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This application clains priority upon provisional LJ§;3 DEQ ZOOT
Patent Application having serial No. 10/452,508, filed
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incorporated herein inits entirety. BACKGROUND OF THE
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organi sm obtaining security assessnment information
about an inani mate object and/or a living organi sm
etc. Such systens use a broad band x-ray beam i
[0003] It has |ong been recogni zed in t he Background

Art that nedical dig ol ogy using a
narrow band x-ray bw.BﬁiﬁuI@E The center
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Apphicitien huiviggssriad No. rHQ//‘k@%lfi@Bo @}ed dirges, 200604r Whlch priority
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hereiti apStd entiretynd de band x-ray beam for use with a
nmedi cal x-ray diagnostic system The filter is
i nterposed between a source (located substantially at

the focal p@A@K@fRéﬂﬁﬂ JF 0E PE%@;M@@HX ray

beam and an~X-Tay ectror.
){00&5‘2] i na@rsismscarl@émwn msthmBecbgsnmmétmvsdnchhaake an x-ray

. t he_det ect The B d
imags pEa S8l sravaiadiiog” i Fos euappan et gbtaining medical
dla e itrﬁéfmb.mb@ﬁt Nl ARpUOBIarS SARINta®ling security assessment

i de-carousel having film_"slides di sposed her ei n.
mf@l;@ﬁtlotlhé et r @R sngindmpde takjaey poel/iosn divingtongenism., etc Such

systems use a broad band x-ray beam.
[0003] It has long been recognized in the Background Art that rhedical

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 baud 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



2 - 3 DEC 2001 parallel planes, rather the planes of- } DE@ 2001
the mrrors are di vergent Tegether, the mrrors have
a_fan-shaped sil houet]t‘?é_1 vi ewed from above.

- parefigh Plavst-arathe qsoa;gm FBFESTh are diRerdents ofegether, the
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0008] At |east one enpodi nent of td{‘} Pr ese i nvention
ref{ﬁ@ﬂl‘dé@lﬁ inqlpging ppabisituset ippbdseast tfi‘ﬁ%?ﬁ teafpgeers on a
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ource o X-ray beam and narr ow band
so Xad ay fohen heid rfgeterebnr the emdpeah‘s@clmdeléymgaﬁangpture and the

refiqgaoncBaid: ShAL SEhel Sharee 6P A Grep SOURSA ISP AR (3t fe frst set
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ban X-ray m emanates fromthe second end of the
thitkiness asaide ecﬂmt@s section of the narrow band x- ray

b t; .
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apfaggggf%gg%a rngc} grs%qﬁ‘%g o Su Sstta}r(]-trlaa bé’ nar ! odN ab%gg‘row 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.



an -apparatus may include: an x-ray tel escope; and a 07'
source of x-rays |located substantially at a focal -3 BEC 20

PR the tel escope near, a first end thereof such
tﬁiﬁﬁlﬁf subsh ifr‘ﬂsr aPP GHOG5H PTh Baen Respat dnveption provides a

thedr Baie Offh 3-8LF el t c
R B A SRR e S R Emhrats may
inglndsentthenfisat iappaedvsdeseationpd r abappatatpdieenak substantially
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X-ray beam so that a subject disposed between the
betweom dthen gegpnelhente pésidsp éelapeopth bt idist detecist scagis an image
i e thereon. [00012] At |east one enbodi nent of the

present invention provides a nethod of making a narrow
bED@D X2 ay At li¢est ofechnborkinkod ofayhé netdsdAt invention provides a

ovj di.n . Substrate; and.stacki one_ _or. nore )

method of THARE P nRATa dead Ty Jﬂgﬁ’r‘-t a5 theffed may include:

Pied 3] Lii-@pabnfe 288R ot Afits | .
Pr%)r es e%ta ﬁ%?gﬁlta?g’nh{/lmﬁl ga@gg@%g?% (?ISI i y apparC glfr?tn rotrsn Thetecession
uplosl tlowesnbstieted | ed description of exanple enbodinents,

t npapyi,ng drawi pgs and.t associ ated cl ai s, . .

R BE ARt A e oot Hhe ExbedE ipwention win
beoth6fe FaNgChppanchindyamt aBesiolowing HERSRM ddSeyRIMIPbf example

wi || becone nore apparent by describing in detail

enghediprantse iBe GiCREMRATTHBLCERWIREH ansk Breasvogiatadhelaims.
attached drawi ngs in which: [00015] Fig. 1 is a block
di agram of an x-ray radi ol ogy system according to at
| east one enb@REENDOECRIETIONN Sl (THNVERAWINGS

[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;

[006016] 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;



[00016] Fig. 2 is a block diagramof an x-ray radiolap :
system accordi ng to at |east one embodi ment of the OJJWEE 2007

d [00017 - 3D
OB 3o ba s e stretPH atgi oo leeior of Fidso cly 3Dhgccording
to aplégstlo%senm&i@eﬁdﬁr@et ebehhrRERRRAL | NVenti on:

[00018] Fig. 4Ais perspect Ive side view of the
[@&wllof Higs 6 Bra3dle va@fc@ﬁfda, pgrionadhd basad daamd X—ray beam of

Flé ?b n%}é\?e Iheé’P\yﬁgﬁ%efr ; sn&ﬂwt‘g%oo%ég]seg; %1% depicted

mam:g)r $A)g sipa@tindpeastl ahereym)odiniwithial thedps@ssat a method of
invention; 3 DEC 2001 _a [00020] Fig. 5 is a cross

detezmiingng & shaper e the fiferopcemrging 3 aipleast Qi ﬁmjnodﬂment of the
enbodi nent of the present invention;
prféoé%g%%]aﬁgﬁ 6 is a side view of a portion the broad
bi@022]r ay Rigam 6TA-7E gard wirphs-smestideali evews tliwm the same

pejspaeitye Safla iich Phsb SeblEiErEss ohinmrethad. coHebERto at least
ond ciEbHEN&ht of Bh& PresEMUn@eANBAL 0P toh B8 idHHE e filter of Fig. 1;

accor di ng to at | east one enbodi nent of the pr esent
| 0003 on; Higo®Zols mi gisnplified; peapreatives sidsetiavowiithe Background
f | |
Art !le’l%IP% aléagrgc‘(i: :)ijeeg? ﬁbgﬁﬁ%pﬁg: g‘géra g C%t‘rrésgo d}ﬁ {CTOSS~ -sectional
vieoneherbddanmgdnt of the present i nventl on,

eI SHITETL PR T AP
X—fg%: AR Qﬁ“ﬁlr% ray_grh | ifite P‘% lgp sgthf Bokfedpd déng cross-sectional

respondi cross-section vi ew t hereof;
vigwote#piFig. 8Cis a sinplified perspective side view
of narrow band the x-ray filter of Figs. 3A-3D, while
Fig. 8D is the correspondi ng cross-sectional view

t her eof DIPEARILBEI BESCRPRIOENO P T HEPIRBE SIRNT INMMENTORN
[ 00025] The present I nvention wll be described nor

[0G25) ¢ n "Fles prevrad Iventng Wik B skAgTRGIRRF RGBY With reference
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invention are shown. It should be understood, however that example

.—1(

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 imitation, 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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AR ORHIAGTY PatH DA BGH o ertiiders bR sep b RBlecbonstruction, the
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erpRATGH HYnBFFRE Y 586 REOBPTO $Toner
f[@@@ﬁs? Al tey %wlil iéelaybl@éﬁ <ﬁ£ d}ﬁ of"dﬂgﬁ? jwﬁéll gnegﬁegystem 100

