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HYBRID ELECTROSTATIC LENS WITH INCREASED NATURAL FREQUENCY

Field
[0001] This invention relates to ion beam implantation systems and more particularly, to
electrostatic lenses in a beam-line implantation system and a composite electrostatic rod for

use 1n the electrostatic lens.

Background

[0002] Electrostatic lenses are used in applications such as ion implantation to control
beam energy, focusing, and direction, among other operations. Fig. 1 shows a conventional
ion implantation apparatus (ion implanter )100 which comprises an ion source 102,
extraction electrodes 104, a 90° magnet analyzer 106, a first deceleration (D1) stage 108, a
magnet analyzer 110, and a an electrostatic lens112. The D1 deceleration stage (also known
as “deceleration lens”) is comprised of multiple electrodes with a defined aperture to allow
an ion beam 114 to pass therethrough. By applying different combinations of voltage
potentials to the multiple electrodes, the D1 deceleration lens can manipulate ion energies
and cause the ion beam to hit a target wafer 116 at a desired energy. The electrostatic lens
112 may have multiple electrodes in the form of rods to which different combinations of
voltage potentials may be applied to manipulate ion beam 114 as it passes therethrough.
The above-mentioned deceleration stage 108 and the electrostatic lens 112 are typically
electrostatic deceleration lenses.

[0003] FIG. 2a depicts a side view of a conventional electrostatic lens 200 using rod-
shaped electrodes. in accordance with an embodiment of the present disclosure. The lens
configuration of the electrostatic lens 200 using rod-shaped electrodes may also include

several sets of electrodes, such as a sect of entrance electrodes 202, one or more sets of
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suppression/focusing electrodes 204, and a set of exit electrodes 206. Each set of electrodes
may have a space/gap to allow ions to pass therethrough with a central ray trajectory ("c.r.t.”
or "crt") of an ion beam 210 and at a deflection angle 95. The rod-shaped electrodes may be
made of non-contaminating material, such as graphite, glassy carbon, and/or other non-
contaminating material. It should be appreciated that the electrodes may also be made of
materials with low thermal expansion coefficients

[0004] As illustrated in FIG. 2a the electrodes in the lens 200 using rod-shaped electrodes
may be "flared" such that an opening for the ion beam 210 at the exit electrode 206 may be
greater than an opening for the ion beam 210 at the entrance electrode 202. Accordingly,
openings at each set of the suppression/focusing electrodes 204 may gradually increase or
"flare" open. Also, symmetry may be maintained about the crt of the ion beam 210. The
rod-shaped electrode rods may effectively provide independent control of deflection,
deceleration, and/or focus during an ion implantation process. As further shown in FIG. 2a,
a pump 212 may be directly or indirectly connected to the housing 214. In one embodiment,
the pump 212 may be a vacuum pump for providing a high-vacuum environment or other
controlled environment. In other embodiments, the housing 214 may include one or more
bushings 216. These bushings 216 may be used to electrically isolate the housing 214 from
other components.

[0005] In operation, the entrance electrode 202, the suppression/focusing electrodes 204,
and the exit electrode 206 are independently biased such that the energy and/or shape of the
ion beam 20 is manipulated in the following fashion. The ion beam 210 may enter the
electrostatic lens 200 through the entrance electrode 202 and may have an initial energy of,

for example, 10-20 keV. lons in the ion beam 210 may be accelerated between the entrance
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electrode 202 and the suppression/focusing electrodes 204. Upon reaching the suppression
electrodes 204, the ion beam 210 may have an energy of, for example, approximately 30
keV or higher. As the ion beam 210 propagates between the suppression/focusing
electrodes 204 and the exit electrode 206, the ions in the ion beam 210 may be decelerated,
typically to an energy that is closer to the one used for ion implantation of a target wafer. In
one example, the ion beam 210 may have an energy of approximately 3-5 keV or lower
when it exits the electrostatic lens 200.

