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BACKGROUND QF THE PRESENT INVENTION

[0002] Systems are known in the Background Art which make an x-ray
image of a subject (x-ray radiology) for the purposes, e.g., of obtaining medical
diagnostic information about a living organism, obtaining security assessment
information about an inanimate object and/or a living organism, etc. Such
systems use a broad band x-ray beam.

[0003] It has long been recognized in the Background Art that medical
diagnostic x-ray radiology using a narrow band x-ray beam would be desirable.
The center frequency of such a narrow band would be varied in dependence
upon the circumstances in which use of the medical diagnostic x-ray radiology
arises.

[0004] A prototype has been proposed in the Background Art of a filter
to produce a narrow band beam of divergent x-rays from a wide band x-ray
beam, for use with a medical x-ray diagnostic system. The filter is interposed
between a source (located substantially at the focal point of the filter) of the
wide band x-ray beam and an x-ray detector. A subject for which an x-ray
image is to be made is interposed between the filter and the detector.

[0005] The Background Art filter uses a plurality of mirrors arranged in
a manner that resembles an annular segment of a slide-carousel having film
slides disposed therein. As such, the mirrors are vertically oriented but not in
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so as to form a void between the respective underlying structure and the
reflector, and a first set of at least two discrete shims disposed on the first set
of at least two spacers, each shim being at least substantially the same

thickness as the reflector.
[0008] At least one embodiment of the present invention provides a

first apparatus to produce a substantially narrow band x-ray beam. Such an
apparatus may include: a source of a first x-ray beam; and a narrow band
x-ray filter having a first end, a second end and a focal point located nearer to
the first end than to the second end, the source being disposed substantially at
the focal point such that a substantially narrow band x-ray beam emanates
from the second end of the filter, and a cross-section of the narrow band x-ray
beam corresponding to at least a majority of the cross-section of the first x-ray
beam.

[0009] At least one embodiment of the present invention provides a
second apparatus to produce a substantially narrow band x-ray beam. Such
an apparatus may include: an x-ray telescope; and a source of x-rays located
substantially at a focal point of the telescope near a first end thereof such that
a substantially narrow band beam of parallel x-rays emanates from a second

end of the telescope.
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[00013] Additional features and advantages of the present invention will
be more fully apparent from the following detailed description of example
embodiments, the accompanying drawings and the associated claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[00014] The above and other aspects and advantages of the present
invention will become more apparent by describing in detail example
embodiments thereof with reference to the attached drawings in which:

[00015] Fig. 1 is a block diagram of an x-ray radiology system according
to at least one embodiment of the present invention;

[00016] Fig. 2 is a block diagram of an x-ray radiology system according
to at least one embodiment of the present invention; and

[00017] Figs. 3A-3D are more detailed depictions of the filter of Fig. 1,
according to at least one embodiment of the present invention;

[00018] Fig. 4A is a perspective side view of the spacer of Figs. 3A-3D,
according to at least one embodiment of the present invention;

[00019] Fig. 4B is a perspective side view of the shim of Figs. 3A-3D,
according to at least one embodiment of the present invention;
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DETAILED DESCRIPTION OF THE PRESENT INVENTION

[00025] The present invention will be described more fully with reference
to the accompanying drawings, in which example embodiments of the present
invention are shown. It should be understood, however, that example
embodiments of the present invention described herein can be modified in form-
and detail without departing from the spirit and scope of the present invention.
Accordingly, the embodiments described herein are provided by way of example
and not of limitation, and the scope of the present invention is not restricted to
the particular embodiments described herein.

[00026] In particular, the relative thicknesses and positioning of layers
or regions may be reduced or exaggerated for clarity. In other words, the
figures are not drawn to scale. Further, a layer is considered as being formed
“on” another layer or a substrate when formed either directly on the referenced
layer or the substrate or formed on other layers or patterns overlaying the
referenced layer.

[00027] In developing embodiments of the present invention, the
following problem with the Background Art was recognized, its physics
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includes an anode 106 from which the broad band x-ray beam 107 is emitted; a
narrow band x-ray fllter 110; an alignment mechanism 108; and an x-ray
detector 114.

[00029] As used herein, the term “narrow band x-ray beam” is to be
understood as at least a quasi-mono-energetic, spatially extended beam of
x-rays, if not a substantially mono-energetic beam of x-rays.

[00030] Construction of filter 110 and alignment mechanism 108 are
discussed below. Source 104 and detector 114 are known. For example,
source 104 can be the x-ray emitting portion of an x-ray radiology device
according to the Background Art. Similarly, for example, detector 104 can be
either known x-ray film or an x-ray-to-charge converter, e.g., a charge-coupled
display (CCD). In the latter case of a CCD, a processor 115 would be included
to harvest and process data from CCD 134 in a known manner to form an x-ray
image.

[00031] Passage of broad band beam 107 through narrow band filter
110 produces a narrow band beam 112 of x-rays. Relative to anode 106,

alignment mechanism 108 moves filter 110 in at least one and up to three
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package, a piece of luggage, etc.

[00033] In Fig. 1, the x-rays that comprise narrow band beam 112
diverge away from filter 110. Such divergence causes a shadow cast by
subject 116 to be magnified. To reduce such magnification (and therefore
improve the accuracy of the resulting imagej, such 116 should be positioned as
closely to detector 114 as possible.

[00034] In Fig. 1, item nos. 104 - 115 can be considered a subsystem
102. A variation of system 100 can include an optional second subsystem 122
that corresponds to subsystem 102 and has optional similar components
124-134, respectively. Subsystem 122 is arranged orthogonally to subsystem
102, which can reduce or eliminate the need to change the position of the
subject 116 otherwise associated with using only subsystem 102.

