Iii ? MAY 2004 H GH RESOLUTI ON AND HI GH LUM NANCE SCI NTI LLATOR AND

RADI ATI ON | MVAGER EMPLOYI NG THE SAME BACKGROUND CF THE | N\/EI\FI'I Thi s

i nvent i on rel ates generally to radiation imging, and nore ?cMIAaYIB{][]Ir
to radiation i magi ng via the conversion of radiation into vi SI bI e |ight

I npinging on a light sensitive imaging array. 5 Radiation inmagers typically
I nclude a scintillator coupled to a light sensitive inmaging array.

Radi ati on absorbed in the BIGHRESOATIPIION AND ASGA LU]Q‘?NA%?E c
scintillator, result in the _em ssion of NEtlcal _Ehotons Ich in turn pass
into the light sensitive PREY TH(}%T@E% HTQADI@ IONEMiGER e i magi ng array,

"such as a plurality of photodi odﬁm Mectrl cal signal
corresponding to the incident opti caI oton ux. Each of the

phot odi odes is coupled to ci rcw try to al I ow charge collected on the

phot odi ode to be read. Fiber tic scintillators or fiber optic
scintill ating BAGKER DfQF INYENTEMNarray of scintillating glass
fi bers disposed substantially parallel to one another. The core of each of

the glass fibers is dop o I t s@ 15 that  the
glass fibers scintillat g% 1%%3@8%}62}&%& g%hcfgg)f P@n?suagﬁm Imggipg, and ppare
surface of eaetiicolarlyhéo gidiation miu@ng Vi thleacdmm:@imnaommaﬁ@h Mol Yigibld Gght

| ower optical | & mat et i ht generated in the scintillator in
response to aﬁljggl%gﬁlg% ﬁgl}téﬁrfséqvedﬁlaginﬁgaﬁ‘% core of a scintillating glass
fiber is emtted isotropically. The portion of the 20 light emtted at an

angl e less than the optiRadiatiofiiitiagérts tgpighl irﬁﬂudehﬁ stinBifktol oliSiEd 86 Lefgniand
guided within the glass, fiber and pret?ﬁra%i made ol exV? ?01% a gur?%lge of

the fiber opfTHSUEEifagingATHY. Radiztiospbsenhad de ﬂleh@mtlll}mr, SmhsaSta fiberi apgigi ng
array. The pokdih@fator, result in the emission of optical photons which in turn pass into the light

sensitive imaging array. The light sensitive imaging array, such as a plurality of
photodiodes, generates an electrical signal corresponding to the incident optical

10 photon flux. Each of the photodiodes is coupled to circuitry to allow charge collected
on the photodiode to be read.

Fiber optic scintillators or fiber optic scintillating plates are formed
from an array of scintillating glass fibers disposed substantially parallel to one
another. The core of each of the glass fibers is doped with a scintillating material so

15 that the glass fibers scintillate when excited by radiation such as x-rays. The surface
of each of the glass fibers is clad with a non-scintillating, lower optical index glass

material,

Light generated in the scintillator in response to absorption of radiation

in the core of a scintillating glass fiber is emitted isotropically. The portion of the

20 light emitted at an angle less than the optical critical angle for the fiber is reflected
and guided within the glass fiber and preferably made to exit from a surface of the

fiber optic scintillator directed towards the light sensitive imaging array. The portion

of the light emitted at an angle greater than the optical critical angle for the fiber exits

the side of the glass fiber and thus may impinge on and be detected elsewhere by the
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of the light emtted at an angle greater than the optical critical angle
f'or the fiber exits the side of the glass fiber and thus may inpinge on
and be detected el sewhere by the -1 7 MAY 2004 |i ght sensitiv? Bﬂ@gi@@g
array. This latter portion of the light or so called "opticéa S ﬁk"
results in image quality degradation. While fiber optic scintillators are
generally suitable for nedical imging, for exanple, using x-rays having

energies of a +Ke\Vl t 0. ab 80, KeV, .suc i ber optic .

sci n? i |lator st? aégégltﬁg i ea%m%f é)rggryav\gg]@k%ﬁ?ro?drﬂg% O'Eﬁi“? E‘@[]%P’E s callgdyeaptisel
applications sumbk-tak" rondeistimags qwdity esdrhdig@iogf parts using x-rays havi ng
-high energies, e.g., about 100 KeV or greater. For exanple, increasing the
density of the scintill e{&.‘j?% | ass fibers, in order to stop and absorb

hi gh energy x-rays, undedi tfﬁ%?‘ r QUG sentillatars, aigy aencsiln fsuitiale 191 bnedjbalness

or lum nance ohagifg, fofidxhinbledtuding )thyQEHaﬁlinfglL’%/&g%(iﬁ%"B?tgb&ﬁnﬁj REVILATS WL 'SSBer S

doped with a scintillating material typica a poorer conversion
of absorBed K& &8¢t Aberensicosintidlatorphayeon sumberpefi drawbackisdior deenisi ingusghifls s

