X- RAY BEAM PROCESSOR Cross-reference to Rel ated Applications: [0001] This
application clains priority to provisional application no. 61/109, 561,
whi ch waswbi2bmdsi4s9t he U. S. Patent and Trademark O fi cePCTUSEN@0§280N
Oct ober 30, 2008 and is incorporated herein by reference. The Nanes of the
Parties to a Joint Research Agreenent: [0002] There has been no joint
research agreenents entered arties. Statenent
Regardi ng Federally Sponsoré%ﬁﬁsgﬁtﬁgﬂﬁggo ment: [0003] The federa
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subj ect:kgdrelerence elated Applighianse ¢ i on. Background of the Enbodlnents of
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target theNames of D, s . et sed in pending U.S. Patent
Appllcatlon No. 12/ 242, 577 ("the 577 patent application"), filed on
Sept e8P0 Therg hanpeendiorieint exgeareh agrephents pntercadnte aviloHLy| third 8psiss-sur ger y
System That I|ncludes Automated Cell Control and Eradication Via
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i ncl udehanybjsdutacter of thisrpaenbggii®atsarch as | i near accel erators and x-ray
tubes. A problemw th using x-ray beans is that they are not easily

9lver x-ray beans that spread with
" " t¥e—gﬁﬁﬂgthggﬁﬁgenerator Therefore, there
is a need for beantprocessors t hat focus hlgﬁjy coherent and col | imated

x-ray H889H onCengre deefinent astpsts thefyss apgMI dayfdeiaad @heam|ggrerper gedinogit t he
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cancerous tissue being treated. The beam processor and related systems described herein

improve existing cancer treatment systems by, among other things, minimizing damage to the
healthy tissue in the area surrounding the cancerous tissue being treated and provides greater
assurance that the target tissue is killed. Such a system is disclosed in pending U.S. Patent
Application No. 12/242,577 (“the ‘577 patent application”), filed on September 30, 2008, and
directed to a “Photonic Based Non-Invasive Surgery System That Includes Automated Cell
Control and Eradication Via Pre-Calculated Feed-Forward Control Plus Image Feedback
Control For Targeted Energy Delivery”; the contents of the ‘577 patent application are
incorporated herein by reference and include a common inventor in Mr. Oosting.

[0005] A beam generator used in such a non-invasive system can include any source of x-
ray beams such as linear accelerators and x-ray tubes. A problem with using x-ray beams is
that they are not easily focused, and x-ray sources produce diverging x-ray beams that spread
with the square of the distance from the source beam generator. Therefore, there is a need for
beam processors that focus highly coherent and collimated x-ray beams on cancerous target

cells with sufficient flux to destroy the cancerous cells.



[ 0006] An enbodi nent of the present invention is directed to an x-ray beam
processor systemthat includes an x-ray beam generator for generating x-ray
beans; a woOrowvossdspel d nenber for shielding the x-ray beamaskeoonssel ect
areas; a cylindrical or a systemof conical waveguides for guiding x-ray
beans traveling through the wavegui de, which includes a plurality of entry
ports a d.- it port i al ring ) mrrors di sposed adjacent
5 AN ' ; 48: t he exit ports, and
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enbodi nent, the polycapillary tubes are actuated to control their novenent.

[0008] [8P%Br eApeticien %dlﬁlﬁntQféh%P@mtn‘tth@htsrd@ﬁCﬁeﬁ& ydE ekt es rel at ed
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in the Present Inpvention; [Q009] Fig. A is a . side viewof a fir
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wavegui show n i nner con one an enter’ beam [0011] Fig. 2
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electrical chips; and a plurality of mountings for mounting the circuit boards to the

waveguide. In this embodiment, the polycapillary tubes are actuated to control their
movement.

[0008] Other embodiments of the present invention include features related to a beam
processor with converging waveguides, double cone optics, inner cone optics, outer cone

optics and outer cone optics with polycapillary tubes, as described in more detail below.

Brief Description of the Drawings in the Present Invention:

[0009] Fig. 1A is a side view of a first embodiment of the present invention showing the
components in a beam processor.

[0010] Fig. 1B is a view from the target looking into the waveguide showing the inner
cone, outer cone and center beam.

[0011] Fig. 2 is a view of an optic system used in an embodiment of the present invention
showing mirror geometry and angles related to the actuation of the mirrors.

[0012] Fig. 3 is a top view of an embodiment of the present invention showing the

various components of the optic system used in such an embodiment.



[0012] Fig. 3 is a top view of an enbodi nent of the present invention
showi ng the various conponents of the optic systemused in such an
enbodi mrerwO2001B8)46Pi g. 4 is a side view of another enbodCraskofcishe
present invention showi ng the conponents in an alternative optic system
that includes polycapillary tubes. [0014] Fig. 5Ais a side view of yet

anot her odi pent .of the. present invent.ion show ng the co nents _in an

a1 ter nd0F T opFTee 4y sy iRatt SR HEBOHERD! SIagePreskly S aer SRAHPers.
[0015] dGhfpondBs iSarPal&btheivy bpit QfstdnitaMeRidBRNlyQbillderdegsent invention
show ng the directional change that occurs when X ray beans cone in contact
wi th a [A14]i | afer Shay e gidic décve hbyriehothfioaBidieng.of the resenyingenteh anot her
enbodi nent . of . the present inyention show.n e compon s in an .

