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A MULTI-LEAF COLLIMATOR WITH LEAVES
FORMED OF DIFFERENT MATERIALS

TECHNICAL FIELD
Embodiments of the invention relate generally to radiation shielding. More
specifically, embodiments of the invention pertain to a multi-leaf collimator that can be‘

used in applications such as radiotherapy.

BACKGROUND

Muilti-leaf collimators (MLC) are commonly used in radiotherapy machines.
Typically, an MLC includes two sets of independently adjustable leaves. Each leaf is
thick enough to attenuate or block completely a beam of radiation. The first set of
leaves is positioned on one side of the beam’s path, and the second set mirrors the first
set on the other side of the beam’s path. The leaves can be positioned independently
of one another to form an aperture in a shape like that of the area to be irradiated, so

that only the targeted area is irradiated while surrounding areas are shielded.

Because adjacent leaves need to be able‘to move relative to one another, there
is necessarily a gap between them. The leaves are designed so that one or more
portions of one leaf overlap one or more corresponding portions of an adjacent leaf.
Thus, the gap between adjacent leaves does not provide a straight-line passageway for
the radiation beam. Instead, radiation that enters a gap will encounter a thickness of
leaf material that is sufficient for attenuating or blocking the radiation. In this manner,
leakage of radiation through the gaps to areas other than the targeted area is

prevented.
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SUMMARY

Conventional MLC leaves may be formed using only a high density material or a
material with a high atomic number (referred to as a high-Z materiai). High
density/high-Z material is more effective at blocking a radiation beam than low
density/low-Z inaterial. However, for proton beams, the use of high density/high-Z
material in an MLC can result in the production of more neutrons than the use of low
density/low-Z material. Additional neutrons can be undesirable because they contribute
to the total dose received by a patient. High density/high-Z material can also be difficult
to machine and relatively expensive, and leaves made from such material are heavier
and hence more difficult to move than leaves made of low density/low-Z material. On
the .other hand, conventional leaves made only of low density/low-Z material are thicker

— perhaps substantially thicker — than leaves made of high density/high-Z material.

According to an embodiment of the present invention, an MLC includes a number
of independently adjustable and overlapping leaves. The overlapping portions of the
leaves are made of a first material, while the non-overlapping portions of the leaves are
made of a second, different material. The first material is denser (or has a higher
atomic number) than the second material. Accordingly, the majority of each leaf is
made using the second (e.g., less dense) material, while a smaller portion of each leaf
is made from the first (e.g., denser) material. Consequently, leaves made using a
combination of low density (or low-Z) and high density (or high-Z) materials can be
lighter, less expensive, easier to fabricate and will produce less neutrons than
conventional leaves made using only a high density or high-Z material, and thinner than

conventional leaves made using only a low density or low-Z material.
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BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in and form a part of this
specification, illustrate embodiments of the invention and, together with the description,

serve to explain the principles of the invention.

Figure 1 is a perspective view of a portion of a multi-leaf collimator (MLC),
including a cross-sectional view of adjacent leaves, in accordance with one embodiment

of the present invention.

Figure 2 is a top-down view of a portion of an MLC, including a cross-sectional

view of adjacent leaves, in accordance with one embodiment of the present invention.

Figures 3, 4, 5 and 6 are cross-sectional views of adjacent leaves according to

embodiments of the present invention.

Figure 7 is a flowchart of a method of shaping a beam of radiation according to

an embodiment of the present invention.
Unless noted otherwise, the drawings are not to scale.

DETAILED DESCRIPTION

Reference will now be made in detail to embodiments of the present invention.
While the invention will be described in conjunction with these embodiments, it will be
understood that they are not intended to limit the invention to these embodiments. On
the contrary, the invention is intended to cover alternatives, modifications and
equivalents, which may be included within the spirit and scope of the invention as

defined by the appended claims.

Furthermore, in the following detailed description of the present invention,

numerous specific details are set forth in order to provide a thorough understanding of
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the present invention. However, it will be recognized by one of ordinary skill in the art
that the present invention may be practiced without these specific details. In other
instances, well known methods, procedures, and components have not been described

in detail as not to unnecessarily obscure aspects of the present invention.

