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TEOLE OF INVENTRIN: Practical Method For Fabnicating Foam Interspaced Anti-

Scatter Grid And Ioproved Grids

FIELD OF THE INVENTION

§i$i§§§§§ The present vention genevally relates o grids used o radiahion imaging
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{6005}  Anti-scatter grids are componerts of an x-ray imaging system that are placed
between the imaged object and the image receptor. The purpose of the grid is to filter
out any x-rays scattered by the object while permitting the vnscattered (primary) x-rays
to pass through. The efficiency of the grid 1s dependent on two factors, primary and the
scatter transmission. Primary transmission should be as high as possible, while scatter
transmission should be as close to zero as possible. It s anderstood that, quantitatively
speaking, the scattered x-rays degrade the image contrast by a factor approximately
equal to (1-SF) where SF is the scatter fraction of the total radiation transmitted through
the body. The scatter fraction SF is defined as:

8

S+ P

SE

where S and P are the intensities of the scattered and primary radiations meident on the
umnage receptor, respectively. Most conventional anti-scatter grids are considered huear
grids as they are fabricated as a lincar array of thin lead foil ribbons. Generally, the
performance of an anti-scatter grid in thas respect 1s given by the Contrast Improvement
Factor (CIF):
: 1-8F
co - ST,

SxT, +PxT,

where Cg and C; are the image contrasts with and without the grid, Ts and T, are the
transmissions of scatter and primary radiation by the grid, respectively, The ribbons are
held in place by an x-ray transparent material that provides rigidity and that aligns the
foils so that their surfaces converge to a focus line located at a specific distance above
the top sarface of the grid. X-ray transparent protective covers are usually provided

over the top and bottom surfaces of the grid.

{0006} Primary transmission is an important factor because the lower the value the
greater the radiation dose to a patient imaged with the grid. Pumary transmission is
determined by two factors, 1) the fraction of the x-ray incident surface occupied by the
lead foils and 2) by the x-ray absorption of the supporting interspace material between

the lead strips and by the protective covers. An ideal grid operated at its focus distance
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would have a primary transmission determined almost entirely by factor 1, with luttle

absorption by the covers and interspace materials.

[B067] Scatter transmission depends on the thickness of the lead foils and on the
geometry of the toils and the space between them. To a first order, the scatter
transmission is reduced by increasing the thickness of the lead foil and by increasing
the ratio of the foil height to the space between foils (grid ratio).  Scatter transmission
is further reduced by stacking two linear gnids (crossed grids) with the foils wn one gnd
orthogonal to that in the second grid although with conventionally designed aluminum
miterspace grids this reduces primary transmission thus requiring an increase in dose to
the patient. Scatter transmission is also influenced by the attenuation properties of the
interspace material. An explanation with diagrams is set forth in U.S Patent

Publication No. 2013/0272505, published on October 17, 2013,

a2
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SUMMARY OF THE INVENTION

[6008] The present invention provides an improved anti-scatter grid and a method for
the manufacture of, a linear focused anti-scatter grid with greater primary transmission

and smaller scatter transmission compared to conventionally manmufactured hinear grids.

{60091 In accordance with the present invention the grid comprises a series of walls
formed of a material that is capable of absorbing such high energy radiation, the walls
being so placed and aligned as to define the channels in such a manner as to focus any
radiation passing through the channels on a single remote Hue or point. The walls
absorb any scattered radiation, which travel transversely to the focused radiation, but
may euter the grid with the focused radiation. The radiation absorbent walls are
preferably supported by a frame, generally rectangular in outline, and in a preferred
erabodirnent of the present invention by an wnterstitial structure, extending between and
connecting the energy absorbing walls, and formed of a polymer; the polymer is
preferably foamced to be at least semi-rigid, having sufficient rigidity to support and
maintain the alignment of the energy absorbing walls, and having extremely low energy
absorbing effect. Because the primary transmussion of this invention is so high, the
ultra high performance provided by a pawr of crossed grids can be practical, with very
low dose penality. Alternatively, . the liquid, uncured polymer can be mixed with glass
microbubbles, hollow glass microspheres such as those manufactured by 3M, in hen of
foaming the polymer. Although the silicon in the glass walls has higher radiation
absorbency than the usual polymers, as most of the volume 15 air the effect of the

silicon is small.

[B018¢] The preferred embodiment of the grid of this invention can be formed with
any practical grid ratio. Higher ratio grids made by conventional methods impose a
radiation dose penalty due to the greater absorption in thicker interspaces. However the
present mvention has little radiation dose penalty from higher ratios because the foam
material absorbs only a few percent over a wide range of x-ray energies. Such low
absorptivity allows for the ultra high performance of a crossed grid with very low dose

penalty. The preferred embodiment uses lead foils between 50 and 100 microus which
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produces much better scatter absorption than the thinner foils in conventional grids.
Maore generally, the ribbons can have a thickness in the range of from 10t 1000

microns

{0011}  The radiation absorbent channel boundary can be designed to a desired or
preferable state by changing the coustituent elements, 1.e., different atomic nurabers of
its clernents, or the thickness or density of the absorbent layer, to betier suit the
absorption of x-rays of a specific range of photon encrgics. For example in an
application using low energy x-rays such as in mammography, the absorbent layer may
be only a few tens of microns thick and might wchude elernents with atomic vurabers as
low as 29. Applications requiring more energetic x-rays, such as general medical
radiography, may employ a thicker absorbent layer, which is preferably formed from
heavy metal elements with atomic numbers above 65, such as Lead, Bisnwuth,

Tungsten, or Tantalum,

{0012} The ribbons of metal need not necessarily be pure metal but may be a
powdered material mixed with binding agents {e.g., polymers) to bind a relatively high
concentration of heavy metal in the form of a fine powder, or as a compound mainly
containing elements with atoric numbers greater than 28, or as an alloy. Depending on
the application for which the anti-scatter grid is being used, the relatively high
concentration of heavy metals may be 1u the range of 40% to 98% by weight. Because
the channel boundaries are formed from foil under some degree of tension, some
desirable, highly radiation-absorbent heavy metals, such as lead or bismuth or alloys
thereof, will require reinforcement, such as by the addition of fibers or coatings (¢.g.,
Mylar) to provide adequate tenstle strength to a ribbon of the metal. This can mclude
the use of glass fiber reinforced lead foil, or a fead foil wrapped in a thin braided weave
of high tensile strength glass, nylon, polyester or other fiber materials, Alternatively, a
thin tape may be adhered to the heavy metal ribbon formed, for example of Mylar or
Kapton, two commercially available polymeric materials containing oxygen or
aitrogen, respectively. As a further alternative, the heavy roetal ribbon can be plated or
otherwise bonded to a thin metal strip, preferably high tensile strength steel or stainless

steel foils. The steel foil need only be 20-50 microns thick, As already described with
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respect to FIG. 1, the focused grid 16 of the present invention has a plurality of focused
chaunnels that allow unscattered primary x-ray beams having passed through the object

12 to impinge upon the image receptor 14, and thus form a clear, focused image.

{0013} One preferred embodiment of the focused grid of the present invention
comprises an enclosed {frame, comprising at least a pair of opposed side pieces, each
supporting and positioning a ribbon of the material forming the gnd walls. In one
erubodiruent, an assembly frame base member comprising two parallel assembly frame
members support paraliel rows of small pins 6 on opposite sides of the assembly frame
base. Each corresponding pair of pins n the two frame members provide support for a
loop of a heavy metal foil, or ribbon, extending across the assembly frame base. There
arc preferably an equal number of pins in cach row and pairs of pins on opposite rows

are parallel to each other.

