WD 2005/ 010893 PCT/ US2004/ 017131 1 NARROW BAND X- RAY

SYSTEM AND FABRI CATI ON METHOD THERECF PRI ORI TY
wOIRbBRIEDB ON [ 0001] Thi s application clai s pripPOTiuSy004/017131

upon provisional U S Patent Application having

serial No. 10/452,508, filed June 3, 2003, for which

priority is claimed under 35 U.S.C. 119(e), and the

di scl osure of which is incorporated herein inits

entirety. BACKGROUND OF THE PRESENT | NVENTI ON [ 0002]

Systens are known in the Background Art which make an

X-ray inmage ' 3 [pr=Tal Vi or the
pur poses, e. gﬁwgﬁég %%%@Mu c

i nformati on abMABRICATION MEFHODTHEREOFN]
security assessnent information about an inanimate
object and/or a living organism etc. Such systens
use a broad band x-ray beam [0003] It has | ong been
recogni zed in the Background Art that nedical

di agnostic x-ray radiol ogy using a narrow band x-ray
beam woul d be desi rah)} t guency of such

a narrow band woul F nce upon the

[000ayTst aThes aipb]ildaitﬁi;l usgirgé pA6ritdhpeh BFAEBRZNCU.S. Patent

x-ray radiology arises. [000 A(grot otype has been
Appligaiis baving spEaBiNk glrQﬁﬂ{:ldzﬁDB dfed June 8r 2008, feoudueh priority

: : (e - s..froma,w,de .
s g Y285 e, 8 BHfeHAR n QAN RO At smcorporated
hereih aghies¢midretystem The filter is interposed between a

source (located substantially at the focal point of
the filter) of the w de band x-ray beam and an x-ray

det ector. AAsURGEREIUND OfTER PRESIERY %@gg' O] to be

made i s interposed between tne 11 r

[0Q02Lt or . SysEYBss aThdrBavi gndhedBackgfaundArtsdsich make an x-ray
. I lity. of mrrors,.arr ed.in_a manner th - .
madt o i liief, xR BoaRERE i pupPoER ciluydepbtaining medical
diagheyti® gnfdrniatichi fiesutdh sipagg torigaei &in .o irsinesedili®ty assessment
. . Mmrrors are vertically oriéented but not in _
inforpapiien 12f30at POTNENB0AIO PRIgE apdiar A lMing| aigemism, etc.  Such

systé%égﬁee%f}ﬁpﬁgmdggr 5‘J?(%rﬂ'l{rors are divergent.

mrror ave a fan-shaped sil houette {
[00@8] vi evBdhés domgbmen 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



Compl i mentary upper and | ower frames hold the mrrors
in this arrangenent. The frames each are integral
wOoniasxn108980 which grooves are cut, the mrrorsPO®iUSE04/017131
| odged in the grooves. [0008] Al so, tel escopes tuned
tqQ x-ray frequencies, or in other words x-ra
- paraliql) plgisse $2ThPE (RAGIATER OhABIRITPIOL ATe ARYSTaRRY o Together, the
mirrdBNUARREUT 80 Ofin ERAPBd X slIRbubBleeSGPRES NeuSvdBentrom above.
used only in outer space. SUMMARY OF THE PRESENT
ComphiviENTaGN gea7andtlowesnsitrames kolsotheranirrors imdhis arrangement.
resent iLnvention provides.a .nayr b X-Lay . .
The FrRRSEAEE 1 RRraLRHEy e harap SolEp drf sl the mirrors being
lodgeﬁi"ﬁrﬁfh@ ro®rg.or nore reflection units stacked upon
each other on the substrate, each reflection unit
[00R6Ldi ngAlgof itelescepes dungd feastay JEeameiasiese 08 pa otlaer words
. ect | M e nehkee tured
vy ReRsedf el KB B M Bl biitare WhiRChBlutactured on
Eartlvok dapdiesenpebdavesipent usedundgrihydulgr spaget ur e and
the reflector, and a first set of at |east two
di screte shins disposed on the first set of at |east

two spacers,sEHNIARY OFPEHEIPRESENTINVENTRON al |y

the sane thickness as the reflector. _At | east )
[@0@7EnbodAtrdeastobnehemprastimmant; af dhei pressmy inantipn provides a

first gpparat to produce.a. s [allyn n
narrh SR04k, SLORUE DR HRS, ULALLY £ SEERHAREN sheat of
one 6f Mofd reflextib@yuhRt8ngtaaked aupan rexwtbather soir dlye fsubisrate, each
aving a first end, a second end alnd a fOC%SLi oi_nt
reflectiont Baiindaebiding a; first | §ed ot Rt sEiigngpacers on a
resp é](&ivei h%%le?&iéggﬁ;cpﬁgﬂ&ed'as or WhShEdEd ahl theétirst Bet of spacers

oca oin at a substantially narrow band
so a%- t@yfobram emadabetvedn dinet mespeatbred varderlfinghstructure and the

e S, et S T B BY BFB e s
of afrféﬁét S&Fd | Gh@rs! handh retlinX-Beang BealBast 0§@B$takltially the same

east one erpodi nent of the present invention provides
thicknessea® hble apfle¢tarus to produce a substantially narrow

X-ray, bea C : . i
OPEY " L8 CBREY cal By PRER B ShTDYp (L ifenfin provides a
first $siraphs abl pratuce hoadstpeitiilyohattvey telret sepy heam.a Such an
first end thereof such that . a_supstantial |y narsow band
appayaihas baam BiclBdeal PePORLGRPE d ARG F5EY ; éélégﬁdnmo"" an

X—rag Mt niheg & Bt YR, CechRa/dntPERd FEICAISEERA Bt4ict 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.



[00010] At | east one enbodi nent of the present

invention provides a third apparatus to nmake an x-ray
womag@ie3a subj ect. Such an apparatus may i neCuds2004/017131

the first apparatus, nentioded above, to produce a

tanti gl | narr ow band. x-r eam and an x-ra
R0, ' B Keasboohe aberuEephion et dwessahdoxepggn provides a
thirdg ]fé@tﬁﬁi‘ﬁtﬁé‘ b Iﬁakk’!t%ir?%tragieﬁﬁﬁgé GrRebuBRiet! N ReCaNGlatus may

] e filter and the detector casts an image
inclader edhe fioslo appasatisasmentienedbalddvento girachece a substantially

I tion proyvides a urth apparatys to mak
nanBF BERL AT RGN BrlBRet ey Jrdhtien BBRRSNR fefelfe the narrow
band netabeatrhgo 0@ Rds@PRat alﬁsiiose@i?lﬂéﬁv@élﬁﬂ {130 Q¥Eon ARG P the filter
X-ray detector arranged to recei ve the narrow band

and the fdeteeton casts ma rgagde bjevaordi sposed  bet ween t he
eng o e I . n .
P00 he eleeEFph0 (FRBAREPEAE Ji e ThESHAL shPehoflprovides a
fourph eapeparatnsett makerayixdesy dmags bich efubjedt. ngSwach an apparatus
narrow band x-ray . filter. Such a .nethod may i n¢l ude:
may BicPg e SFE0HH-FRE LS, tHER I AP RE, g A X ray detector
arrahgﬁaeﬁ‘d refeive e INArPOWCBAEH R rayPBBak 8oSHEM hak&bject disposed
[00013] Additional features and advantages of the
betwneasdhe sesaerd i ard wf the bieleanoper and) thppdetaatof reamts an image
theréﬁ foll owi ng detail ed description of exanple
enbodi nents, the acconpanyi ng drawi ngs and the
[@60a2]at edtcleaistsonBRITEFo ISR RF (e Prestin DRAANES provides a

1%80%4] he above and_ ot her aspects and advantages of

meth r’é?lﬂ%lg R RNIFOO RaRd K-158c SHET o Séickh Bamsihogymay include:
ti&&lgébg thRrcd et | I areelelolR her it .

pro ref renceln%t oatteﬂe at tsgc e d%(\e/vi ngs |§Fl% ﬁgﬁgﬁ[ﬁﬁ%ﬁf%ﬂ Succession

upoithe sibsiratebl ock di agram of an x-ray radi ol ogy system

PROIHT onadeBdihe) Fatyros Srl SttrttRes afipErSc tnvention will

be rhrof@Y{UIBM PREEns Y Hoa BRC ToH6WEng  etdlilededRbcAPBion of e 1
enbodi mentzqiof t he present inventi%n; and [00017] Fi gso. xample

embgdirgpnts.dheprecarapany e depvitgsoasddhetansociatedrclaims.
Fig. 1, according to at |east one enbodi ment of the
present invention; [00018] Fig. 4A is a perspective
si de vi ew of BRIEFSDESSIRIPTIONIOF BAESDRAWINGSIi ng to

