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[0024] FIG. 14 is a cross-sectional side view of an x-ray emitting device according to an
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DETAILED DESCRIPTION
[0025] The invention pertains to x-ray generation and use, and encompasses, in
embodiments of the invention, a novel system and technique for generating a convergent
radiation field, particularly suitable for irradiation of flow through media, but amenable to
other uses as well. In general overview, an architecture according to an example

embodiment of the invention comprises an inner tube and an outer tube. Electrons are
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t@ﬁlﬁﬂ@\dmés&hw@g@ﬁ%@bq limitesthydhe mgiating lwrsmf dherrad cas, &rd
tl?r?ﬁé@cettd Of3 Wil ak @ the Vaset %F‘&@m% Rpbiclehigic BREEMWR! VE -

sufficient o extract electrons fromthe emtter
[0036hAlibsich Fome abthe By stearsgisscribed aove alizesopeentiicdiidat negmbers,

1%11%%% rg&ﬁﬁ(ﬁ {28 & r‘ﬂ.llﬁt;%? 6f offr (fje@}qé%ﬂgsr % le ﬁ]loty:tlgefsa%nlelpﬁi]n%iggs to

[ectrons t are extracte omthe e
ybakgat eylindricatly of sphatienllygomvergent mayrf@gi o dxemplaensefdedion of such

Qts Pl%gsﬁ?\;\’llp f ﬂI@%g A- ﬁ 61?{ %{wﬁ&?%‘ in ?3' Aaacl? %#1?&%}1&? Q—ray

ssen y propor i ona ros
galmmioa Iaplbarzﬁms F0drig shosypp [Aincidner 305 artl ouser |3f)$ ghiell perform the same

| t t It diff VA- .
PiROBRes I Bros b DG 3 EwE St Ry 1
phificulg@the SQ&Z baadei the shells 363, 3k)aysearn ekfton Actlotighrdaiopheith a

accel er n volta ield ectro
target layer not s?nown) betinggc‘faispoged on the ou%lge otetLe inner sﬂel?yOeSE gnde an’
electron emitter, gated or otherwise (not shown), being disposed on the inside of the outer

shell 303. In order to evacuate the electron acceleration region, the edges of the shells 303,



t he maxi mum such voltage nmay be l[imted by the

insulating limts of the end caps, feed throughs,
wet@s/11930 wel | as by the onset of arcing or di BCBUSI008018156

breakdown. [0036] Although sdne of the systens

descri bed above utilize concentric tubular nmenbers, it

Wi Il be appreciated that a nunber of other geonetries

£ ﬁnaé(ﬁa@sga)lec{ qqgctgqan%[clbpq wca[nﬁ]l%léatlflé elgq 1 gy othe apparatus may simply

Msémﬁmﬁa'separaé evPEMRd dhahbet. convergent x-ray field.

exe sel ection of such arrangenents are shown
[i00|37ﬂi|lt5$111 @Apgecm’qqd gt sineeutheanerishel K305 1s ggcag, the generated

PRI Y IR RO 0 SR

16 8h5ER Tk onet rhe g5 ot jBrefels, AL Bhgralsdinan

aathodineshadf therinvedioa)the fdct &f the tamcgpatic $phydral §hetis 3@31 d0mdie within

bei ng di sed. on .t he o tSI e.inn 305,
e St BB Pl deBn ' B P (e 305 o1

[B0B8MThe cBealigy isPRsed0s ﬁnd Hieri 308 slgkdls 0fin l!iehﬁm@bllﬂ@lrto define the
sheII 303, In or.der tO(a{ky gg%the el ectr

CovesE<sk BRISBHOn YT, Prodiee ok 3T SREPIS mgpfosised

dHRYaviRs $eRlead td @3edinhe harr@wlmla eaﬁssfam patlerh REUE k4 fogusend
ring, or the apparatus my |y be used within a

@ef%mms il {pad {riTeRen K RO [ 15772} fhe jopq segidon of the convergent
;ﬁﬁ%%@ kRlseEn g be Sbdtmed taklgeu traraﬁy d§s'ﬂ€él Ext@ A DsublS a S ERBNSs, 45

generated radiation f be substantlally
d@em@ Pgdegredsnl ) deergpHA’h é%reeﬁah?éc @émyéntemedﬁ%value without

R %Pt Wlﬁ’l J&?E&% glgllgrlédh 8} ﬂwq?ﬂa’-i er;:]'jerlg’ﬁ %eoﬂlétrlw Jtl'Je cQﬁvergent pattern

appr eci at e i'tiona conver gent radi at 1 on
dfiemlisgon meay balceefinsd ug@n exme wab, 1but lay be lrgelbiecanbinedip = steradians,

j.n s%%cﬁans ;Qﬁr onAé% ahy n%?@%cﬂ!&t@%luén an enbodi ment of the

i'nven e concentric spherical shells
[BOD) A%ﬂﬁtefna’evmrtahgmm lsu;bmm w [par 38.aln partenbl.ceedray generation

et vol une. shel 8]

SRS RS B e R M NI GRERE AnaigRosyy BitnE
éeod fenC offthé mhbxﬁ@ntd&cﬁbséd abevd, lﬁ& Immmzer gehiutga09 ereatspkrform

m ssi.on produ by the devi.ce. anmpl e, re

RO e app preet SR e oo R i P et sleets
01 $IS1i98n HladtfoRabeeldiition ré &S vﬁtﬁauagei I8en@avshbivasbemd disposed
tend to broaden the Battern £ this £%¥ t he %@OSB@
Wdhe PEHIPT theBnelHeE S GbRnd pEELITINGTCLARLET: R TRRY LIS
cﬁ%ﬁédrb%dmé ﬁEﬁ@ biihé Qut@ﬁlﬁeéi@ﬁ@ I £6hifh Ry toS‘eUé?dﬂ\a@?che]&ectron

degrees, 90 degrees, 180 degrees,

méériééa regipw, thwdgsm«;f thf‘rﬁhé?tﬁ%(éﬂ at ]em%lomealﬁfiﬂ%eﬁlﬂ Such as by an
1&1%1.{;%{#1? X%rtgpth% Sppesths hey SRBBMe%8d WhhiR@h Eda@hated chamber.

tries, the convergent pattern of
megmr,cmncnﬁ}e ibyeer glnet $ Held C¢H¢a‘(ehﬁle§91??éat96b§?dlatlo%ﬁelﬁ will b

s%gsé!m% aﬂ)‘? La\éla‘ﬁ? @Bﬁd@%@ntt Within Ltr?eréxaﬂle @ me %F%%eldgﬁﬁs?@ B8 fner sheet

nterne I'ate va
.ﬂﬂternatlve arrangenent i s shown |n FIG. 3B. In

an x-ra [ 'a d
Bl ol el o oA B S0 IR AL B YR s BB R an
dcoelérhtion processes as well as the x-ray emission process are given with reference to FIG.
4. FIG. 4 illustrates a simplified schematic drawing of a portion of the x-ray generation

apparatus, with concavity omitted for ease of understanding. A section 401 of an outer wall



enbodi nent of the invention discussed above, the inner

3 11 and outer 309 sheets performthe sane functions
wa@gooshe7Bmner and outer tubular nmenmbers. The SPEL/ES2005/018156

bet ween the sheets 309, 311 i8s an el ectron

accel eration region, with a target |ayer, not shown,

bei ng di sposed on the outside of the inner sheet 311,

has theeeog atseaion AOinGrinier femiand an extipetionsgrsat)d. eseston 409 of an
ifhe Q\%g %ds fﬂ@re&tﬂg sdcBSh 467 Ha ¢ Jggt A DR 1t I8 gg raﬁgla{n@wmg the
I n or to evacuate the e ctron acce eration region
Hthﬁmmﬁﬁﬁdwdmmsh&wketgl%UgstQMEdﬁynbheQeékeﬂhn403byﬂw
ettx%g&}gg% l’teﬁsé l’@han%sacpe\{el de {O%Hf tﬂé gﬁ‘l ﬁﬁfmfﬂgttfé% %%%lel%ﬂ% voltage
IEhanber . Nbreover si nce the |nner sheet 311 |s