o ter narPyitip FEnBYEREh eh A SRR AL R SEIRII S o e Bhuide i ng
waveguidhesneld 0017] Fig. 7 is a side view of yet another enbodi nent of the
present invention showi ng the conponents in an alternative optic system
that ir@801Rles HiwubBds eside vipt plean elpaligpntmif ghe [gesest wventipm shpwipgohe anot her
enmbodi - ' ' ' - qln.an
a1t or ot gl PRReB0ER Sl RGN kT ARRCRE b Do EATRANERMINEIST g, o 1
a si de wiaweguidé chainenot her enbodi ment of the present invention show ng the

conponents in an alternative ogptic, systemthat includes ogfen cone optics.
[0020] IPPHPI 10%iesOds sivige <fiasqihsy crabistiment iBoRichEm{TGRlQhEoprRE Bt

| nvent | ARG it NIEnEATPORRLSdnfuANinRI B! DBLrY FroRBEbEw RN SHERRAL
i ncl udes outer cone optics th polycapillary tubes. Detail ed Description
of the vEvegdideents of the Present Invention: [0021] Fig. | A shows a side

vi ew of i rst. egbodi.ment of.the esent invention show ng the conponents
0 DAl ockissan s e onorarm SR Rg DL AT B et et NG o 1 he
first apbeshp@irhtsiinah 4AGnaHREPNCI§REMARAIncludRIdOHBIE o Shtksand tunnel 2,
nmountin mrrors 4 including entry mrrors 4a and exit mrrors 4b,

S 3 ! . . . . . . . .

wavegui [3@183, i FrgeB ivopide glevoeltamptheo prmbgdimsanefehe preagnt @avendon shroyeng the [ 0022]
The beam gener at or cap.include any source of x-ray photons but preferably
t he components'in-dn alternative optic system that includes mner con€ Optics.

[0019] Fig. 9 is a side view of yet another embodiment of the present invention showing

the components in an alternative optic system that includes outer cone optics.

[0020] Fig. 10 is a side view of another embodiment of the present invention showing the

components in an alternative optic system that includes outer cone optics with polycapillary

tubes.

Detailed Description of the Embodiments of the Present Invention:

[0021] Fig. 1A shows a side view of a first embodiment of the present invention showing
the components in a beam processor. The components of the beam processor according to
the first embodiment include a beam generator 1, mirror shield and tunnel 2, mountings 3,
mirrors 4 including entry mirrors 4a and exit mirrors 4b, waveguide 5, inner cone 6, outer
cone 7, center beam 8 and target 9.

[0022] The beam generator 1 can include any source of x-ray photons but preferably the
beam generator 1 includes linear accelerators, x-ray tubes or radioactive isotopes.

[0023] The mirror shield and tunnel 2 is preferably a precision machined lead (or other
dense material) shield that prevents unwanted photons from reaching the mirrors 4.

[0024] The mountings 3 are preferably fixed structural components used to hold other

components in fixed or near fixed position relative to one another. In the case of mountings



beam generator 1 includes |linear accelerators, x-ray tubes or radi oactive
i sotopes. [0023] The mrror shield and tunnel 2 is preferably a precision
machi ned weadinwi46ot her dense material) shield that prevemtus2eminested

photons fromreaching the mrrors 4. [0024] The nmountings 3 are preferably
fixed structural conponents used to hold other conponents in fixed or near

fixed posjition relative to one other. ILn.the case of .nountingsfor the
act uat a8 PR Ed apfh i G6 oL IREACF #6 et o TR PRRnGTg 1 HOInHTAEFRG 3
whi | e tNR aBlubfc@mbvéd raativeioale bageved) relative to the base. [0025] The
mrror systemincludes nultiple mrrors 4 with groupings of mrrors 4 (as

shown dAVK]g. Zhe farorsystenpociudesmutiplowireysit cdathegrewpegt ofitisrosehfasr port. A

set of one or re-mrrors. 4 wll prefetcabl e used a ac nd of each
neveoui H8%a O IR fh atRbRn fy e sla BERAES ERich RE HBEFndt AR I oL or et 1
513 porhére rdir@2M @t Sre@fratill be Qk& aRutiterdr sFfeasiabyeddeicus@@eptithé Bentdr rror
system The mrrors 4 will be described further belowin relation to Fig.

2. [ 002®Yt. Ties cugipriguion bsam proseespe wath1 ) 3 pate 10924 stcpianirnethweuldense
Ceri ' ' S . . h
materi ?ﬁet%&%& léé]liste\(}m Hlﬁ]ﬁeg@ﬁéﬁ %r@%nﬁ) ns‘i’?é ﬁl?r(f&]s Q%.vltll%% c%@&‘%'ﬁﬁ%ﬁér %glofwr fm the

beam gener at Se photons passing throug e wavegui de
ports. rélatisn tealigt i ng on the far side of the waveguide 5 is shielded from

photons not directed into the ports. The wavegujde 5 will have ltiple
ports dPO¥dl esT ﬁ&’taV?EéF‘iﬁﬁlsdﬁr?fg@ﬂ?g’dnb‘#o‘?fdﬁ%d Q@%@A%ﬂ%@%ﬁ@ﬂ S&e}&fbﬂ;%f thst each
port f i : i | i - invention,
A e A R R S R R R e
X-ray massing irouphehowaegauidbgmrise Thes, taoy thinpndbe Colsidendithowawgdide Shisgh | evel
of coherence.. [0027] The wavequi des are ani zed ip three sets, There is
an out P RO RRRO AHOR A SiG) o e SR o P TR BREPSHE For m