I n ower rane and preC|s y vertic
acgprding whiaghleaisé appemboedimeritsof dherpxbsont dnvhetion. The system

108 B0eS° A 58 ket AR o blged R e Bot &t Bays that stsert

inchelks @ndnwdent06 Qrcﬂ:&lmbidhgtﬂehbrdad bans 2adf Weabh@ 07 is emitted; a

franeg mul ti ror filter having upger & | ower (or
DTGV apﬁgma}fr s 1B0% 130 AigeanE BerBaBistBohP8held an x-ray
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COL}I d facilitate |ess tedious, faster and | ow danage
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present i nvention. The system
[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 1086,

alignment mechanism 108 moves filter 110 in at least one and up to three



100 includes: a source 104 of a broad band beam 107 of3 007
x-rays that itself includesé6an anode 106 from whi ch BEC 20

el R 50, PSRN ek B RS operates,

vergnsnilagly ﬁﬁhel‘drﬁf of ¥ canfi029]nAs disadrd)etied Bptida® elements are
term"narrow band x-ray beant is to be underst ood as

adigste@ Aither guayally /5 vém PGl B0Te Fagtoss) 10 BrrisabE ne dimension
0 X Shai t S t [ - ety

to JBBMR Ofne 1B “poisto38) Ty nbfRL o e fiBe S} Le) omto a

phatdgyaphint ﬁhacMasmotG&eama'fam of assditl- bm‘rcwmmrr et (relative to
104 a t ect.or ar.e_known. .For exanpl e ur

they GogalepEh s hudf Ppﬁﬁ%wﬁw of THnsysfery 100, alignment

metChdin®:00Y08 9% i1tfed B pREEER 48k Refddat b@h@paﬂﬁﬂe& 110 onto anode
Simlarly, for exanple ector 104 can be either

10 nigw--2- BEgensiomser I@nOkhﬁanrdsmmogl@ d0Rvheser  fied) location in

ety atls RUILE 1P o Bt HE A bR R Achn 108,

p[mm&] data th)rriC@Dsﬁ:bgeatn1a6knf)\thennﬁayrretdmilc§gym ag a living
X-ray ge. (00031] Pas a e of broad b bea
OTW%EHH PSR BRI Iet pb%mﬁ?@s%ﬁeﬁaﬂ@n@nslaﬁetector 114

s0 bnrggaﬁah%%r@& Baﬁﬁy%»r&'t%a&ﬁelig gﬁ%e@%n SHHjERTBNE.  Varying

ni sm 108 noves lter 110 in east one and up
attenuahnoeleoﬁr@rnm haad X—d&ﬂ ressgnof 13 @fedﬂhremtn;gamsmf subject 116

cag %ﬂ?zglrr%gr] §]1ba nst : u Ple§ orgongr acicﬁgp‘%‘or ?ﬁlé which detector

11@pédrﬁ%rt§hﬁtmah3uaa o@dsldbjé@tdlael t A@terfmfivalyl, ysidsjedt 16 can be
one or nore m)tors) |n t%ﬁl cally one dinmension to move

Somﬁeoﬁl@éﬂf%?cﬁ andgipecis ¢ @ngwrgaﬁév@n@marbmw@m@r@ect c.g.,a
m surface or the surface of a
pa(glgégd SPR{Ee |rmhggag§h d(reI ative to the novable |ens)
He0a83]i xednpdig.t ilontlien xspace thhh eyspese 106rr@liganénbeam 112
nmechani sm 108 i use i sel aI| n a focal poi
divsres | fvay ’%r ﬂ%@e pﬁrwéi Sverdene rsALsER.e Elaagow cast by

sque'&% 18" 8 bed @ﬂﬁgnﬁ%@ hapy areliixe dsﬂl@ﬁ %ia%ﬁﬁ@ah@ﬂ a(‘éﬁd therefore
relative to filter 110, which is novable via all‘gnrren

Inpeerabie ACCoBaCy of)dgq]remltm@mage) 255b] kL& shpsldfba pesitioned as
ClOégya 0 dgfjesc?%)ro?X4 & ggs%l%tlé' ving organismsuch as a

nterpos vween filter 110 and detector
Ypb034] 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



so that narrow band x-ray beam 112 inpinges on subject - 007

116. Varying attenuation of7narrow band x-ray beam Il& DEC 2

by different parts of subject 116 cast an x-ray shadow
inchpdearan Agrantietesicopes2 bt oXdetedelpscepy, inplughng the design and

. [ i mage of subject 116.
CO%?&Q%?/fé%é??ggl\éﬁgé@eél’%q%%@ gsome o?hjer genus and
doedaaa] of Likeifiigror i nieksncope 240 prediioed a rebhjrewthand beam 113
e.g., a ackage, a pi,ece, of .| e,..etc 00033]. In
of &igivsy * BB SRS peduh aoe i EEaass rufbLrt) has doreient xorays,
be&hi819e (ﬁé@ﬁkgeaowf idléRiopt191 O)S%@ ReodhMAESE NFeat @ékﬁ%ssﬁbstantia]ly

shadow cast by subject 116 to be magnified. To reduce )
pasails] xruays.f i Shdnsiit(faem bermnet bs beingpeved i @tdeasl sghstantially

of s t:he resul ting.i e h, 116 . POSI L . .
PSP 5aE o thaf hEariort 550 PY CaTBHL 1 PEs0 bR 6 Yitte of amy
mdgr@ficdtioht entiese, 184bjecl 1b16anebé aovsbdelwdited closely adjacent

subsystem 102. A_variation of system 100 <ian i nclude
detactoptlildnalSael shicnght woresn 8biherepst dolgleiganeddlPobeing larger

t 102 and has optional simlar conponents
m%Eﬁiﬁyl%fmr)'espect ively. Subsystem 122 is arranged

ojadGRDhal |y teonssibf pslivaar path hettivehncamodeddteand detector 114,
el imnate.the need to change,the ition of .th
anSHTBD 218 PRGN WP SEPEeterAyd DR SPady i, 1) of telescope
219Ubs} SHEMHERA: 1000088k, Kidle 3 HScEnBsO Tt diagewin @BRBS telescope

x-ray radiology system 200 according to at |east one

216nbani e b aatt: {ﬂeinﬁhé%nﬂommmlgoﬂle eRamples anportom jof the path

ver | .l ar. i s 4 0. _a
reP%%ﬁggi?g&%}hggot%gﬁeﬁg%ﬁm of %lg%c%&nl%%%tahg)ré glrlre other words, the
digtefeeehsevamnbaode SY36 emP 0fescapai@d9) casobecabd@2(yimeters. In

anode 106) of broad band x-ray beam 107; ali gnnent
geRgEHani sm 108; and x-ray detector 114. Instead of

filter 110, system ZOOLF:f(BBl;ﬁg 2001 includes an (1)
x-ray tel escope 210. X-ray tel oscopy, including the
dE30@B8hnd Avoadditimdlohenefily of systeme 206 esising kewwihe parallel