[0006] In certain applications, particularly those requiring implantation of large
workpieces, such as 300 mm wafers or larger as the implantation target, it is advantageous
to generate ion beams in the form of ribbon-shaped beams having high aspect ratios such
that the cross-section of the beam is much larger in one dimension (/) than the other (H) as
is illustrated in FIG. 2b. These ribbon beams are commonly used in ion implanter apparatus
and implantation systems where a single workpiece such as a silicon wafer or flat panel
display is moved in a single dimension through the ion beam. In these instances, the cross-
section of the width /7 of the ribbon ion beam, that is longer dimension of the ion beam
cross-section, is much larger than the length A.

[0007] In order to produce a stable ion beam, it is important that beamline components
such as an electrostatic lens operate in a stable fashion. Conventional electrostatic lens
components are constructed from a material such as graphite, which provides low
contamination to a beam passing through the electrostatic lens. However, upon occasion,
the graphite rods may vibrate at a natural frequency that is characteristic of the length of the
material. The natural frequency refers to the frequency at which an element, such as a rod

or beam, vibrates once the element has been set into motion.



WO 2014/022045 PCT/US2013/048605

[0008] Referring again to FIG. 2a, in the case where electrodes 204 are graphite rods, this
vibration causes a fluctuation dS in the separation S of the electrodes 204 in a direction (Y)
perpendicular to the direction of propagation (Z) of the ion beam 210 passing between the
sets of electrodes 202-206. The fluctuation in separation dS in turn leads to fluctuations in
the electric field strength experienced by the ion beam 210 passing through the electrostatic
lens. In particular, the electric field fluctuation in the electrostatic lens may take place
according to the vibration frequency of the electrostatic lens electrodes. Referring also to
FIG. 2b, such fluctuations in the electric field may perturb the ion beam 210 in a manner
that causes spatial fluctuations in the ion beam 210 in the Y-direction leading to a less
uniform ion beam.

[0009] During ion implantation, a wafer may be moved with respect to the ion beam and
any non-uniformity in the ion beam caused by such fluctuations may be averaged out,
leading to a uniformly implanted wafer. However, occasionally, the non-uniformity of the
ion beam caused by vibrations in the electrostatic lens may express itself as micro-striping
on the wafer, which denotes the generation of non-uniform ion dose on the wafer, where
cach stripe represent a region of ion dose that is different from an adjacent region. Referring
to FIGs. 2b and 2c, if the wafer is moved along path 220 along the Y-direction with respect
to the ion beam 210, the micro-striping may form stripes 222 where the ion dose varies
between different stripes. As shown in FIG. 2c, the long axis of the stripes may be parallel
to the long axis of the ion beam 210, that is, parallel to the X-direction. This effect may be
observable in particular when the vibration frequency of the electrodes is relatively low and
the rate of wafer movement is relatively high. In principle, the micro-striping effect may be

reduced or eliminated by moving the wafer with respect to the ion beam at a rate sufficiently
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low as to permit the ion beam fluctuations to cancel one another out within each region of
the substrate that is implanted. However, the reduced rate of movement of the wafer needed
to eliminate the microstriping may lead to a reduced throughput rate for substrates.
Moreover, as the dimension of substrates increase, it may be useful to provide wider ribbon
beams, and wider electrostatic lenses to process such ion beams, leading to rods that may
extend beyond one meter in length. At this dimension, the micro-striping problem caused
by rod vibration may be exacerbated due to lower vibration frequency and/or greater
fluctuation dS in the rods. In view of the above, it will be apparent that improvements in

electrostatic lens construction are needed.

Summary

[0010] In one embodiment, a composite electrostatic rod may include a body that has a
length L and cross sectional_area A. The body may include an outer portion comprising a
first material, and a core comprising a second material different than the first material and
surrounded by the outer portion, wherein a natural frequency of the composite electrostatic

rod is greater than that of a graphite rod having the length L and cross sectional area A..

[0011] In another embodiment, an electrostatic lens may include a first set of electrostatic
rods and a second set of electrostatic rods. The first and second sets of electrostatic rods
may define a gap to transmit an ion beam therebetween. One or more electrostatic rods of
the first and second set of electrostatic rods may be a composite electrostatic rod that has a
core comprising a first material and outer portion comprising a second material different
than the first material and surrounding the core. A natural frequency of the composite
electrostatic rod may be greater than that of a graphite rod having the length L and cross

sectional area A.
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Brief Description of the Drawings

[0012] For a better understanding of the present disclosure, reference is made to the
accompanying drawings, which are incorporated herein by reference and in which:

[0013] FIG. 1 depicts a known ion implantation system.