[00035] Fig. 2 is a block diagram of an x-ray radiology system 200
according to at least one embodiment of the present invention. The system
200 is very similar in some respects to system 100, as reflected by certain
components sharing the same reference number. System 200 includes:
source 104 (via anode 106) of broad band x-ray beam 107; alignment
mechanism 108; and x-ray detector 114. Instead of filter 110, system 200
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Lf =f(DB,Lb) (1)

[00038] An additional benefit of system 200 arising from the parallel
nature of the x-rays in beam 113 is that subject 116 receives a substantially
uniform dosage of x-rays across his body.

[00039] In Fig. 2, item nos. 104 - 108, 210 and 113-115 can be
considered a subsystem 202. A variation of system 200 can include an
optional second subsystem 222 that corresponds to subsystem 202 and has
optional similar components 124 - 128, 230 and 233 - 234, respectively.
Subsystem 222 is arranged orthogonally to subsystem 202, which can reduce
or eliminate the need to change the position of the subject 116 otherwise
associated with using only subsystem 102.

[00040] Figs. 3A-3D are more detailed depictions of filter 110, according
to at least one embodiment of the present invention. Fig. 3B is a top view of
filter 110. Fig. 3A is a cross-sectional view of filter 110 taken along line
ITA-ITIA’ of Fig. 3B. Fig. 3D is a more-detailed top view of filter 110 in which
the depiction of filter 110 is rotated counterclockwise 90° relative to Fig. 3D.
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308 and base 302 so as to form a sheaf 310 of reflectors.

[00043] Two shapes in Fig. 3A are to be noted. Overall, the side
silhouette of sheaf 310 (as viewed from left to right in Fig. 3A) is fan-shaped or
trapezoidally-shaped (with the smaller end of the trapezoid being arranged to
the left of Fig. 3A and the bigger end being arranged toward the right of Fig. 3A).
Similarly, each of spacers 304 is trapezoidally-shaped in a similar manner to
the silhouette of sheaf 310, although the taper of spacer 304 is not as great as
the taper of sheaf 310. In other wordg, the upper and lower surfaces of spacer
304 are less divergent than the upper and lower surfaces of sheaf 310. In
contrast, base 302, shims 306 and top member 308 can have parallel, or
substantially parallel, upper and lower surfaces. Also, upper edge 311C and
bottom edge 311D diverge towards right side 311B and away from left side
311A.

[00044] In Fig. 3B, which again is a top view of filter 110, the top
silhouette of sheaf 310 (as viewed from left to right in Fig. 3B) also is generally
fan-shaped or trapezoidally-shaped. The smaller end of the trapezoid is
arranged to the left side 311A of Fig. 3B and the bigger end is arranged toward
the right side 311B of Fig. 3B. More particularly, the top silhouette of sheaf
310 can be described as an annular segment because a front surface 312 and a
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thickness as reflector 320. To ensure a snug fit without play between spacers
304 and reflector 320, shims 306 should not be of much greater thickness than
reflector 320 unless some other shims or packing are provided to reduce the
play.

[00047] In particular, shims 306L1 and 306R1 are disposed adjacent to
or abutting side edges of reflector 320-1 and on spacers 304L1 and 304Rl.
Spacers 304L2 and 304R2 are disposed on spacers 304L2 and 304R1.

[00048] In dependence upon the materials from which reflector 320 is
constructed, spacers 304L-2 and 304R-2 might be in direct contact with
reflector 320-1 due to shims 306L-1 and 306R-1 being the same (or
substantially the same) thickness as reflector 320-1. Alternatively, shims
306L-1 and 306R-1 can be slightly thicker than reflector 320-1 in order to
reduce compression stress upon reflector 320-1 caused by spacers 304L-2 and
304R-2. ‘

[00049] As introduced above, the two spacers 304L-1 & 304L-2 and
shim 306L-1 form a triplet, or recess arrangement, 324L-1 into which a left
side edge of reflector 320-1 is inserted. A corresponding triplet 324R-1 is
comprised of the two spacers 304R-1 & 304R-2 and shim 306R-1. In general,
for each reflector 320-(i), there will be a corresponding left-edge triplet 324Li
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ad) acent [00052] Binding mechanism 326 can take a variety of formms. For
example, binding mechanism 326 can be a nut & bolt arrangement that
compresses top member 308 and base 302 towards each other, which
compresses intervening spacers 304 and shims 306 together. A similar effect
can be achieved, e.g., where binding mechanism 326 takes the form of a clamp
assembly that clamps against top member 308 and base 302, etc., or a screw
having a head the bears against top member 308 and threads that bite into
base 302 or vice-versa. Furthermore, a similar effect can be obtained by
binding base 302, spacers 304, shims 306 and top member 308 respectively
together with an adhesive. In the nut & bolt, screw and some forms of the
clamp approach, a hole is formed in top member 308 (at least partially
depending upon the approach), the underlying stack of spacers 304 and shims
306, and base 302 (stmilarly, at least partially depending upon the approach).
[00053] In Fig. 3D, which again is a more-detailed top view of filter 110
(rotated counterclockwise 90° relative to the depiction of filter 110 in Fig. 3B),
reflector 320 is depicted with stippling to draw attention to its arrangement
relative to spacers 304 and shims 306. Again, side edges of reflector 320 are
disposed on portions of spacers 304. Sides of reflector 320 can be adjacent to
or abut shims 306. Also, shims 306 can be disposed on other portions of the
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edge 405B and the corresponding rear lower edge (not depicted in Fig. 4A) can

take on a corresponding curved configuration.

[00056] It is noted that front upper edge 404A & rear upper edge 405A,
and separately front bottom edge 402A & the corresponding rear lower edge,
can be parallel (or substantially para]iel). In contrast, front bottom edge 402A
& front upper edge 404A, and separately rear upper edge 405A and the
corresponding rear lower edge can be considered as respectively divergent.
Moreover, the angle of divergence is 8 as described below in the discussion of
Fig. 6.