00036],,Li ke filter 110, tele 0 . .
Y R Bt s st 1 K PEAP B PT £8 S8R s 1 substantially
urﬁﬂ:ﬁl'lgr‘iﬂlﬂb%édgékbé'f}%iﬁﬁ la&,ﬁ&s)s Hmagolcgiyszer gent x-rays, f beam
r oduce t el escope is comprised of .a
| B&@é)gghbstlj&htlﬁél- | 9. 1fEPalOs| 2@‘%@3%& b"é}(gf%ﬂ?dfﬁ&ﬁf115 can be
coPERIRLHS P ey EEARG 00 2k LeASHSURS! 8tk 1900 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. TFig. 3A is a cross-sectional view of filter 110 taken along line
IIA-IIIA’ 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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subj ect 116 need not be |ocated closely adjacent
Anddtide 867 19 P4 crossceeeHaEHer W eofisr 310 hekeosilong line IC-IIC of
Fi tgb&scope 210 being larger than filter 110. 100037] In
gt ims of a |inear path between anode 106 and det ect or
Ig@gégllaln e)I?nEigg BA} tfﬁa?rpdﬂt)i md@a&teéeageﬁldmdiﬁ@ badipase 302;
aody | engt Lb) .o escope 210 ca e out. 10
anagnRACHR PR4 S Ha5S 2B dh ST ERFTDER) 50F- ¢ BPeScape. spacers
30@%&%&&% Qﬁﬁuéaril%e' REIRS ¢, £ORY M RFuHD | metal, or
portion of the path Tepresented by the focal |engt
angifdr ohatetials cfpe1dtiable omannfasthengnwerwadjtiesheand suitable x-ray
¢ 1di st ancegﬁ t ween anode 106 and tel escope 210) can be
ClOHAY g4 Pers. In general, Lf =f (DB, Lb) (1)

1000381 An sadsidd endtighgneti firfsiet S0LM phideatl B8 base 302. A
fromthe parallel ~nature of the x-rays in beam 113 is

firstrehing dpjplaced o5 the BrslesPaceuddtant McopRd sPRedr P4 Is placed on
tnd PESPRLE 35 % GEE033 1, B0 s, FRAGRE byl Bof sppcer 50,
Sushsah sylseéamiPiP pakterar iodtspaceof3GY snehsRof 886 isncépebded until a
s gL Bt 500 T4 KB P i BB 53R o Bohdgp mermber
508 4 spGdly 1 it SmmBs oy BBl BB, e

of reftheters ere disprseat i renespesdonracd iy éripket ¢folsre spacers 304 and

* il SpaceonD o RS ROGEREC P bRl op merber
308emid baesBaL sbidst ey folid a AredEingt rdflecadrd. east one

enbodi nent of the present_invention, Fig. 3B s a top i
ViGap43!  f iTwershapes Apg Figa dhs afec F%ségs]éeg?‘i)nalo‘(ﬁr@% the side
: it i ol 1k Walinty AT
AT A 560, B I Lot LT 38 shaped o
traptezotdaliyhehdped dwitn the $inktler entDof $he dtrapezbid being arranged to

C t | ogkwi se 90.relative,to Fig. 3D. H 3, DEC .
the § of e rhg ArE it mifed i bithd pRam R ulbiet fi gigbt of Fig- 3a)
Sirhildriyakariabergackhe 3041 & Hperoidally-ghapld 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 Words, 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



[00041] In Fig. 3A, filter 110 is depicted as ‘, . & 7’

i ncluding: a base 302; angled spacers 304; shins 3063, UEC 200

and a _top nenber 308, Base 302, spacers 304 and shins
backpsretarehd dadd, sheaf 316F capuhensiibstantiadly gignHpr gre-segments,

0 0 ] f j e typl
resfEtfrelyc R RIS FRECE ML roBiedils  TRAHNEC el dpment: than
badi0e04Rlce 814 ceAsi an FElernafive afifont sturdpes &1 2304di lsack surface 314

carf 5 coup EEE 508, SHOELhTG pleBn: s0atrGER) S0gahofe iprlicated by
dadHdBbtraliHe BR6s 3&@&@@@18?%%@&@&13% pl aced on the

second spacer 304. Such an alternating pattern of
§0064H] 304Imritigs Gn SUBChsagadpeist adcipssreeciionalf view ehtfilter 110

. ' ' h . buic| t
S R P S T U s, T B s0ss
areWlidpoBed dirs Bisee802e| Refleetdye320-df is eldpesedr snaspmcers 304L1 and
30453, atch dlaliien 20610 SUArgs s V06 Savh o bR adel fpbretiector 820-1,
sp%;érgn%gﬁgglzgﬁaggi%&%?, rgg bokse 388 and base 302 so as to

ectors. [00043] Two shapes in
HOGO4H) ar Specebe 304B3. a0de PA4R2 tdwee gligposedd | piowretside ends of

f sheaf 310 (as viewed fr left .t Loght 4 n. Fhg, _3A
reffegtén 00RL ot ab et RGeSO FRALTS “al it i ThPIoglS: &*fector 320
is 5ORhL! SFuntadleldent haleaaisd chehb warlistngedsipaifiddi® compression.

left of Fig. 3A and the bigger end being arranged ]
Accondnglys lediimsy BOGotreiy gepayal dispesed y spagsrs ¢4 adjacent to or

304 i . : . ol

ab g R PekS of rAREARL IR0, YR DARE FohduBicRidho Ble APRARE the same

thisRaess as0efleetowB28s Jiccahsas: atdraig fpevitlodus péaf b8ieen spacers

oo 32 i, S8 B 150 LB a8 na

refg%g&a%?) Q1888 &lordd QthbP sheR! 613‘%&0}@@? réOgrovitléd®o reduce the
and t [1el, or

op nmenber 308 can have para
plasubstantially parallel, upper and | ower surfaces. Al so,
uppe

( ge . 311C an bot t s%&e hMer 4 :
rh 4"adde I@lﬁ%ﬁéﬂgaﬁv\gwigom & ?}1 gD‘?jgeﬁg 1%%_ &%@%%gg]adj acent to
or |dbititthg 3Rie Wiigeh afabfledtor 82041 vinewonf spatdrer 30401 and 304R1.
t he tOB si |l houette of sheaf f‘ééo |(Sas Vi eéggléro I%fﬁ21
Spaeers SRALZrATR GO} 25F SHRASCeTR SRAFCTS PUALLIAIGOARL-

t | dalysspanad SiahlemaeadaRf fohe whapezsicttor 320 is
i@ﬁ%‘%@ange fi%gteﬁe ngth&gl de 31 1A of Fig. 3B and the ]
cohkhgete@ndpasens r 30¢be? t wndr 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



.the right side 311E of Fig. 3B. Mre particularly, the
top sil houette of sheaf 310iocan be described as an - 3 DEC 2007

annul ar segrrent because a front surface 312 and a 9 -
comppEisso 0! HRACeSar UK ~6) 4801 SQbkdi+ 31 GuichnshEn  306L- (1) and a

coﬁuﬁdﬁ(?idg:lt hgg’rE'fe;dgg' L p:?%gﬂg}ﬁpéémpx{s%%]pe&‘ Ml drs 304R-() &

SOéRs(iﬁb)gmdtsthﬁBOGBahk surface 314. As an alternative,

f f 12 .and face 314 be

IO oo Aogediutanert Py TH HidRagr r sbageriumodtf end 304R-
shirhéli 664 %d de9bRd; shhal gtfledtbr 32846 amd &Hdbination with the

respectively. [00045] In Fig. 3C, which again is a

undedying estrgtiare. v irefegion | umtr 3201 defiess aveidg 33he  With the

& aei;ﬁ)g %\fgﬁ’ E%eﬂg%lggl sp o?gg{?o r as é&%:fl}gﬁg sﬁg@?ﬁﬁeg%l‘%ﬂfegmon unit

32 ti{sppsedllobe speftertor B2, afbr 3éHRtiomhinelh 8211 neshe underlying
avoi d gaz 1. Void 322-1 is bounded by reflector 320-1,
Sr’s:‘ﬁé‘éj@r ggdml i Bage 802rR1, and base 302. [ 00046] Spacers

refI ect or g%ﬁlﬁ% ?ﬁ %E‘Z@E’ggﬁgﬁcﬁ{ﬁg‘ﬂgﬁg%%éﬁm Top member

30$ytp|dhapb§¢d any eéfledtar U320 321N netg at@mmbr@ldﬁjfetneﬁlter 110 as
d t hus_cannot, Wit nd signific res
3B0U- o1 R ohigin et bEARSH Yhtt OB GRIRCRRAR together, e,