fibers. In adgitd: ' . | I ckn of the scintillatpr .in order

to stop .and gﬂ;@%ﬁ% B?IHQ:% H?‘Sﬁ?“&ﬁgé g§“‘§?-@ {rrgé;qs%;t?%%'gl?k(?ég? Psd‘Bgﬁ"‘ia@%E‘T‘?%g hllg{:‘

i ncreased opt esapiesrogsabolibl 0KV whigedatedegr ades t he resul ting detected

i mge. Non-scintillating, black or colored glass fibers, se called

"extramural absorber” %EI\/IA\%W_IJI‘l ilbers have bgf:n ,useéi e.g.... i.nterspersed

armong.the plurality of *ScPHERIAPeTAesing thedensifepisthesgintillaing glopoBkers fin

absor bi ng st r aydel twktbp laed abrb Rphl dnefdly x-fazgq!ﬂﬁ,ﬁsi 4y P&ﬁ&@fﬁ 5 Wdubsh Qflf thk e
whi le EMA fi uce a

fiber optic scintillator. However bers 20 re optic

cross-t a0k anhnghf_ﬂ%ssi prlﬂau@npﬁ of the; seiptillaser. ofin phgicylarnhighidensity, plakwefiberage
o Q1T O b RS Sl ph LS SHBH PRI A

i mage plane at the bottom
radiation into optical photons compared to low-density glass fibers.

In addition, increasing the thickness of the scintillator in order to stop
and absorb the high energy x-rays also undesirably results in increased optical cross-

15 talk which degrades the resulting detected image.

_ Non-scintillating, black or colored glass fibers, so called "extramural
absorber” (EMA) fibers have been used, e.g., interspersed among the plurality of
scintillating glass fibers, for the purpose of absorbing stray light before the light
reaches the bottom surface of the fiber optic scintillator. However, while EMA fibers
20 reduce optical cross-talk and thus improve the resolution of the scintillator, the image
brightness or luminance is also reduced as fewer optical photons reach the image

plane at the bottom of the fiber optic scintillator.

Therefore, there is a need for a high resolution and high luminous
scintillator for use in medical imaging and in industrial imaging using high energy

25 radiation.



Therefore, there is a need for a high resolution and high |un nous

scintillator for use in nedical imaging and in industrial i PROMBY 2064 NY

hi gh energy 25 radiation. -2 17 May 2004 SUVMARY OF THE INVENTION I n a

first aspect, the present invention provides a scintillator having a first
lurality o Lat) Qn. enents conprising a scintillating

Ir[:nteri al yf oélr&ag‘éﬁyeﬁg?iru ﬁéﬁ#&%@h into light, and a second plurality of

radi ation absorbing el ements interspersed anong the first plurality of

radi ati on absor el emants The first gl urality of radiatiqn absorbing
elements has a 11 SO ATPER (i RIBSOH pYeaH %ﬂsmveﬁk'énwcm iaer ﬁ‘én%éc d
plurality | S &ﬁén

absor pt [ onoﬁelﬁa?g{ gﬁcﬁ&gﬁ&% gir??%l;aglegg% %\%ﬁgt 0 %Cg&ﬂ?féggi r wglr?l afg%ut 50,
and sai & 1000$1€£cmng rath@tlcmtmmﬂlﬁwsmdm $e@nndapl‘uradltyenﬁyadwmoorabscsrbglg@mmenm han
the first ra

d t h
i nvention pf pﬁllégg am’z?t,}fgg €’l hﬁb,ﬁ?#% 15]%%%?6 g‘r%%l F]gélggt%t ?5‘& ﬁI{SFr esent

absor bi ng fpbelis; ofeﬁhqtbtf@)ﬁrﬂbrsduwggeleqﬂeﬁt@ Mas aSHishddidtdhl dwoxfphbﬁrefﬁaawyng a
scintillating material for converting radiation into |ight and an out e

radiati on 18 a@@osesomfb Plyralifyi ﬂ@r@imtmumsprtgngml@mméms $ic bevond |ra¢hanq1f| ber ;

sai d inner n ra on _.ab p
ef fici ency,zﬁ)(gén{l&db ﬁ{él&%géh at’l o {éeo% B hcgn lﬁ%‘(%%%% th%fﬂ?'lo %§bs@-ﬁd8§%d
radi at i1on adesmdotra@am@f hbirgtivay e&hﬂen’ﬂjl ehidiCid pecalirofiaf theUfiRREradingal er

t han about and 1sal d second radiation absorption efficiency being
greater th S%@Flﬂnﬁ “Y-adi ation absorption efficiency. 20 In a third

aspect of the '%%%t%a 6@ Al 1HVRAESN &vﬁe%'s@ﬁ‘ﬁila{o ?&?géiﬁé'é)“

I mager having a sensitive inmaging array, and a scin as noted
in the abovgurafity ef radsqimat gbsoibénm fibersadjchcenhprising he ihnegghicirsitiating ifiber

I ng array. .. . . . . L. - . .
' Tagi ng ha)(flng a scintillating material for converting radiation into light and an outer radiation

16  absorbing cladding surrounding said inner scintillating fiber; said inner scintillating
fiber having a first radiation absorption efficiency, said outer radiation absorbing
cladding having a second radiation absorption efficiency and an effective atomic
number greater than about 50, and said second radiation absorption efficiency being
greater than said first radiation absorption efficiency.