[0014] FIG. 2a depicts a side view of a known electrostatic lens.

[0015] FIG. 2b depicts an end view of the electrostatic lens of FIG. 2a.

[0016] FIG. 2¢ depicts a substrate processed according to the electrostatic lens of FIG. 2a.

[0017] FIG. 3 depicts an electrostatic lens consistent with the present embodiments.

[0018] FIG. 4a depicts another electrostatic lens consistent with the present embodiments.

[0019] FIG. 4b depicts still another electrostatic lens consistent with the present

embodiments.
[0020] FIG. 5 depicts one embodiment of a composite electrostatic rod.
[0021] FIG. 6 depicts another embodiment of a composite electrostatic rod.
[0022] FIG. 7a depicts an exploded perspective view of a composite electrostatic rod

according to one embodiment.

[0023] FIG. 7b depicts a cross-sectional perspective view of the assembled composite
electrostatic rod of FIG. 7a.

[0024] FIG. 7c¢ depicts an end cross-sectional end view of the assembled composite
electrostatic rod of FIG. 7a.

[0025] FIG. 7d depicts a perspective cross-sectional end view of the assembled composite
electrostatic rod of FIG. 7a.

[0026] FIG. 8 depicts an exemplary arrangement of composite electrostatic rods.
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Detailed Description

[0027] Embodiments disclosed herein provide improved electrostatic lenses. In some
embodiments, the electrostatic lenses are deployed in a beam line implanter in which the
electrostatic lens defines an aperture or gap through which an ion beam may pass when the
ion source generates an ion beam. In some embodiments, the electrostatic lens is configured

to apply an electric field to a ribbon ion beam.

[0028] In various embodiments, an improved rod component of an electrostatic lens is
provided. The improved rod component, or electrostatic rod, is an elongated structure that
comprises an electrically conductive material, such as graphite. According to various
embodiments, the electrostatic rod of an electrostatic lens comprises a composite structure
in which graphite or another suitable material forms an outer portion that surrounds an inner
portion that is made from a metallic material. In some embodiments, the electrostatic lens
rod includes a hollow portion that is also surrounded by the outer portion. The composite
electrostatic lens rod may have a larger specific stiffness as compared to a conventional

graphite rod.

[0029] In various embodiments, a composite electrostatic lens rod is provided that has a
higher natural frequency as compared to a conventional graphite rod having the same
dimensions and shape as the composite electrostatic lens rod. In particular embodiments,
the natural frequency is greater than 75 Hz. The higher natural frequency results in a more
rapid fluctuation of electrical fields applied to an ion beam that traverses an electrostatic

lens constructed from an assembly of multiple composite electrostatic lens rods.

[0030] FIG. 3 depicts a perspective view of an electrostatic lens 300 consistent with the

present embodiments. The lens 300 includes multiple electrostatic rods 302, which are
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arranged in an upper rod assembly 304 and lower rod assembly 306. The terms “upper” and
“lower” as used herein with respect to the rod assemblies of the lens are arbitrary and used
to distinguish between sets (assemblies) of rods that are disposed such that an ion beam 308
(illustrated by a central ray trajectory) passes between the sets of rods. In general, each
electrostatic rod 302 may be coupled to a voltage source independently of other rods.
However, in some cases, a pair of electrostatic rods that are generally opposite one another
and are mutually disposed in different rod assemblies, may be coupled to a common voltage.
The voltage supplied to each such pair or electrostatic rods 302 may differ from that applied
to other pairs of electrostatic rods according to the desired field to be applied to the ion

beam.

[0031] Consistent with the present embodiments, one or more of the electrostatic rods 302
may be a composite electrostatic rod that exhibits a higher natural frequency than a
conventional electrostatic rod, as discussed further below. In this manner, the frequency of
vibration of the electrostatic rod in the Y direction, that is, the direction generally
perpendicular to the direction of propagation of the ion beam, may be sufficiently high to
reduce ion beam non-uniformities that may otherwise cause a non-uniform implantation on
a workpiece (substrate), particularly when that workpiece is scanned along a given direction
(see, e.g., FIG. 2(c) where the wafer is moved along the Y direction resulting in stripes of

different ion dose) while exposed to the ion beam 308.