@E@g% t he. etg tedurad &t’ on gc er %‘ ‘o to

f rayss) Pl SRagY &y 204 2SEP PRI BF We efegizon

iPhitire g&:ﬁal aeget ifihs HoPatta®init A DSE [ Tigtig@hct Ferktated @48 40noFeqhotons
reader's, conveni ence, ief. des tion of the

b0 Bevirgmess it o . AdBertbr B oBeyShy e g o be

BRctb®ward RY cOdrITHRMePL GRS xMys 498 me albb kéntte bRk ®id Coward

to FIG 4. FIG 4 illustrates a Si.np d.schemntic

the g%‘,:rryﬁal]c(pr i %pqler@ﬁsembl}t, Rass )Qu‘rrtgg,faé éﬂ@ p%tﬁp ger tubular member

A REkHLY %wa‘(’d B opRRANhdonARR &Itﬁ'%&@ir n®A8Rr)OfThus, as noted above,

under st andi n A section 401 of an outer wall has

théy @trteowlbshgelgthawhmn@pmmﬁl@w incfyde mexﬁlﬂh%riayer
[ﬁgﬁgzﬁ ?—ﬁagr g'@le&?ﬁ)@d #nbeR o P EFd RRerdiA a%{valéﬁls h&:@ﬁ:ﬁng"@lekample

on a section 407 of a tar met al I'm or
dndiodimeints of pheriavention, sothe exemplarn Bsep gt $1ch Sy stene eﬁgcpl ging to further
e%b%?{n{e%ﬁ’of ttlﬁ%hxéeg\ gﬁ: {VE ﬁbw4belc}1sdu§se§ XH@%tsﬁgw; 4 fﬁmtf ;Eags flow-
emtter e extraction voltage
thoogh ecaahed symﬁen addesompoueent edyl geﬂf@?tmwpparetus as described

L e e P

lelvmghn @netiSopasd an duhiet J05t ald ;Iaasﬂ@ethroﬁgﬁ firsti 77 aantl secopd HOR x-ray

415. ' The i npact  genera one 17
TG a@ﬁ@?ﬁ@ o4 H%SCQE?dSa"X? pres f‘ﬁ%ﬁé R gfisdd pump 513
dnld lelestricatsepblx 51 Byre shokvh @h@ecsddqmch <x~ﬂaye gélieragioh @pbalwsatod, 509.

the center of the device X-rays 4 ma | s0

(Q04Y (AT e maaber e BRasetiTior RSO o PR ﬁf%‘g?m}‘%il fhe Tt xcray

%eHQH‘dxﬁf apPSaREBY Y, and@ B8 FoQUhed BRrdsakirod %ﬁﬁe §dcohderdyiR@ération
ubul ar nenber and conti nue toward t gp05|te poi nt

apnarete 5@ befiore the tiairialip rensHgd from the oullst 0ot Byringersa pass
thnﬁglﬁ)%j‘f £ta yV%hérfu? %aﬁ@‘\fﬁe ﬁ%‘lcﬂs G UGt WSk rdySradidfion,
e a shielding

I nc ayer Havi ng described a
geoerbied and dlr@cteéyn e managrideseri ffb%hom U this 3@Y.cioy iolegical or

1%@! (f%m? s ey i}ﬁbl@ fo trhEQy erb\f?;ﬂitldti‘aﬁ ’Wlﬁ BERILIEX SERIBEY, or

s accor further enbodi méent's
médlﬁfbdeto |arqi¢smilfmm Wit EHoukidw ﬂ@@ddhaé d@sl@té@ﬁlty BndEnergysipesirnpof

radl l § Innrg esc'l 108%@0889& &lgaﬁ@& &Ftﬂé mtﬁ%ﬁ’glet gQ d@sﬂg%to arradmte

gener a
1ah0&iﬁg ité m—rd'}d a@bm bwlectha&cﬂaams |de51fedrend-pﬂdqlect@,sas avell 8o the
conc ngrago%sof?nlgroges %rge% %rlal etc. QO be affected. For example, it may desired
to cause the breakdown of PCBs. If the chlorine atom of the molecule is removed via

severance of its bond with x-ray radiation, harmless end-products such as HCI, water, and



having an inlet 503 and an outl et 505, and passing

through first 507 and second 509 x-ray generation
wappansees such as descri bed above with respecPCT/OSHDEAN18156

1. A shared punp 513 and eleétrical supply 5 11 are

shown connected to each Xx-ray generation apparatus

507, 5009. LOO43] After liquid matter i s passed into

GO rssulis 0’ the aboye sxampld PQiGSE OYthens s targeb seCifigtreagtipng by tuning the

)gﬁ? (ﬁ%iogn apparatus 507, and the flow then returns

the second x-r ay generation apparatus 509,
06449 rPelOtheemlpéﬂr ¢fahis isgn éaepidating dloprtbraughheatbertthan bagg .
C
6{%{-{11% ?o% q%%?lfl%egl:icg}d%rs?ap(ri/éa@% er%f‘:svragfti ﬁé k%r@eadythl ough any of the
systdmatlctsonbedg:bn@r althe d-rayscedérried b theisysterh eamtiipmenuse ionization to

18%%:811}86 ra%lcgﬁ%o\f merizgtl(gsnu SIE:I SM\@?{% tg'?l%(eolg%r% b%g%@[gérog{ded by such
doathias processing, thie sstdnt &l pldeﬂesranym@rovement@dmftradmond [F\%

d.f dt t ensity
SR Ricy, et g PR S Rt Ao Reted
aabbiledbrth AASA Wustdh tl‘fl@h&ﬁnal alﬁhhﬁh aloeadkes ivoelsl be@ecessary

%rﬁéfi%gi%t?ft@’?ﬁhglﬁgg&‘gg%glg Frli'eté%’ ‘??6‘0%% %fﬁgfﬁrlegge {patepsed gxtinction.

[?M’S] GR R bAbbAmeRf of MeGhRIABSH, whefedEit 1sﬂ‘ﬁ&e%§dr5’zli:o. tr@t £ larger
o be affected. For exanpl e, it may deS| red

queBtit PEBRIEAnOIP Veomapidly freglipgi v aBIoR e Aabita f“et%# ject material

xﬂ%l SR dlifa b@rﬁﬁ’é{ ?’ghl‘éh @s %\%ﬁﬁpl@ 60kt Righ ﬂl%’l%hfé\htt I particular,
-ray radi ati on, m ess end- Er oducts such as

thaslegle—paﬁdn@@@elrt@@mqnt systemt 408 o4 FH-& oRmpptS<upls- W§e%%tlon
h

RSP FPy) BOFEE PRI RBShL A RTINS e

shaei pinnp 6l handf dlevivicahsooregle] 1.r Howeser, unbke thaepraratus shown in FIG.

PSRN aRARNle's, FRRETECS 000 higeiRto

iatpoove thrighpyt. rlams, Igeidenaitrd eisgringrietodnlst @rhneayrpastibrough either

g au;tﬁ;@}‘q aﬁ%r%% Iﬁgrperatﬁl%g ég;ga{r’lell lcl)sng()? g 9;] 2*%#?3 a'Lat%lent in thte x-ray generation
&pervitud 607, lBYo, Sh&l‘qmmcbmbm%armﬁ@ﬁeaﬁduﬂq 60Bhi s system

also OVId s.an i rovene over. tradition

074 10k Rssia R i o Doy oF e Sh e o i R oo
 AoAMRBIR I B ia6€ 6 BS aBlS &Chd @@Gseﬁibﬁeﬁ\mf}ﬁﬁnﬂeﬁirﬁb IStoIERE, or

al so be used in this manner, although Iomancesﬁéo bp

Pippinge dbus i iDl5isaRti A FoTies S MRZSOPSHIE. Hi. GFe RASHY

Fln%%bf O rEMRhl%lel Yuch 4P hisRRERd LRGhnases bRyl dnd@ldcaital

004 I n anot her enbodi nent of the |nvent|on wher ei n
hardwate.necessary to treat a larger quantity of
lerg i Q{ould%re nB{%leﬁﬁ the rtx%Qt'erthyEtEﬁ@Hes@rﬂQ:‘d\é%Bvea&@ HidtelPdxamples,
he subject material may be treated in a
peiraay b@hblhaimhlaodu cerfigytatiom of elermng is posgiblewithig the invention. For

thro ki
cixarengtJ E%Jrgﬂel &%t&?g’%{o%*’@éﬁ n&n‘thli}ge 2 e:ﬁgrg@oc‘rrc'apggiraﬁl 11?$yach path are
pressigledsi vetl appauqsttmatn@ﬁﬁsysiﬁmgomunhnas sarie® gEpatid o€ subpystpms.

