood, however, that coils configured substantially parallel to one another may
also be employed and are contemplated as falling within the scope of the present
invention.

11
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Having the pair of coils 350a, 350b aids in providing uniformity of the
magnetic field 402 in both the width direction and the height direction of the ribbon or
ribbon-like beam. Each coil 350 has a current flowing in the same direction so that
the resulting magnetic fields that superimpose on one another are additive as
opposed to canceling out one another. By varying a current in one or both of the
coils, the strength of the magnetic field 402 within the magnetic field region 310 may
be tuned to adjust an amount of deflection of the beam or to provide for a given
deflection for a variety of differing dopant species or beam energies, as may be
desired.

Fig. 5B is a perspective view of a magnetic deflector in accordance with one
exemplary aspect of the present invention. Note that in Fig. 5B, the pair of coils
350a, 350b are positionally coupled together via a single yoke 352. In addition, a
guard plate 380 is placed after the deflector to catch or collect neutral particles still
traveling along what was previously the beamline axis, since such particles are not
deflected. Further, multi-cusp magnets may be employed on side portions of the
yoke disposed between the coils to aid in electron confinement at the edges of the
ribbon or ribbon-like beam.

In accordance with another aspect of the present invention, Fig. 6A illustrates
a hybrid magnetic/electrostatic deflection system, and is designated at reference
numeral 500. The hybrid deflection system 500 comprises a magnetic deflector
module and an electrostatic deflector module, respectively. The magnetic deflector:
module is illustrated in Fig. 6A as a pair of coils 350 above and below the beam 313,
respectively. The electrostatic deflector module is illustrated in the present example
as a pair of electrodes 504 or laterally extending conductive plates positioned above
and below the beam, respectively. Both the magnetic deflector module and the
electrostatic deflector module are operably coupled to the controller 304 that is
operable to selectively activate one of the modules based on one or more input
signals 308.

In accordance with one exemplary aspect of the present invention, the
controller 304 is operable to selectively activate one of the modules based on a
mass-energy product associated with the beam. For example, as illustrated in Fig.
6B, for a mass-energy product less than a predetermined threshold, the controller
304 activates the magnetic deflector module, and in some cases the plasma source
306, such that the beam is deflected via a magnetic field 502 within a deflection

12
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region 510. Likewise, when the controller 304 determines, based on the one or more
input control signals 308, that a mass-energy product is greater than the threshold,
the controller selectively activates the electrostatic deflector module to effectuate
deflection of the ion beam using an electrostatic field 506 within the field region 510.

The hybrid deflector 500 of the present invention employs the magnetic
deflector at low energies where space charge effects are substantial. Use of the
magnetic deflector permits use of plasma in the field region 510 to facilitate space
charge neutralization. The plasma within the field region 510 tends to experience
resistance across magnetic field lines and thus does not tend to cross such field
lines, however, the plasma resistance is substantially reduced along the field lines.
Consequently, the plasma within the field region 510 will tend to diffuse (in the case
of a ribbon or ribbon-like beam) in the width direction of the beam along the field
lines, thereby enabling a substantially uniform plasma therein, which facilitates
uniformity in the space charge neutralization.

At higher beam energies significant beam current can be transported through

| the electrostatic deflector module despite the absence of plasma due to reduced

space charge effects at higher energies. Therefore for mass-energy products
greater than a predetermined threshold (e.g., 4000 keV-amu’s), the controller
selectively activates the electrostatic deflector module, thereby biasing the
electrodes 504 and causing an electrostatic field 506 to form in the field region 510.
An ion within an electrostatic field experiences a force thereon in accordance with
the equation: F = gE, wherein the force is exerted on the charge in the direction of
the electrostatic field. Preferably, the electrodes 504 extend laterally along at least
an entire width of the ribbon or ribbon-like beam in such beam configurations such
that the electrostatic field exerted on the beam is substantially uniform along the
entire beam width, thereby reducing distortion along the beam edges. The
electrostatic deflection is advantageous at higher beam energies since magnetic
deflection may have some limitations thereat due to magnetic rigidity.