[00057] If curved, then reflector 320 (and corresponding surfaces 402B,
404B, 405B, etc. of spacers 304) should be curved so as to produce
substantially the same angle of reflection any point along the curve relative to a
fixed location of anode 106. Such a curve is a function of the focal length (Lf,
see the discussion below of Fig. 6) and the body length (Lb, again, see the
discussion below of Fig. 6) of filter 110. This relation can be stated as follows.

curve = f (Lf,Lb) 2)

[00058] ' Software to determine such a curve, and its associated surface

of revolution is known, e.g., the Optica model of ray-tracing system that runs

on the Mathematica® platform (itself an integration of a numeric and symbolic
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front bottom edge 407A, front upper edge 408A, rear upper edge 410A and the
corresponding rear lower edge can be parallel (or substantially parallel).
[00061] Fig. 5 is a cross section of reflector 320, according to at least

one embodiment of the present invention. Fig. 5 is taken from the same

perspective as Fig. 3C. General manufacture of reflectors, e.g., mirrors, in the
art of x-ray telescopy is known. In Fig. 5, reflector 320 includes: a structural
substrate 500, e.g., a metal such as aluminum (AL) or glass (the latter
exhibiting smoother surface); a first layer 502 of heavy Z metal, e.g., gold (Au),
platinum (Pt) and/or iridium (Ir) formed on substrate 500; and a first layer of
carbon (C), e.g., pure carbon, formed the first metal layer 502. An interface
between metal layer 502 and carbon layer 504 defines a reflecting surface 506.
Multiple pairs of metal layer 502 and carbon layer 504 are stacked one on the
other in a typical reflector 320. For example, the number of such stacked -
pairs can be in a range of 2-200.

[00062] Fig. 6 is a side view of a portion broad band x-ray beam 107
with a side view of filter 110 (stmilar to the cross-sectional view depicted in Fig.
3A) superimposed thereon, annotated to describe a method of determining a
shape of filter 110, according to at least one embodiment of the present
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o is angular frequency; and
f is frequency.
[00065] Bragg's law for constructive reflection also is to be recalled.

2d*sinf = n\ = -I%:- (4)

where

d is the thickness of the layer (e.g., of heavy Z metal) off which the x-ray
is to be reflected; '

A is the wavelength of the x-ray;

n is any integer number; and

c is the speed of light.
According to Bragg's law, for a given A and 4, it is possible to adjust 6 to
achieve a desired center frequency of narrow band x-ray beam 112/113.

[00066] Basic trigonometry derives the following.

Lbi=—9 (5)
. sin®
di=Lbi*sina1 (6)

where
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interface between netal |ayer 502 a pc_a{aggggj”l yer 504 defines a reflecting
surface 506. Miltiple pairs of netak‘Ytayer 502 and carbon | ayer 504 are
stacked o Snal®vifiled typical reflector 320. For exanple, the nunber
of such s{ég}:cgqu}@pal rs caehé gfe%i’n a range of 2-200. [00062] Fig. 6 is a side
view of a portion broad band x-ray lpeam 107 w\th a side view of filter 110
(simlar to the cross-sectional V}’lrg depikted iin Fig. 3A) superinposed (10)

el h

t hereon, annotated to describe a of rmning a
I+ tan®0

hence,
Di=Dl1 (11)

[00069] To summarize, appropriate selection of al, a2 and n can
obtain the desired center frequency of narrow band x-ray beam 112/113.

[00070] Figs. 7A-7G are cross-sectional views (from the same
perspective of Fig. 3C) that depict method, accordingly to at least one
embodiment of the present invention, of constructing filter 110. The method of
Figs. 7A-7G incrementally builds up left & right frames (left & right stacks of
spacers 304 and 306, plus corresponding portions of base 302 and top member
308) built up from discrete components. Again, this conirasts with the
Background Art that uses upper and lower frames that are of integral
formation.

[00071] In Fig. 7A, base 302 is provided and then a first pair of first
spacers 304 are disposed thereon. In Fig. 7B, a first pair of flrst shims 306 are
disposed on outer edge areas of the upper surfaces of the first spacers 304. In
Fig. 7C, a first reflector 320 is disposed on inner edge areas of the upper



shape of fi ccording to at | east one enbodi nent nt WO
2005/ 010893%%‘?%8%3%/ 017131 13 Invention. Generally, thgélr‘@?ﬁg‘ﬂ@te’i@s to
determ ne a configuration of an x-ray reflector for the production of a
narr ow basdrfacesyobdhen @irst kspavers |304F| Theb rebhl i@rtmeO cosnpletioneof| art ficst of

narrow ban ay b fl r, 320 e O=a2-al. Filter 110
i ncl udes ﬁdﬂ %{Pﬁ&éggid%loﬁg?bé 7253?‘&&?%1"%& [00063] The term al
represents twb 2] Munmap, e71of arééEbﬁatpélﬁ dres%éeﬁd élpa&%@m aré RspESEd 86
narrow band of rays The term a2 regr esents the rmaxi mum angle of reflection

needed t omrw@@%oaébe gt 06nd Qster eddgyareapnef the lewer sprfanest s
e She RO Stg o0 8 et 3AVGR Yo BE i GPVEROE i
is energy308. i sInBIea mea$aaﬁth@)lower angﬁcaas bf etheesmqnchrspacfers; 304 are
recal | ed digpoesd Syefoa o e e 1Pl Oriiact (s aor SRAVED TWFE (GHIEE cgRe Heap fer
(e.9., of jheRphet s;ta:fa&a oPi:I&e‘ﬂ@éﬁPeﬂé&of(SQ@y 5 to be refl oot ed; Xis the
wavel ength of "the x-ra n is any integer_ nunber; and

[00073] In Fig. 7E, a second reflector 320 is disposed on inner edge
areas of the upper surfaces of the second spacers 304. In Fig. 7F, a second
pair of second shims 306 are disposed on outer edge areas of the upper
surfaces of the second spacers 304. The result is the completion of a second
reflection unit 321 (not labeled in Fig. 7F, but again see Fig. 3C). It is noted
that the sequence of Figs. 7E-7F is opposite the sequence of Figs. 7B-7C. This
is merely to illustrate that the order in which shims 306 and reflector 320 are
disposed onto the underlying spacers 304 is interchangeable. As a practical
matter, an entire assembly of a filter 304 would probably preserve the sequence
of Figs. 7B-7C or Figs. 7E-7F throughout.