%ove W' hﬁé{esfg%r g Cﬁgor}em!: la% shgw%?ﬁerg\ﬁor}o lﬁﬁtaﬁoﬁ l"ba\rﬁfglventlon in

source unl
!hbt&e@ﬂ@&h&th&&-ﬁj‘n gewerdtion Epgaratus may use dedlcated or shared support

equipment as desired.



5, the treatnment system 600 treats waste in a single
pass but provides nmultiple paths to inprove

wo boosaghiput . Thus, liquid material entering i NPOI/U8100%/018156
601 may pass through either but not both of x-ray
generation apparatus 607, 609. After treatnent in the
X-ray generation apparatus 607, 609, the liquid is
[804#8Di nelheanuifigxaitios aad Opnna.ttloetof 80®totf1B0it8ice hecording to one

[.

RSB AP ETRLRRN ot PEUBYER, 18 gt 1y Geraoy
doofipeedting av@snemj lsecdh thay rthermna‘ated] ange,irrstiage ﬂgematerral to be treated

MRS et of B e o B By Bl ARG e
dedrilbt aletumitd © kllsbmh:maﬁn foodstsffdnd ay dso/@aemany obdutﬂfﬁfbd:m @nergy to

nd .electric 0471 It should be. noted
St e e ondnt U LB amglbe A B AL RRSNEI S s el

[@0BTP| ERhe pmdtypa&evmmou eshb @R irfFIG. ¢OMhd Mc’éhé ﬁj’}br@{fimately 36
ssible within the inventi

I t
1395?55 %8’“?’ hllglsl r?i‘ﬁ%‘llghélelt%%’%eé?ﬁr‘ffﬁ%{% isj cidpal a@g CIFH?F ?Ii lpﬂﬂémay be

1?f§téa@¥mﬂﬁ BRARY bORuAIBANAGS: de a@%ﬂoﬁ@ﬁ&c@ﬁ@ofﬁ%ﬁb&h@n The
as well as a series treatment system conpris

vésdle e@teroq‘on}:aawav (3e0f the dryics comesponds e enter Bibe %ﬁg@ Revice, such as
tt§ 0¥ de FRAMONGE H@wﬁe; 1§ sV Jhét gﬁ&aﬁ‘l %ﬁelﬂﬁlchvr']ntﬁ@ Pr&lth&gh

e invention Int regar e X-ra generatlon
tbfmmlttat lageer e pendotyfesds Gaft%ttddre ﬁh@r@@tymwrspurce is operated in

tﬁé%ib&’er%ﬁe Thed e d6sitd ﬂﬁ JOQQ&%! of R | &tg:%ro% %gﬁggylinder with a

oper at’i on prototype device a (o]}
déavizoctiofi®a4 5 uthetsh@nwmmaﬂly posifiged egoundied a3t dimpreter quartz tube,

.S pref nii qur.ed
BRePinh Lol SRERSRL RT3 BEERT AP e e e
cﬂﬂé@bndmlto the ebﬁttdr layat EXG (Wnithngithel gse) EftF IGhB whila t}mrcopjber foil

the tu tel Th d |
cpaesgaiBia e BNt R S el P SeBYy licfer OB Gt Fibe
oBftebpbidsad & hgﬂm nﬁohlay irBér lﬁ@tﬁlsdrqowﬂ?aner gy to

socl at e errent a or e wast e
&éﬁ?’ d‘gpfefle‘sigy &?%ﬂﬁr‘@t%mﬁg H‘g ““f@‘?ﬂgg‘éacuum
ISRAR: ﬂyﬁlcﬁlﬁﬁa&abﬁBﬁlydﬁ\fmﬁstage PRRIRX m%ﬁa{rﬂm@ Grigh @Bﬁhm (on

and 60' al t hough nei ther, measurenent is critical

thgerdesiof ﬁ%r %6@ M3y bR aﬂweé &Y pryapigg af the ehrnghes by @ furky mﬁkﬁ@ﬂar

S
L P SR LS SRRy b i

ag @ppropriageehambpo iy Sirst pumpiag suhigh vacuwe suih asthe ﬂtﬁeﬁ\Yﬁte@ described
h |
Sl Sl T URYy B 8, ot
egrbpditrents o&ithe invshitianh bigh wmtmngdpwla ae mfﬁmglat and, ultrahegh vapim is
R BYP TS SRARUPE PR AR el A MY
ngmummmtﬂmgmhgpmhw,mM$waa di aneter of 3.315 inches,

(AP gBh! LA AP P9 Ry SR e
sH&Sn WF&GDEId "Eh’&d)rﬁ@dtd ef te plof $hosn i the fignepbpreents pheton counts
while the abscissa represents photon energy. The base pressure of the device 701 was
stabilized at 5.1 x 107 torr.

[0052]  In an embodiment of the invention, a deposited copper film rather than copper

foil is used as a metal target layer. In another embodiment of the invention, a molybdenum



corresponds to the emtter |layer 113 (omtting the
gate) of FIG 1, while the copper foil corresponds to

wo b@samed ar netal target |ayer 115. The 3" di Be®US2005/018156
i nner quartz tube corresponds] to the hol | ow tubul ar
i nner nmenber 103 of FIG 1. [0050] As will be
appreci ated by those of skill in the art, high and
targetriaier yhisedacAithongletmegstenanay alspdicaatd, yodtbrleriunaisipesfarddyfor ease

O%OMFU -stage punpi ng. For exanple, high vacuum (on
e order of 10 6 torr) may be achi eved by punping of
[00%] ch a‘#db@matg}thaughxhbmotmﬂpeam m{nsmwsrmn Ivaclk delvityy itavould also

hi ng. h
G PReG s R BUPsestu Bnten bbb i PR by 1
ah @mibbcgimemalf thermeuntibn, aise fvld ehgtesiy %pﬁ&ib(ﬁbﬁ@ﬂiebﬁldma RENir. The
SucC QS an

sSwWtc to a UHV- capab
ﬂ?e&ﬁloﬁlﬁfrfng%ﬁn 3:1]&931% oprEtdiheihes thg fetlenidve W@ﬁwawe odsh
[0UBaY U m’ﬂhe\éﬁlﬂaﬁdlﬂxéﬁts $0hb e Ridn, desdibeditol thid Pb@hudeas Uil BRantle

necessar Thus, th r.ot ot%(\npe utilized a turba
ﬁr%famafﬁo th?esteb k& IssrIane i X ansRission BeRg Hiergner tube

my NRow&RE, i ¥edd RERE tdad YakBRioX ol (shiRe %wzy; A& Pass at
thin space 127 at 4CkV el ectron energ %/ I's shownh i n
qr

. lqaﬁfmart@ily thrwghdh@mﬁtak targgt layds depsmding ypeabare in ifsedepthghgyeare
gElEe?z{ gcﬁ etﬂ& - rmﬂkﬁﬂtﬁﬂwesdewghéeg scer&thap ﬁlfe' 19 §é3658&%i§§ ﬁ%é target

ener base pressure of t devi ce
l@lea@gl layerd léi By mitigatp@hiy problem, a paflostie queamalmulﬁnﬁmmple

h
dgxgcﬁ%g)? 1?%‘1}5 ﬁﬂﬁ]b %}}ect"i’\leqﬁ&fg%l l%g nggﬂpe%r\?/lm tlefgre!n% P)eIfIG‘S §5nd 9.