{0014} In another embodiment, cach side piece is provided with a plurality of slots,
or other openings, so spaced and disposed as to hold, preferably at cach end, the
matenial forming the walls defining the chanpels, n the proper alignment. The slots are
so disposed relative to cach other as to cause the wall materials held in the slots, to be
in a configuration to focus any radiation impinging on one {ace of the grid to converge

at a focus point, or line, beyond the opposing surface of the grid.

[0015] Preferably, the grid is formed of a series of interconnected and mating
modules, each module beiug substantially identical to the other modules. o one such
embodiment, each module is essentially a ribbon, or plate, of the radiation absorbent
heavy metal material, held 1n a frame so as to maintain their juxtaposition relative to
cach other and to the radiation source and the imaging device. In anocther such
embodiment, the ribbon, or plate, of the radiation absorbent heavy metal material is
secured to one side of a suitably shaped support formed of a radiation transparent

material, also preferably held 1n a suitable trame, as above.

[0016] In cach preferred embodiment there is extending between, and defined by, the
radiation absorbent walls, a substantially radiation transparent material, which roost

preferably, is only, or primarily, air, the material most transparent to x-rays.
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Alternatively, as a means of providing additional structural support and rigidity to the
radiation absorbent walls, extending between and attached to at least one of the
immediately adjacent pair of defining walls 1s a solid support material that is also
substantially transparent to x-radiation, such as a hydrocarbon polymer or carboxylated
hydrocarbon polymer; if the polymer is thick enough to completely fill the channel
between the walls, the polymer s more preferably foamed to further increase primary
radiation transmission. The grid design most preferably contains primarily air within
the channels, so that transmission of primary radiation (T} through the grid 18
maximized, thus allowing the total radiation dose to the patient to be lower, as

compared to conventional aluminum- or steel-supported grids.

{6017} A foam could consist of a polymer incorporating glass microbubbles; these
are hollow glass microspheres such as those manufactured by 3M. Althongh the silicon
in the glass walls 1s actually not ideal, as the walls are extremely thin, so that most of
the volume of the microspheres is air, the effect of the silicon is small, and the possible

vagaries of a foaming chemical reaction are avoided.

{6018} The thickness of the heavy metal, x-ray absorbent walls defining the channels
and the depth of the channels (and thus the length, L, of the walls) can be varied to
optimize primary transmission and reduce or eliminate transmission of the scattered

radiation, for a given radiation energy.

[0819]  Oue preferred method of the present invention comprises the steps of forming
a preferred grid frame by forming the frame sides, by casting or molding, of for
exarmple, aluminuin or steel or a high strength polymer. In the method of forming one
preferred embodiment of the frame, high precision machining of the aluminum or steel
or rigid polymer frame sides, produces a series of aligned shits on opposite sides of the
frame. The planes containing the center lines of the pairs of opposed slits along the
opposing frame sides, are so aligned and juxtaposed, as to converge at a hine on the

horizontal plane of the x-~ray tube focus, as depicted in FIG, 1.

[0026] The slits on opposite sides of the frarue are precisely aligned so that slis on

opposite sides are in the same planes orthogonal to the sides of the frame in which the

-3



WO 2016/014806 PCT/US2015/041749

slots are formed. The walls can be formed of thin ribbons of heavy metal foils held
tightly in tension across the frame by the opposed slits. One embodiment is essentially
a conventional linear grid where the metal foil ribbons form planes that extend from
one edge of the frame to the other. In this embodiment the planes of all ribbons

converge to a line through the x-ray focus.

{6021} A sccond related embodiment is based upon the first embodiment, except that
a second similar frame 13 positioned over the first but with the shits and ribbons
orthogonal to those of the first layer. This design results in what is effectively a
crossed finear grid, which further reduces scatter radiation strikang the imaging surface
and results in a further improved image. The grid ratio is the ratio of channel depth to

diameter, which can be 3:1 to 20:1, and 18 preferably between 5:1 and 16:1.

{6022} In another group of preterred ermbodiments, the focused grid of the present
invention comprises an enclosed frame, comprising at least a pair of opposed side
preces, each supporting and positioning a ribbon of the material forming the grid walls,
and cach side piece provided with a plurality of slots, or other openings, so spaced and
disposed as to hold, preferably at each end, the matenial forruing the walls defining the
chaunels, 1o the proper alignment. The slots are so disposed relative to each other as to
cause the wall materials held in the slots, to be in a configuration to focus any radiation
unpinging on one face of the grid to converge at a focus point, or line, beyond the

opposing surface of the grid.

[6023]  Preferably, the grid is formed of a series of interconmected and mating
modules, each module being substantially identical to the other modules. In one such
embodiment, each module is essentially a ribbon, or plate, of the radiation absorbent
heavy metal material, held in a frame so as to maintain their juxtaposition relative to
each other and to the radiation source and the imaging device. In another such
ernbodiment, the ribbon, or plate, of the radiation absorbent heavy metal matenal s
secured to one side of a suitably shaped support formed of a radiation transparent

material, aiso preferably held in a suitable frame, as above.
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[6024] In cach preferred embodiment there s exiending between, and defined by, the
radiation absorbent walls, a substantially radiation transparent material, which most
preferably, is only, or primarily, air, the material most transparent to x-rays,
Alternatively, as a means of providing additional structural support and rigidity to the
radiation absorbent walls, extending between and attached to at lcast one of the
iomediately adjacent pair of defining walls 1s a solid support matenal that is also
substantially transparent to x-radiation, such as a hydrocarbon polymer or carboxylated
hydrocarbon polymer; if the polymer s thick enough to completely fill the channel
between the walls, the polymer is more preferably foamed to further increase radiation
transmission. The grnid design most preferably contains primarily aiv within the
chaunels, so that transmisston of primary radiation (Tp) through the grid is maximized,
thus allowing the radiation dosc to the patient to be lower, as compared to conventional

alumimum- or steel-supported grids.

[6825] The thickness of the heavy metal, x-ray absorbent walls defining the channels
and the depth of the channels (and thus the length, L, of the walls) can be varied to
optimize primary transmission and reduce or eliminate transmission of the scattered

radiation, for a given radiation energy.

{00261 One preferred method of the present invention comprises the steps of forming
a preferred grid frame by forming the frame sides, by casting or molding, of for
example, aluminum or steel or a high strength polymer. In the method of forming one
preferred embodiment of the frame, high precision machining of the aluminum or steel
or rigid polymer frame sides, produces a series of aligned slits on opposite sides of the
frame. The plancs containing the center lines of the pairs of opposed shits along the
opposing frame sides, are so aligned and juxtaposed, as to converge at a Hine on the

horizontal plane of the x-ray tube focus, as depicted in FIG, 1.

{6027} The slits on opposite sides of the frarae are precisely aligned so that shits on
opposite sides are 1u the sare planes orthogonal to the sides of the frawe 1o which the
slots are formed. The walls can be formed of thin ribbons of heavy metal foils held

tightly in tension across the frame by the opposed slits. Oue erabodiment is essentially

9
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a conventional lincar grid where the metal foil ribbons form planes that extend from
one edge of the frame to the other. In this embodiment the planes of all ribbouns
converge to a line through the x-ray focus. A second related embodiment is based upon
the first embodiment, except that a second similar frame ts positioned over the first but
with the slits and ribbons orthogonal to those of the first layer. This design resuits in
what s effectively a crossed linear grid, which further reduces scatter radiation striking
the imaging surface and results in a further improved image. The grid ratio is the ratio
of channel depth to diameter, which can be 3:1 to 20:1, and 1 preferably between 5:1

and i6:1,

16028} The method of producing the grid, in accordance with this invention results in
an improved product and avoids the cost of cxpensive tensioning apparatus being

reguired for the final grid.