2-FPRCETS iBrove] ﬁﬁ@hbrﬁ@loétabﬂity‘téﬂ ik stalec @ﬁlg@ﬁeéﬁon units 321, a
refl ector 320 and are construct ed to be at | east the

bingdipg magherisns 326 cen & srrasmsd 716 s side £dgeggof biter 110 to
tor 320,
prefciaugcBlaN Eeen RO BLeodRd AldEthect of 320,

riefdgE2jor Fding efmachamﬂsm MG starstadie (vhnre:gyamﬁ forms. For

<l ol b Shabita, A sobol RN sPscment

ﬁﬁenﬁ%%é% 08 ehheCiRise3Hbdl ﬁﬂ@'al‘éﬁ Se&%herc?cher which
1 and 304 Spacers 304L2 and 304R2 are disposed

Comprgpmmtegmgaﬁﬁammoll [eoui)zsb;msn?:aé d@gd'émre @p@n:mlar effect

Ca%g’acg?ﬁ“%]&gl %é a%%wﬁ né Eﬁ“% e gﬁlo Pr%etc Stgjt bfa clamp

aséé&rhbly thit @Mmpsﬁ@mmsg lteptmeﬁlﬂjlel‘sii(agﬁa{nd b)@[sd hiﬁ@ﬁli Fétb Or a screw
eing the same (or substantia [he game) . thi ckpess
haging é‘f S ByaTs SEART ALY TBFYbeBRE aaddireadndhat bite into

ba§96§bé 8@%@@ versAht thbiskETe, ! BaBﬁ:ﬁﬁEuL Gt 3491 | dbtained by

or der
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 (similarly, 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



reduce compression stress upon reflector 320-1 cause_c_ia DEC 2007
by spacers 304L 2 and 304R-19. [00049] As i ntroduced

bove pac 304L-1 & 304L-2 shim 306L-1
SEE AUFRFY SN SPACERS POReUSt SR SRR eC EAok By 1SR AEES of reflector

32¢hich a left si de edge of reflector 320-1 is inserted.

A corresponding triplet 324R-1 is conprised of the two
sER@B4] 304Fha tep tignell shcah @D@ F(Qa& vigwedyriendiqttom to top in

f 3 h
Pigo PR R goTeRl el Shkpa ol Saleroily gpapsd dpgain, with the.
snedbegr m@d:fotﬂaesﬁapemidslﬂahg(m)raﬁ aaztbw(amg thansbi3sidbf Fig, 3D and
correspondi ng rlght edge triplet 324R|
the e BachbeisianBra Eoo R a e AYbRrR T9E) SBRd b particularly,

2005 G HOROUIAFSIOH 3081 3tk ELHEE o an cnter

segnntef | ect or 320-i. In conbination with the

u i ng st ture, reflection,unit 321-i

URGOSEL"Y R A 1 B paSpeRiie Sag e of sproht g ccording to at
leaxtlode efﬂtﬁ)cw@@j’d ¥ 11 prédéelt uhQehBbn! efireat befioMiddge 4024, front

321-(i+1) will be reflector 320-i. For reflection unit

upyEr-edgea #040n derT JANRST esidetBh aqdgas spriesnemsinggear lower edge
Fig. 3 I
e L i g
wiBse- Neﬂecgor 820i rl‘ip)aa;r tstraa:@hdil t(<yr t substaretallyl Oslaaiglte) side edges.
WSk BETRStc Qaf SHLES O S0 EL C0 Ry e rscussed
fu?ﬂ]:ﬁi@'ﬂélbw)(r) théﬂ‘ rozh Adttth diel @GQBO&ﬂ'ﬁ%ézéd%@LLOALB rear upper

bi ndi ng mechani sm 326 can be arranged e si

edge 405Bemd theteorresmnshingrsalr dowiesredgei (mtzl:_epleﬁedmn F1g 4A) can
com ng_unst a 5 mechani sm 326 can
ta?gl?@ E ﬁ?@%%?gfaﬁgg Cék’rﬁ%%%}ﬁ%r bi ndi ng
MEe0es6 M 3I?cﬁlscﬁ@tddetlrﬂatnﬂbn&d;qidr &l ean&HB&trdahai per edge 405A,
conpresses top nenber 308 and base 302 t owar ds_, eac

peparsiely Hrorlh kptless addenf@ldefi Hie SprtasPONSBNg Hisgr lower edge,
hi a\%%ﬁ Fﬁﬂn
Cazl. Bg’e‘p er e(e(%iegglﬁ%m%echagl sm %26 taﬁos t ﬁge%gﬁ?nrbo edge 4024
& cframp uppsenbﬁget%clmdassq@aatéy rep npmser €868 400A and the
base 30 etc or a ew hav ead t he bear .
coRpameting, e daiel il faph Beaaaniidired 44 SeRpieively divergent.
Moreover, the angle of dlvergence 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 (L£,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



base 302-or vice-versa. Furthernmore, a simlar effect 3DEC 2007
can be obtained by binding base 302, spacers 304,

shi 306.and, t op_neaber 3Q8 respective) t oget her _
o BLRRRY RGN BTR RSP £k OB e agngocumentation
sydteniBafll sPdent formudRRicedCtomiedtflify ks JideiBthbpitdifhhs), both of
menber 308 (at |least partially depéending uponthe

whigh es8 dagde eenmeseiplly avgileblg ky W oliprimareseggah ahec.
j 306, .hase si,mp larl at_| Ltial.l
?@g@'ﬁ" |]ng o pogﬁ%l%apgﬁéggh L{PVF%OO%% %Rp%?%ﬁag%j wht double
refbgaion ivia dwtrefleleting |@dveop Foewxainplel ttBerd 18n be a parabaloid
%Otfted %qﬁk’clockwse 90 relative to the %epiction )
negfert ¢ @aﬁ_ _ RSV 2 X1ays dEpar 2398 L0@eprek aghyperboloid
rectifiBeStirRpl kBe iR BAINA PheAbAIBN by s ar rangement

rela o spacers 304 and shins 306. Again, side
dOPOSQk r Rigediois a2perapective sppde adewrolpsinim 306, 0éiccording to at

spacers 304,. Si de f reflector 320 c be ,adj, acent, t
tea3f ! ST Reguesefif ifestin it FEBEE R gs 2074, front
uppthedgpold8ANseAf upper tlge 4B 0EENA0E conBSposdiiBE@Ofower edge
spacers 304 not otherw se occupi ed by side edges of