20 In a third aspect of the invention, a radiation imager is provided, the radiation
imager having a light sensitive imaging array, and a scintillator, as noted in the above
first aspect, disposed adjacent to the light sensitive imaging array.

In a fourth aspect of the present invention, a radiation imager is provided, the
radiation imager comprising: a light sensitive imaging array; a scintillator disposed

25  adjacent to said light sensitive imaging array, said scintillator comprising the above
second aspect.

In still another aspect of the invention, a method for forming a scintillator
includes providing a bundle comprising a first plurality of radiation absorbing
elements having a scintillating material for converting radiation into light and a

30  second plurality of radiation absorbing elements, as noted in the above first aspect,
interspersed among the first plurality of radiation absorbing elements, drawing the

bundle to reduce the cross-section of the first plurality of radiation absorbing elements

3



Ina fourth aspect of the present invention, a radiation inager is

* provided, the radiation inmager conprising: a |i ght sensitive7 MEH®009
array; a scintillator disposed 25 adjacent to said light sensitive inaging
array, said scintillator conprising the above second aspect. In still

anot her aspect of the invention, a nmethod for formng a scintillator

i ncl udes providing a bundle conprising a first plurality of radiation

absor bi ng @h@wge%oﬁtﬁwumlt% @qaaaﬂldd %éoﬂﬂngﬁie%{én?é g CRB R 'Bgnd1e
radiation into |light and 0 second plurality of rad |aF| on absorbi ng

el enents, abigct ebriliytdfesesbon® 4ndr sssemblieg tthe plmbWsp%ﬁs@wnaMn@nmhe first

I i bi d dI d
Phe or oss- sestb RS i e aRaeg oP B GRel s AN Oty FghBtont <

17 May 2004 and the second plurali ty of radi ati on absorbing el enents,
cutting the drawn bundl e nto a plurality of sections, and assenbling the
plurality OBR&}%HE&@I?EIQHIQHEHEQMWW or having an array of parall el
first and second radi ati on absorbing el enments. 5 BRI EF DESCRI PTI ON OF THE
DRAWNGS FIG 1 is a cross-sectional, side view of a portion of an

exenpl ary radi at FHin 1 isnagmss-séctibhd, gidesow of avmentioroof arl xdrhslary2radiation

enl arged, to of the . .sci ntlllator showmn in FIG 1; FIG 3 is an

enl arged, ¢ g@?P%ﬁW“W"@W”&f the scintillator taken along line 3-3 of
FIG 2;q@a 17 wmzzq%&z@rgeé fof view OPY sEWiRLtoAthoWnlifFIG e scintillator

of the present invention;
FIG. 3 is an enlarged cross-sectional view of the scintillator taken along line

3-3 of FIG. 2;
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FIG 5 is an enlarged, cross-sectional, side view of one of fibers formng
the scintillator shown in FIG 4. 5 DETAILED DESCRI PTI ON OF THEZMFYI\%O\I
FIG | is a cross-sectional view of a portion of an exenpl ary1r 04
i mager 10 of the present invention. Radiation inmager 10 includes a
substrate 12 on which a light sensitive imaging array 14 is disposed, and
a fiber optic scintillator 18 optically coupled to Iight sensitive imging

array 14. Desirably, a R6rideis laayey vidy io$ ﬂnoaﬁéﬁ“ﬁ&@&edcih@ﬂ%@ﬁ%ﬂttheresent

sensitive imaging .array, 14 and scintillator 18 for protecting I|ight
sensitive i rrag?YFg‘tlﬁP’raaW 14. As explained in greater detail bel ow,
"scintillator 18 provides a high resolution and high | um nous scintillator

for use in, for exanpl eFiGmadicah dnmghd)oerdRdsLaSid2BLY vikndustid aF duzpoi ng
usi ng high energy radiation such as X-ray radiation having energies 0

about 100 KeV foymigg ersemtillator shejwn inEKSi4 i ve i naging array 14 includes a
plurality of photosensitive elenents or light sensitive inaging regions

that are 4ypi qyﬁj-mmg]jg@_g@ﬁlpﬁ@pw@ﬁ%m%on substrate 12. For

exanpl e, each light sensitive 1maging region typically conprises a
phot odi ode di sposed over a bottom contact pad and bel ow an upper
conductive |ayer. The ufper!l somdress-seationalydewofaontion ofiu exdaplay radiation

transparent 2 ctd rial such,as indiumtipn.oxide or_the |jke. A
suitable Ii gh?mggéri:g:étc}fvﬁeﬂg PF%%’S‘. ‘%ﬁe‘g‘r"PaCR?cﬁatb‘?“sE’Fa@&%t‘i& i“}F)f‘b‘Eeéét%’PStB*’é? A?Pﬂi n
U.S. Patent Nehich #0ghtchfsitive hRagiaphiay 391i0dispbadQind S fiB8i SiticoRldtiRtor 18
phot ons or vi si bl ? light .in . response to the absorption of 'incident _