Figure 1 is a perspective view of a portion of a muiti-leaf collimator (MLC) 100 in
accordance with one embodiment of the present invention. Generally speaking, MLC
100 is designed to define and restrict (constrict) the dimensions of a radiation beam
122. In one embodiment, MLC 100 is implemented as part of a radiotherapy machine.
In one embodiment, radiation beam 122 is a beam of x-rays, and in another
embodiment, radiation beam 122 is a beam of charged particles such as protons,

electrons or heavy ions.

In the example of Figure 1, MLC 100 includes a set of plates or leaves,
exemplified by leaves 110, 111, 112 and 113. Leaves 111 and 112 are also isolated in
cross-sectional view. MLC 100 may include other components not illustrated or
discussed herein, such as guides or tracks for the leaves, drive mechanisms,
suspension mechanisms, and so on. As illustrated in Figure 2, there may be a second
set of leaves opposing the first set in a symmetrical or mirror-like fashion. In the _
examples of Figures 1 and 2, any leaf can be adjusted independently of any other leaf.
There is a gap (e.g., gap 140) between adjacent leaves (e.g., leaves 111 and 112) so
that the leaves can move relative to one another. Leaves can be moved back and forth

in the directions indicated by the arrows 115 and 215.

With reference to Figure 1, the MLC 100 is situated between a source 120 of the
radiation beam 122 and a target area 130. The shape of the target area 130 - that is,
the shape of the area to be exposed to the beam 122 — is defined by positioning the
leaves of the MLC 100 accordingly. The leaves block portions of the beam 122, while
other portions of the beam reach the defined target area 130 unblocked. Unless

otherwise indicated, the word “block” is used herein in the general sense to mean either
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“prevent” (completely biock) or “hinder” (partially block or attenuate). Thus, areas

outside of the target area 130 are shielded at least to some extent from the beam 122,

so that areas outside the target area are not exposed to unnecessary levels of radiation.

The leaves 111 and 112 are designed with overlapping portions 151 and 152,
respectively, which are situated between adjacent surfaces of those leaves. In the
discussion herein, an overlapping portion 151 or 152 of a leaf may be referred to as the

“first portion” of a leaf, while the portion of a leaf other than the overlapping portion (e.g.,

- portion 161 or 162) may be referred to as the “second portion” or the ‘non-overlapping

portion” of the leaf. The overlapping portions 151 and 152 can also be described as
being complementary. In the example of Figure 1, leaf 111 also includes an
overlapping portion 153 that is situated between adjacent surfaces of leaf 111 and
adjacent leaf 110, and leaf 112 also includes an overlapping portion 154 that is situated
between leaf 112 and an adjacent leaf 113. Each leaf in MLC 100 may be similarly

designed.

The portions 161 and 162 each have a width (measured in the direction W of
Figure 1) and a height or thickness (measured in the direction H of Figure 1). Ina
radiotherapy machine that uses x-rays, for example, the x-rays will be attenuated as
they pass through a portion 161 or 162, in which case the portions 161 and 162 can
each be made thick enough to reduce the x-ray dosage by a desired amount. In
contrast to x-rays, charged particles such as protons and heavy ions are not attenuated
in number but have a definite range in a given material. Accordingly, in a radiotherapy
machine that uses charged particles, the portions 161 and 162 can each be made thick
enough to completely block the charged particles. That is, the thickness of material
used to form each of the portions 161 and 162 meets or exceeds the range of charged

particles in the material.

Also, in a radiotherapy machine that uses x-rays, the overlapping portions 151-

154 can each be made thick enough to reduce the x-ray dosage by the desired amount.
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That is, overlapping portion 151 can by itself attenuate an x-ray by the desired amount,

and overlapping portion 152 can also by itself attenuate an x-ray that enters gap 140
(bypassing overlapping portion 151) by the desired amount. Similarly, in a radiotherapy
machine that uses charged particles, the overlapping portions 151-154 can each be

made thick enough to completely block the charged particles. Thus, overlapping portion

- 151 can by itself completely block charged particles, and overlapping portion 152 can

also by itself completely block charged particles that enter gap 140 (bypassing
overlapping portion 151).