used as a neta
[&0361 heFl@nbshdwre ntospfectibiel bidy EIBWI obn ,cylaldrlcal x-ray generation

aglfagéé P ds%plffar éc% {h%ﬁ%)lo é%ﬁllgmﬁl %[5 ﬁvreg?r t h o u gg(ét f&ft‘gra XCrom
tiaoaf FIﬁig 1 11{ Wﬁnaﬁ@h@ecﬁth af 1rsa|t]ﬁemppg’atut bEFIp} @tlsoin)aprevdrﬁ a
r n smi VI Ce

t
CRURET AR B  TE 1 B LEMAgt T 0k FURS Tt ofthe nner
tLdjemusﬂﬁl@ thdbl@t@ﬁt@get @efagl glendf?ﬁlr@)’\éleﬂléhtfsflﬁ mqﬂuﬂ&n bur@ke of

the in o tter _is_replaced by
e R L - ﬁmcﬂ  therdfy lcFﬁ FH 18#?.% Bisiciae dariod i tofhe non-

oOBEERRA el isl DahthbNBad ®blieddvicé@s HFIGI ANTHE Bfé \Estinction is
node, [0054] The enbodi nents of the inventian

nefeas lenpieants andritshauid b Aeted it bpsh ppsenssivpred eefleetive gavices may
bE BAFR1RE aEerdttin @b & diddd %ﬁtrib@énﬂb&@&%p%hd)ﬂg bﬂbn)bulﬂééf

em ssi on near the inner tube . However, iIn .
prefences. dios exaseple, ot vaidl b@raamgmts@bbﬂﬂoq?mﬂéklélsn theartithas a device

sﬁ%hraél}’m% @Hﬁé ésl g{él?z u?@é&em%& @Mtéér faPérQH gﬁcé ﬁﬁ'e{?&ﬁ‘ﬁmr

arget ayer epe ng upon ere
layerel 1§ e Maretved plthaugle the-reflaptivendegivsiof ‘ﬁlchﬁys d)@cxdl@clrae a@é‘@ured as

?her 1on$td10qi% %iofg jig:\?l Rs(z&)l[l Y ﬁﬂectleﬁeé 1jl]§t O%[e%%‘im!team&er may be
uﬁﬂﬁhﬁﬂﬂbﬁdmﬂﬁﬁ@lBs al so usable Exanple devi ces
[@gifgkggélg%}ogs i egolge e:lil‘lai\l(lg8 lrgoa%eshé%rll fn PQS glessécv{lllrebv%%pped a?ound
an insulating inner tube 803. The spacing of the wire wraps as illustrated is about 50%,
although much greater or lesser spacing may be used. The electron generation
characteristics and x-ray absorption characteristics of the wire 813 can be used to determine
an optimal spacing if such is desired. Note that a thermionic emission element may become

very hot in operation, and thus it may be desirable depending upon the material of the inner



[0055] FIG 8 shows a cross-sectional side view of a

cylindrical x-ray generation apparatus simlar to that
waeb@anig7eo FI G 1. However, the apparatus of FIET/8S2005/018156

differs fromthat of FIG 1 1 two prinmary aspects.

First, the apparatus of FIG 8 is in a reverse

configuration in that the el ectron-generating el enent

gg/gr pderfib, fromaigiadt the termigaic smisina e?em%fra’fﬁdw@ns@éom one or

%‘fﬂ ﬂu@estﬂ}%sﬁ%%faﬂﬂg §p35<9%ds(c% HeAe IRNCKE ﬁlﬁg)anﬁg%iﬁm is

815 1s at the inner surface of the outer tube
dieseerad lajer belpw wigviekeenstitnlflGi O.-FI G 8 is a di ode device

(06445 ¢ Ot 000GR% PehyR) BE e dr 88l Eitknd @hORls D AR,

e as I n Istinction Is
v magp be giugnihidkergince xamy transrrsstsmlthtow thetan@r is hettdekicedtpr needed.

SRR Y Ao AL B AU S5, AN R RANT U 6k 515

T.lﬁ@hs@dlthaﬂﬁy opthe tage yess 1 Shothaeix anjd :erays tvhen 1n|1pab‘ed by electrons

Cg gfirt]. t? ﬁl hg%rt hose of skill in the art that a device
GEACREY HE &8 ce of FIG 1 may use a thernionic
(0058 t erTHeayget lhyer Pl Bis@ofectkd &l dvattapd doirce lviylead 821 3while the

reover, althou he refl ective device af  Fl 8 i
ARlech Eoetrias RO Y AREEd 1 AEPIAES AT Ee b BTE nf 17D,
e e 6Re, thd reltive vaIR AR ERGhad &Fdhd Winé $ B @&bﬁﬂl tﬁmaﬁeﬂfthrough
| ayer ma%ébe used |nst ead of elenment 813. [0056] The

tae é(éfP»r"HH by wltagsdiffprepess Detree the tasgrb ayes fHSFaPé;POIstS og the wire

mwﬁll\eﬁtmﬁﬁﬂqe%@m%@gy st di@ohdIner tube 803. The
acing of the wwre wwaps as illustrated is about 50%

[a PhougWherienerajeddia ey theymionis diade mpdecds showny velaggdeepplied
a-g Ss Ak %&E&%&%@%g’%léﬁ&t gar ﬁ‘tﬂ 6(51‘.‘&%& is%%gﬁéﬂo Hie tﬁ)éet layer 815.

sorptlon aracteristics of he wre can be used
The refuttent ficklstrangtlo ptsnﬁ;&lené@a@w@atb thesgutted edectiery towgrd the target

5 4 LREL AR, S0 LHTE O TR 6
telepidact RTP. upmhe tanget baytieis nall venf trammsslnm@rmmw,@rm@mﬁte of the
%Pg?fgﬂ%gaﬁg)enn%tegecte& r}e rte c{{n N pdl tﬁ%%@rl%ls Bptﬂe gév?%erluluc% of this

) P hsul
ﬁ&mrwﬂltbdﬁermmk*ehl& genktetmgocﬂemﬂﬁi myst@drpassgnemeh thes:oﬂs of

cuss wwth re ence
BRSPSy AR AR fip ey s oleges
th&i e s@ﬁtolam&mhé de%ﬁsdﬂesalof&dfiiﬂdleglvhuﬂne geomdde, bantiguration, and
thi cker since x-ray transm ssion through the layer is

PEeraeithedPVE- needed. Qther materials such as

[0Bdoy bdemem ijudied 8 ele@ich: anﬂﬁ}fa}b@mldﬁ@fﬂprbéﬁédéaﬁglfe%r detail.
th| S layer 815. The desired qualj t%/QKOf the targ

Hlgy @ phogrps crassseraiongl fopayie §f % thinssfige @halp%la@t%&nw about line
£ FFIE. ansr h@fde\%lz’é d1GdoRIpribes, 71iDkarg QSHcBMric bRIBR8h odfeLtube 903

target ayer () connected to a voltage 'source via
® %Hoh@l@tromrgﬁ‘é amdveraed eayssiopriaxge ALY @i Doth elpeivprrrag iraversgl

PRI 4 Aol Lo LRGP RBAdS, 9B
teigetevoBMB: VS1(82A) ifwhirredigtionaf flewtthropghougerials. In operation a voltage is
applied across the electron emission element 909, and an average voltage of Vy is also
established at points on the element 909, and a voltage V. is applied to the electron target
and x-ray emission layer 905. The voltage difference V,-V is typically on the order of 10-

500 kV as discussed above, although greater or smaller voltages may be used.



the wire, while the voltage differences between the

target |layer 815 and points on the wire 813 w ||
we@saahkd73h t he i npact energy of enmitted el ect rPEBUS2005/018156

[ 0059] When operated in the therm oni c di ode node as

shown, a voltage is applied across the el ectron

generating elenent 813, and a voltage is applied to

[0063] t arget rehudtyEitheBippliedTvdtageeditibrentin, eldcebut ¢ emitigd Fromghe

?eﬁ{ror{ cgrrrugsg § tlgmgn& @gggg Saﬁgﬂérﬁﬁg ? r%a%& fﬁg g ?tg(? L gprtz')and -ray gm1sswn

l@laemﬂ eﬁsltmugkf anﬂy thinde dl@tromeshowmafyr tgesmm“ tlerity] i wilhiee

tar er. 815. As the.target ot ve .