Boead)’ Fife aBore derSiac PRpECE: doct Adlieptagne ofnit present
inveﬁfioiﬁ'hgxﬁﬂl 3Bedbime hRREJIdMpArentt Hyeadts Sine ™R 8Bl example

of present 1 nvention;
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;



WD 2005/ 010893 PCT/ US2004/ 017131 4 [00020] Fig. 5 1is

a cross section of the reflector of Figs. 3A-3D
weeewodigyg to at | east one enbodi nment of the pCeasmio4/017131

invention; [00021] Fig. 6 i$ a side view of a portion

oad_band x-ray beam.of Lg. W t h si de, vi.ew .
(BPORRA T FEE D i3 rftas SEoUPRe I eeNester BRETev 4D, according
to atdRBLEbAE erthBofifenB Ol tRE RRESEROFREIMR;e0N, annot at ed
to describe a nethod of “determ ning a shape of the

[0002d1, aFigraiiagp sidaviaegita poctientiddi bread dMandha-ray beam of

. resent i.nyention:..[0 1.FlLgs. 717G, are . . .
Fig. 8 h Y SV e A Fnltbar 14 M8 sgtionel gpew depicted
in IFigg. 33F) sulpetirdpesed dspeots ahrvtawidoth desaribé ngl method of

to at |least one enbodi ment of the present invention,
detegpining r shape @i the filter cacqording to jat Jegso e pmpodiment of the
' ' i fied perspective side view of the
presgg’(t: g?éﬁ%ﬁ’ Art narrow band x-ray filter, while Fig.
[6B0R2]t heFigs. r e8A6r@i ngrecr osesseetciional wéwsy t{fimmofthe same

and .[00024] Eig...8C is .a sinpljfied per ctive sid
perspREFo Pl TG AFRICt EsPByts pf EeRetBR; goeSingy to at least
one ¥HHRIifcht &Qﬁ%ﬁe@%n@ hvE@S1RORJbN 8ok 1R8I tiIERCIHORAREY of Fig. 1;

vi ew t her eof . Al LED DESCRI PTI ON OF THE ESENT

[000281 ONFl®0Ba5E Fisémplidisshperspastivieosidg viewpef the Background

' re f ' .ef C . .

art SRR BROCTR Gy kel VIR i) B he bErlsibonding cpog-sectional
viewttherpsfeser i nvention are shown. It shoul d be

under st ood, however, that exanple  enbqdi nents of the

190024): Rigrfe¢ ds %@é@i’&@@g PESPeRvEFige VigWi ¢l Barmoy band the
x-ray HIBr 8? q*‘i%@.t ail 31, LML F‘-igP%rﬁ 8GHd QB%Q?Oﬁth%tcr@@Q—sectional

scope of tHe present iInvention. Accordingly, t
viewdiieoelofrent s descri bed herein are provi ded by way of

exanple and not of limtation, and the scope of the

present invention is not restricted to the particul ar

enbodi pETAILEES DESCRIFECN IOF 1800 ZHESENTINVENTION

the relative thicknesses and positioning of lTayers or

[0egR8hs ndjequwesent éeverdion waldes deseribed rapkg fully with reference

to t1ft AEeeiiing trarthll 8 BN RafleMReiBodlifitdis of the present

bt

ohsi
inveatiohheirel apewror altswhsnrldt dewhendétoed, didwever, that example
directJ[ P the referenced layer, or .the, substrate
Lt oo e

embedimen fareseRlehyentigny deectibed RGTEY £AE Rt énoé)lﬁed in form
and Uet&l SAeRSut A¥phrting 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



[ 00027] I n devel opi ng enbodi nents of the present

invention, the following problemwth the Background
wénvoswaessecogni zed, its physics WO 2005/ 01089BCT/US2004/017131

PCT/ US2004/ 017131 5 assess&d and a path to a solution

assdsgi] g Bpatlt tef prutior] erillet o WiEor piple Coistiuction, the
narrBa¢ baheLrc4r filtes frotdiypel e_{CCOtr@];Ig?@@ftﬁ%t Bh8kgrfadPREs difficult

and | ower frames are each inte menbers that nust
to mymylestise| yTla¢ smmpasdangdewer foamssearnoatierintegral members that

hxe I enshi fler Wi the mrror sii.be .
musHEBre o0l BpRsee PR arol e rbATR AL A Bhialitmptp, atter
whid@t odhes ofintdre uppsst dnel Idider indiatdsallpl tibefetbétv®leyr into the

all of the m'rr(gflr nmust be Sc(ft in the lower_ frane and
corrgsRRRnding, greaviescell the Hrpskand dewer fragapen AHernapeely, all of the

mirtbr8 st hOWet 8 A %okBe f%rh%%ﬁdi%’l?&é%é]?tvérﬁ%au}r aligned, after

mrrors econe | odged 1n the groo he uppe
whidh dipe. vpgier fierhedis foweteedionis, the |mivroamdsyelonthatothe mirrors

d ' t.h irrors and/or the franes. [ti-myror ,
becdifif HBRBRd.Jn G, BFETos POUEF vriier AR, Bofl petidste tedious,
slowhHd pHonkr finddingagidloeth< hRpeRNhAdY 8t ek fraafedei Adnulti-mirror

formed of one integral conponent could facilitate

filter hpvipgdrppsr $alewer 4ad leBwdiangye framesadiwilie u from discrete
i i i .15

compliafs EA bl pLBREToraN pFOROL TR BNl facitat

less ediduglifagteaanaued law danmgeradinvifagiureyst sueh @Ofilter. At least one

agcordin o at | east one enbodinent of the present
ernbp @R o8 theresyat BIRertius PROTIdasEnch adliirs 104 of a

bangh begm; - htsel Ak
IpoRI2ensybeam A ek pagghil b by, HELYES, Fhtem 100
accozding dd; at leasir onw dmbodimeny dfi thepresent anveahiignnehe system

100 JBENRRS 01 SnBETL08, o A e EbRR e e e that stsers

inchiges HAGEISAO206aF0A1 wieels tha BHéasdl bamd &-LHebeshl ¢07 is emitted; a
spatially extended beamof x-rays, if not a

narrgyhdraait ixaray Wben-lyr gur plighmgriomnschanism [ Ho¥3epd an x-ray
Cgrs ction of filter 110 and al i gnment nechani sm 108

deteare i%Jljil'l'scussed bel ow. Source 104 and detector 114 are
[00029] FoAsexaafl| kereinpiheeteiid “canrde bhadxx+ray beam” is to be

em.ttin ortion of an x-ray radi ol Q deyj
undGREPR g Fo [ERE BrCRGSOTRANATICI P SRAHAIBpextended beam of
x-raﬁéﬁ&"ﬁ’io@’a gﬁb@ﬁéxﬁﬁalhgﬂn&%leﬁ%r%&ﬁé B%MBP%&?&'S! ay film

or an x-ray-to-charge converter, e. a

g.,
[0Q88§4- c o Gonstructienp ofyfiftecD) 10 | and haligamest wesbaoism 108 are
disc%%d %55%965§8ﬁrclelﬁdéf %\lﬁjd b(fetégt(%)lru??q 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



to harvest and process data from CCD 134 in a known

manner to forman x-ray imge. [00031] Passage of
wonomsd1ad beam 107 t hrough narrow band filt ePCTAER004/017131

produces a narrow band bean$112 of x-rays. Relative to

anode -106, al i,gnnent nmechani sm 1 ves filter 110
degrfi o thectiam n SR ! B HAE A0S0 5 Fanoke'sThd. dhd operates,
very RimildsRp G4/ Q1Iéhslof @ dapleeas 0h Areatera, thé WptRiall elements are