[00074] In Fig. 7G, a third pair of third spacers 304 is disposed on
upper surfaces of the second shims 306. Construction continues in the
manner described above until a sufficient number of reflection units is
constructed, at which time top member 308 is disposed on the uppermost (or
nth) pair of shims 3086.

[00075] Fig. 8A is a simplified perspective side view of the Background
Art narrow band x-ray filter 802, while Fig. 8B is the corresponding
cross-sectional view thereof depicted from the perspective of looking into the
wide end of broad band beam 107 as if looking past filter 802 toward anode
106. Fig. 8C is a simplified perspective side view of narrow band x-ray filter
110 (again, according to at least one embodiment of the present invention).
filter, while Fig. 8D is the corresponding cross-sectional view thereof depicted
from the perspective of looking into the wide end of broad band beam 107 as if
looking past filter 110 toward anode 106.

[00076] Background Art filter 802 can only accommodate a thin slice of
the cross-section of broad band x-ray beam 107. As a result, only that thin



c is the sp t. According to Bragg~s law, for a S
possi bl e to%gdéf@fss{"ll@g? achi eve a desingd center frequency 0 na?’r oW and

Xx-ray beam 112/113. [000661 Basic trigononetry derives the follow ng Lbi= di(5
) sinO ( 6kxlide & bransforineshbite Mﬁaﬁ?ﬁ@ﬁ/ﬁﬂrﬁﬂ&&d@(ﬂé&&OQﬁb@ﬂMBmaabdﬂi xtimyt he

focal length fr node, 106 to rface 312 of filter 11 ef l ect or
320-1; an e&mlgy WRSteski b ﬁa Eﬁ@mﬁpﬁoﬁi’ﬁﬁl eﬁ@r E¥ élg
surface 312y m?sw] OUtIrPBéoﬁ@ﬂsQ (hlféi* 1wecatr1 ra%rcohﬁhbaawrat?»l%asﬂ-a &asi c

trigononetry also derives the following. Lfi=1 1 (l+tan29)’ 68] Basi c
tri gonorethg eaross-dectionsof Fnaroradl Ibeich g-raypi beamb 105, nf od suh al'ftball%nﬁlel

val ues of e?ltlreﬂ? WRredf: 1Ag1a+ré§ﬂ%,o at feattla +Irfa§5'n9y )(% not substantially the
entirety) of the cross-section of broad band x-ray beam 107 is transformed into
narrow band x-ray beam 112. In other words, a much smaller (if not
substantially negligible) portion of broad band beam 107 is wasted, as
indicated by cross-hatched area 806. While a system that uses Background
Art filter 802 would have to repeatedly scan subject 116 in order to obtain a
complete image, system 100 (that uses filter 110) can obtain a complete image
in many fewer scans, a lower limit being as few as only one scan, which is
significantly faster.

[00078] As contrasted with the Background Art, x-ray radiology system
100/200 can be used in a medical circumstance to achieve sharper and higher
x-ray images that exhibit improved contrast between, e.g., normal tissue and
cancerous tissue, while exposing subject/patient 116 to a relatively lower
radiation dosage (about 90% less than a broad band x-ray beam exposure
according to the Background Art). Moreover, the need for subject 116 to ingest
an x-ray contrast agent, e.g., barium (Ba) or iodine (I), can be reduced relative
to the Background Art. Narrow band x-ray beam 112/113 can be adjusted to
exhibit center frequencies that are most useful for medical imaging. Cancer
tumors at least as small as 0.2 mm - 0.3 mm can be detected with such
systems. This can lead to earlier diagnosis of disease, which increases the
chances of saving lives.

[00079] An advantage to using both of systems 100 and 200 in a
medical circumstance is that the narrow band x-ray beam exposure minimizes
radiation exposure otherwise suffered by subject 116 imaged according to the
Background Art with by a corresponding system that only forms the image only
with broad-band x-ray beam exposure. Moreover, total exposure time can be
reduced.

[00080] Where x-ray radiology system 100/200 is used in a security

circumstance and subject 116 is a living organism, an x-ray image can be made



(8) (10) UBZ(?%?O%,H%?[OOO%] To summarize, appropriate seﬁ‘ﬁg{léﬁpﬁ@‘%ﬁl , a2

and n can desired center frqguency of narrow ba eam
112/ 113. [00070] Figs. 7A-7G are cross-sectional views (fromthe sane
per specti\in ogalFtigne i) at bow deopage axpiosade tramsdssmowhetliermitsubjest 1d6& has

embodi ment_of the, present inventiaqn, of constructjng filter 110. The nethod of
Figs. 7A- UGk rW%ﬂlP‘}nmiC}O&EI%bé’r@PP a&g?ﬁaﬁﬁ?v*tyanes (left & right stacks

of spacers J06081 30GhePpHsseel! iReneids Beind thiiendesiritas eit3RA1 AW obous
menber 308) built up from discrete conponents. Agal rll"a this contrasts with the