10
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BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING

[602%] FIG. 1 shows an isometric view of the finished grid of the present invention,

looking down on the top cover

{0036} FIG. 2 shows a partially exploded, isometric view of the side frame, and the

interior of the finished grid of FIG. 1, adjacent the frame member;

[0031] FIG. 3 shows an isometric view of one frame member of the assembly frame

unit, showing the array of pins for holding the heavy metal strips n place;

{68321 FIG. 3A shows a parhial, maguified 1sometric view of one edge of the frame
member of FI1G. 3, showing a portion of the array of pins for holding the lead strips in

place;

{6033} FIG. 4 shows an isometric view of a partially constructed assembly frame
unit, including the opposing frame members holding the two paralle] series of pins for

supporting the heavy metal strips used during manufacture of the gnid;

{0034] FIG. 5 shows an isometric view of additional members of the assembly frame
unit, including the movable series of pins and the assembly frame member supporting

the pins, plus the thin, rigid bottorm cover of the finished gnd;

160357 FIG. 6 shows a magnified partial isometric view looking down on the
movable end of the of the assembly frame, mcluding the movable series of pins and
including the thin, rigid bottom cover, with one of the heavy metal ribbon loops placed

around one of the pins;

16836]  FIG. 7 shows another highly magnified, partially broken away, isometric
view of the movable end of the assembly frame, frony a slightly different angle than in

FIG. 6, with the heavy mctal ribbon loops placed around cach of the pins shown;

{60377 FIG. 8 shows an isometric view of the completed assembly trame with the

rigid assemibly frame cover secured thereover;

13
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[6038] FIG. 9 shows a magnified partial isometric view of the movable end of the

fully-assembled frame;

(0039} FIG. 10 shows an isometric view of the completed assembly frame with the
rigid assembly frame cover secured thercover, and after suttable tensioning, foamable,

polymerizable rotxture 1s ntroduced through an injection port under pressure;

[68048] FIG. 11 shows another magnified, partial isometric view of the movable end
of the assembly frame, after the rigid foam has set in place within the grid, removable
covers over the pio arrays are removed to expose the fully asserubled rigid gaid and
cnabling the rigid grid to be cut from the assembly frame along the edges of the gnid

covers so that it can be removed as a single rigid vmt;

{0041}  FIG. 12 shows an isometric view of an unfolded length of a heavy metal

ribbon;

[6842]  FIG. 13 shows a magnified isometric view of the end of the looped ribbon of

FIG. 12, showing the line where the two ends of the ribbon are joined;

{6043} FIG. 14 shows an isometric view of an assembly frame member for the array
of pins for holding the lead strips in place, showing the location of the holes into which

the pins fit;

{00441 FIG. 15 shows an isometric cut-away view of the support unit for the array of
pins for holding the lead strips in place, of FIG. 14, along lines A_A,, showing the full
extent of the holes into which the pins fit, and showing how the holes are angled to

support the pins in the angled manner;

(00437 FIG. 16 shows a generalized side view representation of the focused grid of

the present invention placed between an object to be imaged and an image receptor;

[00846] FIG. 17 shows a side view representation of a preferred example of the
tocused grid of the present wmvention and its juxtaposition with respect to an x-ray

SOUree;
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{60477 FIG, 17A shows an exploded view of a portion of the frame of the focused

grid of the present invention in FIG. 17;

[6048] FIG. 18A shows a side view of a ribbon of a heavy metal foil, which forms a

wall in the gnd of FIGS. 17 and 18;

[0049] FIG. 18B shows a side view of the ribbon of a heavy metal foil of FIG. 19,

where the ends of the fotl have been folded into loops;

[G056]  FIG. 18C shows a top view (from the divection of the x-ray source) of the

ribbon of a heavy metal foil of FIG. 188;

160517 FIG. 19 shows a top view (from the direction of the x-ray source} of a portion
of the frame represenied in FIG. 17 holding a plurality of ribbons of a heavy metal foil

of FI(z. 19, the ribbons being held within the slits shown 1n FIG. 184,

[6052] FIG. 20 shows a side view of the frame represented in FIG. 19 holding a
ribbon of g heavy metal toil of FIG. 188, the ribbon being held within the shits shown

wn FiGL 19,

{3053]  FIG. 21 shows a top view {(from the direction of the x-ray source) of a portion
of an adjustable frame represented n FIG. 20 for holding a plurality of ribbons of'a
heavy metal foil of FIG. 188, the vibbons being held within the slits shown m FIG,

17A;

[0054] FIG. 22 shows a top view (from the direction of the x-ray source) of the

complete adjustable frame represented in FIG. 21,

[G855)  FIG. 23 shows a top view (from the direction of the x-ray source) of a pair of
the complete adjustable frames represented in FIG. 22, juxtaposed orthogonally to each

other to form a grid of squares;

{60561 FIG. 24 shows a side representation of a system for forming a further
improved embodiment of the ribbon forming the side walls of the grid, where the heavy

metal ribbon is encased in a reinforcing tape;

13
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[6057] FIG. 24A shows side view of the tape-encased ribbon of FIG, 24;

{6058} FIG. 24B shows a top view {trom the direction of the x-ray source) of the
ribbon of a heavy metal foil of FIG. 25, where the ends are held in the frame slits by

crimped metal loops holding the ends of the ribbon; and

{00591 FIG. 25 shows one spring tension system of the frame of FIGS. 22 and 23, for

adjusting the tension on the ribbons.

14
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DETAILED DESCRIPTION OF THE INVENTION

[60606] The focused grid of the present invention as described above can be used as
an anti-scatter grid for x-ray imaging useful, for example, in the fields of medical
and/or industrial radiography. Referring to FIG. 16, the x-rays are directed from the
source {103} to pass through the object 12, to the irnage recepior 14, below. In passing
through the object or patient, some of the x-rays are scattered 20, thus reducing the
contrast in the recorded image. The grid of the present wnvention (1) s placed between
the object or patient {12} and the image receptor (14). The grid is designed to absorb as
much of the scatter radiation as possible while allowing the passage of the primary
imaging x-rays. The drawings used in this application are not necessartly drawn t©
scale, but they are presented to clearly depict the various features and aspects of the

present tnvention,

{0061} The x-rays used for radiographic purposes usually inchude electromagnetic
radiation having photon energies in the range of 10 keV to 1 MeV, For case of
explanation, the beam of radiation will henceforth be described as an x-ray beam in the
range described. However, it should be understood that all of the embodiments of the
claimed focused gnd of the present invention may be operated and function as
described using electromagnetic radiation having photon encrgies that fall cutside of
the range described above, with the boundaries or walls of the chaunels to be
constructed from material that can absorb such scattered electromagnetic radiation as

may be generated.