I nner fbr%@%s%b&?ém?i.t ERARS] Fotd MY phdsaM@lgh sRMthh@a8xXpdrt RActiSnOfs st vide
waveguide 5 to the intersection point 9. Photons traveling fromthe beam

gener atgwidel Inione gghodimentefthe prosorttinepntionrihe mdindual pews sre pldtehwpbigatd f or m
the cent &t ta)l? o 8a'11 -Ehectit Ial‘raggzr 9rniirsr 1;0 d Wherll etsherv%)%i t1rom-i rc%rll%méltlloondi rect
the i nd™Vi ddal"™peais" 1% 8h acﬁywavgéui 8“@\7%‘%? Sgrt ? 8" to an

i nt er segtiadiglateveing cdrgtiied target 9. [0028] Fig. 2 shows a mirror's
geonetry and actuation as used in the mrror system4 shown in Fig. |IA
Mbr e sdﬁ@ﬂ]i callhy wageguidasiars ergamzedsingibigasels dACrs if I@HCHinG AN FBICTIN®N one

and a single center port. The photons form inner 6 and outer 7 cones as they travel from the
exit ports of the waveguide 5 to the intersection point 9. Photons traveling from the beam
generator 1 through the center port and on to the intersection point form the center beam 8.
The target 9 is formed when the exit mirrors 4b direct the individual beams from each
waveguide 5 exit port to come to an intersection at the desired target 9.

[0028] Fig. 2 shows a mirror’s geometry and actuation as used in the mirror system 4
shown in Fig. 1A. More specifically, each mirror 4 is mounted on a fixed pivot point on one
end and an actuator, preferably a piezoelectric actuator, at the other end so the deflection
angle can be adjusted in very small increments. Any adjustment in a mirror 4 will affect
deflections in subsequent mirrors and will likely require actuation (movement) of the
subsequent mirrors. In the mirror’s geometry and actuation for a given wavelength, the
mirror’s critical angle must not exceed 0.58 degrees therefore the entry angle as shown in
Fig. 2 will preferably be approximately 0.50 degrees. In addition, the exit angle is
approximately equal to the entry angle. Therefore, the total deflection at each mirror is

approximately 1 degree and the major angle is approximately 179 degrees.



end and an actuator, preferably a piezoelectric actuator, at the other end
so the deflection angle can be adjusted in very small increnents. Any
adj ust mrerwoi2niesmopror 4 will affect defl ections in sub®equsreooms2siprs and
will likely require actuation (novenent) of the subsequent mrrors. In the
mrror's geonetry and actuation for a given wavelength, the mrror's

critical gl e_nmust not exceed. Q..58 degrees therefore_the entry angle as
ahown' ROBHTG. “BOUPRITE: &F S0t T hdof 6% meet (ot 65 dugPeds Wil addi 11 on,
the eXIs%%ﬁe&I&tm&ri@nﬁ&ﬁww@ws aguads (bPIkdRag D tivnRMIH &itickNEle®f L6, the

total deflection at each mrror is approximtely 1 degree and the major

angl e igvapprekingt of defiegongrme 88 degragio Fotegeocantlthis indheshsom bath Fi g. 3,
in a case where tJ;t%re are @ m%]orﬁ iln eac({1 seg{mnt oF t he. r4i.n s there
woul d BRITET HEES FsTe fyavh guidle i3 elos IPRE 14 hE OBt N §f PP & PO Y gi ven
vavel engifigteRthdsial Rabihofem fitipBaBsthegidastolie Bbycdods f8Foxihfatd Py $ect.s the
case on both mrror rings and the wave guide is 36 inches |ong and the

outer ri0APlofr Hoheweves assingle magor is udehinesreh scenmeat elhaexit 8agtthe PYamit he beam
g.e“efat181£%tﬁi&c9eats&eto‘ggfg%e+t 369+'1§4%@p—ff’?§'.%£f915§1§]éé oZlZlgrgtfeetgl(I}ggf)%lsohfofoglﬁ er, a

single m¥ror 1s us I'n each ségnent e exit ring, the over engt h
i ncr easkfll ingh@2art Btaws a3ght tddglSBom the Sended df ieh@seraiond 4 télhefir@tseftidn a per son
of ordinary skill in the art draws a right triangle fromthe center of the
out er d@ﬁ@%theﬁnfiwéﬂ}eﬁp@ﬂ@%@fﬁéﬁ2whﬁf afgl,q thegaeleAGSANERECHI e wi |1 be 2
| nches @nekcl NenaBRKe 1Rl 1chif of RicRRELIAM AL S BiG e deaLsRRy s fherefore, Lhe
| ength of the Intersection point 9 fromthe waveguil de Is 2/tan(5)=22. 86.

| f you Xaue )yoiil.§6. Ufyon have ¢ripn nier Henghdlengtd/~ Anpl ) =1 IR BBatregheise t he

angle is only 1 degree.). .This geone woul d, be.requi.red to feed .t he
cer sabefon g ek, i orl g Bl Rl (i iERe Ui e o
wal |'s. aﬂ%sédu@ﬁ'wﬁ*é?@i% SWAH SirRRBd MérBrivRIRN The FiaXl @SR fwoulhhpRoaRaton
density per unit volune would be hundreds of tines greater at the output

t han t ke ¥-raydaser.t Wil phplonalepstyien udit nokunie weuld bpdurdreds ofi tames greatepudl 1 fy as

an actyal |aser. [[0031 f . t.hese assenbl | re.then combrned in a
cascadineouPP e e G UG B8RE TR LT F S RS R Rl wi ¢
mul ti pligsebeam generators, the end result would be a brighter and brighter
out put as_the nunber of inputs is increased. [0032] Wile the beam

pr ocess803Yr ovifdbescasipmbhichivgrrdher erralined Bta epicasinpaBGARCRitoft he
Inters ﬁQ%erggig% hd it BFforday! Garfific SYRILARDR vehlim e SRTE 1R £Q QU™

el emen
would be a brighter and brighter output as the number of inputs is increased.