_ nmechanism 108 is constructed, and operates, very . .
adjusiad (eathsy manaallner yfa gne srapgre mRotershike fpically one dimension
to mRd Ctle GLETEVWGn®! f ﬁﬁij Ushgd kgl &H&ZFIHBHH abf WHY 1%h8 onto a

one or nore ors) Itntypically one dinension to
photogwephiceefilncalrfac ot thé suréadeenf a(solal-statenmnageaf thate(relative to
| ens) .onto a, phot phic filmsurface or the su

t ) . ,
the wovabld IrasEidbes, Fd Positony oi SHae 18 SYREmOLOf) alignment
mecllliﬁﬁ!ﬁ}n hass & UiskBdoPPRidisay dlflsrs BafeRal boirdy 6 G000 onto anode

al i gnnent nmechanism 108 is used to precisely align a
106 fincat3 pbinmnsiensi | {rrothey wordsasvede 106 hasiazfixed location in

di ' , : ' .
spacf GIEANSPEF el o St KPR 0P dRgRyhfBhgiom 108
[00032] ¢ Vira Eiki gnnensubRebani 6 nofl@Be %-08H32 diblodyl, ge.g., a living

1, a subject 116 of the x-ray radiology, e.d., a
organjsirRRClb Agani RFSSTe iS ABLAPGEFd qrFtwesTs FiteF ok qnd detector 114

s0 tggg gj\ﬁ%&rogn}y 't%)aglg% 1%%39%&&1 eff@riré@g}geego oglgg,h 8L W6,  Varying

i NpI nges on ct . varying
atteratd ttom adfi nareiw fenrrdw-tgntheam dyl 2 byndiffezehy pdirts efesubject 116

parts of subject .116 . cast, an, x-ray,shadow of ryi.n
cast i} st sB8dgi ot GerEd e iption A ditgricg: 1 11 $eh detector
114 €BAVEFsSirth! £n athdJ¥EE sObjectbl 86! Ak@rnAtivEK)&hibjetty 116 can be
subject 116 can be sone other genus and speécies’ of

somg¢ pihegeonyamirghspeeicaofilivang maganissneer arelnpnimate object, e.g., a
kage [ f ggage, etc. [00033] In Fig. 1,
pack%%%’ %-%?lgflgomlgéga er‘rflrtg'se narrow band beam 112 diverge
[600831 r onir iFger1,110e Suelysdilvet gomprisausasrow shatdvbeam 112
cast by subject 116 to he magnified. To reduce uc(g(?
a%a w cast by

diverggy Wit FroBh Tiltatg lilfer ePHCE diViEsRECt FRUSER (R

i s

improyeitheracmzacy®f thelitsudtingimagehssdeh dd tsbhobly begpositioned as
coscd i At R FosRihe 100, an it ude an opti onal

[6083and has Mgt 10ARimShas.| #04coMRENeahsbe bétsiddbed a subsystem
102.{ g(i SIMI;;%{ s;srlsj‘&srgsltoe()mcérzlzmlclsuc?é ra?lngpet?or?erllt Qgcgo(;{]dalslll%system 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



102, which can reduce or elimnate the need to change
the position of the subject 116 otherw se associ at ed
woi2ods/0ued9Bg only subsystem 102. [00035] Fig. 2PC¥/U82004/017131
bl ock di agram of an x-ray radi ol ogy system 200
according to at |east_ one enbodi nent of the ese
inclydrfedly snrayrielesgepe m 1900X- 52y delpsePRy alficlMﬁ{@gn@ie design and

congue&m&ﬁ%ft,pr §é1§§l3(;lrg% 8% ected by certain

mponent S sharing the sane reference nunber. System
[QOOSG}CI ublds: filtepdrlde t&ﬁ&c@pe@kﬂwpd@dﬂm aaial’mowauand beam 113

of <30S, SSRGS 7 R T B SO e et x ravs

bearﬁol 2805840888 £1652604/ DL & cofpristd dsfSatlexst! QMbstan‘ua]ly
tel escope 210. X-ray telosc ﬁl?/% i ncl ud| ng_the des

paralich ot ABEnofl lom ey bl bevss dred j gljeast Substantially
paraffs? 82plys Ik Fade (& Suhtid §§%§B§%§ﬂ%&§%ﬁ| ORS8RI o little if any

maghiiediuned Meheedt eubiést) hec ﬂea@rgehtba tapded blmely adjacent

113 roduce by teI scope 210).1is c ed of
detep’ggss §fub§t"5¥g’( F‘ab?‘?e it gpEasept the £os rr(gr%i Qﬁgnlpemg larger

tharpﬁ?c@}“ $. being formed of at |east subst anti al I y

paral I'el” 'x-rays is that the shadow cast by subject 116
[090&7!11 ec{nttor1m|st ofl 2 lineampathighveesan Qéw@@d detector 114,

an e %Ub %j%ﬂxgépl%gﬁ}él?qcf iaedc Cl %@L ﬁ{%ﬂt fere gth Lb) of telescope

210tc§irﬁ%oﬁﬁoﬁﬂ-old)ﬁ16]ﬂeé atviigle atﬂhﬁﬁkﬁeéé o dlbﬁnei{e@qmﬁ’)] of telescope
In terns of a linear path betvveen anode PSG and

210 qrarebieopbay 12 sachs@npPenbnuing ther exampblepr @iy of the path
reprg%%ﬁ{%%lggrl nc% 98931\1\11 ?{@hh I.{ﬂ#& t%iestc%t)‘és%f’@e(orzm (9@1)’&rb§70rds, the

I ckness I anet er
distdete peoween Zifodan Ogeanlotdleddrien2hOF caGobe |arhnutg2t5h gneters. In
exanple, a portion of the path represented by the
genglgeal length (Lf of tel escope 210 (or, in other words,

the distance betmeemfa:ap@gB;L%é) and teI escope 210) can (1)
be about 2-5 neters. In eneral, Lf =1f (DB, Lb)
[DOVBS8]] AdArnddiditional i of systgmst Bﬁpzensmg §F‘W§1 the parallel

B 0 R85L 8 el 115 8 1ol 18 DSBS sibstancialy

unif8esPd6s@e ¥f kahysanross b Hodgdy . [00039] In Fig. 2,
itemnos. 104 - 108, 210 and 113-115 ca

m%ereénal*‘%bgysttémz@% AQ7ar a]t(?%n%&?)e%%qehuéobw can be
con&ﬁgrécfcé u&?b%%tem 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
IIIA-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.



optional second subsystem 222 that corresponds to
subsystem 202 and has optional simlar conponents 124
wo 2083310230 and 233 - 234, respectively. Subsyerase@2a17131
is arranged orthogonal ly to8subsystem 202, which can
reduce. or elimnate the need to change the positjon
And Jfigy 3& 15 exasstagrtinn vicwe of fidtescl Y daken: alopg lige IIC-IIC of
Fig gﬁy subsystem 102. [00040] Figs. 3A-3D are nore
"det'ai | ed depictions of filter 110, according to at
loeadtllonelmrmxgdimmﬁltffr tllié) prse:kq:nctddw\asnmdmdiﬁ'gg a3Base 302;

anglel S e sl Rhimsbf end a lafanfast I8ngHask302. spacers

304 la&id“shirhé 306 c%&ﬂbe%%adEl @. - 3@f'a§uﬁnﬁ'@1&ﬁ (A8t 8 laeGinh®Rr metal, or

view of filter 110 in which he depiction of filter
anothey matesialt ef @@mtﬂtdccm@wf%éugmg efwalities t and gguitable x-ray
010893 PCT/ US2004/ 017131 8 And Fig. 3Cis
telos§ggyﬁ%§2%'i onal view of filter 110 taken along line

[00022] | | CAsdeenFirg FigDBA[ Q0frsl ] spen:eEi&DéL Sd\plafxd:éd eoh Bd&e 302. A
IS deplcted as |nclyd|ng a base 302; | ed spacers

first sgUim &, pfaceshen thegliest: RGPt 3hgse sgaecr 304 is placed on
the %gﬁ% %QA? aRds st A® sHifh S BE pIRUR of Bhe cond, spacer 304.

or asimlar metal, “"or another nmateria
Suclmfan; wlteainlaging patrnuof spagenld04 endasbimuBO&bise repeatgd until a

te sco ua ities., [00042 en | E.g. 3 a
suftiferde RORthel % shacs/sdRbnaty Had Beksy bult Yp. rhln, top member
308 i$ dpé,;ﬁfs%@ & thE&ippdrshosidsteen 386 As aﬁnwdﬁa@@@géd How, edges
aced on the first shim 306. A second shim306 is
of reﬁlleggasr@ i€ ‘ﬂﬁ@%é@dﬁd@ﬁﬁ%@r fagpacd by fripletof Byo appaers 304 and
0 I
a stify PR NP RBAS S0 Hhd My B82ed BOhRR BLeHith, o member
308 upd Bhsn 302psarastierforidOf8 sheafl 34 posfatfleetddse upper nost