6062} Continuing with the description of FIG. 16, a uniform beam 18 of x-rays s
directed toward a surface of the object 12 and travels through the object 12 emerging
tfrom an oppostie surface of the object 12, Differences in x-ray attenuation along lincar
paths through the object 12 produce an x-ray intensity pattern that comprises image
information recorded by the image receptor 14, The image receptor 14 can be a device
such as an intensifying screen coupled with a photographic film or any layer of x-ray
sensitive material or x-ray sensitive electronic medium, which through one or more

steps converts the x-ray inteusity pattern info a visible fmoage or visible format.

15



WO 2016/014806 PCT/US2015/041749

{6063} When x-rays 18 pass through the object 12, they are attenuated by a
combination of scattering and absorption. X-rays which have passed through the object
12 and arc “focused x-rays” (mucaning they also pass through the gnid 16, following a
focused path as described herein) and are also referred to as “primary x-rays’; the
primary x-rays contribute to the formation of the image. That is, unscattered focused
beams-~-having passed divectly though the object 12--will mostly pass through the
channels of the focused grid 16 of the present invention. Radiation, including x-ray
radiation, which do not follow a focused path leaving the object being imaged are
referred to as scattered, and scattered radiation 20 will intersect one of the metallic
layers (or radiation absorbing layers) that define the chaunnel boundaries, which are
intended to absorb the scatter radiation to an extent depending on the composition and
thickness of the boundary and the energy of the radiation. It st be noted that some
focused x-rays, which pass in the plane of the foils will tend to be absorbed by those
foils creating a shadow image of the foils 1n the resulting 1image. It is known to provide
grid systems with a mechanism to move the grid during the x-ray exposure so that the
image of the foils is reduced, if not climinated, by the blurring resulting from the

motion, without significantly reducing the resolution of the primary fmage.

{6664] The radiation absorbent channel boundary can be designed to a desired or
preferable state by changing the constituent elements, 1.¢., different atomic numbers of
its eleroents, or the thickness or density of the absorbent layer, to betier suit the
absorption of x-rays of a specific range of photon energies. For example in an
application using low cnergy x-rays such as in mammography, the absorbent laver may
be only a few tens of microns thick and might include elements with atomic numbers as
low as 29. Applications requiring more cucrgetic x-rays, such as general medical
radiography, may employ a thicker absorbent layer, which is preferably formed from
heavy metal clements with atomic numbers above 635, such as Lead, Bismuth,

Tungsten, or Tantalum,

10865]  Au x-ray transparent material {such as air, or a hydrocarbon polymer or other
low molecuiar weight polymer which may also contain nitrogen or oxygen atoms, or

even chlorine atoms) 1s a material through which an x-ray beam travels where the
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measurable mtensity of the beamn iramediately prior to passing into the material s
substantially equal to the measurable intensity of the beam mmediately after exiting
the material. Conversely, an x-ray absorbent material greatly reduces the amount of x-
rays exiting such material compared to the strength of the x-rays that entered such
material. X-rays passing through the object being imaged, and that are scattered, 1.e.,
that do not {ollow a focused path through the chanunels of the focused gnid, intersect and
impinge upon the x-ray absorbent wall boundaries of the focused channels, and are thus

absorbed by these walls,

{3866]  The ribbous of metal need not necessarily be pure metal but may be a
powdered material mixed with binding agents (e.g., polymers) to bind a relatively high
concentration of heavy metal in the form of a fine powder, or as a compound mainly
containing elements with atomic numbers greater than 28, or as an alloy. Depending on
the application for which the anti-scatter grid is being used, the relatively high
concentration of heavy metals may be in the range of 40% to 98% by weight. Because
the channel boundaries are formed from foil under some degree of tension, some
desirable, highly radiation-absorbent heavy metals, such as lead or bismuth or alloys
thereof, will require reinforcement, such as by the addition of fibers or coatings (e.g.,
Mylar) to provide adequate tensile strength to a ribbon of the metal. This can include
the use of glass fiber reinforced lead foil, or a lead foil wrapped in a thin braided weave
of high tensile strength glass, uylou, polyester or other fiber materials. Alternatively, a
thin tape may be adhered to the heavy metal ribbon formed, for example of Mylar or
Kapton, two coramercially available polymeric materials containing oxygen or
nitrogen, respectively. The focused grid 16 of the present tnvention has a plurality of
focused channels that allow unscattered primary x-ray beams having passed through the

object 12 to impinge upon the image receptor 14, and thus form a clear, focused image.

080677 A preferred emnbodiment of the finished anti-scatter grid is depicted 1n FIG. 1.
The grid consists of an aluminum frame 1 with x-ray transparent carbon fiber covers 2

on the top and bottom surfaces. The internal siructure is evident in FIG. 2 with end cap
3 removed. The interior is filled with rigid, closed cell low density plastic foam such as

polyurethane providing support and alignment to the lead foil suspended within the
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foamn scen on end in cross-section, Other polymer foams inchude polyimide foams and
the recently developed PV foams, as well as polystyrene foams. Generally, the
chemical nature of the foam is not significant as long as 1t does not react with lead and
is formed of all low atomic weight elements, such as elements having an atomic
number preferably below 18, and most preferably below 10. The carbon fiber covers
have high primary transmission although similar covers are also used in conventional
grid manufacture. However the polymer foam material is far superior in primary
transmission than conventional aluminum or fiber based wnterspace matenial. The
heavy metal strips are embedded in a rigid polymer foam 4, capable of maintaining the
precise aligoment and separation of the ribbou surfaces 5. The edges of the rigid foam 4
can be protected by, e.g., aluminum or solid polymer boards 3, and the top and bottom
major surfaces, can be protected by, highly radiolucent material, ¢.g., carbon fiber
plates 2, that will not substantially reduce the primary radiation passing through the

grid.

{6068} As shown in the drawings, the fabrication of the preferred embodiment begins
with an assembly frame base member 7 supporting two paraliel assembly frame
members 8, 9 for supporting paraliel rows of small pins 6 on opposite sides of the
asserubly frame base 7 (FIGS. 3, 3A, 4). The pius are oricuted so that all axes converge
to a point on the grid focus line. One row of pins 26 held by support frame 8 is fixed in
posttion on the assembly frame 7, while the second row of pins 26 on support frame 9
can move longitudinally relative to the first row of pins and is adjustable to increase the
distance from the fixed row of pins o support frame 8. There are an equal number of
pins in each row and pairs of pins on opposite rows are parallel to cach other. Each
corresponding pair of pins 26 in the two frame members 8, 9 provide support for a loop
of a heavy metal foil 13, or ribbon, extending across the assembly frame base 7. The
heavy metal foil loop 13 can be reinforced by lamination on a polyester substrate to
provide teusile strength. The loop s formed by cutting the cutting the metal foil
ribbon, preferably reinforced with a polyester tape, to a precise length then splicing the
ends together with, e.g., polyester adhesive tape 113, During asserubly, loops are
placed loosely over corresponding pins & on assembly frame members 8, 9 until all pin

pairs are populated with a loop of a heavy mctal ribbon.
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[606%] The pins 6 can be round 1n cross-section, or ovoidal, or polygonal. The
critical dimension s the width of the pin 6, 1.c., the dimension in the direction
perpendicular o the top edge of the ribbon. This dimension detormines the separation

of the beavy metal wall surfaces, of the grid.

{8701 Asatis preferred that the tops of the ribbons be parallel and n the same plane,
the pins preferably increase in fongth as they are located farther from the central pin, in
order to compeunsate for the increasing incline of the pins away from the center.
Although the difference in height above the frame edge will be relatively small as a
result of the 1ucline, the best results are achieved when the top edges of the ribbons are
in the same plane, when tensioned by moving apart the two frames supporting the two

sets of pins.