radi ati on. Th&PHFAIY0BPY & Heht sengitive imaging sepyd fatResirahly 2 barrienlpper Hebis

i npi ngi g on lgisghded bl [ 0G5 Ak g - J D] f .the
Gt 1 ol s B et et SERAOG LAY oty 13 B TR br e e
as digital dafight sepsities imagieg atrpyhd. derexplained inrgagpitergletailr jovt Ascimijlatoe 18nade

operable via pAaR!e g@?&%@%@ﬁi_im‘? R HibtE 18IS StinSol rer S2'R, WS
medical imaging and desirably, industrial imaging using high energy radiation such as

x-ray radiation having energies of about 100 KeV or greater.

15 Light sensitive imaging array 14 includes a plurality of photosensitive
elements or light sensitive imaging regions that are typically arranged in rows and
columns on substrate 12. For example, each light sensitive imaging region typically
comprises a photodiode disposed over a bottom contact pad and below an upper
conductive layer. The upper conductive layer commonly includes a transparent

20 conductive material such as indium tin oxide or the like. A suitable light sensitive

imaging array is disclosed in greater detail in U.S. Patent No. 5,401,668.

Fiber optic scintillator 18 emits optical photons or visible light in
response to the absorption of incident radiation. The emitted visible light then
penetrates barrier layer 16 impinging on light sensitive imaging armray 14. The

25 impingement of the light results in voltage levels that are periodically read and
interpreted as digital data. For example, light sensitive imaging array 14 may be
made operable via suitable external electric circuitry, e.g., data lines and thin film
transistors (TFTs).

4.



-4 1‘7 MAY 2004 FIGS: 2 and 3 illustrate, in greater detail, exenplary
fiber aoptic scintillator 18 which includes a first plurality of radiation
absorbing elenents 20 and a second plurality of radiation '

el enents 40 interspersed anong the first plurality of fi rs?fféw}g‘tq?gﬂmr
absorbing elenents 20. In this exenplary scintillator, the 5 first and
second plurality of radiation absorbing elenents conprise a plurality of
paral l el fibers fornmed imm,@aﬁ&r:amluﬁ&&e,efﬁa fr ddigr PLALLY i
radi ati on absorbing el ements 20 include a fi r@?ta pl ur a}’i tyngé'éé/cpﬁ%ri IOFté(fi ng
fibers, each SFInHHAR 1§ ydvciachidesastist plugality of radiation mbsmbing @lendus 20 4l &

‘respective fir e L, ve d a,cl.addi n 6 _desirab 10
havi ng a seconsgécir{glv\grru?érig* rogcr,'[aﬁgigé? ﬁagéér.m%ofg@"%tsd%@ilatgﬁpﬁrg?‘ﬁc?m&gs{hg_ILI‘%t

| ow-density glasktydefpfimt wididtion absorbinigl dlerhémty 20RtIathialexeiplarg xéifnligor, the
scintill ingff-ibeqrég maﬁ inc{.udea er bi ym acgti vated or . )

gadol i ni uln act a7 seond plerality o Fdiation %P Rg eEmentsypemprisy pipwebtygehss
cl addi ng. Ady PaiaNeEAbSE YornY iM@iaﬂgn@y_l owdensity glass, the scintillating
mat eri al provides a higher conversion of absorbed radiation into optical

15 photons conpared to using a hi gh-den_sit gl.ass. The second plurality of
radi ati on absorbing el efortZample; the plality of radiaticarabserbing qlernents 20 ynobide a

non-scintill atqg j S| L Q- ' S i rabl.y..the
i n densi t - Fapllich8) pf SARIdl hofs, Rbl of SHoH ichid RS respelih SEPlariar,
Advant ageous| geret Hewith glrespentive firsytedmstiye ovexl swrreunged dy arclidiinglé desirably

bsor pt i 20 efficj .10, th lity. of scintillati _
frbere. &« aBelnk CiRRE AT RAGeCinadE, Rt 2t dbngiudieibaes o dav ey
cont ai ni ng | egthsoxopal w@hmegcimuiaxﬁaglrﬁatbﬁﬂh-ld&n&ampw|tﬁé§&ﬁtiil£}ﬁ{§6ﬁ'€er9'n?a§/seS
., e.g.,

having an effective atom c nunber (Z) desirably greater than
hi gh- densi ty &tciidee terbium-activated or gadolinium-activated silicate luminescent glass core

and a silicate glass cladding. Advantageously, by using a low-density glass, the
scintillating material provides a higher conversion of absorbed radiation into optical

15 photons compared to using a high-density glass.

The second plurality of radiation absorbing elements 40 include, for
example, a plurality of non-scintillating fibers comprising a high-density glass.
Desirably, the high-density glass is also doped with an optical absorber to absorb
light, Advantageously, the high-density glass provides a greater radiation absorption

20 efficiency compared to the plurality of scintillating fibers.