(BUPRAT: or T ShAnSHodRaL i Bloddtetd {aF gt s Overall, the side
sﬂh&dét@é of shkaf ‘8‘103 feSyetLttofl deft Etosﬂﬂ%m AV g8 SBP&% gaolé-shaped or

and shins 306 are bounded between top
trapemidablyfsmaqzedsmﬁh tloe fsonatler shdadf 8he toapemldebcmgsarranged to

o GEE Rl i St eGP B g . o
Simifl 419§ Laéh df0shaddts 8045's9tra§6)zoic&llpfa£h§ﬁ@@6ﬁ &fsimilar manner to

trapezoi dal | y- shaped | er end of the
the sifhgraotée @l rdiand HhQ.algaeugh thentapestaf spagarg3044s i as great as

the %%r%%ﬁfﬁa; Zérﬁ]qz/befrp QH?%I; #0884 iR V@Bge{’ Be\d 1A Qfirihks of spacer

eac spacers
304 tarepkzsi dileryeshdhad the aisper had heweresurtaces 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



the sil houette of sheaf 310, although the taper of

spacer 304 is not as great as the taper of sheaf 310.
wonoathesswor ds, the upper and | ower surfaces stTA|S20m8017131

304 are | ess divergent than9the upper and | ower

surfaces of sheaf 310. In tra ase 302, shi
backaSuride B9¢ Mntraladd O SAn REe RPN GALY girculalt Arc-segments,
nt,i y I t
reSp%ﬁfélﬁ‘u%kgérﬂee 'f’ftaéﬁ ce Ire gﬁ}séggc‘ggésﬁ%ﬁlg?\%cgsegmen than

backt suefade 314ghtAS|aie a:ktbrﬁaund fwat swidace k2 sindebagh isurface 314

%O?:g)él glfgeglt %@ ?&Bs%ﬁ?ﬂbﬁ gqal%glalsfs a#g.ggs Vgh](lgls is indicated by
dash\éuewgl tqmé§8t16te€nd1 3018, resSpéiidve dﬁB) also is

generally fan-shaped or trapezoidally- shaped The
[GOQABE elm E;g taﬁa whigle Agadni i aaeragsgeertional gievprof filter 110

e bl T of RIS 0 9eh, gy crd 9MS an a0

are digpbbedioat blasetSG?Zt oReﬂed:ﬂmwm(Dd i dﬂ}ﬁm‘ed 8hspaerse304L1 and
descri bed as an ann a fron

S04y YR SiEhrgA SO 0L! o Vaub S el Beied pysteflegtor 320-1,

spac@?@goﬁllﬂlf 268 VRO anh9Rfse3d@2 can be substantially

circul’ar arc-segnents, respectively, where front
[eoonsete 3%pacers 342 andmIOUR2 saxe gligpesedt pegr side ends of

ck ace, 314. As an n V., n
cenc s30T 268 A siicB AOUELIAN ki Ty PHAARE S Fector 520
is nRUP stAatu?h] ¥lePhémiahndauwhharcesnnvhirdthdtanidnsigasfiethtbyompression.
dashed straight |ines 316 and_ 318, respectivel

Accdrdbugis] shimsi g063ze ihgeneraladisprsed i 5PECSER 0¢nasiacent to or
abut‘\f_.ll:gé/v % é%é&%se ct{)lalé» B, alegd g sﬂrhh@éd 'td) ge & least the same

pai f o $pacers 304L1 and are
thickih&gr0ae deﬁectms:ézao 2To RﬂisLmet asrBEDHL vmholu’s p&b@yé between spacers

304 %gq%gr 04 (g% lé (ptog f I n ﬁ/gﬁg%teerzthlckness than
reﬂeggogt'—%i%? Rgnﬁ%@?éonﬁn dtn@s gnif3. o Qﬁgﬁﬂg 3?@0161@71(3&% t3 reduce the

are di sposed over side ends of reflector
play320-1 and over spacers 304L2 and 304Rl. Typically, a

[bgfﬂl A t \?Mr {[ﬁ?ﬁ%&ﬁ&:@%ﬁﬁkﬁ:@é ;ip%tlﬁr ﬂld%@@ﬁ'ﬂtaﬁn&sﬂ?}%d adjacent to

conpressi on

or aPeRang Qﬂeyedgéd; 6 Adfectoe 320-geandabndéppamsd304L] and 304R1.
spacers 304 a

acent to or buttl n es
Spacars| 34l? agEh3 baka aredisprser ut %fsogS%ngaé%%%f}ﬁ%l
t hi 0 u 2
308, " R AL Lok ne e e gador 020 i
con§thunted30§pahﬂtsl BOoH-2banat FER- Zeragleir hehiiok shigectt Rantact with

reﬂe,g:}e;&,ieéégfltg ?Jgg[}ggsqﬁﬂgl 38%{16{ d”BS(S’éRprB'eﬂ'gg Afe 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



play. [00047] In particular, shinms 306L1 and 306Rl are

di sposed adjacent to or abutting side edges of
woebidspaosos 320-1 and on spacers 304L1 and 304RRCT/US2004/017131

Spacers 304L2 and 304R2 areodi sposed on spacers 304L2

and 304R1. [00048 ependence up n the material s
Compﬂﬁﬁémﬁ?ffcﬁpﬁé‘rﬁr%c%’@ (gb & SQdtrl) c il §lag@e 306L-(1), and a

n 1 b | -
correliithiding et Bade TullBlet BIRE CHEbrid A éﬁﬂ%&m 304R-) &
304RHiz-1d aarel shim 30BRi@nti al |y the sane) thickness as

tor ,320-1. . Alternatively, .shins 306L-1 . .

1660887 02 Bty o R elaidRET o pPRctE DU amet 304R:

shinfy mm’s@ ah8d OB RS Sféﬂéc%f esgoqponm ethiebiation with the
320-1 caused by spacers 304L-2 and 304R-2. [00049

] As
unde¢nlyingd sésdctagey ereﬂq@ml%acé”@rlsl 30alings gvaids|1322-4nd With the

e

32 1-(is- 1) nwill tisd . reflecton émﬁ)endl E‘grtreﬂdcﬁorﬁﬂtﬁt 132%-1, the underlying
corrprl sed of .the spacers 304R-1 & 304R-2 and shim
struefggr.(again) r’rsé?é’r?@r% 2. for each reflector 320-(i),

[66959.!)""' | in IP? 23605 BER0HINNEflcetibredafs! éﬂeoéﬁéwﬁzdfmop member
WO 2005/ 0108 PCT/ US2004/ 017131 10 conpri sed

308 spdispasegDdn- I(eﬂ)ec’&oﬁmmt(Iﬁﬂ-HN ang. st nnpastn(gldlty andilter 110 as

a e cPORERRAREY W raft] W, APl SRR o together. c.g.