[0032] While the beam processor provides a much higher concentration of photons at the
intersection point 9 than would be available in the same size volume element of an
unmodified cone beam or intensity-modulated radiation therapy (“IMRT”’) beams, the
overwhelming majority of the energy emitted from the beam generator 1 to the beam
processors will be discarded. This is because only the energy captured by mirrors 4 and
channeled into the waveguides 5 is used. This selective use of photon streams dramatically
reduces the total energy introduced into the patient and therefore reduces the likelihood of
undesirable side effects while assuring ample treatment of the target cells.

[0033] The percentage of the input beam that is put to use can be varied between 0% and
0.0001% (approximately and depending on the number of beam mirrors/channels/photon
streams).

[0034] The actuators on each mirror 4 can be used to modulate each photon stream on
and off. By modulating a portion of the mirrors 4 to direct their photon stream such that it

does not enter the corresponding waveguide 5 the beam intensity can be modulated up and
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unnodi fi ed cone beamor intensity-nodul ated radiation therapy ("I VMRT")
beans, the overwhelmng majority of the energy emtted fromthe beam
gener at orw0 20w/tShs9beam processors wi Il be di scarded. TIrCI/USS0MB®6WUEE ONly
the energy captured by mrrors 4 and channeled into the waveguides 5 is
used. This selective use of photon streans dramatically reduces the total

energy jntroduced,intp. the patient and therefore reduces {he |ikelihood of
Cindea raieEy Ry 1 4Bis angghbition 248 bF HPRg TR PP RYSHERY Co POt AirtRg

cel I's. £ QQ3Is dDEPS SANBOREY cLinuskiaBidn, Deam that [ s put Lo use can be
vari ed between 0% and 0.0001% (approxi mately and dependi ng on the nunber of

beam nilP93s/ c Adlnmabs) phbewrofshe manshcan] @0 uiferThly shrldeditopsevert each mirror

4 can b% usedato m)dultaihe ea%ch photon stream on and off. By nodulating a
port i ot BFTHEY HRPBIFO NS M ect their photon streamsuch that it does

not entjgo3dlhe TQLrERHPMIGHNGeBVEeYs Perchd b ehelppBRiteni @i thy partit Remnmeul at ed
up anddown very rapidly. This nodul ati on can be used to create the | ower
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s 1 e eather noniog headigerdtat This ppnrarnrorid
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e (0] WO

shield 0 prevent unnecessary exposure e patient.

di nensiinsiad thegateait givehallSsqpkacachydnas hdwuaepesidtbnsi de of the patient from
t he beam generator lmay be used to t her positiagn feedback data. This
appr oao[ﬂﬂgﬂovi jagrey l?ré??’é’hff%léf&bél%ﬂ%‘%fl be arthgrosdgred 1eeraentdf fegriicaipngtc

creati r&oﬁigede%?e%k FEht e RERUSE Clfla At PO iy Pork B (1€ LidGo RAH i Qiy@n the
sensor array has adequate resolution. [0037] Energy %oss at each mrror
shoul d dpergyriogstfeorn thaetefloétidhs showdé bt approxinetdy ibticoht. Angldditiof, thes8naegr ees

is not exceeded. If a total.of 6 mrraors_are used along each path the total
ener gy qec?élsenimf‘g@r]r?stsﬁésoﬁé???‘g‘&tﬁm?sw%‘??gﬁll%a e approximately 6 percent. In

addi ti qpgag|her e tH&¥ iPRo RRs BREESK MBS IRBItRE Revapuides Bhebdmy aebdes S.
[0038] If there is no loss associated with entry into the wavegui des 5, a
beam prwithe §&loporisi wenld ossubdr & peakophioton dangity (umbsr pEpllotesareo inideplsintey ( nunber
o PO RS oA EhTEL ) b it OB G S R B e
same X-dvafalgefosethwbdhortray ivresiihdqut deasanpratestdiat tiestiante ffonptct he
source where the photons enter the beam processor. In actual practice, the
pat i entsoygsqvehere the photons enter the beam processor. In actual practice, the patient would

most likely be farther from the source. This would result in an even greater multiplier than

95.

[0039] Even if there is an energy loss of 20% associated with entry into the waveguides

the beam processor according to the embodiment of the present invention would yield a peak

concentration in the intersection point 9 that would be approximately 75 times greater than

without the beam processor.

[0040] Sensor material is used around the entry to each port in the waveguide 5 to

provide feedback information to aim the photons into the port.

[0041] Fig. 4 is a side view of another embodiment of the present invention showing the

components in an alternative optic system that includes polycapillary tubes 10 with channels.

In this embodiment, hundreds of polycapillary tubes 10 can be placed on chips 13 (not

shown) on the circuit board 11. The number of polycapillary tubes 10 can be doubled by

placing them on the inside and outside of the circuit board 11. Each polycapillary tube 10

can be actuated separately to change the direction of the beam. There are preferably 38

channels in each tube, with each channel in the tube being preferably 1 micron in diameter

and each tube preferably having a 7 micron diameter.
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nost likely be farther fromthe source. This would result in an even
greater nultiplier than 95. [0039] Even if there is an energy |oss of 20%
associ at edowntonsemsbry i nto t he wavegui des the beam processars2@omesdi ng t o

t he enbodi nent of the present invention would yield a peak concentration in
the intersection point 9 that woul d be approximtely 75 tinmes greater than