Suitable high-density glasses .include flint glass or lead crystal
containing lead oxide. Other suitable high-density glasses include glasses having an
effective atomic number (Z) desirably greater than 50, e.g., high-density glasses
containing barium (Z=56), platinum (Z=78), lead (Z=82), or combinations thereof.

25 For silicate-based glasses, desirably, the high-density glass comprises about 60
percent to about 80 percent silicate glass and about 20 percent to about 40 percent of
one or more substances having an atomic number greater than 50. Suitable optical
absorbing materials for absorbing optical light include, for example, incorporating

iron or cobalt into the high-density glass.
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cont‘ai ni ng barium (Z=56), platinum (Z=78), |ead (Z=82), or conbinations

t hereof.. 25 For silicate-based gl asses, desirably, the high- Sj
conpri ses about 60 percent to about 80 percent silicate gl agg?aw\ém[jgzo

percent to about 40 percent of one or nore substances having an atomc
nunber greater than 50. Suitable optical absorbing materials for absorbing
optical light include, for exanple, incorporating iron or cobalt into the

hi gh-density glass. -5 15 WYidR@4tHBy nbh-9%haildifet H8erdOR1ACE rkdtbAthdion
fibers with aaggﬂegler radi ation "absorbing efficiency (e.g.,” x-rays
absorbed in a *ReBIMEAicigReyS(eriax-pors abserbed it ameaterial hawasubesl peariuniti vdlameng
fibers, it is posgkRbifulifid : . | f.radi.atien, of. th
scintillator, t| ncr ggélgtlftlﬁledgg?llgegﬁtﬁ ﬁlggplsag%glgiﬁ(ﬁ?It&%agé;%hfg(?}?s% {l?rhgp?g}aﬁlf’?lo(?élf%r,
and i ncrease tshigtill#tor,asmtaseitbhnboghthéss of ¢llurhinkiiat of the ecipal Aok, ad fcréike &id
scintillators. | thef Ci nti@g ti nﬁlfi ers,. the absorption of inmaging
radiatior®is BrHHomat{hgsomt {“BRPEEETP BFPIRY S5t fions, i.e., a
portion of the energy of an x-ray is inparted to an election with a

resulting reduced ener gynXheagidtillaing F6EID! &R ¥bdofption of\SnREDE SN
FIG 3, an x-ray Ainters a top surface of scintillator 18 and is 10

absorbed at aPFBIaRY p2i(pmapipr scattegng nieragiions: .. aportign of Berenergyftangrayn a
Conpt on x-ray ; d-Tole ¢ ' [ c |t )

Sci Pt 11 811 ng Henarel CRELRLERFRL T GRS ALEVACS (4. Cabpln ran).
phot ons, e. g. Aslbeghshovay i FIGaddan R-rayiAyhbtersay tépl surfaei dft sethtittatoari 8angl &

greater an the critical le is,internally.ref]ected. within core 24 - and

enitted #rom Q%O(Sﬁdo%aﬁ?r‘qtg& w¥e 2% Pﬁhel *H‘E'&)‘?‘t"l%gi’?irﬁ‘ﬂ’?t“}%vq_ OmpioN% By at

an 15 angl e gap@t®yr eddigined Rfectioht Whth AEh&s PSS Be tsBinAHSH | g{ lf'rt?a_terial in the
atin

scintillating fiber and continues through adjacent scinti ng fibers
until it is aBeBimRAbess 9 ALt epfisltBhotapsags., fighterays Mdcndde2. f Light raynL bf _

the plurality gfidi 499658 kdardl ARtk RBEA dngicli@ internally reflected within core 24
and emitted from a bottom surface of scintillator 18. Light ray L2, emitted at an

15 angle greater than the critical angle passes through the scintillating fiber and

continues through adjacent scintﬂlating fibers until it is absorbed by a high-density

glass fiber.

Another function of the plurality of high-density glass fibers is to

absorb Compton x-rays (e.g., Compton x-ray R) which travel through the scintillating

20 fibers until they are absorbed by a high-density glass fiber. These Compton x-rays,

i.e., "Compton x-ray cross-talk,” would otherwise have a very long range in the

scintillator (e.g., across multiple fiber dimensions) and degrade the resolution of the

scintillator. Desirably, the ratio of high-density glass fibers to scintillating, low-
density fibers is about 1 to 2.