According to an alternative aspect of the invention, as illustrated in Figs. 7A
and 7B, respectively, the coils 350a, 350b may be oriented in a variety of fashions.
As illustrated in Fig. 7A, the coils may be parallel to one another as well as to the
beamline axis. Alternatively, as illustrated in Fig. 7B, the coils 350a, 350b may be
parallel to one another as well as to the post-deflection axis. In either event, the
opening 404 into the system is approximately the same size as the exit opening 406.
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These and other alternative arrangements of the coils may be empioyed and are
contemplated as falling within the scope of the present invention.

In accordance with yet another aspect of the present invention, a method of
deflecting an ion beam toward a workpiece is provided, as illustrated in Fig. 8 and
designated at reference numeral 600. Although the methodology 600 is illustrated
and described hereinafter as a series of acts or events, it will be appreciated that the
present invention is not limited by the illustrated ordering of such acts or events. For
example, some acts may occur in different orders and/or concurrently with other acts
or events apart from those illustrated and/or described herein, in accordance with
one or more aspects of the present invention. In addition, not all illustrated steps
may be required to implement a methodology in accordance with the present
invention. Furthermore, the methodologies according to the present invention may

be implemented in association with the formation and/or processing of structures

' illustrated and described herein as well as in association with other structures not

illustrated.

The method 600 begins at 602, wherein one or more input control signals are
received, for example, by a controller. The control signals may reflect, for example,
the dopant species being employed, and the desired energy of the beam (e.g., a
ribbon beam), which will be used to determine whether or how much post analysis
deceleration should be employed prior to introduction to the deflection system. With
information regarding the dopant species and the final energy level, the mass-energy

- product (MEP) may be determined at 604 and used to determine whether the mass-

energy product is greater than a predetermined threshold at 606. Based on the
determination, one of two different modules is activated. If the MEP is less than the
threshold at 606 (YES), a magnetic deflector module such as one highlighted above
is activated at 608 and plasma may be introduced or is otherwise formed at 610 to
facilitate space charge neutralization.

Alternatively, if the MEP is determined to be greater than the predetermined
threshold at 606 (NO), then an electrostatic deflector module is activated at 612.
Use of different type of deflectors based on criteria such as a mass-energy product
or beam energy advantageously allows the deflection mechanism to be customized
for low energies. Consequently, higher beam currents may be effectively employed

at low energies due to the neutralization of space charge.
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Although the invention has been illustrated and described above with respect
to a certain aspects and implementations, it will be appreciated that equivalent
alterations and modifications will occur to others skilled in the art upon the reading
and understanding of this specification and the annexed drawings. In particular
regard to the various functions performed by the above described components
(assemblies, devices, circuits, systems, etc.), the terms (including a reference to a
"means") used to describe such components are intended to correspond, unless
otherwise indicated, to any component which performs the specified function of the
described component (i.e., that is functionally equivalent), even though not
structurally equivalent to the disclosed structure, which performs the function in the
herein illustrated exemplary implementations of the invention. In this regard, it will
also be recognized that the invention may include a computer-readable medium
having computer-executable instructions for performing the steps of the various
methods of the invention. In addition, while a particular feature of the invention may
have been disclosed with respect to only one of several implementations, such
feature may be combined with one or more other features of the other
implementations as may be desired and advantageous for any given or particular
application. In accordance with the present invention, the term “ribbon-like” should
be understood to include both a ribbon beam and a scanned pencil type beam.
Furthermore, to the extent that the terms "includes", "including", "has", "having",
"with" and variants thereof are used in either the detailed description or the claims,
these terms are intended to be inclusive in a manner similar to the term "comprising”.
Also, the term “exemplary” as utilized herein simply means example, rather than
finest performer. |
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What is claimed is:

1. A nﬁagnetic deflector for an ion beam, comprising a pair of coils
comprising a first coil and a second coil, wherein the first coil is positioned above the
beam and the second coil is positioned below the beam, respectively, and wherein
both the first and second coils extend along a width of the beam, and further wherein
current passes through the first and second coils in the same direction, thereby
inducing a magnetic field between the coils that is generally perpendicular to a
direction of travel of the beam along substantially the entire width of the beam.