(nateflepiated impiig. pdosap Thetraghti(prondigtansallgheianigh) surfaces

. : b ; . e _
GRS SR B RLOB RO GLn i Sanfly= SRR eide cdges
Alterthtivély, .wheralther sidlededges bé reflaprroBaObatangiavednggdin, to be
disci2E 3% S POLIOT Al qﬂt%@&%@g@& R ot dppet e 4088,
resgaﬁbb%ylﬁgemmgggga%é hbﬁ@%@m réﬁﬁﬁw&[lgggg éﬁbﬁ depicted in

D can be descri as an annul ar Segnent.
Figri 4B) 4an $ake gt speortopponilieg vuewedfcapidimatiood, It is noted that

o iRt Bnedds 307 A, 330 ERsE Y88 0% ot vgpt B354 104 and tme
coddpontiass regpRiwadgts 40 banstutliie] (@ eisPRRiANY Hoallel).

| ower edge _ (not depicted in Fig.. 4A) can_be straight
(19008 st adtigar §5 & FEASShE§Cian Padedlecigredelr ece to at least
20mhaRlisiddl ghtineohraddist j S i gh '
Ongdges. Al terggttlh\(/ae )r/ V\he?fg;étrﬁiedﬂs/'i dgE 'dgeisg g?kgﬁ from the same
persgidatiyecas 320 3Ce Eianardl manlectivst of sefiectors, tdigr, mirrors, in the

b t f r ont, bot t 02B, f d
artyGh B avelstony R Iepgutiaoks MRy PPt cesb R ST oap structural
subStRlte €500, (81gt, dephetddsiibhFhg. atbhisam B&KeoPNglass (the latter

correspondi ng curved configuration.
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 (similar 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



- [00056] It is noted that front upper edge 404A & rear . ;
upper edge 405A, and separatsely 'front bottom edge ~ 3 DEC 2007

inf it | Tl PR, parTRAnes 1B peldtiuingner sopfguration of an
x-1eyOrdfldetbt oon e6lgpré@dbtios &ff @ HarkPRBartdiserAPHAanAfe known. In

_separately rear uUpper edge 405A and the correspondi n%
Fig.e@r thedermedgés dhn 1580 ErRUTeY babgettiayebgam 112 for each

<ot 991, LRty 19,0001 R 0l ASNGR 50008 for ot

reddlutionvefd ndt. hen refl ector 320 (and correspondi ng

S 402B, . 404B, 405B, etc, of spacers 304)_shoul d
BAGREE o S teits o} geesrBbibE RGN ARGl G ection needed

to %&ie@aﬁé‘ thef H@éiféc?'heﬁ%w?@éﬁﬁ &t enGvishe Teiar Y&Iﬁe&?tfe‘b%esents the
to a fixed |ocation of anode 106. uch a curve Is a

maxgnawinp angle td ereflsetion nagded (tof genersde tthe desicadsharrow band of

bel owQf Fig. 6)_ an e..body l.en L agal se
e el sh RS B vl B B Pl A R usea.
r H@064N capnke oft diedeg@satiohbo¥s: b, Swhidl frdliles energy to
(2) [OQOSGL@Software to determ ne such a curve, and
froquengys e tabsdaesaiedce of revolution is known, e.g.,
the Optica nodel of ray-trac'ﬂpg systemthat runs on
the Mathematica(r) plaBtpoit+tself an integration of a 3
nuneric and synbolic 12 3 DEC 2001 conput ati onal
engi ne, graphics system progranm ng | anguage,
umentation system and system for advanced
conmegd éMétgy;t 0 other applications), both of which are
made commercially avail able by Wl fram Research, Inc.
[ 000595 Banekiseanstanh curves are approxi mat ed using
doub ' | 8. refl ecting curves. For
exarrcé)leig, %@%ﬁ%ﬂle&&a%abal oid nearer to and
I ni fiiglftequeansi. ving a x-rays from anode 106, and a
hyper bol o1 d_ recei vi x-rays reflected off the
oIPG08BL’ 1 ‘Brrees Wodasspralgciie FhegtaBialsads to begegatied
vi ew of shim 306, according to at,. | east one embodi ment
of the present inventi @d*siffr-onk =bettom edge 407A, front (4)
upper edge 408A, rear upper edge 2110A and the
correspondi ng rear | ower edge (not depicted in Fig.
WHEE can be straight (or substantially straight)
sur fageshe Whedke deef éﬁ&i@lay%‘iQe%a.Soﬁ heavy n{edal) off which the x-ray
g .

substantially straight) side edges.
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 d, 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:-f'h— (5)
sind
di=Lbi*sinod {5))

where



. Alternatively, where the side edges of reflector 32_,03 DEC 2007
are curved (again, to be disicussed further bel ow), v

th fr bot t 40713, f d 4083, '
r ealPlspehc el Yot fionk reioclsr 08 JoHPRY SedRcs Sur of filter 110
forefigRctpOB20ePIgied in Fig. 413) can take on a

correspondi ng curved configuration. It is noted that
f r oAl it epprogenalion, off funlengtheof Buyard G@gmemaof front surface

P ) 1 n h rrespondi ar | ower edge
SLYREREREe b aiiRey LhtedRe SPOMEARAET) . [oooe
FHOP087] s Basiogsigoeoniey elsd aétiees ehe 330ewageor di ng
to at | east one enbodi nent of the present invention.
Fig. 5is taken fromthe [sanme _perspective as Fig. 3C
General manufacture ofrgeflectdrs. elgs mrrors, in (7)

the art of x-ray tel escopﬁglifmh Wl In Fig. 5,
reflector 320 includes: a ructural/ substrate 500,

e nmet.al .such as al um num,( AL | ass. (the

Igﬁ%qgl ext#%ﬁ’?&??&ogﬁﬁ%?tﬁ% %‘hfl%’é‘?{éﬁ %ﬁg@ﬁ?@g-ayer 502

of heavy Z netal, e.g.pigphekigbhu), platinum (Pt) (8)
and/or iridium (Ir) fornmed on substrate 500; and a

anfli rst |layer of carbon (C), e.g., pure carbon, forned
the first netal |ayer 5% An interface between netal
yar
[

| ayer 502 and carbon | a 504, defines a reflecting
=gl Dllayer 502 and 9)
dma@zezh the other in a

surface 506. MiltipleD
carbon | ayer 504 are sta
typi cal reflector 320. For''exanpl e, /the nunber of such
angll dekethalpadligsc@mobe 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 (sinmjlar to the

cross-sectional view depjct edlin Fig. 3A) superinposed (10)
t hereon, annotated to de g i be a.\met hod of determ ning

a shape of filter 110, @o#ﬁ‘?ﬂaa tjo at | east one

enbodi nent of the present 13 3 DEC 2007 invention.
hepgReral |y, the mathematics to deternmine a configuration
of an x-ray reflectorpfopthe production of a narrow (11)
band x-ray beamare known. In Fig. 6, the termO is
t 088! utToswhmarizowapprdprataysdeearton 121 f of , eazhand n can

oof ) B8 72851081 Bl bra bl bt o b SRa i1
TIFOGPOIM alFiLepr e2eG the NdisBBcRMe Ofiehal | 8RdhoNthe same

needed to generate the desired narrow band of x-rays.
persreatBiom ai? i8p r&skrthatt giepict 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 contrasts 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 first 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



maxi mum angl e of reflection needed to generate the_ @EC 2007
desired narrow band of x-rags. The termn represents

the nu r reflector 321 |ng u [00064] One of
SRR o a0t oFP RGO Beilieds ot gprgletion’ of a first
reﬂ%&ﬁ@ﬂ%ﬂ‘iﬁ 3215 gﬁ&t fé%eﬁ&fﬁ{ 7(9:l§ut sée T ):]),C)Nhe'r e Eis

energ anck's COI’]St ant CoO IS an

ﬂaeqa&hcy Ixarﬁig 7D, st $¢mﬂbp@y of[mwm spreayy 304 awe fdisposed on
o SEPSHHAELLYS e be, s EoRR. | L& REUCKRH: g 1oper surtaces

of {1y 8écdred %pac@fs @@@Vﬁre?—ldtﬁl’c@ﬂ oroflie \MEUI:@E& digaded 8f thé Sirst shims
to be reflected; % .is the wavel ength of the x-ray