{66711 Prior to placement of the ribbon loops 11 on cach pin 6, supporting blocks 10
are added to the assembly frame FIG. 5. The carbon fiber grid bottom cover 2 1s added
then the side frame supports 3 with adhesive holding the cover 2 to the side supports 3.
The ribbon loops 13 are then placed over cotresponding pias 6, FIG. 6. After all nibbon
loaps are installed, the top carbon fiber cover 2 1s installed with adhesive to the side

framae supports 3, FIG. 7.

(00721 Reterring to FIG. 8 the rigid assembly frame cover 12 1s placed over the gnd
top cover and clamped 1 place with clamps 13. A cover 14 is added over the
adjustable pin array and a cover 17 over the fixed piv array 15 and fixed in place with

thumb screws 16 into threaded openings 116 1o assembly frame 8.

[6873] Referring to FIG. 9, a pair of knobs 18 attached to screws are employed to
pull outward on adjustable pin array 9 together with its cover 14 to tension the foil
loops 11 and ensure that they are in proper alignment. Slots (not visible} within in
covers B4 and 15, aligned with the pins on frames 9,8, respectively, support the upper
ends of the tensioning pins 6 1o both arrays so that they do not bend when the

tensioning force is applied.
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[6074]  Afier suitable tensioning, the support frame 9 1s locked in position to maintain
the desired tension, and the two part polvurethane mixture is introduced through the

mjection port 17 using a mang nozzle 18 under pressure, see FIG. 10,

[0075] Refemrng to FIG. 11, afier the foam has cured in place within the grid, the
covers on the pin arrays are remaoved and the grid is cut from the asserably frame along

the edges of the grid covers using a knife 20 or other cutting instrument.

[6076] The grid is removed from the assembly form appearing as in FIG. 2 and end
plates 3 and optionally side plates, are added, attached with adhesive. The final

finished grid is as shown in FIG. L.

{60771 Prior to mitial assembly the surfaces of the pin arrays, pins covers and other
components of the assembly frame are coated with a suttable release agent to prevent
adhesion of urethane foam and to facilitate cleaning for asserubly of the next grid in

production,

[6078] In the preferred ernbodiuent depicted i FIG. 1, the polymer foam material 18
far superior in permitting primary radiation transmission compared to conventional
alumimum supports or fiber based interspatial material. Depending upon the extent of
the foarming, it 1s almost completely air. Au important factor in this design is that the
foamed polymer, ¢.g., polyurcthane foam, within the spaces between the lead/polyester
foil ribbons does vot generate safficient pressure {orce, as it polymerizes and foaws, so
as to cause distortion of the foils, and thus disturbing the focusing. Specialty foams
designed for construction msulation of spaces around windows and doors are designed
to produce minimal expansion and minimal force and should be suitable for this
application. Dow Chemucal Great Stutt Pro Window and Door Insulating Foam has the
appropriate cxpansion properties while foams designed for filling of large cracks and
spaces in construction that generate large expansion forees would not be suitable. An
example of such a suitable foam is described in U.S, Patent No. 6,410,609, Although
urethane foam, for example, can be designed to achicve a varicty of densities when

fully expanded, densities less than 0.02 g/cm® are considered to be optimal, by
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providing adequate mechanical support to the lead foil ribbons while producing

minimal absorption of primary transmission x-rays.

00791  An advantage of the rigid grid of the present invention is that it maintains the
lineartty and juxtaposition of the grid ribbon surfaces without requiring additional
hardware. In preparing the roetal strips for tensioning and immersion nto the rigid
polymeric foarn, lengths of the heavy mactal ribboun are cut by a precision cutter to the
exact same lengths, Hach such precisely cut length s formed into a loop and the cuds

secured together to form the loop as shown in FIGS. 12 and 13,

[008¢] A pair of series of pins 6, accurately aligned and in angularly juxtaposed
relationships are held in a pair of opposing, parallel frame members 8, 9. Hach frame
member 8, 9 is provided with a series of holes 26, which are precisely formed and
spaced to firmuly hold the pins 6 1 the desired juxtaposed relationships, The pins 6 are
all precisely cut 1o the desired lengths and the diameter of cach pin, and thus of the
internal diameter of the hole, 1s equivalent to the deswred foil spacing. The distances
between the holes 26 are precisely the same and equivalent to the desired foil spacing
plus twice the thickness of the ribbon walls 11, The holes 26 are formed to wdentical
depths but angled such that the central axis of each of the holes, and thus of each of the
pins 6 held therein, converge to the focus line, 1.¢., a line parallel to the surface of the
grid mudiine that s located the focus distance above the grid surface. For example the
central pins on each of frames 8, 9 arc preferably perpendicular to the frame members.
Typical general radiography grids, used in chinical radiography, are focused to 1000 or
1800 mm, representing the distance between the grid and source of the primary

radiation,

{0081} Suitable polymeric foams melude not only polvurethane foams, but also

foams, for example, from polyimides, among other polymer ruaterials.

[0082]  In another group of preferred embodiments, the focused grid of the present
invention comprises an enclosed frame, comprising at least a pair of opposed side
pieces, each supporting and positioning a ribboun of the matenal forming the grnid walls,

and cach side piece provided with a plurality of slots, or other openings, so spaced and
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disposed as to hold, preferably at cach end, the matenial forming the walls defining the

chaunels, in the proper alignment. The slots are so disposed relative to sach other as to
causc the wall materials held in the slots, to be i a configuration to focus any radiation
impinging on one face of the grid to converge at a focus point, or line, beyond the

opposing surface of the grid.

{6083} Retorring now to the embodiments of FIGS, 17-25, the basic concept of the
framae with shits to support, hold and align the metal foils, 1s shown. o FIGS. 17-19,
the slits 28 and 44, respectively, are formed along the margins of two opposing sides 24
of the open {rame, are in planes that are ahigned along straight line paths 26 to the x-ray
source 22, and extend fully through the wall of cach end of the frame 24. A thin heavy
metal foil ribbon 30 is stretched between a pair of the narrow slits 28 on opposite sides

of the frame 24, so as to lic within the aligned plane extending between the slits,

[6084] Refomring now to FIGS. 18A-C] the details of the foil ribbons are shown. The
toils are made of suitable materials with adequate tensile strength and high atomic
anuruber such as tungsten, tantalom or alloys thercotf, fabricated into foils of the desire
thickness, and cut to ribbons of height *d” and sufficient length 32 to traverse the
distance between the oppostie sides of the open frame, wcluding the opposing slus FIG.
18A. Sufficient ribbon length is cut to permit the folding of ends into a loop with a
triangular cross-section 34, shown in side view w FIG. 18B and n edge view in FIG,
18C. The purpose of the folds 34 at the ends of foil ribbons 30 is to prevent the ribbon
from being pulled through the bracket slits 28 when under tension. The shape of the
folds at the ends of the ribbons 30 is intended to maintain the foil precisely aligned with
the centerline of the bracket shit and thus with the x-ray tube when the ribbon 1s held

under tension.

{6088] Referring now to FIGS. 19 and 21, the foil ribbon 30 with folded ends 34 1s

inserted into corresponding opposed shits in brackets 44 mounted on oppostie sides of
the frame 24, As can be seen, the folded loops at the ends are too large to fit through

the slits 28, thus preventing the ribbon from slipping through the bracket when the

frame 24 is sized to produce tension on the ribbons. Referring to the preferred



WO 2016/014806 PCT/US2015/041749

embodiment of FIG, 21, the {oil ribbons are held between a fixed bracket 44 o the
outer frame 24 while a second movable set of brackets 56 can be adjusted outward to
pull the ribbons into tension across the frame, so as to msure they are aligned i the

desired focusing plane.