2-300000% 0 improed Irﬁ@éha&lﬁeun lstal&&tylofltmiél m of p@ﬂ@dtson units 321, a
304L-i and 304R-i shi ns 306L-i and 306R-i; and

bindjrg |megchaniyg- 826| e ohe| HaePgadwat Hhengideysdges yoinflter 110 to
d 322-i.
previhf pEdtifon fEILSS1 Moocaifind ublStadegy o d SR
[00aB2] vi an;dlmg:tmeehanrsmeBBéct:ann taket a ﬁﬁmety -ldi) forms. For
exargile, ARG FECHATIGRT 325 (gh S RsnBhell Roat disghgement that

compresses- t§]§: n@eﬁf%@' 398 Mn®f bgséi gp2unbkmrase e&'&ﬁ\’\”bther which
op nenb 308 is disposed on reflection unit 321-

compre@sestmtqammmg ripgicars BOdoahd| shimsg ﬁQ@iog@th@hol a smnlar effect

can ﬁgy %Ye r\%fl F%bgg&?gn ﬁ%P%né r%eag%geca%gscth%dfonn of a clamp

asseﬁilﬂ?lﬂhdtyclafnpsh agatdstktoy niahbet 308 auidl bas8B02,2etc., or a screw
bi ndi_.ng mechani sm 326 can be arranged at the. si

d
hamag%éﬁead fhekears) against fop, Bmpe¥ |30 | Ghr%f%élj_lat bite into
basel 303 RECODN%EMASt ABKASermore, 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 (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



[ 00052] Bi ndi ng nechani sm 326 can take a variety of
forms. For exanple, binding nechani sm 326 can be a
woubos&168Bt arrangenent that conpresses top neobaIS2@d817131
and base 302 t owar ds each atther, which conpresses
i nteryenin acer 04 an shlns 306 toget her
uppey CEP §E Cer@aélogen%tcm se é)(:é:upl%% esqsﬁen%(ﬂg]egs of reflector
320rrechan| sm 326 takes the formof a clanp assenbly that
s agai nst top nenber 308 and base 302, etc., or a

1 hatibegtap Eréhauf:tt@ ofeshrealaPio rtas We)fpedr@mr @tem to top in

t hr eads. t hat ;bi nto .base 302 o
Fig, ﬁiﬁ} RING3S Secrbnt b SR ed A5 fratRZoR It -SAABE] Beain, with the
smallef @nityoD € t2Fez0IR ARANE a&@én é@ltﬂﬁzaﬁ@@ th@d:)ét@@m of Fig. 3D and
menber 308 respectively er with_an adhesive. In

the piggen A hedng arsengos atﬁwagaﬁethﬁom obf'igndD)c| Mnye particularly,
f t I

the 390" 0EHerslel SybS IO, I 9D CRNEE diadBia % anmutar

segmmi’erlyl ng stack of spacers 304 and shi rrs 306 and

BRDSE,: o iy 1A 50b s Spe iR SRR, pE FPAGET 1S afediing to at

leasfBnR-dabadiaent F thieg¥eabnt ih@itidd0 F60t BbESm edge 402A, front
countercl ockwi se 90 rel ative to the depiction of

upp€r edge 4ﬂ.4ﬁ,| rear gppeBpdge dé¥5i enet tizp gorr§s@9pd@mg gear lower edge

(not\l\%%ﬁt {3/% p]?xo %ace d&%g ‘gﬁhgﬁ@ (tbg %Ltlﬁ a']ﬂre ght ) surfaces

wheeé¢ gesfleftor ef32¢rt has 3%®reaght (brs pﬁﬂﬁﬂamm;ﬂ@r t$1ma%hﬂ 51de edges.
spacers 304. Sides of refle to 320

AltegRaraly. i Besida sees il Feladr dD BEe Skaddip Bis discussed
furtfﬁlhﬁ[eld%)r tth@ Sroht Pﬂﬁoﬁpeagg 51(921@ 883nk %Brﬁé%@*;g’d 24453 }ear upper

upper’ sur ace of spacerS 304 not otheérw se occupi ed
edgd05R anedt}es cofraspbhding reas kowef @dgs4hotidepicied m Fig. 4A) can

si | houette of a wewedfrombottomtotop
take gn Q:F%rreggyng}ré%cpgveégﬁép@ %\IPI shaped or
oi dat hy nvhedeBat qrﬁmmu dgbezxome&lr%arambaf edge 405A,
the trapezoi d bei ng arranged s the bottom of

and Fseparatelinfront Heotipgy eelde DB &igtkti)r cargsRONGIRE dsar Hewer edge,

har |
can {Ppgali Qs e ARUBIR YA 1 col®iet dBont bpliorg edge 402
& fmrgamppaf efdgegmmA pAa0SEparatgly éhﬁairsu@pperedgctaimﬁA and the
si de vi ew of spacer

di | t
CorTERBORMIRHTaF KNG UBENTa rive Kb RS BETPGT g edivergent.
Mor€8vér, th%%ﬁglettsﬂa@ive@ slaecc it B, e[dsgggs%qg ﬁg@, ﬁp% ad-ussion of

t he correspondlng rear |ower’ I cted
Fig.l.g. 4A) can be straight (or substantially strai ght)

I%W({ €S If curved, then reflector 320 (and corresponding surfaces 402B,
404B, 405B, etc. of spacers 304) should be curved so as to produce

H-

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



where reflector 320 has straight (or substantially
straight) side edges. Alternatively, where the side

wodgespie3r ef | ector 320 are curved (to be di scee3A32004/017131
further bel ovv) then front Bottom edge 402B, front

T T R R TR —

systéf) aaad syts@ém for adeancesd pidiatgivetyr Y@Cbth@ﬁfamblﬁﬁtidms both of
00056] is noted_that front upper elg‘%eﬁ4o4 rear

whi H&f&ecw@sm@rm%lha axailabla Ry JVekenn iRetaa
[dﬁéépfelt htemﬁ%t{fos?an ; Icﬂ?l 8@bed oviﬁ'[s) 91?121' mﬁ@?e&e using double

par a or su y paralle contrast,
reﬂeémont vinotwo rmeék&xgmngoelé\rv& f ridont exppepleedherel @ad, bend parabaloid

neart T B0 RERGECH 500 B0, Sas ROBS BRI Aerpotoa

receihy€ kO@fis reﬂ@ét&?%ﬁfméﬁ&eﬁfkﬂbﬁl efirell, ver gence is 0, as
descri béd below in the di scussion of Fi 00057]

[0006@] vedFig. R isea InsgspectdvD sidm diewraf cﬁ accordmg to at

least ﬁ%% %@?@oé%gn eafl %@ t? 4 pr e %%1099{ Salf)rg)t%%r (I)tgﬁgﬁ') eg%e 407A, front

uppé&ﬁwgcaqg)% akaf Qi}i;&ﬁ{ ecdge anpApandtihel cmgesp@ndmg\/ﬁear lower edge
relative to_ a fixed |ocation of anod 106. aﬁuch a

(not (dmjeteds B FighctBhreast Denstrpugal (o% siphstantially sgigajght) surfaces
wherd SEHRJEGN Q%bo"ﬁd&f &r&l Iﬁ) 6 dg ‘E%t@ﬁﬁ&]l%e%gfehgﬁpb'&de edges.
'S of Fig ) of

agai n, see ft CUSSID ow
Alterti@ivefini whegkatheo rsmtared@ssoﬁu‘eﬂea@rf 3200w cruved (aghin, to be

aisoigpesh Ruhh RaoUE B Fob BB ST AP tionBper cdge s0sB.

rear : e@g€-410B&rfdthe %dﬁ@@oﬂtﬁmg]ayedﬂ RRIé10ed¥S (A6t depicted in
that runs_ on the l\/atherratlca(r) atform (itself an

Fig. dilecratticdie on a eumespending syrrsl icomfiguzetiono1dds noted that

front. gyftgﬁg %glé,j Ud7R 1fro}1|% %&SE&& QL"(‘)@A qggpcqr @8&: %30A and the

em progranmn docungnta
com@pbrﬁnag&msaf dowarl \edge edncboa pachllyl for sub sihhelelly parallel)

applicatigns), both of which are rcial
0G8enl5) oF Fif," P13 SHPRR SESHER. of etles ‘?’@60%%;@ aSRetdifgsto at least
one %&‘ﬁl@o&ﬁ'ﬁé’ﬁ@ AT EhARREREhIBLSEntivhNd F"@J% Gis [gkés Cfrbﬁp the same

via two reflecting curves. For exanple, there can
perspacttamlaeulﬁg B&ar e(r}enordnnanmfaq:fameyofrmi]@cummg €agx mmyers in the

art of 5PTa ARSery i Bt L PR S a5 B Ml iy, 4 structuran

substratel GOt e, si dmethPWudd & AlugRhuRc (AL g '_ngsélt (the latter
| east one embodi ment of the present invention.

r ont
exhiiging smaniben spafage) oatfirst 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



upper edge 408A, rear upper edge 410A and the
correspondi ng rear | ower edge (not depicted in Fig.
woB)osmaosbe strai ght (or substantially strai ghPLT/US2004/017131
surfaces where reflector 330 has straight (or
. substanty al | yv..straight),side.edges., . Al ternativel .
inveeRt T GeRerdily o iR RS 36° ast bl gy bfiRkuration of an
x-rafa@flieBort orbge fréducsed Jf haefow il x-tAebehfivAire known. In
. bottom edge 407B, front upper edge 408B, rear_ upper
Fig. &igher teomnafdist Hee aepeladiah @f mprewr bppgex-raygbeanb 12 for each
' ' [ ) k r '
roflefft 3906 siflerd oo P Hitel ¥ MR ERRARIB20, for a total
resobdigen4d749 . front upper edge 408A, rear upper edge 410A