306 slamgr edgegereasupbdhe lameTcswEaceR of i S@ﬁomqigwacers 304 are
cifSBAYER, HAOTHAIRS f Yokt 58 BBty dirc e axcanof
thef nppeesoyfzoke crfaﬂxeoﬂ\rdcha:nﬂextma’t?ﬂmeam 112/113. [00066]

oo ST B 5 B e oty 8] g e
arera@e?f PEahy (#I%i%ﬂxfa%@m Fngresd@hd epheers sourf agerl 271of a second
filter

for reflector 320-i; and di is an
paizppf osacﬁmil shiofs 366 lasngeispesed henapulere gaght axgas §nthe upper

suﬁé%:%% g)? aq;l%é ?s\ﬁ?fts.pggérsbgogp Irfiedelsiit 1180 L icro%pleﬁon 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 306.

[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



[00067] Basic trigononetry also derives the follow ng. 2007
Lfi= 1 *Lfl (7) (1 + tan2e)is_| [00068] Basic 3 DEC

U R SLIRRTETE SR .
beéﬁﬁ' @3 i9twdktdd, As Gﬁ@icaté‘d b9 | Fb&o@@?ﬁﬁchai aTE% 5014131'1 Fig. 8B.

[ 00069] To sunmmari ze, propri ate sel ection of at

dﬁ@ﬂﬁ' dan Inb@@’nﬁraﬁheﬁ]d@lsulrl@dcmrﬂ@omMméa@t Isfast a ma]Onty of

oSS BT  Yrafil g A bR M Bncf Rty the

en’dﬁeﬁy Sterdofiat Adepi atesok, hald leastc ar dhayokityt (if aio’d gabbtantially the
one gbodlnent of the present |nvent|on
enideitgt phihe @0%18@5110@1@ bregel bR d gar be%émm trapsformed into

natr gﬁeﬂﬁq&a% ﬁé&?%érﬂﬁ YA o, effn&o%iﬁogvgﬂaléneé &R Smaller Gf not

t stacks spacers 304
subsiandiibn dnegligible)i postioh lohsbraoR baudt dq@am nb6F7 i808jasted, as

il B R SRt Al eha TEile, P Shiee g uses Rpckeround
Al a¥RF doRrRsSuld alavare ﬁépéaﬂé Qéanfé@fbgééﬂ on6 iP@Pddd to obtain a

In Fig. 7A, base 302 is provided and en a first pair
completerisrags pusien 209 Ghat wsspdid 1 HOr em ohtairFiagcomplete image

in glége{r?reg%g' o‘fﬁ{l‘%’f ért%'ivei'hhﬂﬁ %%?n ra?s {%178#'0 BheLUEER, which is

e upper sur ace spacers
sigd®ficantly fastgr. 7C, a first reflector 320 is d| sposed on

SO0l ° 03 Retisted SpbRaRe Hodkenid dubi ¥y wapology system
10099806419 BeOhiséd i Sedical 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



. reflection unit 321 (not labeled in Fig. 7C but see J DEE‘ZUU7
Fig. 3C. [00072] In Fig. 7D17 a second pair of second L

S .S 3 re di sposed on ‘u r surface the
n?PAARiRe s S0k JPHE silostigo,obeS audhes Frbises 116 has
confetlvel &evarytbrs pacehsradhdirealnast edvign t he upper

I nner” edge areas of

SHgésgig of, the first shins 306.
t r shPf Rescst inKender Jrringptues slesonbatle it will be obvious
thdt SPeSesRY hﬁaﬁﬁ ( ye

V\At%@outer g%aquérj‘erg%%g?ﬁl the Bxp@?é'sur 3@2“%?311?%28 dre not to be
regardad asfd departiGedrofnOlerSpiritrarkd gcopE of dthegnesent invention, and

weflector . 320 is dispgsed on inner edge reas of the

alf, Sch” b qilgauoR ehg ToEcuit dfacer Svded| Wiihig, i scape of the

prés&onshvep@ion.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 |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
nmerely to illustrate éhat the, order in which shins 306
and reflector 3G H Pposindentienplisit ey vi ng
spacers 304 is interchangeable. As a practical mtter,
an entire assenbly of a filter 304 woul d probably
preserve the sequence of Figs. 7B-7C or Figs. 7E-7F
t hroughout. [00074] In Fig. 7G a third pair of third
spacers 304 is disposed on upper surfaces of the
second shins 306. Construction continues in the manner
descri bed above until a sufficient nunber of reflection
units is constructed, at which tinme top nmenber 308 is
di sposed on the uppernost (or nth) pair of shins 306.
[00075] Fig. 8Ais a sinplified perspective side view
of the Background Art narrow band x-ray filter 802,
while Fig. 8B is the corresponding cross-sectiona
vi ew-t hereof depicted fromthe perspective of | ooking
into the w de end of broad band beam 107 as if | ooking
past filter 802 toward anode 106. Fig. 8Cis a
simplified perspective side view of narrow band x-ray
filter 110 (again, according to at |east one
enbodi nent of the present invention). filter, while
Fig. 8D is the correspondi ng cross-sectional view
t hereof depicted fromthe perspective of |ooking into
the wi de end of broad band beam 107 as if



‘1 ooking past filter 110 toward anode 106. [00076] -3 DEC
Background Art filter 802 can only accommobdate a thin
slice of the cross-sectiongf broad band x-ray beam
107. As a result, only that thin 16 3 DEC 2007 slice
cLAStransformed into a narrow band x-ray beam Most of
road band x- ray beam 107 is wasted, as indicated by a
1 Ig&ge Cr oSS+ 1ﬂ§ area .804 in Fig. 8B. [00077] In
T F5§¥ aﬁqrf%& E’iﬁo@gﬂm%commdate at least a
£ ¥ t he cross-section of broad band x-ray beam
1@?“ a‘h@? substantially the entirety thereof. As a
resul-t, at least a majority (if not substantially the
r@tﬂhr:@tqf)onsfor nivae eaflssiBorswmitsi stavked uprosedh béred ox tliayubbiess) each
107 is transfornmed into narrow band x-ray beam 112. In
reflectibhenit waihating a nuch smaller (if not substantially
negli gi bl e) portion of broad band beam 107 i s wast ed,