25 Still another function of the plurality of high-density glass fibers is to
increase the radiation stopping power of the scintillator. For example, x-rays B which
interact with high-density glass fiber produce high-energy electron showers S, which
interact in adjacent scintillating fibers producing light rays, e.g., light ray L3, which

increase the brightness or luminance of the scintillator. The electron range for
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absorb Conpton x-rays (e.g., Conpton x-ray R) which travel through the
scintillating 20 fibers until they are absorbed by a high-density gl ass

fi ber. These Conpton x-rays, i.e., "Conpton x-ray cross-tal k4" VM'[{

ot herwi se have a very long range in the scintillator (e.g., ;c‘(oss\fﬂzoglr
mul tiple fiber dinmensions) and degrade the resolution of the scintillator.
Desirably, the ratio of high-density glass fibers to scintillating, |ow

density fibers;] . till anot function.of the _pluraljty
of hi gh- densi te§é°3ﬁ°§t§s ek B bifh efitkey x-tava M, [LKEYR Rl g é’féf‘ﬁ &fﬁb"‘b‘ ‘
of the scinti Irhigtas to Bbsut e0ampictons X Heays iBthetfiteh sizk i 6f @6 lord¥érldf 20 microns,

“hi gh-density gl ass _fi ber produie hi gh-energy el ectron showers S i ch

: i c
interact in ad]‘%%@ﬁfheseg%"ﬁf)ﬁ WAl psrgP§ thedvigh-density glasg fibergland pepdyce Hehy in the ght
ray L3, which gcinfifh@fS@adsTbely. i ght ness or | um nance of the scintillator.
The electron range for -6 1 7 MAY 200" el ectron showers by high energy
Xx-rays, e.g., 100 KeV, are of the order of about 50 mcrons to about 100
m crons. Hence, if the filG8r 4spud 5 Hlustateran alterante gmbalimest ohg, fiberoepticof

t he el ectrons W k: . | i £l i ght
nCthe Cser nt EPalleGE § PRt s Bhiten Haobile UAIAGRIOR s R RS SE, BARL
enbodi ment of of ridibon ahgoibing fbemtlBO limdlwdes hh8ndna\scingillating fibed 120ysuedounidadb! e
clad radi ati on absorbing. f.i bers 130. ch f radiati .absor bi fibers
130 1 nel udes. 3 IHL GOHER EPSPRE daagiie 1l L SHHRURS Bpeniad desmbly
radi ation absQbhiprigestd RUMIRAENS Sfass [iBGRVors LI ith b Mt DptitPShdek’Had @pidaaty ¥
conprises a scintillating glass fiber core 124 with a’l ower optical 1 ndex

glass cl Hidi nd2¢0o1irercass thaceriticak angle for iintemal reflegtien fofrlightt cPutat radiation

reflection of _Li b aki ' C ' I
conpri slas a hiaé%cggfgﬁsc%ﬁffl L@gh%gﬂa | scé) %?gg%é&&gﬂ& %?ag%?lg rd gg'z IS%‘??%’JV,&S
al so di scussedn giwatee dethiie Albiafdo-diemsiecdypbovea dise ifndehnsiy glsss drddinglid gesirably -

doped with optical absorbers to absorb light emitted outside the critical angle of the

scintillating fiber.

15 The double clad radiation absorbing fibers of scintillator 118 has two
advantages. First, the high-density glass is in closer proximity to the scintillating
fiber so that high energy electron showers will be efficiently coupled to the
scintillating fibers. Second, the scintillator requires fibers of only one type thereby

facilitating the manufacturing process (discussed below) of the scintillator.

20 . A method for fabricating a scintillator of the present invention includes
forming a relatively small number of elements into a bundle, using heat and
mechanical means to form them into a tight bundle and then drawing the bundles
down to small diameters, cutting the fiber bundles into sections, and assembling the

sections into larger arrays of fibers which are heat fused and cut into slabs.

25 For the scintillator shown in FIGS. 4 and 5, the initial double clad
radiation absorbing fibers are formed, for example, by inserting the scintillating fiber

inside of a lower optical index glass tube and then inserting the assembly into a larger



doped with optical absorbers to absorb light emtted outside the critical
angle of the scintillating fiber. 15 20 25 The doubl e cl ad r&dj at,i
absorbing fibers of scintillator 118 has two advantages. Fi rf'?? %A?ZBM
hi gh-density glass is in closer proximty to the scintillating fiber so

t hat high energy electron showers will be efficiently coupled to the
scintillating fibers. Second, the scintillator requires fibers of only one
type thereby hihciehdityadlastGuld) ETHIRMEABEUS G BIRERASnd ot toP oMy OF
the scintillator. A nmethod for fabricating a scintillator of the present

i nvent i on i nctligrgtsr exlagrbefige ar ?@faﬁﬁcﬂ@lllylgsmalalﬂbmbwle of elenents into a
“bundl e, using heat and nechanical neans to formtheminto a tight bundle

and then drawi ng the bu e a r cutti t.,he fiber
bundl es into sections, T'ﬁucf szhélgrrb oﬁsoeliﬁgéllns?g{cst%iﬁg p?erf‘fa%t ﬁ“é(?‘ﬂg’ l?fry?é’)?gn of
fibers which ingrdtehand desedbahdt wil be mppresiaﬁalsto thoge sIldi\I(hecBml fht iaktl thhtOfmaghown
in FIGS. .4 an i Nt doubl d . radiati, sorbing fibers are
formed, Tor leﬁﬂ% S an%b‘{l‘ ﬁ'ihgit}o[nis A%t ﬁ“e 8? fhereynty i OT“i ‘%‘é’?mr{g o b Fpigit

| ower opti calandidepe 6t ths nveriéh. and then inserting the assenbly into a

| arger -7 1 7 NAY 2004 hi gh-density glass tube. This assenbly is then be
heated and drawn down to a smaller dianmeter either before or after
assenbling into a fiber bundle. Thus, while various enbodi nents of the
present invention have been illustrated and described, it wll be
appreciated to those skilled in the art that many 5 changes and

nodi fi cati ons may be nade thereunto w thout departing fromthe spirit and
scope of the invention.