P LB Guimisnie (gl SEAERE wh OV Ghetbihe WhontF i sgerationa

V&Hz[g%y STl edectrohid @Cdcéﬂer%d thhaecthe eledtanadigettane xiray hission layer
t.he devic of. this radi atfl on w I ther

of
9B P REAGLHEIG Th S TERAG o PR SY soY eHorife atany such
7683 \We & NA 1l gk @hdhSil1@trateld @0 BIFTRINpIaG B raNGhitddrs iteAl BE

the inner space 827 to irradiate 1ts contents. The
apRFEiage hatraysaissian dogs ngt ivaebly preutlepsiemppghzane. dyloreover,

aftﬁ‘(gigﬂ'iﬂeq{-]rag 'ré’cﬁﬁloh heilgeRpRtas %eln% Qﬂsfakcﬂy‘ BRddtdaNit wA be appreciated
mat eri al s he devi ce. illustrates the

thelt serng gﬂﬂel‘a’fﬁd erﬁY eadiasinn 5y Of dﬁfe@@& §’é%°tqdn gr eat er
[?’(ﬁ?ﬂ' . Adfliftra dsilﬁﬂ\ﬁ%rgofﬁgl n%eﬁeﬁfaeﬁ&'drgyﬁldlahgﬁ)ls c{n%(\!’(e@{ov@rd the

sllcetaen B, an i ne A,
t#EpGvoBme P Hesriiegindgind dmhiprtfufs,lélsstratqcl embpedimgniefitecinyertion the

C?chgr[ emifdon éi&%&}tb%’% agsgg‘alg)ﬁ\? d v@l% £ Ia&ﬁgﬁ Oft }1& pa{d%;f}t)n aﬂ]&ted

en Ssi on an electron
tdswmlr Eh’eSai'ge‘ESIphmm 9907s @6 by the cceat mnammlsmcm 1?09, while

msnt n e 9 8
<Fof P ing ot oyl TR gF ob HRRaebo 5RO B ipEfods1 1 ana
ehfdfsabigiargerichimad 8 tolimadipe itadurent @ntcntst age i s applied
el ectron

Ss _t hy el nt. 909,, and an ..
B3 gt 01 ety TR 35 B ede BB R aes A e Rowitsh o2
gH&f—‘déﬁl SMRIFhnc3Q@thiehe séopy of tha gfenlions Fap@ain@it, the etehﬁ,‘on emission
el ectron target anoLW)gg ra} rtn sion | ayer %2
elegiepbfd meavi ey SBpftrIRPom\Im; ?li‘ﬂ??té%ﬂ ‘?f;'i‘ VOFF- t %reBYe&efPr thprmionic
eﬁ‘@ssmﬁotge hﬁ%rl@ﬁof‘i‘lheséléiﬁéﬁdoﬁﬁ%\/ ar |t RO atei A IR i without

l'er voltages may be use 1] As a result of the
hapigrwre&rap}mat Iagfél &F lﬁlff‘fé’r?dh’l?’% ar nor@tlleéaé @F@ﬁsorzfp@ Bfiprsed these.

PfOF 8{51@%6;%&1@ &9& Bl Eéﬁth%tﬁﬁrﬁ@iabggge ﬁf@gm@l%fé%ﬁ&ﬁatlﬁd

t owar ectr n target and Xx- ray em SSi on ayer
M@BsoveAltitcoeshhnien of cletrosgmitsinstmayThs A BB EwREChevi fecluding
vﬁ%%&t l%ita‘ﬁ%ﬁ%ﬂehﬂib}ﬂctep\{\és oln ﬁ)e% @lﬂ{g%lg&l eftd %q?rg&gt R electron target

I fMmense nu er of electrons typlc
agdmeit}adlmsbum lapgp &P aitriap ha hnwmlitaldgmsterla'lta@d eblé'cguracblng Eqr example,

accel er at ed | t t he

oBifeCfigie R dph P RBHm A nf s LE REGTM ARl End e
chifzugtion bathe d:ayeoﬁOSxm}agﬁ: praetihl et dootinfous ramdrmay astas hn z-oaesicld
915. A [ | ustrated..zon .S

oE ik a0t M er R gh e bR EO RO PR PSP IR BIGY 8 and
9d9@>amaﬂéa1 W AY bealp Iseclaﬁ:a tthat @ty cﬁlm bultaBIEEgémetﬁjnmch as those

Mor eover, alt iation.is.illustrated

dgzcribed 3hgve ?Mﬁ{‘]‘ﬂ}”%e mw@e?gﬁ% P pfopp gt the JPERiat; eq

[0064]  FIG. 10 illustrates, in cross-sectional side view, a thermionic diode mode
transmissive x-ray generation device similar in some regards to the device of FIG. 8. A

thermionic electron emitting wire or filament 1013 is wound about a cylindrical



that sonme generated x-ray radiation may be differently

directed. [0062] As illustrated, a portion of the
w@emsngred x-ray radiation is directed toward PEEUS2005/018156

target volunme 913. Keeping im4mnd that in the

illustrated enbodi nent of the invention the el ectron

em ssion elenment 909 is a spirally wound wire, a

ponginemt of quatie suppdit acdsd A2 di Frlexticad leadsnih da ariviel Ol dp gléw current to

VOl une 913 d I '
A TR PO, ARyl B BEE G BThe B e S RE,
filamestl16neatd tﬁé)@uama dumimet rodsri@@l tasibell 94.4n ianet telm W08, wplae which

ta{g%%d rPet%FE Far%e mél 6[51? Oﬁg{egtagr{sh%to ucrtrrollell féjt%gt (}g ‘generate
¥-edyb . €EAd 04@s [Imaarcdﬂvo previded sudbjteatd duoh thagthe apacei @005 efween the
variance with B ths scope of th i nvention. For
@Rgrhgp%andtq%eré PR g‘éalc'baﬁe el enent 909 nay be a

Ini JpB@Aen, fiid dlRc@on EMitlind Mamend 005 isaesitively heated by the flow
reover for therm onic em._sssion, the terla

ofjedseisil cglggntﬁla&iye fho yreglﬂﬁlqug ths exissian 05 erteQsy, MCetleratlon

L ﬁ%@ttabllis‘héﬂ Eé&véé?ﬁh&ﬁﬁﬁiahﬁ 1©13 BRf @ targ& maRtial 1025 |b9}i§ply1ng
or nonnetal alloys, or conbinations of these.

wppeaFpiRie voliagss fofhess cirmisgis sash tbﬁ&l%%ﬁ%?fﬁﬁo%%ﬁ%ﬂed@mrd and

Qﬁr tpy{a?ﬁphﬁteﬁﬁt 95 e X-M% E&hefalted ﬂ'cl?l? sdh %ﬁé&sﬁeﬂ% @frected in

el ec em ssi on nay any sul tabl e mechani sm

inag digotigisyint b @uhstammhnpmbcrcme direstediteyrird a éangas gplgme 1027 within
0

ol il tgf;n% BRLOA ;fo%& fg/ggﬁgﬁagla&&%a@%g FE A hORORE maRfll

Hnd andathﬁamgmr aube ¢m3 dadrenersahplagget whppet(27t lnthés eamper, the

no [ erial may be
ffglk%'g Ogﬂ’c?q%rﬁé ggn ?cﬁﬂ:gg t;f%cr%fv‘%l??qafiila ayer 905 may be
[pasd]i al Aanmbemndfiotieo medesarfdperatyonsacd axaﬂal:&mwx(chlmalye mmrﬁlont given