[3086]  In one embodiment the shits are present only ou two sides of' the grid frame
(FIG. 22), creating narrow focused channels as in conventional hinear grids. In this
embodiment, the foil ribbons 30 are tensioned between a {ixed bracket 62 and an
adjustable, movable bracket 56 on the opposite side of the frame. Referring back to
FIG. 20 an imoportant aspect of this design is that the shape of the folds 34 at the ends of
the ribbons 30 ensures that when under tension each foil 30 is precisely aligned with

the centerline of the bracket shit and thus with the x-ray source focus.

{6087}  In this embodiment the scatter rejection capability would be similarto a
conventionally fabricated linear grid with the same grid ratio, the same metal thickness
and composttion of channel walls, except that in accordance with this invention, the
presence privoarily of air in the channels between the metal nibbons ensures that the

transmission of the primary radiation is substantially untmpeded and therefore superior,

{6088}  In a second embodiment, shown in FIG. 23, there are two sets of opposing
fixed brackets 24 and adjusiable brackets 56, 58, one set positioned above the other in
two layers, producing in effect a cross-hatched pattern. This embodiment would
employ a single outer frame to which both sets of brackets are attached, so that the two
sets of brackets are locked in orthogonal alignment with respect to the location of the x-
ray focus. The advantage of this embodiment is that the scatter rejection would be
considerably improved when compared to a conventional linear grid or that of the first
embodiment, because scatter deflected into plancs parallel to the grid ribbons in the

first layer would be rejected by the transversely divected ribbous in the secoud layer.

[608%]  In both embodiments the resulting grid is preferably covered on both top and
bottom surfaces with thin Mylar polyester sheets to prevent entry of foreign materials,
such as dust, into the open channel spaces, that roight cause image shadows, Mylar

film is substantially transparent to x-rays.
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{6090} In another potentially less costly embodiment, the foil ribbons are made of
lead or bismuth {foil, possibly mixed in alloys also containing tin, antimony, ndium or
cadmiurm. In at least some of these cases, the resulting foil will not have sufficient
tensile strength to be held in tension on the frame 24, and will require reinforcement
with, ¢.g., a thin layer of Mylar or Kapton tape, such as on one or both surfaces of the
foil. The films of Mylar or Kapton used for such tapes are usually about I ml in
thickness. Alternatively a single steel reinforcing ribbon of the same thickness can be
used. Alternatively, the heavy metal can be plated on high tensile strength steel or

stainless steel foils rather than Mylar. The steel foil need only be 20-50 microns thick.

16091} A preferred process for assembly of this reinforced foil is shown in FIG. 24,
where two rolls of Mylar or Kapton tape 70 are adhered to the opposite major surfaces
of the lead, or other heavy metal foil or alloy foil 72, then fed through
compression/gauging rollers 74 then onto a take-up reel 76, A similar process may be

used with tapes constructed of polymer loaded metal powders of suitable heavy metals.

168921 In the erubodivoent ewploying reinforced lead or alloy foils, it will not be
possible to told the ends of the ribbons creating a simatlar stop to fix the ribbon in
posttion and to align it with the centerline of the bracket shit. Referring now to FIG.
248, the reinforced foil ribbons 77 are cut to procise lengths as required to traverse the
frame but a steel, brass or other suitable metal clip is formed to a triangular shape in
cross-section 82 and crimped over the ends of the reinforced ribbon. In this fashion,
the critaped metal clip 82 forms a smilar torminus on the reinforced foul ribbons so as

to fix the position in the bracket slits and to align the foil to the slit margins.

(00931  In an example of this embodiment, a grid is prepared to reduce the scatter
radiation for image receptors up to 43cm x 43¢ in size, where the x-ray source 10
focus to the image receptor 14 1s a distance of 100cru. The grid ribbons are coustructed
of tungsten fotls 10 yum high (“L”) and 100 microns in thickness, and cut to a length of
44cm. A length of 4 mum at each end is folded to produce the triangular stop 34,
Brackets 44 are produced with slits 28 cut by wire electrical discharge machining (wire

EDM) or laser cutting, to provide a slit width of 150 wicrons. The shits 28 would be
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spaced along the brackets with an angular alignment between center plancs ot 0.0573
egrees with respect to the x-ray focus and a depth of 16.5 mum. The brackets can be
constructed of angle steel beams with L-shaped cross-sections with a thickness of 3 mm
and web diameters of 11 mm. The grid frame is constructed of mild steel alloy with an
inner open area of 45cm x 45cm with a thickness of 3mum and a depth of 15mm. The
heavy metal ribbons preferably should be arranged so as to be separated by a distance

of about lmm,

{0094} Onc embodiment of the tensioning mechanism for the adjustment of the
movable frame bracket 56, as shown o FIG. 25, 18 provided preferably at both ends of
the movable bracket 56, The tensioning mechanism is constructed using an mé bolt 96,
a coil spring 100 at cach end of the adjustable ribbon bracket 56. The top and bottom
surfaces of the grid frame would be covered with 25 micron Mylar sheets held in
tension to prevent foreign material that might cause image artifacts from entering the

space between ribbons,

[6098]  In a further preferced exaruple of this embodiment the outer gnid frame of the
first cxample 1s increased in depth to accoramodate a second layer; The second layer
contains a second set of brackets and ribbons essentially identical to that in the first
layer, except that the slit separation angle would be increased to 0.0579 degrees with

respect to the x-ray tube focus.

[68096]  Continuing with the description of FIG. 16, a uniform beam 18 of x-rays is
directed toward a surface of the object 200 and travels through the object 20 emerging
from an opposite surface of the object 20. Differences in x-ray attenuation along hinear
paths through the object 200 produce an X-ray intensity pattern that comprises image
information recorded by the image receptor 14, The image recepior 14 can be a device
such as an intensitying screen coupled with a photographic film or any layer of x-ray
sensitive material or x-ray sensitive electronic medium, which through one or more

steps converts the x-~ray intensily patiern into a visible tmage or visible format.

[0097F The x~ray-transparent solid materials, forming the matn body of the grids of

this invention are preferably formed of a rigid polymer composed mainly of relatively
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low atomic number elements, (¢.g., Hydrogen and Carbon, and possibly Oxygen, and
Nitrogen) and have a physical density preferably less than 1.2g/cm’ and are thus
substantially transparent to x-rays. The x-ray transparcucy of these materials can be
further enhanced by adding a foaming agent or micro bubbles to the polymer
formulation during the molding process to further reduce the density, and thus increase

the transparency of the final material.

[0098] The unscattered and focused beams may or may not have been attenuated
when passing through the object being examined. X-rays which were scattered during
the passage through the object being exarmned, do not follow a focused path through
the channels of the focused grid, and thus intersect and tmpinge upon the x-ray
absorbent boundaries of the focused channels and are thus absorbed by these layers,
The absorbent layers are preferably formed of heavy metals such as Lead, Bismuth,
Tungsten, or Tantalum, The layers of metal can also be made from low melting point
alloys such as Low 117, Low 251 and Low 281, which are alloys of Bismuth with
various combinations of Lead, Strontium, Cadmium and Indiam. The layers of metal
may not necessarily be pure metal, but may contain binding agents {e.g., polymers} to
bind a relatively high concentration of heavy metal in the form of a fine powderoras a
compound mainly containing elements with atomic numbers greater than 40.
Depending on the application for which the antiscatter grid is being used, the relatively
high concentration of heavy metals may be in the range of 40% to 98% by weight or

volume of the absorbent layer.