as firkt@dt 684186hsPMv LA QS Se Iﬁ?&c‘éﬁ% ﬁe%ﬁg%d%ﬁkﬂlg sfudRt €m

that uses Background Art filter eto
rep £ n_order to tain
c%rr%?%tagi ?én%‘&?éa glys %Si(])%p? REt “UsEs %% KT eHm i‘lY?)ld bgfyveen the
gbt a . in fewer scans, a |ower
]quTQWﬁquF@Y g5 %W7 gg%ﬁﬁﬂ?“@h%n can, which is
| n|f|cantly faster. [00078] As contrasted wWth the
l%@trsﬁh?rfcﬁt,é@aﬁt twe. qiggyete slims| seshagy thenfirst 0el/ F@Oleastriwbepacers,
used in a medical circunstance to achi eve sharper and
each $himrhemg at leagtysubstagtedl ytthasanexthickhéss nsrfheawett@ont r ast
bet ween, e.g., normal tissue and cancerous tissue,
whi | e exposing subject/patient 116 to a relatively
| oner radiation dosage (about 90% | ess than a broad
2. Dang i BYcIBRAM GKPOR G, reRESEI bR 0 Lhe Background
Art). Moreover, the need for subject 116 to ingest an
X-.I rast agent, e.g., barium (Ba) or iodine (I),
alﬁ%eﬁggéﬁﬁid relative to the Background Art. Narrow
ba ra beam 112/ 113 can,. be adjusted to exhibit
agk of B%WEF@§H¥ﬁ%Fa BusdRcliligg ul for nedica
|na gi ng. Cancer tunors at least as small as 0.2 mm -
0.3 mmad%¥AvHé medtldetcedndi t h such systens. This can
|l ead to earlier diagnosis of disease, which increases
the chdapesfodrbgmu thg rhétyldsyer] 00079] An advant age to
usi ng both of systens 100 and 200 in a

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.
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medi cal circunstance is that the narrow band x-ray be@WDEC 2007

exposure mnimzes radiati exposure ot herw se
suffered by subject 116 i naged according to the
Background Art with by a correspondi ng systemthat only
fornms the image only w th broad-band x-ray beam
exposure. Moreover, total exposure tine can be
reduced. [00080] Wiere x-ray radi ol ogy system 100/ 200
is used in a security circunstance and subject 116 is
a living organism an x-ray imge can be made 3 DEC
7. 200vappiiatus) ta pratiudei anmbsttntial ly oarrode dage x expbaidt,  ofnPrising:
assess whet her subject 116 has conceal ed a weapon or
conbhRband firft xarahoedymcay ty. [00081] The present
I nvention being thus described, it will be obvious
t [ [ C .
VTR O aRER LT KAVl £l En ARl S ST el poigifocated
the,spirit.and scope of, the present invention, and al
nearel {02 Ristiepd Bap e e ionted to be | nel uded Wt hi o
t he scope. of t$e present invention. <remai nder of page
i AEeRYYTEhEEINg digtosed puhskantiallyy apthe fpgg1potaigsuch Ahisa subistantially
A narrow band x-ray filter conprising: a substrate;
narrogrignd xgAr h¢an fmgngeoiromvhesecefd edtdf dre Gikirt sdst acked
upon each other on the substrate, each reflection unit
| ncdromdisagticn 6f the haisel bahd atray Bast cév@pohdEnd &f 8 16088 afaFority of
on a respective underlying structure, a reflector
the crdbSReESHOMe AR xLiah Bbaget of spacers so as to forma
voi d between the respective underlying structure and
the reflector, and a first set of at |least two discrete
shins di sposed on the first set of at |east two
spacers each,.shim bei ng at | east substantially the
. oo oRreRRad ol TR B eSS W bk Bl Ranybeam
1, wherein _each reflector includes:
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.



a base layer; and a stack of one or nore mrrors, each

mrror including a heavy tal layer, and a Iayer_og DEC 2007

carbon on the netal layer. 3 The filter of claim 2,
wherein the heavy Z netal includes at |east one of
gold, platinumand iridium 4. The filter of claim 3,
wherein each stack includes 2-200 mnors. 5. The filter
of claiml1, wherein the filter further includes a top
menber on the sheaf 6. The filter of claim1, wherein
the sheaf includes between 2 and 300 reflection units.
13. 3 'Ibe@ppo6ms of Blaitn 7Awhapipar at us, to produce a
substantially narrow band x-ray beam conprising: a

S kY fiRerQé ndvhblE S atXedsBdnd@aRhsigndnd nar row band x-ray
filter having a first end, a second end and a foca

j : t LSt h
DDl S5E) 80P AR 1 AL P o

onedﬁﬂg chal poi nt such that a substantially narrow band
x-ﬁgynbean1enanates fromthe second end of the filter,
and a cross-section of the narrow band x-ray beam
corresponding to at least a mpjority of the
cross-section of the first x-ray beam 8. The apparatus

14, oflhglagparatps ohbleime 7Tnwhtreingho§sst seat bom Bfa Urdeel brad xemy beam.
band x-ray beam corresponds substantially to the
entire cross-section of the first band x-ray beam 9.
The apparatus of claim7, wherein the filter is an

15. X-A%ppRhs G8PSodueNa BLtaktR8y A FWbalR A a¥ ey BE&Mhparatus
is formed of substantially parallel x-rays. 10. The

compBl gyatus of claim7, wherein the filter is constructed
and~arranged as in claiml. 11. The apparatus of 10,
wherei n the narrqw band x-ray beamis fornmed of x-rays
trﬁ%X*aHF@S?QBQﬁP§n1the second end of the filter. 12.
The apparatus of claim 10, wherein each reflector is
c Grioticg Of sdarnigcated shsisatially atg foeql apim of the telescgpeDmar a first end
2007 13. The apparatus of claim 7, wherein:

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



the filter is novable in at |east one dinension; and - 3 DEC 2007
t he apparatus further conprjises an adjustnent unit to ‘

nove the filter in the at I®ast one dinension. 14. The
apparatus of claim7, wherein the first x-ray beamis a

broad band x-ray beam 15. apparatus to produce a .
o BB STE Qe APl ea rih FinC e it A8 gt a subject
. conprising: an x-ray telescope; and a source of Xx-rays
disposedchereeenginascard e dfythefilter nddhd dgsestortcagss an hpagesheseope
near a first end thereof such that a substantially
narrow band beam of parallel x-rays emanates from a
second end of the tel escope. 16. The apparatus of
19. C|]aﬂemp%£atu%ﬁﬂ§inﬂ18,%&&iﬁ$&ﬁl&@ﬁﬁ&ﬁe9‘c t he narrow band
X-ray beam corresponds to at least a mpjority of the
CrQsgssgction of the first x-ray beam 17. The
apparatus of claim 16, wherein the cross-section of the

narf o nd x-ra m_ corresponds substanti al | 0

¢ R ERh TR of B! el S FREE st eAg nfh¥ of i wbSe. cach
18. An apparatus, to nake an x-ray inage of a subject,

c &RRCTeN HBH Mo nar at us, to produce a substantially
narrow band x-ray beam as in claim?7; and 3 DEC 2007

22 gt set oloap ledet ot discrete spargsdntagespectivenadeigingarnawre,

band x-ray beam so that a subject disposed between the
second aatflecddr didposdd bit gie faidet bfspaketeat Brto §agd 8 vald between the
i mage thereon. 19. The apparatus of claim 18, wherein

t hespbiieaindbiphy SesureandURSEAALG; a sheaf of one or

nore reflection units stacked upon each other on the

2%@%{ 51@{ &f z{c?@a ptwgrcﬁgérgcg tsfu?rﬁ &f%lloged (ﬂ’lcéﬂg %Irﬁ et f.fajt fe%gt tévgtspacers,

east two discrete spacers on a respéective
ose ?n the first

underlLying.structure; a.ref]ector_dis
s dechuining a g SyBtpnlinlthy SRRt feks e or
respective underlying structure and the reflector; a
f iepah redlestopmelidinggdhose fayer, apdcr et e shi ms di sposed on
the first set of at |east two spacers, each shim being
ata stashstf ogeibsmarstriatory, ea¢ttemgaorendldickness as t he
reflector; each reflector including a base |ayer, and

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



22.