[0032] In the embodiment particularly illustrated in FIG. 3, one pair of electrostatic rods
302a is illustrated as being composite electrostatic rods. However, other electrostatic rods
302 may, but need not be, composite electrostatic rods. In one embodiment, one or more

pairs of electrostatic rods 302 may be arranged as composite electrostatic rods based upon
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the voltage to be applied to the electrostatic rods. For example, in a deceleration lens, the
voltage to be applied to successive sets of electrostatic rod pairs may decrease from position
1 to position 5. Accordingly, a relatively high voltage may be applied to the electrostatic
rods 302a, disposed at position 2, which may be the first suppressor electrodes. Because of
the relatively high voltage applied to electrostatic rods 302a, any spatial displacement,
especially in the Y direction, may have a greater effect on an ion beam 308 traversing the
electrostatic lens 300, than, for example, a similar spatial displacement at position 4, where
a lower voltage may be applied. Accordingly, the electrostatic rods 302a are selected to be
composite electrostatic rods having a high natural frequency. In this manner, even if
vibration of electrostatic rods 302a causes a significant fluctuation of the ion beam 308, the
frequency of such vibration may be sufficiently high that the ion beam fluctuations at a
workpiece surface are averaged out to provide a uniform ion dose at the workpiece. Beam
fluctuations from other pairs of electrostatic rods 302, which are supplied with lower
voltage, such as those at positions 3-5, may generate less disturbance of the ion beam.
Accordingly, electrostatic rods disposed at positions 3-5 may be conventional electrostatic

rods having lower natural frequency.

[0033] Each electrostatic rod 302 may comprise an elongated structure having a length L
that extends between support structures 310, where L is about 20 cm to 200 cm. Although
not explicitly depicted, an electrostatic rod 302 may extend through a support structure 310
and may extend beyond the outwardly facing surface 312 of the support structure 310. A
cross-section of each rod may be generally elliptical, or may have a more complex cross-
section. In some embodiments, the outer dimensions and cross-sectional shape may be

similar to that of a conventional electrostatic lens rod, except as otherwise disclosed herein.
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For example, the dimension of the electrostatic rod 302 in the Y and Z directions may be
within a factor of 2 of the respective dimensions of a conventional electrostatic rod. The
length L of the electrostatic rods 302 along the X direction may be within about 10% of the
comparable length of conventional electrostatic rods so that the electrostatic rods 302 can be

interchanged in one or more positions within a conventional electrostatic lens assembly.

[0034] FIG. 4a depicts a side view of another embodiment of an electrostatic lens 400. In
this embodiment, the electrostatic rods 402 are arranged so that when voltage is applied to
the electrostatic rods 402, the direction of an ion beam 404 may be deflected s shown.
Except for entrance clectrodes 402a and exit electrodes 402b, the upper set 406 of
electrostatic rods 402 may be arranged generally within a plane, while the lower set 408 of
electrostatic rods 402 are arranged along an arc. In the embodiment of FIG. 4, a pair of
electrostatic rods 402c¢ are configured as composite electrostatic rods to provide a higher
natural frequency. However, consistent with various embodiments, any or all of the

electrostatic rods 402 may be configured as composite electrostatic rods.

[0035] FIG. 4b depicts a side view of another embodiment of an electrostatic lens 450. In
this embodiment, a group of electrostatic lenses in each of the upper set 454 and lower set
456 of electrodes are arranged as composite electrostatic rods 452, except for entrance
electrodes 402a and exit electrodes 402b. The composite electrostatic rods 452 may

function, for example, as suppressor electrodes.

[0036] In various embodiments, a separation between a pair of opposing electrostatic rods,
where one electrostatic rod is located in an upper rod assembly and its counterpart in the
pair is located in a lower rod assembly, is about five to thirty centimeters. Accordingly, for

electrostatic rods characterized by a length L of 30 cm or more, the length of the

10
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electrostatic rods may be much longer than the separation between opposing electrostatic
rods. Vibration in such a relatively long electrostatic rod along the Y direction may be
sufficient to cause an appreciable change in the separation of opposing electrostatic rods,
and thereby may appreciably affect the electrostatic field defined by the electrostatic rods
during operation. For this reason, the present embodiments provide improved composite
electrostatic rods that, while not eliminating vibrations, increase the natural frequency of the
electrostatic rods so as to increase the frequency of electric field fluctuations and thereby the

frequency of perturbations to the ion beam.