Backgr oundhiatt then same asay dpe vagied i»wBanyr Wisys- t varigtiqns age apot to be
formati on. I I i VA £ : pai f
first sparg ggg&%%.%saé:éﬁ ggg?)’é?eggﬁgt}(ggﬁﬁf %HEI éédo‘f)%goisg—f% P{r]%h%a]{rllrv[%kl I rdé}d)
shins 306 al esudh spodifitatiormutaee bitgadedets bef hdededpsvitlsinr theescape tdfethie r st
spacers 304. In, . Fiqg.,,7C, a first reflector 320 is di sposed on inner edge
areas of tHJFSSGBbé?VEqW%%/mosgs PCTI 1 JS2004/ 017131 15 surfaces of the
first spacers 304. The result is the conpletion of a first reflection unit
321 (not labeled in Fig. 7C, but see Fig. 3C). [00072] In Fig. 7D, a second
pair of second spacers 304 are disposed on upper surfaces of the first shins
306. Quter edge areas of the |ower surfaces of the second spacers 304 are

| ocated on the upper surfaces of the first shins 306. |Inner edge areas of the
| ower surfaces of the secontemgiader of B@4 inteatiodaplefeblapker, and nay be in
contact (as noted above) with outer edge areas of the upper surface of the
first reflector 320. [00073] In Fig. 7E, a second reflector 320 is di sposed on
i nner edge areas of the upper surfaces of the second spacers 304. In Fig. 7F,
a second




pair of second shins 306 are di sposed on outer edge areas of the upper
surfaces of the second spacers 304. The result is the conpletion of a second
reflection unit 321 (not |abeled in Fi 88 7F, but again see Fig. 30. It is
noted that the sequence of Figs. 7E-7F i s opposite the sequence of Figs.
7B-7C. This..ils nerely to illustrate that the order In which shins 306 and
refl ect ¢LAMISare  di sposed onto the underlying spacers 304 is

i nterchangeabl e. As a practical matter, an entire assenbly of a filter 304
woul d pr bbabl 4 ngrreweapd xtRy filterepmpprisingsf Fi gs. 7B-7C or Figs. 7E-7F

t hroughout. [00074] In Fig. 7G a third pair of third spacers 304 is disposed
on upper surdabstatef atdhe second shins 306. Construction continues in the
manner described. above until a sufficient nunber of reflection units is
construct ed, atheafibfbnd ommoteapflertivhamits Sficked wponeastedthenon the supsteaterzath (or

nth) pair of shins 306. [00075] Fig. 8Ais a sinplified perspective side view
of the Brakeidifk inffullingar row band x-ray filter 802, while Fig. 8B is the
correspondi ng cross-sectional view thereof depicted fromthe perspective of

| ooking into i pQ@é"r . Lo ' past filter
802 toward an%ggst S%!Lvé)ggt %?%t&%gﬁf;fséﬁgs Si rrgf){l?? ?éegg&gélf g%g%:{b{lvggtﬁ%%ew ew of narrow
band x-ray filt 11 agai n, ,according tgo at |least gne enhodinent t he
present i nvent ir%i' ctor %Fé%sg‘?,onmﬁff%sﬁzfeé .(%85321129’55 FRESHr fr‘)’é‘é‘p%ﬁar%“wee“ %e
cross-sectional vjew, thereof de t'bct e fror(P t he perspective of |ooking Into

t he wi defeERfEt¥s %HH‘%‘&W&“‘B%%‘H{) g Feliestorrand) 5oki ng past filter 110 toward
anode 106. [00076] Background Art filter 802 can only accommpdate a thin slice
of the cross? 5estsetef ableastwe disseetrishims égspwé@pmﬁrs}ﬁget af plelsagt two spacgrs; hat

thin WO 2005/ 010893 PCT[ US2004/ 017131 16 slice is transforned Into a narrow
band x- reaghishiambeip st least stbsteatiabythe same ghickrisenan tho feflestonast ed, as i ndi cated by
a |large cross-hatched area 804 in Flg. 8B. [000771 In contrast, filter 110 can
accompdate at least a npjority of the cross-section of broad band x-ray beam
107, if not substantially the

2. The filter of claim 1, wherein each reflector includes:
a base layer; and
a stack of one or more mirrors, each mirror including

a heavy Z metal layer, and

a layer of carbon on the metal layer.

3. The filter of claim 2, wherein the heavy Z metal includes at least one of gold,

platinum and iridium.
4. The filter of claim 3, wherein each stack includes 2-200 mirrors.
5. The filter of claim 1, wherein the filter further includes a top member on the sheaf.

6. The filter of claim 1, wherein the sheaf includes between 2 and 300 reflection units.




entirety thereof. As a result, at least a majority (if not substantially the
entirety) of the cross-section of broad band x-ray beam 107 is transforned
into narrow band x-ray beam 112. In ofjher words, a rmuch snmaller (if not
substantially negligible) portion of broad band beam 107 is wasted, as

i ndi cated by cross-hatched area 806. Wiile a systemthat uses Background Art
filter 802 would have to repeatedly scan subject 116 in order to obtain a
conpl ete i mage, system 100 (that uses filter 110) can obtain a conplete inage
in many fewer scans, a lower |imt being as few as only one scan, which is
significantly faster. [00078] As contrasted with the Background Art, x-ray
radi ol o system 100/ 20 n d_i i I ce t o achi eve
shar per g)e/ind i ﬁ%‘?argt%’r%%gm:aﬁnﬁeggguq%%ggalgglllﬂ?ﬁ%g%n(r?%!r'f)a ebgﬁr(‘i:{g%%rﬁglgs?n%et ween, e.g.,
normal tissue and cancerous tissue, while exposing subject/patient 116 to a
relatively | dwaureeofd st BrAYRsam, 8¢ ahout 90% | ess than a broad band x-ray
beam exposure according to the Background Art). Mbreover, the need for