2. The magnetic deflector of claim 1, wherein the ion beam comprises a
ribbon-shaped beam or a scanned pencil-shaped beam.

3. The magnetic deflector of claim 2, wherein the first and second coils
each comprise an iron yoke extending in a width direction along the entire width of
the beam, and a conductor wrapped round the iron yoke and extending along the
width direction along the entire width of the beam.

4. The magnetic deflector of claim 2, wherein the first and second coils
are positioned to form an input end and an output end, wherein the output end is
downstream of the input end, and wherein the output end is larger than the input

end.

5. The magnetic deflector of claim 2, wherein a magnitude of the current
through the first and second coils is variable, thereby facilitating a variation in a
strength of the magnetic field between the coils.

6. The magnetic deflector of claim 2, further comprising a plasma source
associated with the pair of coils and operable to supply a plasma between the coils,
thereby facilitating a neutralization of space charge associated with the beam.

7. The magnetic deflector of claim 6, wherein the plasma source

comprises beam plasma associated with ions within the beam striking residual gas

between the coils and causing an ionization of the residual gas.
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8. The magnetic deflector of claim 6, wherein the plasma source is
located along a side portion of the pair of coils, and wherein the plasma generated .
by the plasma source diffuses across the entire width of the beam along magnetic
field lines associated with the magnetic field between the coils, thereby providing for

space charge neutralization along the entire width of the beam.

0. The magnetic deflector of claim 2, further comprising a pair of
electrodes, the electrode pair comprising a first electrode disposed between the first
coil and the beam and a second electrode disposed between the second coil and the
beam, wherein the electrode pair is operable to generate an electrostatic field

therebetween for deflection of the beam passing therethrough.

10.  The magnetic deflector of claim 9, further comprising a controller
6perably coupled to the pair of coils and the pair of electrodes, respectively, wherein
the controller is operable to activate the pair of coils at a mass-energy product less
than a predetermined threshold, and activate the pair of electrodes at a mass-energy

product greéter than the predetermined threshold.

11. A hybrid deflector system for ion implantation, comprising:

a magnetic defiection module operable to deflect an ion beam away from a
beam axis;

an electrostatic deflection module operable to deflect the ion beam away from
the beam axis; and

a controller operable to selectively activate one of the magnetic deflection
module and the electrostatic deflection module based on one or more input control
signals.

12.  The hybrid deflector system of claim 11, wherein the controller is
operable to activate the magnetic deflection module when the one or more control

signals indicate a mass-energy product less than a predetermined threshold.

13.  The hybrid deflector system of claim 11, wherein the controller is
operable to activate the electrostatic deflection module when the one or more control

signals indicate a mass-energy product greater than a predetermined threshold.
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14.  The hybrid deflector system of claim 11, wherein the ion beam

comprises a ribbon-shaped beam or a scanned pencil-shaped beam.

15.  The hybrid deflector system of claim 14, wherein the magnetic
deflection module comprises a first coil located above the beam and a second coil
located below the beam, respectively, and wherein current conductive through the
first and second coils induces a magnetic field oriented substantially transverse to a
direction of travel of the beam.

16.  The hybrid deflector system of claim 15, wherein the first coil and
second coil are oriented to have an input end and an output end downstream of the
input end, wherein an opening of the output end is larger than an opening of the
input end. |

17.  The hybrid deflector system of claim 15, wherein the first and second
coils extend along an entire width of the ion beam.

18.  The hybrid deflector system of claim 17, further comprising a plasma
source associated with the first and second coils and operable to supply a plasma
between the coils, thereby facilitating a neutralization of space charge associated
with the ion beam.

19.  The magnetic deflector of claim 18, wherein the plasma source
comprises beam plasma associated with ions within the beam striking residual gas
between the coils and causing an ionization of the residual gas.