[0037] The composite structure includes an inner portion that imparts strength to the
electrostatic rod and an outer portion that generally surrounds and encases the inner portion.
The inner portion, or core, may be constructed from a material such as a metal that imparts a
stiffness to the electrostatic rod sufficient to increase its natural frequency above that

characteristic of conventional graphite electrostatic rods of the same dimension.

[0038] FIG. 5 depicts a perspective view of a composite electrostatic rod 500 according to
the present embodiments. The electrostatic rod 500 includes a core 502 and outer portion
or shell 504. In various embodiments, the outer portion 504 may be selected to provide a
material on the outer surface 506 of the electrostatic rod 500 that provides a low source of
contamination to an ion beam. In some embodiments, the outer portion 504 is made from
graphite, such as the graphite material used in conventional electrostatic rods. In other

embodiments, the outer portion 504 is a silicon material.

[0039] In various embodiments, the core 502includes a material such as aluminum, steel,
carbon composite, other composite, or other structural material suitable for an electrode that

imparts a greater stiffness to the electrostatic rod 500 than to a graphite rod of the same

11
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dimensions. In this manner, the natural frequency of the electrostatic rod 500 is increased,

as discussed further below.

[0040] FIG. 6 depicts another embodiment of an electrostatic rod. The electrostatic rod
600 includes a graphite shell 604 and metal core 602. The electrostatic rod 600 further
includes a hollow portion 606 that is generally disposed between the graphite shell 604 and
metal core 602. The electrostatic rod 600 may include connector portions 608 that extend
between the graphite shell 604 and metal core 602. The connector portions 608 contact and
hold the metal core 602 so as to create a single rigid structure for the electrostatic rod 600.
In various embodiments, the connector portions 608 may be widely spaced to provide a
large volume of the hollow portion 606. In this manner, the overall weight of the
electrostatic rod 600 may be minimized for a given overall size of the electrostatic rod 600
and a given overall size of the metal core 602. By minimizing the weight of the electrostatic
rod 600, the natural frequency of the electrostatic rod 600 may be maximized, as detailed

below.

[0041] In some embodiments, a composite electrostatic rod may comprise multiple parts
that may be reversibly assembled and disassembled, while in other embodiments the
multiple parts may be arranged to remain assembled after the initial assembly. FIG. 7a
depicts an exploded view in perspective of an electrostatic rod 700 consistent with
additional embodiments. FIG. 7b illustrates a cross-sectional view in perspective of the
assembled electrostatic rod 700 along A'-A', while FIG. 7c illustrates a cross-sectional view

of the assembled electrostatic rod 700 along B-B'.

[0042] The electrostatic rod 700 includes an upper shell 702, lower shell 704, and core 706,

where the terms “upper” and “lower” are used merely to distinguish between the shells 704,

12
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706. The upper shell 702 and lower shell 704 may be fabricated from graphite. In the
embodiment of FIG. 7a, the upper shell 702, lower shell 704, and core 706 may be joined to
form a single rod using fasteners 708 and 710, which may be a screw and washer. In some
embodiments, the core 706 may include holes 712, and the core may have a capital “I”’-
shaped cross-section perpendicular to its long direction defined by the length L, as
illustrated in FIGs. 7¢ and 7d. When assembled, the upper and lower shell 702, 704
surround the core 706. The assembled structure defines multiple hollow regions 710
between the core 706 and surrounding upper and lower shell 702, 704. The three part
structure of electrostatic rod 700 allows different core materials to be used as the core 706
so long as the overall dimension and shape of the core 706 is maintained. Thus, to change
the properties of core 706, a rod of aluminum may be exchanged for a rod made of steel, or

a composite rod material.