@%é’ﬁgst i&%r%‘?ﬁ?n%;? P{":ﬁae;‘%tls FEE%@%%I%&%@%&@ needed

to geRbHAIRNMINE deRireRChatri?Ohad G Hirdgs! OThe t&R8! o2 ORGresents the
enbodi nent of the present invention. Fig. 5 is taken

maximemt fegkant refectipe cncadechdo Ageneral: tBendesired narrow band of

manufacture of reflectqrs, e.q. 1 I Lor [ e. art
xorafly  TPg 4 BeeBf Rl s g iftr g ciBotg Pl pEmg e

[poOBHIeS: Onét blChe alquaidisd r fire eblPgy.e . Whicla r@h®ds energy to

such as al um num (AL) or glass (the latter exhibiting
frequapey hisrtoshe reedied.a first layer 502 of heavy Z netal,

e.g., gold (Au), platinum{Pt) and/or iridium(lr)

formed on substrate Fin a first layer of carbon (3)

(O, e.g., pure carbon, forfred the first metal |ayer

502. An interface between netal |ayer 502 and carbon
whefeyer 504 defines a reflecting surface 506. Miltiple

pagris ferfpt al I ayer 502 and carbon | ayer 504 are

stacked one on the other in a typical reflector 320.

Foft xBlaplak's chastamiber of such stacked pairs can be

in a.range.o - | 62] Fig. 6 is a side view of
a 80?? %%u%?%%%qégﬁgyxgﬁgy beam 107 with a side view
of f {d frégneﬁ@ﬁ (simlar to the cross-sectional view

depicted in Fig. 3A) superinposed_thereon, annotated
IDOQRSIC | ragetons BroroRirup AR FRGCEIoR RitR 5,10 Peieerlled.

110, according to at |east one odi nent of the

present WO 2005/ 01089RI*RGFA4320684/ 017131 13 4)

i nvention. Cenerally, the mat herfatics to deternine a
configuration of an x-ray reflector for the
€b¥ oducti on of a narrow band x-ray beam are known. In
Fi 8.isGhet tickBESR Of tBellBfer @SB!, Wi I0nf Zn@et)vdfeddhich the x-ray
X-ray beam 112 for each reflector 320, where 0O=a2-al. ‘
is tobe refleated; i ncl udes n reflectors 320, for a total
resol Ut [ _Ihe termal represents the
m ai ln%{r%&eg\ﬁ’gaﬁ%l%} tpe%%ts% or%g)heeded
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

wh

achieve a desired center frequency of narrow band x-ray beam 112/113.
[00066] Basic trigonometry derives the following.
Lbi=— (5)
sin@
di=Lbi*sincl 6)

where



to generate the desired narrow band of x-rays. The
terma2 represents the nmaximum angle of reflection

woeedbado®ve generate the desired narrow band of PCXAIS208/017131
The term n represents t he nll4nber of reflectors 321

A 35 ok RS o 1 B35 Srs Bt er 110

forrgﬁgb&ﬁ:ggg 12gﬁdf (3) where Eis energy, h is Planck's
constant; co Is angular frequency; and f is

f r@q@e&nyappﬁ@ﬂﬁ@]h@ afdghe leagth of dwnsre segmant of front surface

ref | ctl also i e inO = na, = nc
312 Sepf SRy Bnile & LR ALERBASSer 3RO Taver (oo, . of

[0e867] Z n@a@ia tﬁé&néﬁﬂe@fy a1 derivds the féllowmg.

reflected; ? is the wavel ength of the x-ray; n is any
the speed Jof Iight. According
Vﬁn_ziand__*LEI is possible to 7)
adjust 0 to achieve a degi t%;r@@;rnter frequency of
narrow band Xx-ray beam [ 0066] Basic

[ébb%&g glsutgsrl ves tE&/\TﬁO 8 Yr%o %011 (5) si nO

PCT/ U82004/ 017131 14ilbypignd he focal Iength from (8)

anode 106 to front surface 312 of filter 110 for
andreflector 320-i; and di is an approxi mation of the

| ength of the arc segnment of frontysurface 312 swept

out by angle O for the first refleg¢tor 320-1. [00067]

Basic trigononetry allde * Dbl | ow ng. 9)

1+tan%)"
( )

i nt eger nurrber and c i
to Bragg's Iavv, for ggpi

and, for small values of 0,

o1 (10)

(1 + tanze)i-1
hence,
Di =Dl (11

[00069] To summarize, appropriate selection of al, 02 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 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



Lfi= 1 * Lf1 (7) j(I + tan20~ [00068] Basic

trigonometry also derives the following. D = Lbi*sinO
wO&pos/oaosd3Di = 1 *D1 (9) j(i + tan20)l 1 and, Por/useaiio17131
values of 0 1 1 (10) (I +tlan20) 11 hence DI =D1 (11)

[ 00069]..To summari ze, i at e t f
surfages ﬁ%c’%h? o5t FPAGHRE 35 fre %e‘?ﬁs Sgegﬂg rﬂ%);ngietion of a first

reflef3bh Whib 3 (hdt%b@ﬁs’t‘i‘]rﬁ‘% A8, bﬁ@@@@ ®; ig! Fsap. 7A-7G

are cross-sectional views {fromthe sa per 888Ct ive
[@00FRY. 3D Figa?Ddepsesondepaiydol seessrdispgrsrst 304tare disposed on

oo SBSHRREE orSEROPTE Ol o RO L 0P lfver surfaces

of Menﬁc@mbphb&éogond@rwmdaeéd oh th@hipparaseefatteiof tRe first shims
i ght stacks of spacers 304 and 306, Pl us
306. coﬁﬂtﬂépéﬁgﬁ? Ryepsr of the leepasurigges £fd he sepapdeppacers 304 are
I
cisp 98 bk gty A FLESHELS CTORATABov 0PI, S arcasof
the wpopar sﬁrfane&ftthatfuateeﬁéctomtaﬁj) al for mati on. [00071]

In EFig. 7A, Dbas 02 is ed, an f i,

PoFf s, ‘15 Jdor o6 SEr i, rseglsga%r B0 8 Rsppbed fiF thner cdge
aread Ei)f thd iy rpﬁhffa@cf:s fofridle S&UJTRd ¥Pacers 307@ SA@SEikL.OPF, a second

outer ed areas of the upper surfaces of the first

pair spasecendoghima 3969 arg GilSQOﬁﬁfﬂ senr epfecegige3apeas of the upper

eurtShE83 s b 585 20837 LS e Wmpitio of a second

reflebtibAt uA12821 (ndR4abileel neFipt 7Fs Hd’teagamplseé iRig. GC)a It is noted
first reflection unit 321 (not beled in Fi

thatghe Sﬁég;l@ﬂ(‘@ of3icigs. [(HodY Ap cmpqs,l‘@e SCqUERES) Hg Fﬂ%“f‘ (7B7C. This
is m?rglg}f | rg{??s‘iﬁé& &g% @ogﬂélp Shh sHRRS3GE BRC ESftor 320 are

ge areas of the | ower
dlSpSE(Ed anes thod mtchext;engnspaqmsefﬁgél 384irgerchanggakleonAshe practical
per s aces o hi ns

matter an enL{r fe assemrbly of afflll{er 3064'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



306. Inner edge areas of the |ower surfaces of the
second spacers 304 are disposed over, and may be in
woanisaadssgas noted above) with outer edge area®CoOfUS2000817131
upper surface of the first weflector 320. [00073] In
7E, a second reflector 320 is_ dispose n_.inner
slicedggeansiarmob g nppeV Sind 306 bobhe Ut broad band x-ray

bearﬁ&@)efssw%gffcd '%“T ﬁhcglcagé:d b$ éfﬁ%@%ro@@ﬁat@heé%‘éﬁ@@l in Fig. 8B.