20. The magnetic deflector of claim 18, wherein the plasma source is
located along a side portion of the first and second coils, and wherein the plasma
generated by the plasma source diffuses across the entire width of the beam along
magnetic field lines associated with the magnetic field between the coils, thereby

providing for space charge neutralization along the entire width of the ion beam.
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21.  The hybrid deflector system of claim 11, wherein the electrostatic
deflector module comprises a first electrode located above the ion beam and a
second electrode located below the ionvbeam, respectively, wherein upon application
of a voltage across the first and second electrodes, an electrostatic field is generated
thereacross in a direction substantially transverse to a direction of travel of the ion

beam.

22. Ah ion implantation system, comprising:

an ion source operable to generate an ion beam;

a mass analyzer operable to receive the ion beam and remove ions having an
undesired mass-to-charge ratio; and

a magnetic deflector operable to receive the ion beam from the mass analyzer
along a beam axis and deflect the ion beam away from the beam axis employing a

magnetic field.

23.  The system of claim 22, wherein the ion beam comprises a ribbon-
shaped beam or a scanned pencil-shaped beam, and wherein the magnetic deflector
comprises a first coil and a second coil, wherein the first coil is positioned above the
ion beam and the second coil is positioned below the ion beam, respectively, and
wherein both the first and second coils extend along a width of the ion beam, and
further wherein current passes through the first and second coils in the same
direction, thereby inducing a magnetic field between the coils that is generally
perpendicular to a direction of travel of the beam along substantially the entire width
of the beam. (,

24.  The magnetic deflector of claim 23, wherein the first and second coils
each comprise an iron yoke extending in a width direction along the entire width of
the beam, and a conductor wrapped round the iron yoke and extending along the
width direction along the entire width of the beam.

25. The magnetic deflector of claim 23, wherein the first and second coils
are positioned to form an input end and an output end, wherein the output end is
downstream of the input end, and wherein the output end is larger than the input
end.
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26. The magnetic deflector of claim 23, wherein a magnitude of the current
through the first and second coils is variable, thereby facilitating a variation in a
strength of the magnetic field between the coils.

27.  The magnetic deflector of claim 23, further comprising a plasma source
associated with the first and second coils and operable to supply a plasma
therebetween, theréby facilitating a neutralization of space charge associated with
the ion beam.

28.  The magnetic deflector of claim 27, wherein the plasma source

.comprises beam plasma associated with ions within the ion beam striking résidual

gas between the first and second coils and causing an ionization of the residual gas.

29.  The magnetic deflector of claim 27, wherein the plasma source is
located along a side portion of the first and second coils, and wherein the plasma
generated by the plasma source diffuses across the entire width of the ion beam
along magnetic field lines associated with the magnetic field between the coils,

thereby providing for space charge neutralization along the entire width of the beam.

30. The magnetic deflector of claim 23, further comprising a pair of
electrodes, the electrode pair comprising a first electrode disposed between the first
coil and the beam and a second electrode disposed between the second coil and the
beam, wherein the electrode pair is operable to generate an electrostatic field

therebetween for deflection of the ribbon-like beam passing therethrough.

31.  The magnetic deflector of claim 30, further comprising a controller
oberably coupled to the first and second coils and the first and second electrodes,
respectively, wherein the controller is operable to activate the first and second coils
at a mass-energy product less than a predetermined threshold, and activate the first
and second electrodes at a mass-energy product greater than the predetermined
threshold.
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32. A method of deflecting an ion beam prior to implantation into a
workpiece in order to reduce energy contamination, comprising:

determining one or more properties associated with the beam; and

selectively activating one of a magnetic deflection module and an electrostatic
deflection module based on the determination.

33. The method of claim 32, wherein determining one or more properties

associated with the beam comprises determining an energy of the beam.

34. The method of claim 33, wherein selectively activating one of a
magnetic deflection module and an electrostatic deflection module based on the
determination comprises activating the magnetic deflection module if the energy of
the ion beam is less than a predetermined threshold.