W t hout beam processor. [0040]. Senspor material i.§ used around the entr
o eactObtA r LR boGE Far0b BB A HEE AB AR THb GRS MGG Ca m t he.
phot ons,ré fic@ th AR cRUdment O ivérbthe ﬁra&%e@rn%ﬁt@%ré’ﬂeﬁ%’lﬁ13?%1?&-&3?&'%@& ghedi nent

of the present invention showi ng the Conponents in an alternative optic
syst emmigen, vag¢gnidschoongte &) mvhicaraye apyesinb@inilree chindengh in slepthi s

enbodi nent , h reds, of . polycapillary tubes,10,can be.pl ace n chips 13
Chot s e hgero ALTRESS, e bRy SRR s BRET o 30 Gy SRARR pPhllslS s o
can be tgedstIneghigdyl 0plaipdg chhieryibdsd dhissi Iecaand uaet ®itde off cdrign i rcui t

board 11. Each polycapillary tube 10 can be actuated separately to change
the di rwgwﬁebg foripdighagih chiplsfer eack nyfrer Bydandyallyand farpderaflivhasrgeded. ube,

wth e han i i i i i and
bach t dBL or &etay Hah ke bOfh dhohliBt PLANCADS ChAld By fLATEE Bl

pr oges si@g_mmmllfn‘y diitig.chihfs lacal(ijlgi directe ity Gzapé:gulti)cw 5/p¢1tli3 e@h@p?lgbﬁpgil&r;lg 1gr e
use to direct elenents o Lvergln X-ra ea I Nt Q rerera .

gol d- ploé’ﬁlé&@l%é@é’FFfﬁ’iaf%]rYd%‘?Pta\?%%@%ﬁng%lS g%ﬁﬁ%g%e Z@TWHP éwegrféclésb%épm ely

three f @era!bﬂr éc?tﬁﬂéd‘toitﬂm%a#ﬁ%v%iaw%n” kot &tinlol HRE @ﬁ@%y%’u‘?deaﬂ- med at

the target 9 'w a ring of act ed polycapillary tubes on chips 10. The
pol ycaps btedergbly wpbsdranl. chichsvah@gaidn 5 veould ptfarably inahudefaf 7 meromi goldsplaeegui des

5 f | j . checks f h, i _individual ly and t d fl
needed M OBAY RIS SSTeeR PO T BUEH G B s ol dpepetapyguid °°
capt ur afed¥xiftht wWageQfid Oy 8hd BOGirRAU V6 k% Y bRy (qmr%ge d3namigicdi rect ed

into wavegui de 5 ports. The polycapillary optic chips preferably contain
38 charnsblatedfoirigid one 7 micron tube. Each optic chip is preferably

act uat tuen ch vegui d "on" or, "off to,,control.flux. The
Soveon ol | uFR SRI0aMRUSH PPyt andfler Hpadhlniel sROTER ikiin 'S, o1

i ncl udghawingth€ e@por@atsdn ph att@@afivdaticiy&e@ithatiskilhdd lImghRpadvieggidshi el d
approximately one neter in length. The geams woul d then exit the wavegui de
5 and bdagdlebt gt P tfesidayigetofangmnbadimang obthe prosgntanyintion sheysing the

directional change that occurs when x ray beams come in contact with a multilayer
waveguide channel 12. This embodiment is similar to the one described in Fig. 4 except that
waveguide channels mounted on actuated chips are used to direct the x-ray beams into the
waveguide channels.

[0045] Fig. 6 is a side view of yet another embodiment of the present invention showing
the components in an alternative optic system that includes a ring of polycapillary optic chips
as described in Fig. 4 which guide the x-ray beams into a converging multilayer waveguide.
The multi-layers are preferably alternating thin layers of dense and light materials. The x-
rays are then aimed at the target 9 by a ring of actuated single or multiple mirrors 4b at the
exit of the waveguide 5.

[0046] In the beam processor shown in Fig. 7, multi-layered planar waveguide optics are
wrapped into a diverging cone on a preferably smooth stainless steel substrate. The multi-
layers are preferably alternating thin layers of dense and light materials. In this embodiment,
the x-ray beams are preferably coupled to the waveguide 5 by resonant beam coupling. The

diverging cone will be the inner collecting cone. It will preferably be slightly concave with



actuated mrrors 4. [0044] Fig. 5A is a side view of yet another enbodi nent
of the present invention show ng the conponents in an alternative optic
system t O 20malsues nul ti |l ayer wavegui de channel s 12. PCg/uUS2®9i0628a1 si de

vi ew of an enbodi nent of the present invention show ng the directional
change that occurs when x ray beans conme in contact with a nmultilayer
wavegui de channel .12, This _enbodinent i§ simlar to the one described in
Fig. 4 'eSPEEPP MIPRInGReA; Xera¥PEHRErE ¢ Eﬁ%?g]ﬂ“ g‘ﬁ opfer jutess AthpdVergliused to
direct dhe x-ray beans into the wavegui de channels. [0045] Fig. 6 is a side
vi ew of yet another enbodi nent of the present invention show ng the
conpondf947]i n Anadditian, pavitgecdlsciieg eynstvenich atrclerablyusledtly convey voith

pol ycapi l | ar tic chi.ps as .described in.Fig. 4 whjc ui de the x-ray
beans. s L Bh kR i S5 e Etnl B Yot aalsiot Y hgiGe g

pref er akhi salifcer MBHd digertdah® 7 Al alss paéfeBRSR amdit-lagbed pRb&F WalcguidEize xrays
are then ained at the target 9 Q& a ring of actuated single or nultiple

mi rr or svhaph sl bpwrapped inde ashghtliadisergingecone. Thiogene Wil sajleches hraps&dsor
shown in Fg. . & rulti-layered planar waveguide optics are wapped into a
di verging cone on a preferably snooth stainless steel substrate. The nulti
| ayer s [0048]pr eAgshdlviy orFig7nekiongr thd mnkageics nett denseidamndalkt ghlic comker i al s.
In this enbodi ment, the x-ray beans are preferably coupled to the wavegui de
5 by r dSBRAAPNHEERTLEHAEIHG . Waﬁrw@fﬁ%_@m&%@ﬂhm tﬁe B WO TeARISY