shinms 306 are sposed on” ou edge areas
[0@9&7] suhfl a:mmirmt tfﬂéers éd@ndasmamlmmatemha@imtmajonty of

cond efle n.unjt
the (:ﬁpﬁs—pg {)Tg f c? P NS gé CJ;(')’% de %tstarsltlally the
entire®y etherebat 1ARke as eay@nc eatoﬂedatga midgofityi &f qmomtannany the
t he sequence of Figs. 7B-7C.. This is_nerely

entlrelty)u@fit @rqaﬁa{se@h@n &f dupadbapgd ghran m@nsdmawatransformed into
3}6}%9 Qoseﬂ,bo Ht %M@de | ¥y smaller (if not
spacer S s R I

erc angea a practica
substahtleﬂly aregéigﬂh)lleg‘s postom| pf olﬁrcmd | band ¥W@AmOUOF is wasted, as

L Iy pre t.he se igs. 7B:7

mdl% g yy@rpﬁs E&ﬂo%ﬁea %@%0 ﬁ a;l%ste;g tléqt Hisey Background

Art BREF 802 WHJIH BRAE %sre?ﬁéatéélyds&a@% 8& 14BPAI order to obtain a
surfaces of the second shins” 306. nstructlon

complwie iimags, isystéra lﬂar{ﬂ@at veet filisadl H@ooan whtain 4 complete image

suf fi.ci ent nurrber f [ S
in gt (PP s o, Wsbaiobenle R ide b oYt Seltl whieh 1s
signﬂmgﬁly)ﬁstéﬂr nt h) pair of shins 306. [00075] Fig. 8A
sinplified perspective side view

¢
I%Q@W@J ounds gertragtadowitnibe B nqql}cgﬁ%o%rwa%ology system
100/ éb ¢ é s rl‘f’éﬂ 'diﬁburﬁ%%cé?&%’cfﬁ@}e ¥h&%er and higher

ereo epl cte romt e perspective o ooki ng I'nto
x—ray Henagesdthain dxbibibringrrobed dcdeaast betwsenf elgokiargal tissue and
ast f [ter 802.toward .anod

candgfiup Heete poraiieotres SRagabic Brlndt - Sipuiade cgapvely lower

radlaﬂlbﬁeﬂosé%@ (4B&at MORC t¥sdithant & Bfod®asdn@N€ray beam exposure
nbodi mrent of the present invention filter, while

accordglg bDthe Bavkgronndspphdi Mereevys @c,ﬂqe@hiﬂr sulgct 116 to mgest

on 505 S8R 0 L RN RAR B, B et

to tH@Bhackj f(b@ndlélﬁ t QVwat-dwalbané X108y Heddh 71612 /BBIIK g:anubel adjusted to
Art fi 802 can okply accomuopdat thin Il;dce of
xhip ﬁecaafas‘gs SAHENGICSoENHr 858 TBARL %@eﬁé@f%aﬁ? lgg! imaging. Cancer

tum@g%slze&%ﬁ /% 1t§}ﬁ511t hE o MORRPS/ 819883 can bhe detected with such

7131 16 slice is transforned into a
systemst oWHianchn -leayl beaarlitbstiaghosisoafl disease- whych inareases the

ch 107a|§ wast ei_}yl as i ndicated by a | arge cross-hatched

[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



[00077] In contrast, filter 110 can acconmodate at

| east a majority of the cross-section of broad band
we-20@yiam 107, if not substantially the entPCEUS2004/017131

thereof. As a result, at laast a mpjority (if not ‘

.S tantially th entiret of .the cross-section of
in BAPHART 'S ok Sosill L6TILuR: 40 cRoTans WhRer (iblsgt 116 has
con&ailed x waypbAaP ddrabandlihed by dsavigy. much smal | er

i f not substantially negll%;ble) portion of broad

[99Q8 Heam w7 presamsitaeention heyag ddued degeribed, it will be obvious

arChg Sl o S0P gl 5yt SRAppiaRy e ot o be

regasdad amubjdepariife fronettersirit abidaboope of thplprtsentagention, and

system 100 (that uses filter 110) ca btain, a
all %ﬁw@@@ﬁ%&g&s iasrengﬁfnﬁ@aeﬁo ile%\ﬂgl,cﬂﬁq‘»%mhmnﬁhe scope of the
prede@it HvastibAW 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

medi cal circunstance to achi eve sharper and higher
X-ray images that exhibit inproved contrast between,
e.g., normal tissue and cancerous tissue, while
exposi ng subject/patient 116 to a relatively | ower
radi ati on dos&§emeindstef pags iptendionally left hi 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 (l), can
be reduced relative to the Background Art. Narrow
band x-ray beam 112/ 113 can be adjusted to exhibit
center frequencies that are nost useful for nedica

i magi ng. Cancer tunors at |east as small as 0.2 nm -
0.3 mmcan be detected with such systens. This can

| ead to earlier diagnosis of disease, which increases
the chances of saving lives. [00079] An advantage to
usi ng both of systens 100 and 200 in a nedica
circunstance is that the narrow band x-ray beam
exposure mnimzes radiation exposure otherw se
suffered by subject 116 i naged according to the
Background Art with by a correspondi ng system t hat
only forns the inmage only w th broad-band x-ray beam
exposure. Moreover, total exposure time 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 inmge can be made WO
2005/ 010893 PCT/ US2004/ 017131 17



inreal-tinme at a | ow dosage exposure to assess
whet her subject 116 has conceal ed a weapon or
woanisveatrsd in a body cavity. [000811 The preseqr/us2004/017131
i nvention being thus descrii8ed, it will be obvious
that the same may be varied in many ways. Such
variations are not to be regarded as a departure from
the spirit and scope of the present invention, and
all such nodifications are intended to be included
Whajjisialaimped isicope of the present invention. <renainder
of page intentionally Ieft blank> W 2005/010893
PCT/ US2004/ 017131 18 What is clained is: 1. A narrow
band x-ray filter conprising: a substrate; and a
sheaf of ane Qr nore reflection units stacked upon
L oo Mot AW PYAd Ry SISE CoRRIISEEEh refl ection unit
I nglsudispehid: Ehpgst set of at least two discrete spacers
on a respective underlying structure, a reflector
di & pbsatiob ey miore trefection wpts stackssl uponceddr atlzer on the

oo Bl PRALEGR AL BRPREL g oY 19 et ure and

di scr et fight 58t 6f aphsed ton dikerdte’spacket dif a rebpb@add underlying
two spacers, each shimbeing at | east substantially

strugl&esame t hi ckness as the reflector. 2. The appar at us

of cl f"‘ié[nr e ?rcﬁ%(ﬁo B! ﬁtcstt(getiori*%%%%%f‘s' soaamform a void
| ayer; and a stack of one or nore mrrors, each mrror
betwertl thit respextiveayyd&lyrigstrivayere aaddhe refleetonfand
carbon on the metal . layer. 3. The agpparatus of, claj m,
o wher st fel RbablFRt ioispRar Al Rase S aedist set of
at 1e38t woRdRidery MK shitndbeily £ 1eA8€ sAPREANIAEY Phe Wafhéthickness
3, wherein each stack includes 2-200 mrrors. 5. The
as thepeflectos. of claim 1, wherein the filter further

includes a top nenber on the sheaf. 6. The apparatus
of claim1l, wherein the sheaf includes between 2 and

2. 30Dhe apparatus 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 apparatus of claim 2, wherein the heavy Z metal includes at least

one of gold, platinum and iridium.
4. The apparatus of claim 3, wherein each stack includes 2-200 mirrors.

5. The apparatus of claim 1, wherein the filter further includes a top

member on the sheaf.