(0099} Currently available grids are typically specified in terms of grid ratio, t.e,, the
ratio of channel depth to channel diameter or width, The samc approach can be used
for the focused grid of the present invention where the grid ratio 1s (/W) (1.¢., the ratio
of channel depth, L, to channel width, W), A desirable set of dimensions for a grid--
particularly a grid used generally for radiography purposes-- is that the channel width,
i.e., W, is approximately Imm. Thus, for a highly preferred range of grid ratios of §:1

to 16:1, the channel depth will fall 1o the range of 8-16 wum.
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[601006] An important performmance characteristic of a grid 15 called the primary

transmission £, which is defined by the following formula:
P = S/I(TS'i"t) e-u(E)L

where ¢ is the metal layer thickness as shown in FIG. 5, and it is assumed that J/ = V2.
The second term of the equation, viz., {c-uEL}, is an expression that reflects the
attenuation of the X-rays as they pass through the focused grid of the present invention,
where £ is the depth of the focus grid and pE is a lincar attenuation coefficient for x-ray
photons, of energy E, in the x-ray transparent material from which the arc-shaped

modules are made.

The primary transmission £ represents the percentage of transmission tha
00161 T yt P ts tt tage of t that
passes through the x-ray fransparent material for a certain width, ¥, and depth, £, of
the material and metal layer thickness, £, For a channel width, ¥, of 1.414 mum, the
metal layer thickness would range from 0.0525 to 0.25 mum for primary transmissions,
£, that range from 95% to 80% withowt the x-ray transparent material, respectively.
‘or a channel made with a polymer material, the attenuation coefficient, g, will vary
F h { made with a pols terial, the att 3 {1 t, gF, will vary
with x-ray energy and with polymer density, which desirably should be less than
2g/em3. Considering the geometry and attenuation of the polymer material, the tota
1.2g/cm3. Consid  the g try and att t £t ly terial, the total
primsary transmission at S0keV will range between 61% aund 72% depending on metal

thickness, t, and the density of the polymer material.

{00162} The various aspects, characteristics and architecture of the device and method
of the present nvention have been described in terms of the embodiments deseribed
herein, It will be readily understood that the embodiments disclosed herein do not at all
limit the scope of the present mvention. One of ordinary skill 1n the art to which this
invention belongs can, after having read the disclosure, may readily implement the
device and method of the present invention using other implementations that are
different from those disclosed herein but which are well within the scope of the claimed

invention, as defined by the following claims.

o
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CLAIMS

What is claimed is;

A focused grid for eliminating scattered x-rays while passing with minimal loss
primary x~-rays moving directly from the x-ray source, the grid comprising:

a plurality of equally spaced strips formed from radiation-absorbent materials,
where the major surfaces of the strips extend substantially parallel to the
direction of the primary x-rays and the upper edges of the strips are
substantially parallel one to the other;

a low molecular weight rigid, foamed material filling the spaces between the
spaced strips, the foamed material being highly transhucent to the primary x-
£ays;

the strips being of equal thickness and are so juxtaposed one to the other that all
are separated by an equal distance, so as to focus on the line of origin of the
primary x-rays, the centraily located strips having major surfaces extending
substantially perpendicularly to the focal plane of the x-rays;

rigid edge trames surrounding the grid and top and botiom covers of x-ray
translucent waterial over the gnd;

whereby the foam is sufficiently rigid so as to be able to hold the strips in

aligoment without other tensioning means.

The focused anti-scatter grid according to Claim 1, wherein the sirips are each
inclined relative to the adjacent strips so as to converge to a single focus line in
a plane parallel to the surface of the frame that contains the locus of an x-ray
source; the strips at one edge of the grid being inclined at an opposite angle to
the strips at the oppostte odge of the grid, and the central strips being

substantially perpendicular.

The focused anti-scatter grid according to Claim 2 wherein the inclined angle of
the strips reverse relative to a central line of the anti-scatter grid, along the focus
of the x-radiation, so that the inching is reversed on the two sides of the central

line,
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6.

-3

8,

10.

11

The focused anti-scatter grid according to Claim 4, wherein the ratio of the
height of the strips to the spacing between the strips is in the range of from 3:1

to 20: 1.

The focused anti-scatter grid according to Claim 1, wherein the radiation-
absorbent material forming the strips are a heavy metal selected from the group
consisting of lead, bismuth, tungsten, tantalum or alloys thereof, and which

have a thickness of between 10 microns and 1000 microns,

The focused anti-scatter grid according to Claim 1, wherein the strips w a gnd
set are of cqual length, and are pre-tensioned and held in tension by the foam, to
maintain the planarity of their outer surfaces and straightness and alignment to

the focus of the x-radiation.

The focused anti-scatter grid according to Claim 1, wherein the upper end of all
of the strips in a grid st are all parallel and m the same plane, and are pre-
tensioned and held in tension by the foam, 1o maintain the planarity of their

outer surfaces and straighiness and alignment to the focus of the x-radiation,

Animproved focused, anti-scatter grid, comprising a frarue, and two
transversely aligned anti-scatter grids according to Claim 1, so as to forma
combined crossed, linear focused grid, both grids being so arrayed as to have
focus hines which lie 1o the same plane, with the convergence at the location of

the x-ray source.

The focused grid of claim 4, where the spacing between the strips is in the range

of from .2 mm to 1 om.

The focused grid of Claim S where the heavy metal alloy 18 a low melting alloy

combining Bismuth and at least one of Lead, Strontium, Cadminm and Indium.

The focused grid of Claim 1 where the polymer material is a substantially rigid,

foamced polymer composed mainly of the low atomic number elements
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Hydrogen, Carbon, Oxygen or Nitrogen, and having a density of less than 1.2

grams per cubic centimeter, so as to be substantially radiation-transparent.

The focused grid of Claim 10 where the rigid polymer is selected from ABS,

Urcthane, foamable PVC, polyimide, or acrylic polymers.

A method for manufacturing a focused grid for eliminating scattered x-rays
while passing with minimal loss primary x-rays moving directly from the x-ray
source, the grid comprising a plurality of equally spaced strips formed from
radiation-absorbent materials, and a low molecular weight rigid foamed
material, formed of low atomic weight atorns, filling the spaces between the
spaced strips, the foamed material being highly translucent to the primary x-
rays; the method for manufacturing comprising:

providing a framework cormprising a bottom surface and two pairs of parallel
rigid frame edges fully enclosing an inner volume, one pair of frame edges
including a support surface on cach edge supporting a serics of pins extending
outwardly from the support surface, the two series of pins being so juxtaposed
that opposing pins are substantially parallel to cach other and the pins on cither
side of a central portion of the support surfaces each being shightly wore
inclined relative to the adjacent pins beginning from the central pins, the pins
being of substantially equal thickness and are so juxtaposed one to the others as
to focus on the line located a predetermined distance above the support surfaces,
the centrally located pins extending substantially perpendicularly from the
support surfaces;

one of the pin-supporting frame edges being movable longitudinally with
respect to the other frame edge;

forming wdentical loops of the radiation shsorbent strips and having the loops
extending around the opposed sets pins such that a loop extends from a pin on
the movable pm-supporting frame edge to a pin on the other pin-supporting
frame edge, which are paralicl one to the other and located in the same plane;
moving the pin-supporting frame edge longitudinally away from the other pin-

supporting frame edge untdl a predetermined tension is achieved ou the foil loop
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17.