According to embodiments of the present invention, the overiapping portions
151-154 are made of a material that is different from the material used to make portions
161 and 162. In one embodiment, the overlapping portions 151-154 are made of a
material (which may be referred to herein as the “first material”) that has a higher
density than the material (which may be referred to herein as the “second material’):that
makes up portions 161 and 162. In another embodiment, the overlapping portions 151-
154 are made of a material that has a higher atomic number (a higher-Z material) than
the material (a lower-Z material) that makes up portions 161 and 162. Higher density or
higher-Z materials (“higher density/higher-Z materials”) include, but are not limited to,
tungsten, tungsten alloys, tantalum, tantalum alloys, lead or lead alloys, while lower
density or lower-Z materials (“lower density/lower-Z materials”) include, but are not
limited to, steel (various steel alloys), brass, zinc or copper. Generally speaking, a
higher density/higher-Z material may be a material that has a density of about 15

gm/cm? or greater.

In one embodiment, the width of an overlapping portion (e.g., portion 151) is
approximately 0.25-0.5 mm, while the width of a non-overlapping portion is
approximately 0.5-1 cm. In one embodiment, the height of an overlapping portion is

approximately 3 cm while the height of a non-overlapping portion is approximately 6 cm.
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In general, for each leaf of MLC 100, the volume of the non-overlapping portion is
greater than the total volume of the overlapping portions. Thus, according to
embodiments of the present invention, the bulk of each leaf in MLC 100 is made using a
lower density/lower-Z material, while a lesser portion of each leaf is made using a
higher density/higher-Z material. Leaves formed of different materials in this manner
provide a number of advantages compared to leaves formed only of either higher

density/higher-Z material or lower density/lower-Z material.

For one, because the leaves of MLC 100 utilize a reduced amount of higher
density/higher-Z material relative to conventional leaves formed only of higher
density/higher-Z material, they will weigh less than conventional leaves. Because they
are lighter, the leaves of MLC 100 are easier to move and so the mechanisms for
positioning them can be less robust. Also, higher density/higher-Z material can be
difficult to work with (e.g., machine), and so by reducing the amount of such material,
the leaves of MLC 100 can be easier to fabricate than conventional leaves. In addition,
higher density/higher-Z material can be more expensive, and so by reducing the amount
of such material, the leaves of MLC 100 can cost less than conventional leaves.
Furthermore, higher density/higher-Z material produces more neutrons when subject to
a proton beam or x-ray beam, and so by reducing the amount of such material, the

neutron dose to a patient, for example, can be reduced.

On the other hand, because the leaves of MLC 100 still utilize higher
density/higher-Z material in the overlapping portions of the leaves, the leaves of MLC
100 can be made thinner than conventional leaves formed only of lower density/lower-Z
material. For example, the range of 250 MeV protons in brass is about 65 mm while
their range in tungsten is about 40 mm. Because each of the overlapping portions 151-
154 is thick enough by itself to block radiation beam 122, at a minimum the thicknesses
of the portions 151-154 are equal. Therefore, at a minimum the thicknesses of the leaf
portions 161 and 162 are each about twice the height of a single overlapping portion

151, 162, 163 or 154. Thus, in conventional leaves made only of brass, the minimum
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thickness of an overlapping portion 151-154 would be about 65 mm and the minimum

thickness of a non-overlapping portion 161-162 would be about 130 mm. However,
according to embodiments of the present invention, the overlapping portions (e.g.,
portions 151 and 153) of a leaf (e.g., leaf 111) may be made of tungsten, while the
remaining portion (e.g., portion 161) of the leaf may be made of brass. If the
thicknesses of the overlapping portions made of tungsten are to exceed the range of
protons in tungsten, the minimum thickness of an overlapping portion 151-154 would be
about 40 mm. Accordingly, the minimum thickness of a non-overlapping portion 161-
162 would be about 80 mm, representing a significant reduction in the thickness of MLC

100 relative to a conventional MLC.