subj ect 116 t#ndrryedand xray, filteghaving 8 st eadem secord gnd apd ajfoeal (meint lesatedsdi ne
(1), can be reduced relative to the Background Art. Narrow band x-ray beam
112/ 113 rearer bethedjrstsind dhanato thesecond ersent er frequenci es that are nost usef ul
for medical imaging. Cancer tunors at least as small as 0.2 mm - 0.3 mn can
be det ected whtsottee beirnpydisposed sibstantiatlp dt ahel fécal @aint isach dhatqr subSiaatisity

di sease, which Increases the chances of saving lives. [000791 An advantage to

usi ng  botairoRf badSL- R bedA@nidted @8n the SecolB €hd af the ifiltel/ARd ance is that the
narrow band x-ray béam exposure m nim zes radiation exposure otherw se

suffered by sphi : | ' t I r j ot a

cor  espond: ngt Sost sseip of MRARHOALANTYAY tolin Bfco MG UL Lol dmileblly B 2
beam exposure. reogver,.total .exposure tine can be reduced. [000801 Were
X-ray ratgFSIiOSESS/ec vgtogﬁ*ef‘gét/)ﬁwqe used in a security circunstance and subj ect

116 is a living organism an x-ray imge can be nmade WD 2005/ 010893
PCT/ US2004/ 017131

8. The apparatus of claim 7, wherein the cross-section of the narrow band x-ray beam

corresponds substantially to the entire cross-section of the first band x-ray beam.

9. The apparatus of claim 7, wherein the filter is an X-ray telescope such that the narrow

band x-ray beam is formed of substantially parallel x-rays.

10.  The apparatus of claim 7, wherein the filter is constructed and arranged as in claim 1.

11.  The apparatus of 10, wherein the narrow band x-ray beam is formed of x-rays that

diverge from the second end of the filter.

12.  The apparatus of claim 10, wherein each reflector is constructed and arranged as in

claim 2.




17 in real-tine at a | ow dosage exposure to assess whether subject 116 has
conceal ed a weapon or contraband in a body cavity. [000811 The present

i nvention being thus described, it wlRobe obvious that the same nay be
varied in many ways. Such variations are not to be regarded as a departure
fromthe spirit and scope of the present invention, and all such

nodi fications are intended to be included within the scope of the present

i nvention. <remai nder of page intentionally left blank> 18 CLAIMS: 1. A
narrow band x-ray filter conprising: a substrate; and a sheaf of one or nore
reflection units stacked upon each other on the substrate, each reflection

unit inclyudi a first .Of st two discrete spacers on a respective
under | yi ng st ‘CRREY a,%usa&r%ré?ﬁe’/(i?%lrel‘ez‘?sposed on the first set of spacers so as

to forma voi tween the . respective underlying structure and the reflector,
and a first s‘gf’l%'gtFrﬁm?‘@gg"tm@\'nE iogﬁpg?@s%ﬂ%‘l di sposed on the first set of at
| east two spacers, each shimbejng at |east substantially the sanme thickness
as the refl ectherapparatusifurther| qomprises an adigstmentpait & mavg the %‘@FH Brthsratileast udes:

a base layer; and a stack of one or nore mrrors, each mrror including a
heavy Z ometdimehsigmr, and a | ayer of carbon on the netal layer. 3. The filter
of claim2, wherein the heavy Z netal includes at |east one of gold, platinum

and iridium 4. The filter of claim3, wherein each stack includes 2-200
mrrors. 5. The filter of claim1l, wherein the filter further includes a top

St Y TRIPSo T et e bt ] i
15.  An apparatus to produce a substantially narrow band x-ray beam, the apparatus
comprising:

an x-ray telescope; and
a source of x-rays located substantially at a focal point of the telescope near a first end
thereof such that a substantially narrow band beam of parallel x-rays emanates from a second

end of the telescope.

16.  The apparatus of claim 15, wherein the cross-section of the narrow band x-ray beam

corresponds to at least a majority of the cross-section of the first x-ray beam.

17.  The apparatus of claim 16, wherein the cross-section of the narrow band x-ray beam

corresponds substantially to the entire cross-section of the first band x-ray beam.

18.  An apparatus, to make an x-ray image of a subject, comprising:

the apparatus, to produce a substantially narrow band x-ray beam, as in claim 7; and




19 7. An apparatus, to produce a substantially narrow band x-ray beam
conprising: a source of a first x-ray beam and a narrow band x-ray filter
having a first end, a second end and a2focal point |located nearer to the
first end than to the second end, the source being disposed substantially at
the focal point such that a substantially narrow band x-ray beam enmanat es
from the secopdxefddbctbharrindel @6 reci the HaREH- SRALI-AY Bant K& tHadar @kjdeand
X-ray beam corresponding to at least a majority of the cross-section of the
first X-§iayndoeaiveth ihbREcAHRRAN DR fMier Gheidbiectdh ersel fh flge B Secti on of
the narro (band X-ray bean1corresponé§ substantirally to the entire
cross-section of the first band x-ray beam 9. The apparatus of claim?7,
wherein the filter is an X-ray tel escope such that the narrow band x-ray beam
is formed of substantially.parallel.x-rays.. 10.. The apparatus of claim?7,
wher oi 1 e T el B whiniot G igEhost T ol m 1 11 The
apparatus of 10, wherein the narrow band x-ray beamis forned of x-rays that
di verge froma#bsEdeond end of the filter. 12. The apparatus of claim 10,
wherein each reflector is constructed and arranged as in claim2. 20 13. The
appar at us of afheafiofionereneternrefl¢dhion funits stacked upon zhtheother et thesubstrat;@ach

di nensi on; and the apparatus further conprises an adjustnent unit to nove the
filter in theefléctlonasiit inclodingdi mensi on. 14. The apparatus of claim 7, wherein
the first x-ray beamis a broad band x-ray beam 15. An apparatus to produce a

subst anti al |y, fiaf 5@t Raieskt ¥wé acleRPacdrdon é‘Pé%ﬁé&ﬁvH%ndé}WﬁP% sthichge, an Xx-ray
tel escope; and a source of x-rays | ocated substantially at a focal point of

the telescope near, Asbiolishilld oh /MY ARL st 4P thd-BRlsods B RHAN i bbiddR oW Dand

beam of parallel x-rays enahates froma sec el escope.