[0043] In accordance with various embodiments, the natural frequency of an electrostatic
rod is increased by increasing the ratio of the specific strength of the electrostatic rod as
compared to conventional graphite rods. As illustrated in the figures, the electrostatic rods
of an electrostatic lens are fixed on two ends, such that their behavior can be approximated
by the behavior of a beam of length L and cross-sectional area A that is fixed on both ends
and supporting a weight m, as also depicted in FIG. 7a. The natural frequency F for

vibration of such a beam may be expressed as F=(k/m)"*

, where £k is the beam stiffness. The
parameter £, in turn is equal to AE/L, where E is the elastic modulus of the material that
comprises the beam. Accordingly, fabrication of a composite rod with a core material that is

stronger than graphite may tend to increase the average elastic modulus Eay of the

composite beam as compared to the elastic modulus of a pure graphite beam. On the other

13
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hand, if the mass of the beam increases in a composite beam, the natural frequency tends to

decrease.

[0044] Accordingly, in some embodiments a core material may be selected such that the
core material has a higher strength to weight ratio as given by £/m than graphite. In other
embodiments a core material of a composite electrostatic rod may have a higher elastic
modulus than graphite but need not have a higher £/m ratio than graphite. Instead, the
composite electrostatic rod may be provided with sufficient hollow portions to provide an

overall higher effective £/m ratio than a graphite rod of comparable volume.

[0045] In accordance with various embodiments, the length L of a composite electrostatic
rod may be about 60 to 90 cm, and the cross-section of the rod may be elongated in the
direction perpendicular to the direction of beam travel, as generally illustrated at FIG 4(a)
and FIG. 7(c). In some embodiments, the height ¢ of a composite electrostatic rod may be
about 3 cm to about 5 cm and the cross-section may comprise curved portions having a
radius of about 1 cm to 2cm, resulting in a width D of about 2 cm to 4 cm, as generally
shown in FIG. 7c. This may impart an overall natural frequency to the composite

electrostatic rod of 70 Hz or greater.

[0046] In one embodiment, a composite electrostatic rod having a graphite outer portion
and an aluminum core exhibits a natural frequency of at least 75-80 Hz for a rod length of
75 cm. In other embodiments, the core may comprise an aluminum alloy, steel, or
composite that provides an even higher strength-to-weight ratio and thereby a higher natural
frequency. In one embodiment, a composite electrostatic rod may comprise a metallic core
that is encased by a thin outer portion that contains silicon. For example, the outer silicon

portion may be a coating of silicon applied by any convenient technique to the metallic core.

14
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[0047] Consistent with the present embodiments, an ion implantation system may employ a
composite electrostatic lens to improve uniformity of an ion implantation process. In
particular the composite electrostatic lens may exhibit an increased natural frequency that
causes electric field fluctuations at least 20 % more rapid than those exhibited in a
conventional electrostatic lens using graphite electrostatic rods. As a consequence, the
fluctuation in ion density of the ion beam passing through the electrostatic lens is more
rapid, resulting in more rapid fluctuations of the ion beam at the surface of a workpiece.

The more rapid fluctuations of the ion beam at the workpiece surface may manifest as more
rapid fluctuations of beam current (ion) density at the workpiece surface. When an ion
beam, such as a ribbon ion beam is scanned over a wafer, the more rapid variation in ion
density may average out the ion flux received at each region of the wafer that is scanned
under the ion beam, such that wafer micro-striping by the ion beam is reduced or eliminated.
A result of the reduced micro-striping of a substrate provided by the present embodiments is

that the scan speed, and therefore substrate through put may be increased.

[0048] FIG. 8 depicts a perspective view of a portion of an electrostatic lens 800 consistent
with the present embodiments. The electrostatic lens 800 includes the aforementioned
electrostatic rods 600, which may be arranged in both upper and lower electrostatic rod
assemblies 802, 804. In operation, a voltage potential is applied to each electrostatic rod
600 in order to define an electric field to manipulate the ion beam 806. Each electrostatic
rod 600 may vibrate at a natural frequency characteristic of one or more vibrational modes.
One vibrational mode may be defined by the frequency Fz along the Z direction, and another
vibrational mode may be defined by the frequency Fy along the Y direction. Vibrations that

take place in the Y direction may be particularly problematic for ion beam uniformity, as

15
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noted previously. However, vibrations that take place in the Z direction may also perturb
electric fields that control the ion beam 806. Consistent with the present embodiments, the
electrostatic rods 600 are configured to provide a natural frequency Fy for vibrations in the
Y direction that is higher than that in a graphite rod. In particular embodiments that employ
an aluminum core, the natural frequencies Fy and Fz is greater than 70 Hz, and in some
embodiments is greater than 100 Hz, which may provide an increase in natural frequency of

about 20-50% over that provided by graphite electrostatic rods.