6. The apparatus of claim 1, wherein the sheaf includes between 2 and 300

reflection units.



reflection units. WO 2005/010893 PCT/ US2004/ 017131 19
7. An apparatus, to produce a substantially narrow
woaoah/oieg9ay beam conprising: a source of a fPC¥US2004/017131
Xx-ray beam and a narrow ba®d x-ray filter having a
figst. end, ,a second,end an foc ol nt. | ocat ed
7 nedPAPRFAHE T PLydunG at%%ﬁ %%E g PaRd X ag beam,
compeisiag: bei ng di sposed substantially at the focal point
such that a substantially narrow band x-ray beam
endSRUESe Of GrilfHec-Ser HfarNdf the filter, and a

crg ?ﬁir?g\%glﬁ%gd (—)rag{‘ﬂ]lt@flﬁ'{a%g %”ﬁgfrét&gi/, o%) g?ﬁ%ﬂd end and a focal

correspon east amajori
poimtrlosateskentarsr tof thehfirdti arsd thianay theasacodd dhe,

apparatus of claim7, erein the cross-sectiop of th
s BERrpeins diFposathatistanbauctdhsant PaH S ueh that a

sub&titBllly h&rfdw w&lﬂas}rbéé{mtéiﬁaﬁ!a’féé frof@ e %etdMd end of the
beam 9. The apparatus”of claim 7, wherein the filter

filter,sanah X-ray tel escope such that the narrow band x-ray

AT SsSEIEA  oP ROV bbb BAY B cpifBnabde to atteast
a majrityrofahedciosd-sotivigelith@firstix-¢hgikeain. 11. The

apparatus of 10, wherein the narrow band x-ray beamis
formed of x-rays that diverge fromthe second end of

8. égglﬁé irag)h‘%ﬁ‘at&g of LHnRBP @J}ﬁ%r%%i Phe %kééépségtl%ﬁ"b? tleMarrow band

ector 1s constructed and ~arranged as 1'n
x-rayllmam2ort&sporits spbataattisllyto theiemtize onbes-sientionha the first
b filter.is novable in at |east one dinmension; and the

and 3sLa% PGy t her conprises an adj ustnent unit to nove
the filter in the at | east one dinension. 14. The
apgﬁrat us of claim7, wherein the first x-ray beamis
9. a Pheappsaatus of elginpdamihepeine tos fiftryde 3 X-ray telescope such

that&%#%ﬁr%% %ﬁg-ﬂr% \;%v)%ba%xg as ’)ﬁ(\&;rgigﬁ gﬁggsﬂn%‘bsﬁt%gtighg}%%l 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.

13. The apparatus of claim 7, wherein:
the filter is movable in at least one dimension; and
the apparatus further comprises

an adjustment unit to move the filter in the at least one dimension.

14. The apparatus of claim 7, wherein the first x-ray beam is a broad band

x-ray beam.



apparatus conprising: an x-ray tel escope; and a source
of x-rays |ocated substantially at a focal point of
woOheosieadsascope near a first end thereof such PoaUS2004/017131
substantially narrow band am of parallel x-rays
emanates froma second end of the tel escope. 16. The
apparatus of claim 15, wherein the cross-section of
15. th@nré?;yae 1??@“@8' préate¥ abgéﬁéfa% agpﬁa%& Dafd k88§tbéam, the
maj or the“cross-section of the first x-ray
appdoadus cbi'npflibm@ppar atus of claim 16, wherein the
cross sec&gon of the narrow band x-ray beam
aIIy to the entire cross-section

Ofa Ebﬁréé bﬁk—ra%ﬂécétercﬁyub@@iﬂtlaﬂﬁz ata fa@alapamts(of @ telescope
make an x-ray image of a subject, conprising: the
nearasg @astamé the@e@ﬁméhat auHbstantiglly ynmp%aﬂadﬂaeam of parallel
~ [ y detector
x ragsr r %g %%E] 0 ?Izlc%%\?é#ﬁeéﬂéﬁg\?vg%%%a&é éfaay beam so t hat
a subj ect disposed between the second end of the

filter and the detect st s, i mage thereo
16. TrEhe gpRARRES of Yoo bRl B, cr-preien 0 ot th Tarrow band
X—ra¥ M @DrresposidRStd &t Rrast ShRGbriff oPfige @Eoﬁ@%@ctlon of the first
ef | ectlon nits stacked upon”each other on
x-ragliesymat e, each reflection unit including a flrst set
of at least two discrete spacers on a respective
underlying structure, a reflector disposed on the

17. fiTisé apphrefusppeRiit $6, dhdreird tidncosskectibrtofehs rlaheow band
respective underlylng structure and the reflector;

x-ray jhegim serrespomnds sakstanially ke Hes gnkiRe GEO%t-s56HRE Qe first

2 et of at |least two spacers, each shim
ban‘%gﬁe‘ﬁ%’ east substantially the sane thickness as
the reflector; WO 2005/010893 PCT/ US2004/017131 21

each refletor i ncl,udi n a base | t ack of
8. o GPHBAE S, ( BAKE edkey FRgEei s upfigt Sotiptiiing

the apparatus, to produce a substantlally narrow band x-ray beam, as in

claim 7; 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.

19. The apparatus of claim 18, wherein the filter includes:
a substrate;
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 discrete spacers on a respective underlying
structure,
a reflector disposed on the first set of spacers so as to form a void
between the 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;



a heavy Z netal |ayer, and a | ayer of carbon on the
nmetal |ayer. 20. The apparatus of claim 18, wherein
woheosguigoect i ncl udes one or nore of the foll eairAg200a/017131
l'iving organismfor which the i mage represents
di agnostic information; a living organismfor which
tﬁ@chrfﬁél@(??@p\{@‘éﬂ% security assessnent infornation;
and an 4 pagl [%ﬁe? ghigect for which the imge represents
security assessnent information. 21. An apparatus, to
make am sxtarckyoﬁ qmgermﬂon: Blubjorst eaclhympirrer ngludieg
appar at us, rod ? slubst ant hal Iy narrow band
X-ray beam aa an x-ray detector

arranged toarw@fwcbmoﬁ@ﬂmmxay@y beam so t hat
a subj ect disposed between the second end of the

tel escope and the detector casts an inmage thereon.

20. izﬁaezgﬁggpﬁﬁsaé#&a% f)éf %ﬁ]ﬁ?éllp 1?@?3 ctc %?ﬁi&@se(ﬁ{e or more of

one or fore
the folgamhgm f or vvh| ch the i rrage repr esents di agnostl Cc
|nforrmt|on *IVIE ani sm for V\,hl

%@@agggm ‘W” ge TRPETSEL fié}ag]ahﬁtugﬁlformatmn
s & ij{r’% gﬁ’g@ﬁf frQFhiMY el hﬁﬁgb Ti%ggt?ééi‘ﬁé %%%ﬁ‘i‘ﬁy assessment

ssment I nformati A met hod
informekiiion; andar r ow band x-ray filter, the method

o PThBIa Ao rJ%\é i "Whiel %g%%%ggge EQ%%{S%C c%t?r”a?ssessment
inforsgdhiate. 24. The nethod of claim 23, further

conprising: WD 2005/010893 PCT/ US2004/ 017131 22
nmechani cal |y connecting the one or nore

o1, SSRGS SRR A B OO B e
clthempisarasher o prd)(ﬂneccs nequhdtasitiadlyi marrofiobasdchray beam, as in

~reflectjon wunit, includes: disposing a first set of
claimil3; 4 two discrete spacers on a respective

an x-ray detector arranged to receive the narrow band x-ray beam so that
a subject disposed between the second end of the telescope and the detector

casts an image thereon.

22. The apparatus of claim 21, 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.
23. A method of making a narrow band x-ray filter, the method comprising;:

providing a substrate; and

stacking one or more reflection units in succession upon the substrate.

24. The method of claim 23, further comprising:



underlying structure, disposing a reflector on the

first set of spacers so as to forma void between the
woespaaddose underlying structure and the refl eeCoOAS2004/017131

di sposing a first set of at22l east two discrete shins

on the first set of at, |east two spacers,

W
bénehapicpliy qonngetingthapng OF FBOEG RHCERRSIKFINS taélléﬂ“ units to
the sub%ﬁfa@cfe L8%o f gf’m] %ﬁeé?@?f%‘lé&dﬁ usligl, m 23, V\,here| n
f ncl u

ect or ase layer; and a stack of
one or nor e mrrors each mrror including a heavy y4

25, TS 3088 Al FRE SRR R o HEYretecton

umtlﬂféwg@g, at | east one of goI d, platinumand iridium
. The met hod of cl ai m 26, vvherel n each refl ector
i .dmmgza fiost petrelorisleasp GwoTHsCralE KRACSTS ONA Fespective

undiahd s fee, < 00, G o ol & m 23, "wherei n e shea
| eEspiekinghe refato? oantheNst setfdfexpidcens woiasto form a void
beméégr{?{enr%%i)eg’glvg %%eder 3;1161?8"(?33’('11'1% ellr(fé gthgaJ Ir%ﬁector
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.

26. The apparatus of claim 23, 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.

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.

<remainder of page intentionally left blank>