17 May 2004 CLAIMS: 1. A scintillator conprising: a first plurality of
radi ati on absorbing el enents conprising a scintillating 5 &t &aya004or
converting radiation into light; and a second plurality of radiation
absorbing el enents interspersed anong said plurality of radiation

absor bi ng ebgﬁﬁég_; said first plurality of radiation absorbing el enents
having a fi lation absorption efficiency, said second plurality of
radi ati on absorbing el enents having a 10 second radi ati on absorption

efficiency and an effective atom c nunber greater than about 50, and said
second radi ht i onADSEHHIAOr SPMBRTING ency being greater than said first

radi ati on absorpti l164 v I nti ]l ato . ¢] al . ein
sai d second pl ur%lﬁl} yﬁ%}'&lﬁ%%ﬁé}igﬁon 16@&%1%{5‘:“& glflﬁgﬁttglénnﬁ]r{sgﬁ%rareg C(%)nﬁleﬂrgg eto
absor b riadi mbhiepial for aorvephg) radiatici irte lightf &t and produce a plurality of

el ectron showers conv%rti bl e tg I{i,gtht in said first plurality of radiation
absor bi ng el enent $econd ppralise ph radigtiongabsgrbing glementsomtepsperied rasmongsgaidl 1 r st

plurality ofjf2eN 8fia8Rtion BAPERE BicARnkl €MENtS are operable to absorb
radi ati on \?Ei)g Oggllrrpt gn slgatte?llﬁn , eang {herein said second plurality of

radi ati on absor bsaidj febsteplerdity af eadipéombbsrbiog addeoerdts havidp o ifiost gdiatioml | y

from Conpton scattering in said first plurality of radiatjon bsor bi ng
el onent s, 2RSEIDUON SRGIPhY; pid seond pluspliiv fTadiation sbsorhipg elsmentshiaying § o

plural ity OfechafcAkdtRM aREPOALRiAlciG SRRt & EQEIVE SorRichluMiRk id¥at&f than
scintillating fibers, and said second plurality of radiation absorbing
el enents cohout §& andphid second radiatinn abspaptinn ¢ffigicheigbeing lgeater thamesaid first ai d

non-scintil i:N ' e a fiber size of about 20 mcrons. 30 5. The
scintillat ollraa%#mgﬁ§§°§ﬁ£°%o$ﬁ¥1§%cypr ecedi ng, clainms wherein said second

2. The scintillator of claim 1, wherein said second plurality of radiation
15 absorbing elements are operable to absorb radiation via a photoelectric effect and
produce a plurality of electron showers convertible to light in said first plurality of

radiation absorbing elements.

3. The scintillator of claim 1 or 2, wherein said first plurality of radiation
20  absorbing elements are operable to absorb radiation via Compton scattering, and
wherein said second plurality of radiation absorbing elements are operable to absorb
radiation generally from Compton scattering in said first plurality of radiation

absorbing elements.

25 4. The scintillator of claim 1, 2 or 3, wherein said first plurality of radiation
absorbing elements comprise a plurality of scintillating fibers, and said second
plurality of radiation absorbing elements comprise a plurality of non-scintillating

fibers, wherein said non-scintillating fibers have a fiber size of about 20 microns.

30 5. The scintillator of any one of the preceding, claims wherein said second

plurality of radiation absorbing elements further comprise an optical absorbing



plurality of radiation absorbing elenents further conprise an optical

absorbing 9 17 May 2004 material, wherein said optical absor by Maymmbari al
is selected fromthe group consisting of iron, cobalt, and conbi nations
thereof. 6. The scintillator of any one of the preceding clains, wherein

v dons: ¢y RAHeREL Wik pelt ot BhicaPlof R Fihefee R AP PotBg o bi ng

el ement s copPitédrs @obalh) a8l célibimblionsdh&@sst, materi al ,  wherein said high density
gl ass material conprises material selected fromthe group consisting of

barium platinum |ead, and conbinations thereof. 10 7. The scintillator of

any one of ghe p | | 08, i | l.rst_plural i of radiation
absor bi ng efs'eman sggcgfrlr%?ﬁt%e&{a Ioélgsa? ﬁ%r#ge%@n% ‘Trl%lﬁsshvevs%rgﬁlt Sat“}eﬁfjslt Bﬁx}ralﬁy
activat &l gbfxadiatiah ebsdodhing Bdmetiicorpeied b laadensity plass achdrisdbedsHl a&ond
material, and said sg,cond BI urality of radiation absorbing el enents

conpri se a PWENYOf fadighon abspbiwg; elements qempgise & highy densily slawpmpterialy: a
plurality | af A ' i 0 P! '