In general, fabrication of the leaves in MLC 100 (e.g., leaves 111 and 112)
entails attaching olr bonding the higher density/higher-Z portion and the lower
density/lower-Z portion. This can be achieved in a number of different ways, depending
on the materials used. The portions may be joined using a technique such as brazing,
for example. Alternatively, the portions may be joined mechanically (e.g., using screws

or other types of fasteners).

Figure 2 is a top-down view of a portion of an MLC 200 in accordance with one
embodiment of the present invention. MLC 200 includes a number of leaves
exemplified by leaves 210 and 211, which are also shown in cross-section along axis A-
A. The leaves can be independently moved back and forth in the direction of arrow 215,
in order to create an aperture 220 that defines the shape of a targeted area. Generally
speaking, the leaves 210 and 211 lie on a common axis and move back and forth along
that axis. There is a gap 225 between opposing leaves (e.g. leaves 210 and 211) when

those leaves are in the closed position.

Continuing with reference to Figure 2, the leaves 210 and 211 are designed with
overlapping portions 230 and 231, respectively, which are situated between adjacent

surfaces of those leaves. Each leaf in MLC 200 may be similarly designed. As before,
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an overlapping portion 230 or 231 may be referred to as the “first portion” of a leaf, while
the portion of a leaf other than the overlapping portion (e.g., portion 240 or 241) may be
referred to as the “second portion” or “non-overlapping portion” of the leaf. The

overlapping portions 230 and 231 can also be described as complementary.

The non-overlapping portions 240 and 241 each have a height or thickness
(measured in the direction H of Figure 2). In a radiotherapy machine that uses x-rays,
for example, the x-rays will be attenuated as they pass through a portion 240 or 241, in
which case the portions 240 and 241 can each be made thick enough to reduce the x-
ray dosage by a desired amount. In a radiotherapy machine that uses charged
particles, the portions 240 and 241 can each be made thick enough to completely block
the charged particles. That is, the thickness of each of the portions 240 and 241 can be
chosen to meet or exceed the range of the charged particles in the material used to

form those portions.

Also, in a radiotherapy machine that uses x-rays, the overlapping portions 230
and 231 can each be madé thick enough to reduce the x-ray dosage by the desired
amount. That is, overlapping portion 230 can by itself attenuate an x-ray by the desired
amount, and overlapping portion 231 can also by itself attenuate an x-ray that enters
gap 225 (bypassing overlapping portion 230) by the desired amount. Similarly, in a
radiotherapy machine that uses charged particles, the overlapping portions 230 and 231
can each be made thick enough to completely block the charged particles. Thus,
overlapping portion 230 can by itself completely block charged particles, and
overlapping portion 231 can also by itself completely block charged particles that enter

gap 225 (bypassing overlapping portion 230).

According to embodiments of the present invention, the overlapping portions 230
and 231 are made of a material that is different from the material used to make non-
overlapping portions 240 and 241. In one embodiment, the overlapping portions 230

and 231 are made of a material (which may be referred to herein as the “first material®)
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that has a higher density than the material (which may be referred to herein as the
“second material”) that makes up portions 240 and 241. In another embodiment, the
overlapping portions 230 and 231 are made of a higher-Z material than the material that

makes up portions 240 and 241.

Thus, according to embodiments of the present invention, the bulk of each leaf in
MLC 200 (that is, the second or non-overlapping portion of each leaf) is made from a
less dense/lower-Z material than the overlapping (first) portions of each leaf. Leaves
formed of different materials in this manner provide a number of advantages compared
to leaves formed entirely of either higher density/higher-Z material or lower

density/lower-Z material. Those advantages have been previously discussed herein.

Furthermore, the embodiments discussed in conjunction with Figure 1 and the
embodiments discussed in conjunction with Figure 2 can be combined. Thatis,
overlapping portions can be situated on adjacent surfaces of parallel leaves and on

adjacent ends of opposing leaves.