SRR Siait B2 il LR MOt ot v
Gydritiofl friag @beraﬂeﬁn mﬁek a ﬁeldaﬁﬁﬂsbﬁloﬁﬂﬁﬂmbﬁlabm&mon @idde with respect
sui tabl e geometr ch as those .descri be

Grefrsion FRSHeE W e\mOfif‘ﬁ e ARUCT AP | nnaeallode or triode

mByeE Bkd ﬁﬁher[n@é%%}:rafd ifPa rdfikclivd otSltfaadreiSsivd Mode. In the dlode mode,
cross-sectional side view, a therm onic¢ di ode.nod

the glsatrancaspitier lg(nqtg?teg,exﬁ}glreé@ irhe giode gde thegematter 1snga§e61ng/lmeover
fn%ﬁ’@lreﬂg‘ctﬁg nolg tgee?éi%@?vd?&mg foPthe&-rafy idi@h MeAe skl B the &Lray

ng wre or ament 1013 is” wound about a
@yittplrﬂulrfa@mrai@T@ng@rfbmﬂeQﬁlfon dopingemesti pp Bietrapypissiveypade the target
e 188ent f
%lgrgée f rtﬁ%x ag%ﬂ% oélsr%% p?%}%f@%?ﬁlgé{ Jef\‘:\{tn&%gﬁ\ﬁﬁke b%e188ent from
maelemgnmhgembmct ron emtting filanment 1013 and the

E’gg@t z EHLPSDM t Qldﬁ'ev% f {n?glr}y\ﬁuies%? P?Eﬁ'at {oAed QS Fgﬁi Emission

PSSI
(ddde ftiandmiddived; (@)aExptdr&mvaort @icdb/eaflerting); k@))rﬂflaldtﬁmsﬂiort 0

rate Xx-r c
APt St PhEE R R R BB R R LR B Son
A3/ 1R iSiNe r(6§l@1i)eltmidmhﬁ]$rnsﬁm {éodefrefteatited7) THROBEInid Bmission
?tggc{eaalpg}gqsygqqgaéﬁkg)cﬁgyg{lwg{y n@%u% gcrloda };S‘{]ectlvegllgIéSS 1,2, and 4,
discussed above, show examples of Field Emission (triode/transmissive) devices, while

FIGS. 8 and 9 illustrate examples of a Thermionic Emission (diode/reflective) device. FIG.

10 illustrates an example of a Thermionic Emission (diode/transmissive) device. The



of electrical current there through, resulting in the

em ssion of electrons. An acceleration field is
w@sioahly7shed between the filanment 1013 and t hePCHU§®D5/018156

mat eri al 1015 by applying appropriate voltages to

t hese el enments such that the emtted el ectrons

accel erate toward and strike the target material 1015.
eleReents of thys fipprsrcat berehnamged mhrdlirrgpta ttepriaripled setdertleabovarto

TRl b 0 R BL Pl PR B Sl
rdfRidve MdeRbi,ididde @hd trivids operativy, frrﬂdhdilmdmlt 4mﬂ§&kbexﬁikﬂicm,lg h
the target material 1015 and the inner tube 1003 and
OgFEEMs the target volume 1027. In this manner, the
(6053 ent\ﬁhl(éfthé bebddamheat oMbt inventioadesdbef foeod hewe Ibyen discussed in
i rradi at ed. 00661 A nunber of other nod ?
thsyronisr| QfindusieiabapRiiFaiIoN-IGh 118 Bl WAV 8%%10116% Ypste
thelneRt itVRi1 BL 8SorE A hatRO¥&erided eBiBB@M@hts ofthe Xmviedt¥on are also
gener ation device in accordance with the invention may
swifpbleafbendneomeretdl seitingse Far amalsi Ban smbpdigien; Jrteinvention, a
&'ﬂl a5 cg&gﬁl W aB&%Qi%gérmEchrﬁicﬁﬁésﬁQébs@dﬁt&ﬁWQﬁ‘a home kitchen
hin these des t he devi ce operate in a diode
appliancd mdneowﬁmbepuréymg functione rFongys,a pughe depicg may be placed in line
| . | d
V%lﬁ‘l (?I‘ n%?&éa?]& eS%lI‘E}{ &Bﬁ gésgtz.lof%(\ﬁ:e efgg,ere%l\ﬂ‘e%(te}gse%%gte C{ED ‘ﬂ?a dlthI‘l
ib B adm)dnmde of the lreznnmdnea flow tlgau@dreamnéd@ﬁ@qe as |dﬁSGt‘lh@i above is
eflecti ef
B S ek S5 LR Y o s s
sewe®sttmas the el ectron i rrpl ngenment; in the

@ o Ferisd e oo AL Ty Foutf Fedack e o tied
tRY deRlce REdh thdtxamy tddetieh aizltrfot)éktd:mtmmgknﬁ tite. de[n@él 6H§>wﬂeusn an
i n general, seve% | . exe of 0

AP eT oSS G PUrORB | FRuReds Py oy §fife raver

thiH iSO Q&ViRd &oF @falnﬁﬂé kM8 radiafion dein@e ﬁisdﬂrﬁ“(ﬁﬁ ir81de a constricted
(triode/transm ssive); Field Em ss

spaae; Bigleps EpipRet qogél)lt tC( @)eclzrf,pé ERelemr gthgﬁ)rgg lepgtic situations.
(%%ﬁdgig gx?efgf ﬁf‘@ @lp%élhl\f}epmpoﬁgﬁt id BRLMIARLE héi piSinBMg as well as in

| ectl ve%1 herm oni ¢ Em ssi on
speqialgadanplioaiions s ‘@éyl“CI%ﬁHOV(’%PIth@OH’P%FMSE?HEm ssi on

[()%f% odef nglée%i %%xl‘é)atm%%; %/s aﬂd difectiRS et oufll 28V $S@@wn in FIG.

oW exa Em ssSi on
J(Zt rIIhe deviteriasistiias®i tha Jof HEw:i8cleus maythic maiclr pragler gndadrps got have an

a(x&ﬁl ﬂg\%;tﬁ‘tggg ! ae% f’n d%gatgr d-g | tgb 8%’(3& B §§rh)gx’fhes a cylindrical outer

l'ust
shyla g lelaoihg an ﬂH’eenmar &nﬁcg EEme@ﬁa talrge( ninatadglls ltZE)énglr?n tg;etﬂ@}terlal
d f.th
ragy\éllzf?agty ] th(: Em g%Enaﬁﬁqaﬂs qlsrgpgsg And T ﬁﬁ%%nglgghro? AHehROGRAeh so

£ shield g@ﬂeyratecﬁ xirye. Sirhidarlyt hap estend’nekﬂ momspssedsnf walakerial and
since the rate transn Ssive H r ef.l

PP A o B ARy FOHBRITRI Foh = &R ERCPER et
@;pﬁmiﬂ] %r%lﬁmeﬁﬂicﬁﬁat@fmr ation. OI[ 0068] Wil e the

[gpglg u IS gg(gfhisnﬁﬁe o&tereshclelln i’z%rft cllu%ptz s@%grrt I1robde qz@? g Igg%earg Slgcped,
and may be held in place by end caps 1207a and 1207b. End caps 1207a and 1207b also
serve to seal the inner space 1209 defined by the outer shell 1201. A thermionic electron

emission element 1211 is wrapped about the quartz support rods 1205a and 1205b.