col | ectiafrs ARSI heithids aPiRf APk R otlcb @l hretRBGRYE xbf BERAGCL € O

i ncom ng beans. X-ray beans are collecte e outer surtace of the

di ver gidigergimgengle®0AF phdwn addit 6, dlng plamar ovitveguidob ltient forgs € coreewging ories
preferabl.y slight nvex with .respec 0 e i.ncam ng be will collect
beans. W & ACErTiAgT 8 bromvungenee et B Bededler b Bne outer cone
7wl o%hé&sﬁfg%ﬁ_é,aeﬁé )(-rl%%. iflcr@Metih vhiRY &8 AnPhAEn A W] Gh Q—@aﬁ Mhitgh will be
wrapped into a slightly diverging cone. This cone will coll'ect x-ray beans
on its waveenids drtheycare ajnogl thorgrech® s agmgrif gingie onmieltiplgtagtuateddnirionet. cones

neet at w dest .part, of t on f or,m,n n | anar, wavequi de 5. As a
o son 10041 41 RED Y i0RKke Ofen’ 1t ARGy s R erh PR R R EP L HEE M sy e
I ncr easks c@fpdiRatsdn AL st Bewe, optiolsh @ehithg ifiodids AodblERbE: Xpticdy ARSRSWEN af

Fig. 7, the collecting and condensing cones are continuous and are made as one unit by
coating a preferably stainless steel substrate with alternating layers of dense and light
materials. Alternatively, the collecting and condensing cones could be made separately and
be linked in the middle by a ring of polycapillary optics. These polycapillary optics may be
mounted on actuated chips 13 such that photons are directed into the condensing cone or kept
out of the condensing cone to control flux. On the other hand, the collecting and condensing
cones could be made separately and be linked in the middle by ring shaped multi-layered
waveguides on actuated chips 13 to control flux. In addition, in this embodiment, it is
preferred that cooling tubes be used in the core to cool the surface. In both of the above
alternatives a lead shield is preferably placed after the actuated chips 13 on the outside of the
cone to absorb x-rays when the optic chips 13 are turned to the “off” position. Each chip is
preferably controlled separately for alignment and control.

[0050] Fig. 8 is a side view of another embodiment of the present invention showing the
components in an alternative optic system that includes inner cone optics. Based on a
comparison of Figs. 7 and 8, the inner cone optics shown in Fig. 8 are similar to Fig. 7 related
to multi-layered planar waveguide optics except that Fig. 8 shows an outer cone 7 used to

collect x-ray beams on its inner surface. Fig. 8 shows a beam processor that is made of a
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di verging angles. As shown in Fig. 6, the planar waveguide 5 then forns a
convergi ng cone, which is also referred to as a condensi ng cone, that

i ncl udes wonaiogist46angl es. I n the condensi ng cone, the xPCaYS200006Ba6€ i N
coherence and adherence. As the x-rays exit the waveguide 5 they are ai ned
at the target 9 by a ring of single or mul tiple actuated mrrors 4. [0049]

Fig. 7 1s si de vi ew of anot odi.nent of. the present invention
Showi ngHaeES SRS uEon EPPES LG F 98 SBHbE EoneerbiieRECoTI \Ae. doubl o
cone Omﬂl§®ave%%1&®1%ohﬂbc%dgo a Condd¥QingRbh& ¢4 hiade 8NE n@NELBSHIAGCONES are
continuous and are nmade as one unit by coating a preferably stainless steel

subst r avavegiidh Sayreppadaniorfgednaguging whe dethseraghd sideghhs shavarindlig .8, where

A s Bk B RIS SRR Ry R g = 1

pol ycapinkdria gyh@wﬂdeﬁslﬁgayo@e THB ¥ BhRhrOPredGiblakigth Ll 26 pleBersbl§ Actub@t aphot ons
are directed into the condensing cone or kept out of the condensing cone to

cont r olunif fakaimipg.t Wehisterthodivegig, leadeais arq wet itnipram apsiais s thegnisbpede coul d
be madecgﬁgﬁ ﬁactoﬁ%; Y4 @vﬁ'ﬁi hb ﬁl éﬂs?%blqtﬁcl)é] d ﬁeprgq g«%}lf&% ed'a gag&pqg ﬁ% el i -1 ayered

wavegui des 0 vated contr ion, inthis

enbodi rgentratartl. IB%cﬁlIseftlﬁi’dfcﬁléctﬁﬂgadonedélm mgmtdibes dacesed thmbdaHEgmfaeort o cool
the surface., In both of the aboii@alternatlves a | ead fw%églteld is preferably

pl aced rafdhe ¥y bramsgretrsdkithscollsciing ¢ame 14 thenicacthafis Rig sEbedimgss r b
X-rays rm%fitt@% @Rt 1n‘flelc n@% 'Ellg’s”?r RriH ﬁl@&fjlnttﬁstrﬁ%neromg o%‘ﬁéét §%ne[‘ E@Wﬂlcm p

is preferably control ara ely for alignnment and contr 0050] Fig.
8 is a($hmﬁﬂﬂKﬂMD@ﬂhﬁmgﬂthMEﬂbOdlnEnt of the present i nvention shomnng t he

t st | ti .
Based dNUS!loonaeabie Bresepgyt o Find S Ehatietab e datspereendhonn | n Fig.
8 are Sdoﬁlférgfngtc@ngs! (Qtn bé 1InRb@bH L ring o%bﬁlbaﬂlﬂé’& @sks Flb%? ﬁ{ulﬁ\@éﬁg%d@gu%fs' Cs