Figure 3 is a cross-sectional view of adjacent leaves 310 and 311 according to
an embodiment of the present invention. Leaf 310 includes overlapping portions 320
and 321 and non-overlapping portion 330, and leaf 311 includes overlapping portions
322 and 323 and non-overlapping portion 331. The overlapping portions 320-323 are
made of a material that is different from the material used to make portions 330 and
331. In one embodiment, the overlapping portions 320-323 are made of a material that
has a higher density than the material that makes up portions 330 and 331. In another
embodiment, the overlapping portions 320-323 are made of a higher-Z material than the

material that makes up portions 330 and 331.

In the example of Figure 3, the leaves 310 and 311 include structural elements
350 and 351, which represent features of the leaves such as drive mechanisms or

suspension mechanisms. In one embodiment, the structural elements 350 and 351 are

10
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made of the same lower density/lower-Z material as the leaf portions 350 and 351. In
one such embodiment, the structural elements 350 and 351 are machined from the
same block of material used to form the leaf portions 330 and 331. As mentioned
above, lower density/lower-Z material is easier to work with than higher density/higher-Z
material. Thus, another advantage associated with forming the non-overlapping leaf
portions from lower density/lower-Z material is that the structural elements 350 and 351
can be easier to machine. Leaf elements 320-323 may rely on the other parts of the
leaves, such as elements 330 and 331, to provide structural strength. Therefore, the
elements 320-323 may be made from material with lesser strength, such as lead orits
alloys, than the material that makes up the other portions of the ieaves. This provides

more flexibility in the design of the leaves.

Figures 4 and 5 illustrate cross-sectional views of adjacent leaves according to
other embodiments of the present invention. In the example of Figure 4, adjacent
leaves 410 and 411 are shown. Leaf 410 includes non-overlapping portion 430 and
overlapping portions 420, 421 and 422 on the surface adjacent to leaf 411, and leaf 411
includes non-overlapping portion 431 and overlapping portions 423, 424 and 425 on the
surface adjacent to leaf 410. The overlapping portions 420-422 may be collectively
referred to as the “first portion” of leaf 410 and the overlapping portions 423-425 may be
collectively referred to as the “first portion” of leaf 411. The overlapping portions 420-
425 are made of a material that is different from the material used to make portions 430
and 431. In one embodiment, the overlapping portions 420-425 are made of a material
that has a higher density than the material that makes up portions 430 and 431. In
another embodiment, the overlapping portions 420-425 are made of a higher-Z material
than the material that makes up portions 430 and 431. In general, the total thicknesses
(H) of the overlapping portions 420-422, and of the overlapping portions 423-425, are

sufficient to attenuate or completely block a radiation beam.

In the example of Figure 5, adjacent leaves 510 and 511 are shown. Leaf 510

includes non-overlapping portion 530 and overlapping portions 520 and 521 on the

11
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surface adjacent to leaf 511, and leaf 511 includes non-overlapping portion 531 and

overlapping portion 523 on the surface adjacent to leaf 510. The overlapping portions
520 and 521 may be collectively referred to as the “first portion” of leaf 510. The
overlapping portions 520, 521 and 523 are made of a material that is different from the
material used to make portions 530 and 531. In one embodiment, the overlapping
portions 520, 521 and 523 are made of a material that has a higher density than the
material that makes up portions 530 and 531. In another embodiment, the overlapping
portions 520, 521 and 523 are made of a higher-Z material than the material that makes
up portions 530 and 531. In general, the total thicknesses (H) of the overlapping
portions 520 and 521, and of the overlapping portion 523, are sufficient to attenuate or

completely block a radiation beam.

Figure 6 illustrates a cross-sectional view of adjacent leaves 610 and 611
according to another embodiment of the present invention, referred to herein as a
sawtooth embodiment. Leaf 610 includes non-overlapping portion 630 and a number of
overlapping portions exemplified by portion 620, and leaf 611 includes non-overlapping
portion 631 and a number of overlapping portions exemplified by portion 621. The
overlapping portions 620 and 621 are made of a material that is different from the
material used to make portions 630 and 631. In one embodiment, the overlapping
portions 620 and 621 are made of a material that has a higher density than the material
that makes up portions 630 and 631. In another embodiment, the overlapping portions
620 and 621 are made of a higher-Z material than the material that makes up portions

630 and 631.