the context of industrial application, such as |arge

scale water purification and waste treatnent, it wll
wheoosapmreci at ed that the descri bed enbodi ment SPOTf/USIYE5/018156

invention are al so suitable fgor noncomerci al

settings. For exanple, in an enbodi nent of the

i nvention, a small device according to the above

Althsogh thedugr suppérplods are shasse siapbdtyitivill appreviged theichgrater

n(gl&}ﬁll gseengh%ﬁ ;ios\é!g;ge rgd% ha¥ fo g{: Ilgnl%::lb(?{i?vlli:gl[ow ahmore uniform

pdﬁérﬂ 6T Slectrvml id tRBUFHeR, @mhtms Laadsalzﬂ BuaEt]2 13b Supply power to the

refrigerator, cof n ad

clsouRee Ghmend> b R 151 pplih %Wﬂ%%?gtﬂ e e Teaterie
1961 &8 0RSccdO3T Erlafb] 86 usaqy evacGate!the Gpaat 12()91@ﬂ'&petra110h o€ the device.
wast e wat er, such as prior tq_pas deptl c tank

Ip PPaFRifNC PRRINS WL FONEipUs. eRthe pHfikeol 21?%“3@/ g scale

[Geaye- Ct?;ﬁ?z&i‘o@%?‘th@ﬂ‘@@é’é B tcPal9fas RGuskdIMBBYE. AR phittickds a voltage
deS| rabl'e to shield the device such that x

diffetense isapp Hedobefiaen dha theranionis Ypeion spissiorn e&:g‘ﬁngél 1 and the target
hURY 203 'Enecﬂgnsaé ﬁ&{‘l%;at%¥ FheRHBAE] 'efé@t%n Qhisdifelement 1211

I nven It esl e to irradiate material s )
apcelasitel E)Waai ﬁnertargd’q antarink 1298 undes thedoflecace gighe mﬁ%ﬁ@d and strike

tﬁ(ep (%t m%emﬂtl,lz@ I&%Porgﬁle Ll!(?ﬁ'xgs (]:]chl)rgﬁ b(ﬂﬁﬁeﬁiﬁm@rl( Ctﬁ@%?ée't ﬁltaf%ﬁal 1203

e or or tracks
enfits atreradjatiol| Sinet borth thie ttamtt natesial COAdud theishallelol dy npis

[ rt u
SH@&N@F‘? g%el‘i] F:% pe‘f:‘giﬂlé)ﬁ z%o %’p%lttiﬂé %%] ?%{r%g rsu;ﬂﬁ gé%g%eg Q%a?umde
P awetevipt, anhdiginglthadpvicy Stcement e @@hGkntA devi ce for
eneratjn x-r s and directin
00 A e SRSl e B RBoe R iflipt o mic. 13
i bﬁtllcﬁ?rl ’éhlétdef]mé/ lilﬂ il kratstedelngriowered ﬁh@ﬁg alpqute 1I03/’ﬁ> teranalyzed.
axi a oW t rou openi n reater t
B! Bt oEOURN SPE 192 1L T Gk Bl s pore
daa\ee 9 208 ofthBed RNRE de’i/lrtfefléﬁﬁ Wlﬁa{ gaferél, HRIdgeke SRIEL-tak 1309
03. The target materi ﬁlaoe any of t

thqtl@imingﬁ @oaﬁ%ecw&«éfdh%m é303a ndgr tpﬁpﬂy@ﬁgﬁgxne 53%3 integrity,
gé Hr 3& iR BAAGsHR Fx-B thltoﬁgﬁmb 8lpd 196NRIGBIEd Ky hitY-$ay detector

arI y, the outer s I's conposed of a _materi al
13 plaowkdugpideeths pipe é$q3oﬁlﬁgla§}/§jmaﬂ OaY sengitiyg {jim may be wrapped

abgu%rcl%l?n 0 S8R e t}ﬁ%febw@%@l, ¥sd& o Jé?ctcﬁﬂév@g in tKY p’iﬁ“h& Ehanges in

um or In met material. [0071]
thchﬁnagaﬁreenssjnell 1201, quartz support rods 1205a and

b I d caps
667a Jie BBSROuaffe e REn G BT R er Rt U2
dn@irceednt, tieee 1smné1|rmapacm tha2 @mlwafnﬁrme Fobgxantple, thetibystrated device,

1201 th oni ]
1? Ql_zr_ef! e}pgrwlgtﬁlge@n ggs(g 5‘9 ufeﬁi or gcﬁ al Sroag%](s) " f&r%%gﬁbl?%gﬁ a device
AN Ge AT aﬁhtybmg gherhmwylﬁhlcﬂmrstmt asiveis amt mvshs;wm fdror
simplicity, it I C|ated tha reat nu
P ap et SR TPB TR e Pt YHT & Tradiste

[l allow a nore uni form pattern of el ectron

$p@ ﬁ% sitd : e
[Saﬁh yulgkgl;,(g@rga%llﬁhg ;lg)%g %xe{n?pqe bot ah(lies target mgterlarlcba'g ancPthe shell 1201
were substantially transmissive to x-ray radiation, such is not a requirement. In particular,
one or both of the target material 1203 and the shell 1201 may be opaque to x-ray radiation

in selected locations to produce a desired output pattern. For example, a ring of



el ectron em ssion element 121 1, while | ead 1215
applies a voltage to the target material 1203. An
w@rikilew3d217 may be used to evacuate the spackCI/RSH05/018156
for operation of the device.;7ln operation, punping may
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to such structures.
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A EI403 s kGaradiatibP €A Photéd OS] THSHIthd fapgetinbterial 1403 and the

shell 1401 do not substantially shield such radiation. Thus, a portion of the generated
radiation passes to the outside of the device 1400. In addition, another portion of the
generated radiation is reflected inwardly towards the opposite wall of the outer shell 1401.

Upon traversing the cavity within the outer shell 1401, a portion of the reflected radiation



produce a plane or sheet pattern. [0076] Note that an
el ectron bonbardnent device can be constructed using

w0 b@sa897m80 pri nci pl es, nanely, an el ectron em tPEF/USH05/018156
tubul ar nmenber surrounding t{ge electron emtter, and a
vol tage source for creating a field to accelerate
emtted electrons fromthe electron emtter toward the
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Albdrd RRing@NehiRedoRabdtions) MhalkyN@is contemplated that not only fluids
(including liquids and gasses) but also solids may be passed through and treated by a system
such as described herein. Instead of being flowed through the system, solids are preferably
conveyed, such as by belt or shaker. Moreover, although the described embodiments of the

invention have focused upon x-ray generation, it will be appreciated that the principles of



generated radiation is reflected i nwardly towards the

opposite wall of the outer shell 1401. Upon traversing
wob@sagrBay wWithin the outer shell 1401, a porP¢DOSWD5/018156

the refl ected radiati onpassgg through the opposite

wal | of the outer shell 1401 and exits the device

1400. It can be seen that this nodified node of
tepeVeatidranay 416y wasedtogirbiidd eentipn gidietion bhabterials tithbtyc-ray

ceeBPT. G TR Ep O et U bRt Frd MR LI 8P e
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FIG 14, the device further ;9 r ses n i nn
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bet ween the el ectron emtter ngQFOth tubular

ewbedimeaes peeamoNEhia thesraief the i elaing Apd shigvatents
iRWpardly fromthe electron emtter and strike both
target surfaces. The outer surface perforns as

descri bed above. The inner surface may be thicker and
operates in the reflective node relative to the inner
tube. That is, the x-rays generated at the x-ray
emtting target material on the inner tube are
directed towards the outer tube and substantially pass
through the outer tube. [0082] It will be appreciated
that new and useful x-ray generation techni ques and
devi ces have been described herein. In view of the
many possi bl e enbodi nents to which the principles of
this invention nay be applied, it should be recognized
that the enbodi nents descri bed herein with respect to
the drawing figures are neant to be illustrative only
and should not be taken as limting the scope of

i nvention. For exanple, those of skill in the art wll
recogni ze that the precise configurations and shapes
shown are exenplary and that the illustrated

enbodi nents can thus be nodified in arrangenent and
detail without departing fromthe spirit of the

i nvention. For exanple, it will be appreciated that
any of the illustrated shapes or otherw se may al so be
nodi fied to include non-concave portions or elenents
such as a flare or flange at one or nore edges, and
that such does not negate the substantial concavity of
the affected nenber. [0083] Although certain nunerica
exanpl es have been given herein, it will be

appreci ated that the invention applies equally to

devi ces and systens on a nuch l[arger or nmuch small er
scale without limtation. Likew se, although generally
snoot h nmenbers have been illustrated herein, it wll
be appreciated that a generally concave nenber my
itself be made up of many individual flat conponents
such as strips or polygons. For exanple, tubes having
pol ygonal cross sections could be used in the
apparatus of FIG 1 in place of the nenbers having
circular cross sections. Finally, it is contenpl ated
that not only fluids