except that Fig. shows an outer cone 7 used to collect x-ray beans on its
i nner suwaQﬂ@dcmM@138bshnmsﬂhngﬁmmﬂ processor that is nade of anulti-|ayer

| d h | ht |
P e MRYAS Y Sl LARPRSnk it Biell ¥ SLP4 e £30F M Sl RRER”

mul ti - lveiytes riph aNgingloy egutisle abuied piigdrsiafop aiiS@NIL kg BEbEdinRniMHdRe St r ai ght
sides. As shown in Fig. 8, where the cones neet there is a |ead shield in

the cerbdrbe avoheapsrritngchaneinee ir diffgjealiisgtianso hhisrmer eayire pécadondensi ng
cone. Tsﬂ?elc?%rh%ﬁ Blhwah ngefng %g'b\éarh Qﬂtg ? ?racff(?heoéﬁif &rél% me%é%gﬁfag 5as a unit

for aimng thi's e S are use aperture at
t he inl [00531f t Rges. 9 and 10 are side views of an embodiment of the present invention showing

the components in an alternative optic system that includes outer cone optics, where Fig. 10
further includes outer cone optics with polycapillary tubes 10. The outer cone optics shown
in Figs. 9 and 10 are similar to the aspects shown in Fig. 7 and described above except that in
Fig. 7, only the inner cone is used to collect x-ray beams. In contrast, Figs. 9 and 10 show
the x-rays being collected on the outside of the cone. It is made of a multi-layer planar
waveguide 5 wrapped into a diverging cone with slightly concave sides. This waveguide is
connected to a condensing cone 15 made of a multi-layer planar waveguide 5 wrapped into a
converging cone. Beams are aimed by a ring of actuated exit mirrors 4b at the exit of the
cone.

[0054] As shown in Figs. 4 and 5, and described above, the diverging and converging
cones can be linked by a ring of polycapillary tubes 10 or multi-layer waveguides on actuated
chips 13 for controlling flux.

[0055] Various sections of the different beam processors may be put together to form

different beam processors for various applications. For example, a person of ordinary skill in

9.



col l ecting cone 14 which, as shown in Fig. 8, is preferably situated
adj acent to the beam generator 1. Because the collecting cone 14 is

i mredi at evQ 2ady@eent to t he beam generator, all of the PCcrag2moamsiare
inside the collecting cone 14 (hence, that is why this enbodinent is
referred to as the "inner cone optics”). When used in this manner, the

col l ectjng cone 14 will channel 1he re divergent, beans. .[ 0051]
AIternéb?%%V@PﬁH§a@R% Cryne; t qtgf“&Egnﬂ%ggpﬁﬁéﬁu&UﬁvgggFW%t@?verging and
conver GloRgerERHR8Savegiides. I IBGo Yoh chipiNGyUptiBObYGARIL I & Madak REF AP Qr

mul ti-1ayer wavegur des on actuated chips lg for controllI'ing flux. [0052]

Al t er nati agglajed chepssiFosamld be ysied sn the hargg aBca hetecanxthe colipcbea penccliand the
mani pul ated with a ringeof single or nultiple actuated mrrors 4 for

ai m ng. OPHBINEVBEEF fent , there may be two beams exiting each channel in
different directions. This may require a | ead shield to absorb unwanted
X-ray beans at the center of the exit cone of the waveguide 5. [0053] Figs.
9 and 10 are side views of an enbodi nent of the present invention show ng

t he conponents in an alternative optic systemthat includes outer cone
optics, where Fig. 10 further includes outer cone optics wth polycapillary
tubes 10. The outer cone optics shown in Figs. 9 and 10 are simlar to the
aspects shown in Fig. 7 and descri bed above except that in Fig. 7, only the
inner cone is used to collect x-ray beans. In contrast, Figs. 9 and 10 show
the x-rays being collected on the outside of the cone. It is made of a

mul ti-layer planar waveguide 5 wapped into a diverging cone with slightly
concave sides. This waveguide is connected to a condensi ng cone 15 nade of
a multi-layer planar wavegui de 5 wapped into a convergi ng cone. Beans are
aimed by a ring of actuated exit mrrors 4b at the exit of the cone. [0054]
As shown in Figs. 4 and 5, and descri bed above, the diverging and
convergi ng cones can be linked by a ring of polycapillary tubes 10 or

mul ti-1ayer wavegui des on actuated chips 13 for controlling flux. [0055]
Various sections of the different beam processors nmay be put together to
formdifferent beam processors for various applications. For exanple, a
person of ordinary skill inthe art would readily understand that the

coll ecting cone 14 could be used with the convergi ng waveguide 5. In

addi tion, polycapillary optics or nulti-Ilayer planar wavegui des
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on actuated chips 13 could be used in the hinge area between the collecting
cone 14 and the convergi ng waveguide 5.1 CLAIM 1. An x-ray beam processor
syst em cONPRDBENOSH6IX-ray beam generator for generating PCrap2iomansil a
mrror shield nmenber for shielding the x-ray beans from sel ect areas; a
cylindrical waveguide for guiding x-ray beans traveling through the
wavegui de, which includes a plurality of entry ports and exit ports; a
pIuraIiQ%ﬁgﬁﬂring-shaped mrrors di sposed adjacent to and generally
parallél "the entry ports and the exit ports, and sharing a commopn axis
"X'" with the wavegui de; and a plurality of nountings for nounting the
mrrors to the wavegui de, wherein the mrrors are piezoelectric actuated to

control their mo ?ﬁygéﬁnﬁ%@aﬁgﬁﬁ?ﬁpbggggBW%%ysten1according to claimi

wherei n the beamggRefcathQentifh tstesnblaNg@k-r2F6&IQF ators, x-ray tubes or
radi oactive isotopeS. 3. The beam processor systemaccording to claim1,