The thickness (H) each leaf 610 and 611 in the sawtooth embodiment depends
on how closely the overlapping portions of adjacent leaves interleave. The thickness of
each sawtooth (e.g., portion 620 or 621) changes with its width (W). If the overlapping
portions are far enough apart, an x-ray or charged particle may encounter only the
thinner portions of each sawtooth. Accordingly, leaf thickness will increase in proportion

to the number and widths of the gaps traversed by an x-ray or charged particle.

12



10

15

20

25

-30

WO 2008/106218 PCT/US2008/002698

The overlapping portions described above in conjunction with Figures 4, 5 and 6
can be situated on adjacent surfaces of parallel leaves and/or on adjacent ends of

opposing leaves as in the example of Figure 2.

Figure 7 is a flowchart 700 of a method of shaping a beam of radiation according
to an embodiment of the present invention. Although specific steps are disclosed in
flowchart 700, such steps are exemplary. That is, the present invention is well-suited to

performing various other steps or variations of the steps recited in flowchart 700.

In step 710, a first part of the beam is block (partially or completely, depending
on the implementation) using a first thickness of a first material comprising a first portion

of a first leaf in a multi-leaf collimator.

In step 720, a second part of the beam is blocked (partially or completely,
depending on the implantation) using a second thickness of a second material
comprising a second portion of the first leaf. The first portion extends from a surface of
the second portion to prevent the first part of the beam from passing through a gap
between the first leaf and a second leaf in the multi-leaf collimator. The second material
is different from the first material and the first thickness is less than the second

thickness.

in summary, according to embodiments of the present invention, the leaves of an
MLC can be fabricated from a combination of materials. Specifically, a higher
density/higher-Z material can be used in those portions of each leaf that overlap a
corresponding portion of an adjacent leaf. The bulk of each leaf is made from a lower
density/lower-Z material. Such leaves can be lighter, less expensive, easier to fabricate
and will produce less neutrons or x-rays than conventional leaves made using only a
high density or high-Z material, and thinner than conventional leaves made using only a

low density or low-Z material.

13
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The foregoing descriptions of specific embodiments of the present invention have
been presented for purposes of illustration and description. They are not intended to be
exhaustive or to limit the invention to the precise forms disclosed, and many
modifications and variations are possible in light of the above teaching. The
embodiments described herein were chosen and described in order to best explain the
principles of the invention and its practical application, to thereby enable others skilled
in the art to best utilize the invention and various embodiments with various
modifications as are suited to the particular use contemplated. It is intended that the

scope of the invention be defined by the claims appended hereto and their equivalents.

14
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CLAIMS

What is claimed is:

1. A multi-leaf collimator comprising:

a plurality of independently adjustable leaves comprising a first leaf and a second
leaf that is adjacent said first leaf, said first leaf having a first portion that extends from a
surface of a second portion of said first leaf between said first leaf and said second leaf;
wherein said first portion together with a complementary portion of said second leaf is
operable for blocking an incident beam of radiation passing through a gap between said
first and second leaves; wherein further said first portion comprises a first material and

said second portion comprises a second material that is different from said first material.

2. The collimator of Claim 1 wherein said first material has a density that is

greater than a density of said second material.

3. The collimator of Claim 1 wherein an atomic number for said first material is

greater than an atomic number for said second material.

4. The collimator of Claim 1 wherein said first material is selected from the group
consisting of: tungsten, tungsten alloys, tantalum, tantalum alloys, lead, and lead

alloys.

5. The collimator of Claim 1 wherein said second material is selected from the

group consisting of. steel, brass, zinc, and copper.
6. The collimator of Claim 1 wherein said first material has a density of greater

than about 15 gm/cm? and wherein said second material has a density of less than

about 15 gm/cm®.

15
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7. The collimator of Claim 1 wherein said first and second leaves are arranged

side-by-side and are moveable in parallel to each other.

8. The collimator of Claim 1 wherein said first and second leaves lie on a shared

axis and are moveable in opposite directions along said axis.

9. The collimator of Claim 1 wherein said second portion provides structural

support for said first portion.