(including liquids and gasses) but also solids may be

passed through and treated by a system such as
walewsniged herein. Instead of being flowed thrpUyiS1oh018156

system solids are preferablyy conveyed, such as by

belt or shaker. Mreover, although the described

enbodi nents of the invention have focused upon x-ray

generation, it will be apﬁﬁﬂﬂwﬁled that the principles
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n i nner
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clegien igp thetmiopislesiron eplicel eration field is
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ang‘ wherefn the cavity is sealed and is evacuated to less than ambient pressure.

8. The x-ray generation apparatus according to claim 7, wherein the cavity is evacuated
to a pressure of less than 10 torr.

9. The x-ray generation apparatus according to claim 1, wherein at least one of the first
and second tubular members has a substantially smooth cross-section.

10.  The x-ray generation apparatus according to claim 1, wherein at least one of the first

and second tubular members has a non-smooth cross-section.



6. The x-ray generation apparatus according to claim
5, wherein at |least a portion of the emtted x-ray
w0 a@5a1976m enters the i nner passage of the firBECT/US2005/018156
tubul ar nenber. 7. The Xx-rayigenerati on apparatus
according to claim1, wherein the outer surface of the
i nner tubul ar nmenber and the inner surface of the
1out eThd xHpayl @nemﬁmrtreppard&tﬁ Reverdngtaviainy 1, wheteimatleadt ang dfghe first
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subst antially opaque to x-ray radiation. 15. A nethod
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st epgxipdctin@élo@iond fibhahd @higet surfadegtinddl Wi t hi n a
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e Sty SR Sbtattic 1
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rhesiltig laserbssinarating|the relepsernd yapwrdiation therefiam, af jast a portion of
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tengettpaerial plaecdoberpini ses an el ectron enitter surface,
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a gaseous or plasma material.

18.  The method of x-ray treatment according to claim 15, wherein the target material is
a solid or slurry material.

19.  The method of x-ray treatment according to claim 15, further comprising evacuating
a space between the containment tube and the emitter tube to reduce the pressure in the

space below ambient pressure.



metallic layer, stinmulating the release of x-ray
radi ation there from at |east a portion of which
wo200a4197a@i at i on penetrates the body of the coOPCHURIMEF018156
tube and i npinges upon the target material placed
therein. 16. The nethod of x-ray treatnent according
to claim 15, wherein the target material is a liquid
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at the o 5 WY ds rrad| ati on apparatus

%Wpll%ﬁuﬁaaﬁgng g%cfj?e%ﬁ%us %St i al | y concave
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emitter element have a respective focus, and wherein the foci of the electron emiiter element
and the x-ray emission element are on the same side of the predefined target volume.

29.  The x-ray irradiation apparatus according to claim 22, wherein an acceleration field
is maintained between the electron emitter element and the x-ray emission element.

30. The x-ray irradiation apparatus according to claim 22, wherein the electron emitter
element comprises a gated electron emitter layer.

31.  The x-ray irradiation apparatus according to claim 22, wherein the electron emitter

element emits electrons via field emission.



em ssion elenent is generally concave but has a
conpl ex surface. 27. The x-ray irradiation apparatus
wo@Rooslhizd7ao 22, wherein the conti nuous concave ePCEHEBIN5/018156
el enment is generally concaveyzand has a snooth surface.
28. The x-ray irradiation apparatus according to claim
22, further conprising a concave electron emtter
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concentric relationship thereto, there being a cavity between the first and second tubular

members, the second cylindrical tubular member having an inner surface facing the outer
surface of the first cylindrical tube wherein the inner surface comprises a target layer
responsive to electron bombardment to emit x-ray radiation.

41.  The x-ray generation apparatus according to claim 40, wherein an acceleration field
is maintained between the electron emitter element and the outer surface of the first tubular

member.



39. The x-ray irradiati on apparatus according to claim

28, further conprising one or nore insulating spacers
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accelerating the extracted electrons toward the target layer, whereby the accelerated
electrons strike the target layer stimulating the release of x-ray radiation there from, at least
a portion of which x-ray radiation penetrates the containment tube and impinges upon the
target material placed therein.
51.  The method of x-ray treatment according to claim 50, further comprising evacuating
a space between the containment tube and the x-ray emitter tube to reduce the pressure in

the space below ambient pressure.



evacuated to less than 10 5 torr. 49. The x-ray
generati on apparatus according to claim40, wherein

wo b@saewend tubul ar menber is substantially opPCrES1005/018156
x-ray radiation. 50. A nmethogh of x-ray treatnment of a
target material conprising the steps of: placing the
target material within a containnent tube having an
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an electron emitter element; and

a tubular member surrounding the electron emitter element in a substantially
concentric relationship thereto, the tubular member having an inner surface facing the
electron emitter element wherein the inner surface comprises a target layer responsive to
electron bombardment to emit x-ray radiation, wherein the tubular member is substantially

transparent to x-ray radiation.



menber is a thermonic electron emtting material. 56.

The el ectron bonbardnent device according to claim 54,
wob@sa1913¢ he second tubul ar nenber is a fiel d PCPUB2005018156
emtting material. 57. The elgectron bonbardnent device

according to claimb54, further conprising a gate for
controlling the rate of electron em ssion fromthe
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generating electrons within the housing, the housing defining an interior space, the
housing further being responsive to electron bombardment to produce x-ray radiation;

accelerating the generated electrons toward the housing;

allowing at least a portion of the generated electrons to strike the housing, whereby
x-ray radiation is generated,;

passing a portion of the generated x-ray radiation through the housing and reflecting

a portion of the generated x-ray radiation from the housing; and



64. The x-ray generation apparatus according to claim
62, wherein the electron emtter elenent is forned
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X-ray generation apparatus agcording to claim62,
wherein electrons emtted fromthe emtter el enent
accel erate toward and strike the target |ayer, thereby
caus paiging iR refdctdiportioafol ﬂlegga%rit&dk-mlyi radliaticgﬁhl\rlc\);i@leth)e imteryor
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seal ed and I's evacuated to Igss,than %gblentwgr?ssure.
687. itk methognceraciag 1 Gl OSpBasTSIRdRE Sy P AY S A Gm
BEprivheLiRl D odtb®clc@Mhleitke. evacuated to | ess than 10~5
toPr. 68.” A net hod of generating w de-angle x-ray
T0adi The wathpd aspordipgiprclain 68 nviessim e storeF Berging electrons
cgﬁpﬁgeghéiﬂ a BleRfilohRRRMb] Bhifled he housing, the housing
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reflecting a portion of the generated x-ray radiation
fromthe housing; andpassing the reflected portion of
the generated x-ray radiation through the interior
space and then passing at |east sone of the reflected
portion of the generated x-ray radiation through the
housi ng. 69. The net hod according to claim®68, wherein
the step of generating electrons conprises using a
gated electron enmtter. 70. The nethod according to
claim 68, wherein the step of generating el ectrons
conprises using a thermonic electron emtter. 7 1.
The x-ray generation apparatus according to claim68,
wherein the interior space is sealed and is evacuated
to |l ess than anbient pressure. 72. The x-ray
generation apparatus according to claim71, wherein
the interior space is evacuated to less than 10 5
torr.