respective underlying structure and the reflector;

a first set of at least two discrete shims disposed on the first set of at least two spacers,
each shim being at least substantially the same thickness as the reflector;

each reflector including a base layer, and

a stack of one or more mirrors, each mirror including

a heavy Z metal layer, and

a layer of carbon on the metal layer.

20.  The apparatus of claim 18, wherein the subject includes one or more of the following:
a living organism for which the image represents diagnostic information;
a living organism for which the image represents security assessment information; and

an inanimate object for which the image represents security assessment information.

21.  An apparatus, to make an x-ray image of a subject, comprising:

the apparatus, to produce a substantially narrow band x-ray beam, as in claim 15; and




16. The apparatus of claim 15, wherein the cross-section of the narrow band
X-ray beam corresponds to at least a majority of the cross-section of the
first x-ray beam 17. The apparatus of 2¢l aim 16, wherein the cross-section of
t he narrow band x-ray beam corresponds substantially to the entire
cross-section of the first band x-ray beam 18. An apparatus, to nmake an x-ray

i mge of a suf e¢ly deedtBF hhdpad th REceRRPME akiow BaAdPI-AHUSANAsS tHas hadubjeat | ¥
narrow band x-ray beam as in claim7; and 21 an x-ray detector arranged to

receive the n - ' j he
secoln\é end of(ﬁﬁé?g@q :%?{%F f éﬁlﬁx%‘%ga etg'1 Cebcfttg?tt%lgssc t8 g@%ﬁ& }thﬁcgg%@‘?ﬁirgﬁ%.ggérhe

apparatus of c¢laim 18, wherein the filter includes: a substrate; a sheaf of
one or nore rtg?’iegﬁ“ti on units stacked upon each other on the substrate, each
reflection unit including a first set of at |east two discrete spacers on a
respective underlying structure, a reflector disposed on the first set of
spacers so as to forma void between the respective underlying structure and
t he ref|2%t orThesapparatus of elaimf2 lawhereinsthe syled inrdudes ene pf moredfshofdlgwang:t he

first set of at | east two spacers, each shimbeing at |east substantially the
sane t hi cknessliviag biganisef foe ethioh; the andperrepresmtsadiagnusticiviforationase | ayer, and a
stack of one or nore mrrors, each mrror including a heavy Z netal |ayer,
and a | ayer of liviag bafanh fonevhigh taé ithapeatprets sEO@ it} PPREHhdHS irFbrmgdtivntrards,
wherein the subject 1ncludes one or nore of the followng: a living organism

for which they fRGmaldYj&s S5 whith #Rabd fepkddbmt BRI Lss@shb iRfrdaEA Sm T or

whi ch the inmage represents security asSessnent information; and an I nani mte
obj ect for which the image represents security assessnment information. 21. An
apparatus, to nake an x-ray inmage of a subject, conprising: the apparatus, to

produce g, subgtanti al narrow band x-ray.be ag in claim15; and 22 an
R Py debect of mad RiatakiEE ¢ ey Blnd ARy aithod bt st so t hat

subj ect
: providing a substrate; and stacking one or more reflection units in succession upon the

substrate.

24.  The method of claim 23, further comprising:
mechanically connecting the one or more successively-stacked units to the substrate

so as to form a sheaf of reflection units.

25. The method of claim 23, wherein the step of stacking, for each reflection unit,
includes:
disposing a first set of at least two discrete spacers on a respective underlying
structure,
disposing a reflector on the first set of spacers so as to form a void between the
respective underlying structure and the reflector;
disposing a first set of at least two discrete shims on the first set of at least two

spacers, each shim being at least substantially the same thickness as the reflector.




di sposed between the second end of the tel escope and the detector casts an

i mge thereon. 22. The apparatus of claim21, wherein the subject includes
one or nore of the followng: a |iving3organismfor which the inmage
represents diagnostic information; a living organismfor which the inage
represents security assessnent information; and an inanimate object for which
the inmage represents security assessnent information. 23. A nethod of nmaeking a
narrow band x-ray filter, the method conprising: providing a substrate; and
stacking one or nore reflection units in succession upon the substrate. 24.
The nethod of claim 23, further conprising: nmechanically connecting the one or
nore successi vel y-stacked units to the substrate so as to forma sheaf of
reflection units. 25. The nethod of claim 23, wherein the step of stacking,
for eachyg ef | et in@ihol ¥ baim RBChHEAEH calll RERSIPAcRELT St set of at least two

di screte spacers on a respective underlying structure, disposing a reflector
on the first ggteq£e§g% ers so as to forma void between the respective

under | yi ng stf 0P ARG t he reflector; disposing a first set of at |east two
di screte shins oqit e first set of at l|.east Em? spacers, each shim being at

| east subst ant FAFF O AGLT LGFE MHPOKFASE LIHET (NGNS | ect or. 23 26. The method of
claim 23, wherein each reflector includes: a base |layer; and a stack of one
or nore mirrors, eabeavyiZmetal layer ael ng a heavy Z netal layer, and a |ayer of
carbon on the nmetal |ayer. 27. The met hod of claim 26, wherein the heavy Z
metal includes at & kst ofmacbapfongtbe thetablayei.num and iridium 28. The met hod of
claim 26, wherein each reflector includes 2-200 mrrors. 29. The nethod of
claim 23, further conpri sing:

27. The method of claim 26, wherein the heavy Z metal includes at least one of gold,

platinum and iridium.
28. The method of claim 26, wherein each reflector includes 2-200 mirrors.