10. A system comprising:

a source operable for generating a beam of radiation;

a target area onto which said beam of radiation can be directed; and

a multi-leaf collimator disposed between said source and said target area,
wherein said collimator comprises a plurality of leaves that are independently
adjustable; said plurality of leaves including a first leaf having a first portion comprising
a first thickness of a first material and a second portion comprising a second thickness
of a second material that is different from said first material; wherein said first thickness
is less than said second thickness and wherein said first and second thicknesses are

each sufficient for shielding said target area from said beam.

11. The system of Claim 10 wherein said first material is a higher density

material and said second material is a lower density material.

12. The system of Claim 10 wherein said first material is a higher-Z material and

said second material is a lower-Z material.

13. The system of Claim 10 wherein said first material is selected from the group
consisting of: tungsten, tungsten alloys, tantalum, tantalum alloys, lead, and lead

alloys.

16
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14. The system of Claim 10 wherein said second material is selected from the

group consisting of: steel, brass, zinc, and copper.

15. The system of Claim 10 further comprising a second leaf separated from
said first leaf by a gap, wherein said first material is disposed between said second
material and said second leaf and wherein said first portion overlaps a corresponding

portion of said second leaf.

16. The system of Claim 15 wherein said first and second leaves are arranged

side-by-side and are moveable in parallel to each other.

17. The system of Claim 15 wherein said first and second leaves lie on a shared

axis and are moveable in opposite directions along said axis.

18. A method of shaping an incident beam of radiation, said method comprising:

blocking a first part of said beam using a first thickness of a first material
comprising a first portion of a first leaf in a multi-leaf collimator;

blocking a second part of said beam using a second thickness of a second
material comprising a second portion of said first leaf, wherein said second material is
different from said first material and said first thickness is less than said second
thickness, and wherein said first portion extends from a surface of said second portion
to prevent said first part of said beam from passing through a gap between said first leaf

and a second leaf in said muliti-leaf collimator.

19. The method of Claim 18 wherein said first material has a density that is

greater than a density of said second material.

20. The method of Claim 18 wherein an atomic number for said first material is

greater than an atomic number for said second material.

17
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21. The method of Claim 18 wherein said first material is selected from the

group consisting of: tungsten, tungsten alloys, tantalum, tantalum alloys, lead, and lead

alloys.

22 The method of Claim 18 wherein said second material is selected from the

group consisting of: steel, brass, zinc, and copper.

23 The method of Claim 18 wherein said first and second leaves are arranged

side-by-side and are moveable in parallel to each other.

24. The method of Claim 18 wherein said first and second leaves lie on a shared

axis and are moveable in opposite directions along said axis.

18



WO 2008/106218 PCT/US2008/002698

1/5

bt J/'g"‘




WO 2008/106218

2/5

J 300
£
l i 1
l ]
. | l
] ~ { ado ’
L |
s I —
] . = —_‘
R$/ 3107 JZ}Z ?3“ \ f
T
’ : an\l‘{"” ‘
' % A-A
‘ZII‘O/B : {; ;q\;“
231

FIGWURE O

PCT/US2008/002698

-



WO 2008/106218 PCT/US2008/002698

3/5

350 ERR 351t
Nl
30 »
~ ¢
330 ~, £T—333
390 —Ip
31t
d~\\‘33l
\Saa
Flguee 2
q I
4:10) g
410~\‘ #

| e ——— a4
qaa — H

f
f\ q\as\ ' L>w

43o 43y

FlGUuRE 4




WO 2008/106218 PCT/US2008/002698

4/5

510 \v 530 sl

<
2N

H
b e | ‘
\ sar \ o A
532 534
FlaWRE <
LIt
9 [

U o]

FluRe b



0 2008/106218 PCT/US2008/002698
W

5/5

\'
o
o

710
BLOCK 1st PART OF BEAM USING 1st
THICKNESS OF 1st MATERIAL

720
BLOCK 2nd PART OF BEAM USING 2nd

THICKNESS OF 2nd MATERIAL THAT IS
DIFFERENT FROM THE 1st MATERIAL

FIG. 7



	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 - claims
	Page 18 - claims
	Page 19 - claims
	Page 20 - claims
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - drawings
	Page 25 - drawings