[0049] A result of the increase in natural frequency of electrostatic lens rods is a
proportional increase in the frequency of fluctuation of the ion beam 806. This allows the
uniformity of ion dose at a workpiece to be maintained while increasing the scan rate by the
same percentage as the increase in natural frequency provided by the composite electrostatic
rods. For scan rates at which an ion beam passing through an electrostatic lens containing
only conventional graphite electrostatic rods produces microstriping at the workpiece, the
increased natural frequency afforded by the composite electrostatic rods of the present

invention may reduce or eliminate the microstriping.

[0050] The present disclosure is not to be limited in scope by the specific embodiments
described herein. Indeed, other various embodiments of and modifications to the present
disclosure, in addition to those described herein, will be apparent to those of ordinary skill in

the art from the foregoing description and accompanying drawings.

[0051] Thus, such other embodiments and modifications are intended to fall within the
scope of the present disclosure. Furthermore, although the present disclosure has been
described herein in the context of a particular implementation in a particular environment

for a particular purpose, those of ordinary skill in the art will recognize that its usefulness is

16
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not limited thereto and that the present disclosure may be beneficially implemented in any
number of environments for any number of purposes. Thus, the claims set forth below
should be construed in view of the full breadth and spirit of the present disclosure as

described herein.
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What is claimed is:

1. A composite electrostatic rod, comprising:
a body comprising a length L and cross sectional area A, the body further
comprising:
an outer portion comprising a first material;
a core comprising a second material different than the first material and surrounded
by the outer portion, wherein a natural frequency of the composite electrostatic rod is

greater than that of a graphite rod having the length L and cross sectional area A.

2. The composite electrostatic rod of claim 1, comprising a strength-to-weight ratio

greater than that of the graphite rod having the length L and cross sectional area A.

3. The composite electrostatic rod of claim 1 comprising a hollow portion, a strength
to weight ratio of the composite electrostatic lens rod being greater than that of the graphite

rod having the length L and cross sectional area A.

4. The composite electrostatic rod of claim 1, the outer portion comprising graphite,

and further comprising a hollow portion disposed between the core and the outer portion.

5. The composite electrostatic rod of claim 4, wherein the core comprises aluminum
and further comprising a plurality of fasteners extending from the outer portion to the core

and operable to fix the core to the outer portion.

18



WO 2014/022045 PCT/US2013/048605

6. The composite electrostatic rod of claim 1, the outer portion comprising two sub-
portions, the core and the two sub-portions operable to reversibly assemble into the
composite electrostatic lens rod, the two sub-portions defining, when assembled, one or

more hollow regions within the electrostatic rod.

7. The composite electrostatic rod of claim 1, comprising an elongated cross-section
having curved portions disposed opposite one another and each having a radius of 1 to 2

cm.

8. The composite electrostatic rod of claim 1, the core comprising an “I”” shaped cross-

section and multiple holes.

9. An electrostatic lens, comprising:
a first set of electrodes comprising a first set of electrostatic rods;
a second set of electrodes comprising a second set of electrostatic rods;
the first and second sets of electrostatic rods defining a gap to transmit an ion

beam therebetween;

one or more electrostatic rods of the first and second set of electrostatic rods
comprising a composite electrostatic rod having a core comprising a first material and
outer portion comprising a second material different than the first material and
surrounding the core, wherein the composite electrostatic rod comprises a body
comprising a length L and cross sectional area A, and wherein a natural frequency of the
composite electrostatic rod is greater than that of a graphite rod having the length L and

cross sectional area A.
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10. The electrostatic lens of claim 9, the composite electrostatic rod comprising a

hollow portion disposed within a graphite outer portion.