29.  The method of claim 23, further comprising:

disposing a top member on the sheaf.

30. The method of claim 23, wherein the sheaf includes between 2 and 300 reflection

units.

31. A narrow band x-ray filter comprising:
a substrate; and
a sheaf of one or more reflection units stacked upon each other on the substrate, each
reflection unit including

a first set of at least two rails on a respective underlying structure, and



di sposing a top nenber on the sheaf. 30. The nethod of claim 23, wherein the
sheaf includes between 2 and 300 reflection units. 31. A narrow band x-ray
filter conprising: a substrate; and a?8nheaf of one or nore reflection units
stacked upon each other on the substrate, each reflection unit including a
first set of at least two rails on a respective underlfyi ng structure, and 24 a
reflector di sposeda &¥lecios dispesad equthedirst sgf (0§ rails spsasity foap @ void beivasaitheen t he
respective underlying structure and the reflector. 32. The filter of claim 31,
wher ei n: each r ai | respastive naderkying stonturdansl the sdilgptor.r esenbl i ng a st aircase
having at least first and second step portions; the first step portion of the
rail, being |ocated relatively upward fromthe respective underlying
structure, represents to a first surface upon which the reflector is disposed,
and the geconthsfiRd dTRldim®, fhefelie rail represents a second surface which can
support another rail disposable thereon. 33. The filter of claim32, wherein

at |east one gfpthe i %Hs??@d{?%g,i ﬁas?z{j%fﬁgen gesglﬂhgxlk%la_l?{ag?&% Habinglat ?ééﬁpfn%? hihd On.

corresponds to a héight o VoI the second step portion
corresponds toca?f{)t}i ckn 1%Isls,of the reflector. 34. A narrow band x-ray filter
conprising: SCRHIRBYE®™4nd a sheaf of one or nore reflection units stacked

upon each other on the substrate, .each .reflection unit including base neans,
in cross-sect‘i'%ﬁrﬁ%ﬁﬁ?mBOIHBPﬂfg]P&raﬂleg@ﬁﬁIl?‘?‘?éedareiaé'tvg]iyr‘ﬂli‘éaéé i%iﬁ’(‘:‘? &t?i‘r%@?el"%e or nore
steps, respectively, for supporting a reflector on a_ respective underlying
structure, anehdeHyingestrueture repregenisio pdirgtisyacsarponvhisothsgellecterp dispeseds ™ t o

forma void between the respective underlying structure and the reflector.
35. The fil t eandothe s¢ainths&p, portiar ef the eait repoessats asacand surfaceiwbich can support

another rail disposable thereon.

33. The filter of claim 32, wherein at least one of the following is true:
a height of the first step portion corresponds to a height of the void; and

a height of the second step portion corresponds to a thickness of the reflector.

34. A narrow band x-ray filter comprising:
a substrate; and
a sheaf of one or more reflection units stacked upon each other on the substrate, each
reflection unit including base means, in cross-section having portions resembling a
staircase including two or more steps, respectively, for supporting a reflector on a
respective underlying structure, and
the reflector, which is disposed on the base means so as to form a void between the

respective underlying structure and the reflector.

35. The filter of claim 34, wherein each base means includes:




25 first step neans, being located relatively upward fromthe respective
underlying structure, for providing a first surface upon which the reflector
is disposed; and second step means for235providing a second surface which can
support another base neans disposable thereon. 36. A system to nmake an x-ray
i mge of a subject, conprising: an apparatus, to produce a substantially
narrow band xfirshystdpe areansasbeing ddcatech Rlativelydupwardxfremythdetespstictive amdenhyjegl t o
recei ve the narrow band x-ray beam so that a subject disposed between the

second end of stihivgurt] fok providiflg & fiest daifaetupon dvhidhshareficoig & difppsedyand37. The
met hod of claim 23, wherein the step of stacking, for each reflection unit,

includes: di SRR§hdGted thbddtfof Providingla $e88d sirieeRhitl cBR sBppdes RifdthdrVase
underlying structure, and disSposing a reflector on the first set of rails so

as to forma I respective underlying structure and the
R ARG vio®n

reflector. 38. claim 37, wherein: the step of stacking further

i ncludes the follow ng, configuring each rail to exhibit, in cross section, a
shape resenbling a staircase including at |least first and second steps; a
first st portion of the rail, being.located relatively upward fromthe
respectigg unée%’?"ﬁnnﬁ’@Flffiﬁ’c’&'@éﬁm@g?gggﬁ‘ﬁ’d%’cto@%“mgfst surface upon which the

reflector is disposed;, and a second step portion of the rail corresponds to a
second sur f ac@n epnagaius mprodugsrosubstanvalarariosy bandixsigy dapmeastinstaw3 1; and

an x-ray detector arranged to receive the narrow band x-ray beam so that a subject

disposed between the second end of the filter and the detector casts an image thereon.

37.  The method of claim 23, wherein the step of stacking, for each reflection unit,
includes:
dispésing a first set of at least two rails on a respective underlying structure, and
disposing a reflector on the first set of rails so as to form a void between the

respective underlying structure and the reflector.

38. The method of claim 37, wherein:
the step of stacking further includes the following,

configuring each rail to exhibit, in cross section, a shape resembling a staircase
including at least first and second steps;

a first step portion of the rail, being located relatively upward from the
respective underlying structure, corresponds to a first surface upon which the
reflector is disposed; and

a second step portion of the rail corresponds to a second surface which can

support another rail disposable thereon.