wher ei n the nirrormirrashigfememberyfonsireldimg the spasbehnorirem bdachageaser at or  si de
of the wavegui de ani.ﬁﬁit M rrors disgpsed on a t%rgqt %%de 8& t he

wavegui de. 4. Thé SEAHEY Sedsgtye & SPEINSELS iR UG YS" Bher ei n t he
exit mwmrgﬁidej\fzﬁ@h inctuday a Rty bf ey perteatidiexR@okts; t0 a target including
cancer cells. 5. The beam processor system according to claim1l, wherein
the mrror shiel ¢ Pla@liboeflsing-shaner mires ﬁesposeé.admﬁ@ltg@alﬁd penselygwrallel st em

accor di [ r.ei 0 .eX{b r i rjar.
CirCunﬂg@%ﬁ%ééhgpgh%%WﬁmgFg@g%&g%?83%%Xﬁ23%%%?%2%§§5¥ §@§€%§1£@%%?%@%g to
cl ai m Jandwhgielity dfireountingy fob @@nmtihg dicehirtags fortbewhiigguideam gener at or t hr ough
a center port and onto a target forma center beam 8. The beam processor
syst em accor di ng YRFTein dhsanaTors Aksrasaeelecigastugtediin ontql thyir meVemsig to t he
mounting while the mrror is actuated relative to the base.9. The beam
processor system according to claim1l, wherein the wavegui de further

i ncl udes an out erTheihsgm HpcossHSYSteMRgCUANEdo slsin dr Wherietn the eantgenasgam

proces gL, gXShRM AR M0% 19 TR RiodMEL Rbibptdle x-ray beams

3. The beam processor system according to claim 1, wherein the mirrors include
entry mirrors disposed on a beam generator side of the waveguide and exit mirrors disposed

on a target side of the waveguide.

4. The beam processor system according to claim 3, wherein the exit mirrors

direct x-ray beams from the exit ports to a target including cancer cells.

5. The beam processor system according to claim 1, wherein the mirror shield

includes a lead material.

6. The beam processor system according to claim 1, wherein the entry ports and

exit ports interior circumferences are gold plated.

7. The beam processor system according to claim 1, wherein the x-ray beams

traveling from the beam generator through a center port and onto a target form a center beam.

8. The beam processor system according to claim 1, wherein a base of the mirror

is fixed to the mounting while the mirror is actuated relative to the base.
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traveling to the outer ring and the inner ring forminner and outer cones
bet ween the beam generator and the entry ports, and again forminner and
out er core®20B)/B5h@s9Ix-ray beans travel fromthe exit porPETIUS2000@618ar get .

11. An x-ray beam processor system conprising: x-ray beam generator for
generating x-ray beans; a mrror shield nmenber for shielding the x-ray
beans from sel ect_areas; a cylindrical waveguj de fo ui ding x-r. beans
travel i ng t hroughl FHRERRTE ‘Hé?“%ﬁ@ﬁﬁ”ﬁﬁ@ﬁgﬁ Ené’BFﬂggi'?Vg%?g% ry ports
and exiftRQihdud& aBldﬁEe@lrintg)’atpﬁméﬂI’ﬁ%'ﬁﬂaaocee%e@;pﬁﬁwt boards di sposed adj acent
to and generally parallel wth the entry ports and the exit ports, and
sharing a common axis "X' with the wavegui de, wherein the circuit boards
include a plyy al ifpe Rhn&66&kEdrcH e b dind B iR h¥eRin BOKMGRABEIhArY tubes
wi th channel s connected to the electrical "chips; and a plurality of

mount i rgseling tontbeinttiengng led thie nioner rinp demdmneoandhartassoegphictiecenvthebeinm t he

pol ycapill a tuhes are actuated to change irection, of the beam 12. The
o ay Bsnelsf sbd BESe Ry peRSratd abindPing g S eDhe Rpetay Pt tave

pol ycaptdrh @eYexityRes (€ 8k thge@ct uat ed separately. 13. The x-ray beam
processor system according to claim12, wherein there are approxi mtely 38
channel s in each polycapillary tube, with each channel being approximtely
1 mcron in di ametek ANFeLapdcBRbYSARK {Rhpridite having a 7 mcron

di aneter. 14. The x-ray beam processor systemaccording to claim11,
further conpri si ngraxrbeapgeosieatfe Sheragog d-rpy btasts, seven ni cron, wavegui de

channel s whi ch ar,g, appr e TBLELY, (P88 o 85he La) BORrdrR BckGAG, LY T nder
a cylindrical waveguide for guiding x-ray beams traveling through the
waveguide, which includes a plurality of entry ports and exit ports;
a plurality of ring-shaped circuit boards disposed adjacent to and generally
parallel with the entry ports and the exit ports, and sharing a common axis “X” with the
waveguide, wherein the circuit boards include a plurality of electrical chips;

a plurality of polycapillary tubes with channels connected to the electrical

chips; and
a plurality of mountings for mounting the circuit boards to the waveguide,
wherein the polycapillary tubes are actuated to change a direction of the beam.
12. The x-ray beam processor system according to claim 11, wherein the

polycapillary tubes can be actuated separately.

13.  The x-ray beam processor system according to claim 12, wherein there are
approximately 38 channels in each polycapillary tube, with each channel being approximately

1 micron in diameter and each polycapillary tube having a 7 micron diameter.
14.  The x-ray beam processor system according to claim 11, further comprising

an approximate 513 gold-plated, seven micron, waveguide channels which are approximately

three feet in length in a lead cylinder.
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