23.

24,

25.

a stack of one or nore mrrors, each mrror including_ ]
a heavy Z netal |ayer, and | ayer of carbon on the DEC
netal |ayer. 20. The apparéﬁhs of claim 18, wherein the
subj ect includes one or nore of the followng: a
l'iving organi smfor which the inmage_ represents
diPR GG tdelecionraganasd tonreceve the prgTosy e%nrﬁp SAEF beanmp dhattahaubject
i mage represents security assessnent infornmation; and
adispasedi bravecrojeesstordoendapf Bt telescapregée thege®sentcssts an image
security assessnent information. 21. An apparatus, to
makeea@n x-ray image of a subject, conprising: the
apparatus, to produce a substantially narrow band x-ray
beam as in claim15; and 22 3 DEC 2007 an Xx-ray
detector arranged to receive the narrow band x-ray beam
s ) ' ' tween the second e fo .
¢ Ry bR e 2 RBERER, SRR AR R BhEe Sytovine:
22... The apparatus, of cl.aim?21l, wherein the subject
e RBREh g Rt i PSR gRosti THPUTHipn:
organi smfor which the image represents diagnostic
i RfloinEeRyHSM 401 Which hed PEER TDrRsPBB seitibhassessmenrgrmation; and
represents security assessnent information; and an
i ramamahate objeecor faduichwhe Thagehepreseageseccieity essesshgent information.
security assessnment information. 23. A nethod of
maki ng a narrow band x-ray filter, the method
conprising: providing a substrate; and stacking one or

I ! : . . o
Sub e e GF Rl RheR, MBI NS, S RAR L ifpisine:
c LSl ng: . nechani cal.l.y connecting,the one .or nore
S IRRAUBE DG TR ARG S Fore P ith G o ReSoryupon the

forma sheaf of reflection units. 25. The nethod of

cIS4P¥He83, wherein the step of stacking, for each
reflection unit, includes: disposing a first set of at

| east two di screte spacers on a respective underlying
structure, disposing a reflector on the first set of
S paeenshabofadaitr? ¥, Gunthea comapdsiet ween the respective
underlying structure and the reflector; disposing a

f ih&hasi€dllyodondbetl @Bt oh¥wor o€ E@cBssHiRly IR R A& frd HRE substrate
set of at |east two

so as to form a sheaf of reflection units.

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.

2007



26.

27.

28.

29.

30.

31.

spacers, each shimbeing at |east substantially the= } DEC 2007
same thickness as the reflegtor. 3 DEC 2007 23 26. The
met hod of claim 23, wherei n“each reflector includes: a
base | ayer; and a stack of one or nore mnors, each
mrror including a heavy Z netal l|ayer, and a | ayer of
carbon on the netal layer. 27. The nethod of clai m 26,
wherein the heavy Z netal includes at |east one of

gold, platinumand iridium 23. The nmethod of claim
26, wherein each reflector includes 2-200 mrrors. 29.
The nmethod of claim 23, further conprising: disposing a
top nenber on the sheaf. 30. The nethod of claim 23,
WTRE @hdihddef Sdiead3, whetcudesh betamre hcludpd 300 reflection
units. 31. A narrow band x-ray filter conprising: a
SQQQ&JE_&,aﬁyd a sheaf of one or nore reflection units
st acked” upon each other on the substrate, each

%mﬁ 8neun|tre| ncl u S %]er% fII‘S (ﬁet of at |east two

- GistEk of O PRbm s i A4 icture, and - 3 DEC
2007 %éla refl ector dlsposed on the first set of rails
SO as Ry AetRldasts8iween the respective underlying
structure and the reflector. 32. The filter of claim
31, wherlayanof earbbn pmitle métal leyepss section, has a shape
resenbling a staircase having at |east first and

second step portions; the first step portion of the
rail, being located relatively upward fromthe

 GHRQREMYE of wnaardey iviarSh FChh G 7 LRPY 858 S attqea%t Eh{}%% gold,
surface upon which the reflector is disposed;

S ion of the rail represents a second
%ﬁgace %ﬁ?gﬁﬁ5£

can support

The method of claim 26, wherein each reflector includes 2-200 mirrors.

The method of claim 23, further comprising:

disposing a top member on the sheaf.

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

units.

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



32.

33.

34.

35.

anot her rail disposable thereon. 33. The filter of -3 DEC
claim 32, wherein at |east pgnhe 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
ortion cerresponds.to hi ckness..of the refl ector.

e | PPN b5 o RSSO S p o mantud deiveen the
and a sheaf_of aone or nore reflection units stacked

upon e&CREGtSenderlying s epdithe reldectds refl ection unit

i ncl udi ng base nmeans, in cross-section having portions
resenbling a staircase including two or nore steps,
respectively, for supporting a reflector on a

r Ehpddter vibclaind®l, whepgn:st ruct ure, and the refl ector,

whi ch is disposed on the base neans so as to forma

v@heh DAL WeGBss! da@téom 8508 ShipdGeddbBhb i RfircS e WSy & 183 fizst and

the reflector. 35. The filter of ¢ aim 34, n eac

b lhcludes: - 3 DEC 2001 25 first step neans,
bggﬁgﬁﬁggg?gg%fblatively upward fromthe respective

under!l yi n structure,. for providing.a first surface )
TRl roRsr S e cibroeingd Rpbediin i v vd doiwe (i mppective
means for providing a second surface which can support
aNBEHBANSHHELIrRESAE St iodsiBl Birtape reenwhigh theaefgatorimdisposed;
to make an x-ray imge of a subject, conprising: an

appa et wsond geppadtios of thesmabistantenssl 4 secomd setich amikhxeanayipport
beam as in claim31l; and an x-ray detector arranged

t anstheaiall digpbeabiathe@dh band x-ray beam so that a subject

di sposed between the second end of the filter and the

detector casts an imge thereon. 37. The method of
claim 23, wherein the step of stacking, for each

| SLETEL P 2. oylelh R oF PR R s Bk et e,

S’on a respec
and . di sposi a reflector on the first set of rails so
ag'lq&ﬁb‘g? B RE 74 5fa REiQReRaToads focsdglttiof hepipirbngi ng
structure and the reflector. 38. The nmethod of claim
37, heighépltha seqond step@pertisin corganondgtofathidkaessoftleudiestathe
fol | ow ng,
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.

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



36.

37.

38.

configuring each rail to exhibit, in cross section, a1 DEC 2007

shape resenbling a staircas i ncluding at |east first
and second steps; a first step portion of the rail
being | ocated relatively upward fromthe respective
u rl.ying structure, corresponds t first surface i
ugldgsﬁt ?/%? ﬁeaflﬁ’egeli)%flf’%‘& ofekiﬁ%‘}% | EB%@gd?m%H‘eareé}ée&Sm underlying
step por@%on of the rail_ corresponds to a second
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A system, to make an x-ray image of a subject, comprising:
an apparatus, to produce a substantially narrow band x-ray beam, as in claim 31; 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.

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.

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
mcluding 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.