35. The method of claim 33, wherein selectively activating one of a
magnetic deflection module and an electrostatic deflection module based on the
determination comprises activating the electrostatic deflection module if the energy
of the ion beam is greater than a predetermined threshold.

36. The method of claim 32, wherein determining one or more properties
associated with the beam comprises determining a mass-energy product associated
with the beam.

37. The method of claim 36, wherein determining one or more properties
associated with the beam comprises determining whether the mass-energy product
is less than a predetermined threshold.

38. The method of claim 37, wherein selectively activating one of a
magnetic deflection module and an electrostatic deflection module based on the
determination comprises activating the magnetic deflection module if the mass-

energy product of the ion beam is less than the predetermined threshold.

39. The method of claim 37, wherein selectively activating one of a
magnetic deflection module and an electrostatic deflection module based on the
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determination comprises activating the electrostatic deflection module if the mass-

energy product of the ion beam is greater than the predetermined threshold.

22



PCT/US2004/018788

WO 2004/114354

l "Old

INILSAS NOILVLS
—> —»
|\\ YO103143a Wv3d NOI aNg
8Ll
» 6L — 0zl —
INILSAS
gL — | NOLLY¥=1303d
INTLSAS
piL—1| ©ONINNVOS
'y
. 20b~| Immod
A mm_mm@_w,_f <«—| Nv3E NOI [<—
N:.\ S/ 304N0S
vol 90} -1 vnsvid
oLl ~ zol 308NOS W34

oor\(

1/9



WO 2004/114354

PCT/US2004/018788

200

202

2/9

FIG. 2



PCT/US2004/018788

WO 2004/114354

d¢ "old

>n_.. =

4
(@xnb=4 .
ZN =\ -——— @ M _
0z Xg-=9 X
A

/(. 142>

gLe ]
V¢ 9Old
cLe 2Le
oo~ ---_H01OF143a | . N
e e ——
rie ) 0LE 4 OILANOVIN
K N~ zog
[ _
J0HNOS
ooe—"|  umev HITIOHULINOD
.4 H
00¢
80e —

3/9



WO 2004/114354

360

350

@/—356 &~ 310

4/9

350

FIG. 4A

COIL

[N
™

FIG. 4B

PCT/US2004/018788



PCT/US2004/018788

WO 2004/114354

VS "Old

qose

H( 14114

N— pog

gLe
oLe
eLe .|»|I
zov
90b 7 N H )
pe—" « E—
Z5¢
.4 e0Se
(114
304NOS VINSY1d d3TIOE1INOD
90¢ 80€ —~ _

5/9



WO 2004/114354 PCT/US2004/018788

6/9



PCT/US2004/018788

WO 2004/114354

10Naodd
ADHINI-SSVYIN
~f—

d9 'Old

OlLYLSO¥L10313 OILANOVIN
‘ -
V9 'Old aioHsTEHL — |
0L
R
o0y —|
R
——
vos— T
vov
e0G¢E
00§ v
30UNOS VINSYTd | YITIOYINOD
90¢ N 70¢

80¢ —

7/9



PCT/US2004/018788

WO 2004/114354

d. 'Old V. 'Old

- qo0s¢
Z6¢
A J
T~ < ﬁl
~._ 208 Wu vos 2
./../ %3
yog — | —— 08
6
=701 , e0ge



PCT/US2004/018788

WO 2004/114354

VINSV1d 3ONAOULNI

0L9

8 'Old

371NAOI ¥OL103143d
JILIANSDVIN 3LVALLDY

¢QTOHSZRHL

> d3dIN SI ON

809

009 l\

Wv3ag NOggid HLIM
aaLvIDoSSsY (d3) Lonaoxdd
ADNIANI-SSVIN ANINMALAA

09 H

STYNOIS
1O¥LNOD LNdNI AAIFOTY

¢09

IFT1NAO ¥O.L103143d
ol IR AR O NRo ENE
ALVAILLOVY

cLo

9/9



	Abstract
	Bibliographic
	Description
	Claims
	Drawings