18.

80 as to align the foil loop surfaces such that the major surfaces are straight and
the upper edges of the fotl loops are parallel each to the other;

scalably enclosing the tensioned loops and pins and frame cdges, forming a
sealed space including the loops and pins; and

feeding a foamable polymer into the scaled space and causing the foamable
polymer to foam and set to form a ngid foamed polyrer firmly holding the
tensioned loops in the preset pottion;

whereby the foam is sufficiently nigid to mamtain the loops in the alignrent

when the tension from the movable pins is removed.

The method for mamufacturing the focused grid in accordance with Claim 13,
further comprising separating the rigidly held tensioned loops from the pin-
supporting frames after the rigid foamed polymer has set, leaving the foil loop

surfaces held n postiion by the set foamed polymer.

The method for manufacturing the focused grid in accordance with Claim 13,
wherein the heavy metal foil is attached to and supported by a thin polymer

{ilm.

The method for mamufacturing the focused grid in accordance with Claim 13,
wherein the foamable polymer s composed mainly of the low atownc vurber
elements Hydrogen, Carbon, Oxygen or Nitrogen, and has a density of less than
1.2 grams per cubi¢ centimeter when foamed, s0 as to be substantially radiation-

transparent when foamed.

The method for manufacturing the focused grid in accordance with Claim 13,
wherein the foil loops are formed from a heavy metal selected from the group
consisting of lead, bismuth, tungsten, tantalum or heavy metal alloys thereof,

and which have a thickness of between 10 microns and 1000 microns.

The method for manufacturing the focused grid in accordance with Claim 13,
where the heavy wetal alloy is a low melting alloy corubining Bismuth and at

icast one of Lead, Strontium, Cadmium and Indium,
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A focused grid comprising: a plurality of modules, each module comprising
alternating radiation transparent materials and radiation-absorbent materials, the
modules being so assembled such that adjacently positioned modules are so
juxtaposed one with each other to form focused channels; and a frame onto
which the plurality of modules are mounted and secured in the desired

Juxtaposition,

The focused grid of Clairn 19 where the modules are substantially identical to
gach other and comprise thin, heavy metal ribbons, wherein the frame supports
the plarality of thin, heavy metal ribbons 80 separated and juxtaposed as to
define channels through the air space defined by and between the ribbons, the
chanuels focusing any radiation passing through them along a single focus hne,
the focus line contains the locus of an x-ray source, the channels comprising

primarily only air.

The focused anti-scatter grid according to Claim 20 wherein the frame
comprises at least two opposed brackets that cach 1ncorporate a phurality of
holders to support the heavy metal ribbouns 1n planes orthogonal to the long axis
of the brackeis, and that are each inclined relative to cach other 30 as o
converge to a single focus ling in a plane parallel to the surface of the frame that

contains the locus of an x-ray source.

The focused anti-scatter grid according to Claym 21, wherein cach of the
brackets define a shit for holding the ribbons at the inclined angle relative to
cach other, and the planes of the ribbons are arrayed so as to describe a fixed
angle from the focus line, with respect to the planes bisecting adjacent slits in

which the adjacent ribbons are held.

The focused anti-scatter grid according to Claim 22, wherein the ratio of the
depth of the ribbons to the spacing between the ribbons is in the range of from

3:1 10 20:1.
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The focused anti-scatter grid according to Claim 21, wherein the thin, heavy
metal ribbons are formed from a heavy metal selected from the group consisting
of lead, bismuth, tungsten, tantalum or alloys thereof, and which have a

thickness of between 10 microns and 1000 microns.

The focused anti-scatter grid according to Claim 24, wherein the ribbons in a
grid set arc of equal length, and are held o tension by the frame, to maintain

their straightoness and alignment to the focus.

The focused grid of Claira 25 comprising a frame which fncorporates two
transversely aligned sets of ribbons so as to form a crossed linear focused grid,
both sets of ribbons being so arraved as to have {focus lines which lie in the

same plane, with the convergence at the location of the x-ray source.

The focused gnid of Claim 28 where the spacing between the ribbons is 0.2 mm

tol em.
The focused anti-scatter grid according to Claim | further comprising:

an open roctangular frame containing two brackets on two opposing
sides of the grid, each bracket incorporating a phlurality of narrow slits
where the planes of the slits are orthogonal to the long axis of the
brackets and are each inclined i the direction along the slit, to converge
to a single line (focus line) 1n a plane parallel to the surface of the frame

that contains the locus of the x-ray source;

the planes of the shits arc not parallel but are arrayed along the brackets
so that the planc bisecting the slit describes a fixed angle from the focus
hine, with respect to the planes bisecting adjacent shits; the planes of the
slits on one bracket are precisely aligned with the slits on the opposing

bracket;
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the depths of the slits in the brackets along the planes extending to the
focus line are sufficient so that the ratio of the depth to the spacing

between shits is between 3:1 and 20:1;

thin, heavy metal ribbons extend through the shits in each bracket to the
opposing bracket, and have a width correspouding to the depth of shits,

and thickness in the range of from 10 microns and 1000 microns;

the width of the slits is formed to exceed the thickness of the ribbons by

50-100%; and

the two brackets extend substantially parallel to cach other so that all
ribbons in a grid are of equal length, sufficient to exceed the spacing

hetween corresponding brackets across the open frame,

The focused anti-scatter grid according to Claim 28 wherein the brackets are
constructed in pairs where one bracket is fixed to the outer open frame and the
opposing bracket is loaded under spring tension to ensure that the ribbons

between them are aligned to the focus.

A focused grid of claim 28, further comprising a frame comprising two pairs of
vertically arranged brackets forming a crossed linear grid, the upper pair of

brackets orthogonal to the lower pair; the ribbons extending between both pairs
of brackets converge to orthogonal focus lines which lie in the same plane with

the convergence at the location of the x-ray source.

The focused grid of claim 28 where the metal foil ribbons are constructed of
copper, steel or alloys thereof with an over-coating of tin or antimony for use in

mamnographic applications.

The focused grid of clatm 28 where the heavy metal foil ribbons are made of a
material with poor tensile strength, selected from the group consisting of lead,
tin, antimony bistauth and alloys thereof and further comprises a surface coating

or adhered layers of a high teusile strength polymwer, where the foil ribbon s
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strengthened on one or both surfaces of the ribbon; cach ribbon having an
opening at each end to hold a rigid rod to provide fixation and centering to the

ribbons under tension,

The focused grid of clatm 30 wherein the length of the brackets and the distance
between the brackets can be in the range of three centirueters to 4 meters, and

depends upon the application intended.

The focused grid of claim 31 where the bracket slits are machined to achieve

focus distance ranging trom a few tens of coy to 2 m or more.

The focused grid of claim 31 where the spacing between bracket shits is in the
range of from two tenths of a mm to at least 5 cm, depending on the application

required.

The focused grid of claim 31 where the bracket slits arc machined to locate the
focus point along an orthogonal to the surface of the grid frame through the

center of the gnid frame opening.

The focused grid of claim 34 where the bracket shits are machined to locate the
focus point along an orthogonal to the surface of the grid frame that is through

the midpoint of one inner edge of the grid frame.
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