11. The electrostatic lens of claim 9, the outer portion comprising a metal having a
higher strength-to-weight ratio than that of the graphite rod having the length L and cross

sectional area A.

12. The electrostatic lens of claim 9, the composite electrostatic rod having a long axis
characterized by a first length, each composite electrostatic rod having a natural vibration

frequency higher than a graphite rod having the first length.

13. The electrostatic lens of claim 9, the gap defining a shape configured to transmit a

ribbon ion beam.

14. The electrostatic lens of claim 9, the composite electrostatic rod comprising a first

shell portion, a second shell portion, and a core, the first and second shell portions

configured to encase the core when assembled.

15. The electrostatic lens of claim 9, the composite electrostatic rod comprising an

aluminum core and a graphite outer portion.

20



WO 2014/022045 PCT/US2013/048605

\
™ Y \
v \
N SRR
_ of
Lo R
VoA y \
3
" \ 33
AT RN
\ 3
) R ‘
RNt
\ \
A Y
\
SR Y
., A}
\
_— \
3
\
5

1/7



WO 2014/022045 PCT/US2013/048605

FIG. 2a 214 o
(prior Art) r -

116 220 116

FIG. 2b FIG. 2c
(prior Art) (prior Art)

217



WO 2014/022045 PCT/US2013/048605

X
/_, 300
\
310 S o \
\ . y ' ) . ‘\‘ Y
302 Y 2% \ 304

.
Y
.

FIG. 3
308

s .
‘\ ® * )
AN \\\mmm‘m\mmmm“\\mm\\\\\
. , . 1N * R
(Y .
-

.

310
N
2= 0y ——

406

FIG. 4a

408

377



WO 2014/022045 PCT/US2013/048605

506

500

FIG. 5

4/7



WO 2014/022045

PCT/US2013/048605

702

s £’

P

FIG. 7b

710

5/7



WO 2014/022045

706

6/7

720
700

702
708

704
720

PCT/US2013/048605



WO 2014/022045 PCT/US2013/048605

600 600

7

7/7



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/048605

A. CLASSIFICATION OF SUBJECT MATTER

INV. HO1J37/12 HO1J37/317
ADD.

HO1J37/147

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

HO1J

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

figure 2

paragraphs [0013] - [0015],
[0036], [0045], [0049],

X GB 371 814 A (ROBERT SARAZIN)
19 April 1932 (1932-04-19)

Y figures 1-3

page 1, lines 8-13,90-93
page 2, lines 98-126

21 February 1967 (1967-02-21)
figure 3

column 4, lines 65-74

column 5, lines 37-58

X US 2008/132046 Al (WALTHER STEVEN RAYMOND
[US]) 5 June 2008 (2008-06-05)

[0034],
[0050]

X US 3 305 331 A (KIYOSHI INOUE)

1-4,6,8

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

"L" document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

"O" document referring to an oral disclosure, use, exhibition or other
means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

19 September 2013

Date of mailing of the international search report

26/09/2013

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Giovanardi, Chiara

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2




INTERNATIONAL SEARCH REPORT

International application No

PCT/US2013/048605

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

WO 2010/077418 A1 (VARIAN SEMICONDUCTOR
EQUIPMENT [US]; KELLERMAN PETER L [US];
RADOVANOV) 8 July 2010 (2010-07-08)
figure 9

page 6, lines 12-24

page 10, Tines 22-33

page 11, Tines 16-19

page 13, Tines 24-31

JP H11 320098 A (TOYOTA MOTOR CORP)

24 November 1999 (1999-11-24)

abstract

9,13

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

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/US2013/048605
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2008132046 Al 05-06-2008  NONE
GB 371814 A 19-04-1932  NONE
US 3305331 A 21-02-1967  NONE
WO 2010077418 Al 08-07-2010  CN 102334180 A 25-01-2012
JP 2012514836 A 28-06-2012
KR 20110128805 A 30-11-2011
W 201027585 A 16-07-2010
US 2010171042 Al 08-07-2010
WO 2010077418 Al 08-07-2010
JP H11320098 A 24-11-1999  NONE

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - front-page
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - claims
	Page 21 - claims
	Page 22 - claims
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - wo-search-report
	Page 31 - wo-search-report
	Page 32 - wo-search-report