Ceimti 11 3t nocreft fid ARAARRGE, RIS MR corfifices FTREY SLRER TR group

radi at i on i ennsistinghf baivoin,patoutre leady adi @mtomtmis trebdofig ¢l addi ng surroundi ng
said inner scintillating fiber; and said inner scintillating fiber having a
first radiation absorption efficiency, said 20 outer radiation absorbing

cl addi ng hayi ng ehéesantidadiaay a8 o PRI B GlifdsChageH sawﬁrs@ialugzhﬁ?ﬂ lve
atom c nunber greater than about 50, and sai d second radi ation ~absorption

ef fici ency dleradiptigneshserbing, glemeatsdcémprise atatiiastt pmm ofilas bmpnessentefefbioinency .
9. A radiat]j ' ising. 25 a light it i i ;
scinti 11 at ofetpis oty mathral atd Rikinestehs Bedofiimzckiyated Blaps it amd 3¢ sai o

sci ntil | at ofecemhplutatity@f radiation absorbing elements comprise a lead oxide glass material.

15 8. A scintillator comprising:

a plurality of radiation absorbing fibers, each comprising an inner scintillating
fiber having a scintillating material for converting radiation into light and an outer
radiation absorbing cladding surrounding said inner scintillating fiber; and

said inner scintillating fiber having a first radiation absorption efficiency, said

20  outer radiation absorbing cladding having a second radiation absorption efficiency
and an effective atomic number greater than about 50, and said second radiation

absorption efficiency being greater than said first radiation absorption efficiency.

9. A radiation imager comprising:
25 a light sensitive imaging array;
a scintillator disposed adjacent to said light sensitive imaging array, said
scintillator comprising:
a first plurality of radiation absorbing elements comprising a scintillating
material for converting radiation into light; and
30 a second plurality of radiation absorbing elements interspersed among said

plurality of radiation absorbing elements;

10



a'first plurality of radiation absorbing elenments conprising a
scintillating material for converting radiation into |ight; 1WAy 3002
second plurality of radiation absorbing elenents interspersed anong said
plurality of radiation absorblng el enents; 10 17 May 2004 said first

plurality of radja rb| | ement s haw aflrsI ragi atiqn..
absorption effici® %éf’gt @ E%ﬁ atb?rljragﬁqﬂ?]?g %1‘3? deving 3 Iiﬁ‘gﬁ on

el ement s hasisoptidn «FREaRS, aaaal lseédnagplﬁlaﬁ@rmaemnsﬁ fab@dr@iﬂgxél@%tsaﬁwﬁg gctive
atom ¢ nunber greater than about and sai d second radi ati on absorption

ef fici ency 1epiragiationesbsetptian ehficiendyrand mseffmiwatat@mcammbqstgrwer than

ol ural ity oftohs AR RRl ok BB ool ity BERE el Bl Bt o on

via a plot oxaﬂ'mqbnabsoe;ﬁticmodfﬁae@by produce a plurality of electron showers)
convertible to light in said first plurality of 10 radiation absorbing
el enments. 11. The radiation imger of claim9 or 10, wherein said first

plurality ofgradig kéﬁ%thQQEﬁ%pﬂ gﬁcﬁ rﬁ?&%lﬁeréﬁ%aﬂpgéé&ts?&e ?})L%%ltgb(ﬁqraﬁla gﬁj' ation

general ly via Conpton scatterin erern sal |'ura
radi ation adsorbiig glemleptseart parableofre alzsoite radiaticn elaso photGelepitio rbff&d Iaﬂd | o n

from Corrpton catte rst plural] radi at.i orb| ng

el enent s. 11’2"0 P@BaﬂgY Og ﬁfef’{lf%éﬁm%?rs)c?%vﬁﬁt’é’w%ﬂ%m nlfaldvﬁ(‘)lré? %P& first

pl ur al ifgy Olfadlaﬁaﬁibpgoﬂgﬂ alksRhRi Ng el enents conprise a plurality of
scintillating fibers, and said 20 second plurality of radiation absorbing

el enents conprise a pI urality of non- scintillating fibers, V\/nereln sald
non- sci nt|I 1atl

3 have a.fjber, si f about
radi ation ihager raﬁwo%ﬁga%e{ of Ick? ‘@f f(g“%frelg\ﬁ@figzrﬁ F&'érag{ys%@& ton |
absorbing elements are operable to absorb radiation generally via Compton scattering,
and wherein said second plurality of radiation absorbing elements are operable to
15 absorb Compton radiation from Compton scattering in said first plurality of radiation

absorbing elements.

12. The radiation imager of claim 9, 10 or 11, wherein said first plurality of
radiation absorbing elements comprise a plurality of scintillating fibers, and said
20  second plurality of radiation absorbing elements comprise a plurality of non-
scintillating fibers, wherein said non-scintillating fibers have a fiber size of about 20

microns.

13.  The radiation imager of any one of claims 9 to 12, wherein said second
25  plurality of radiation absorbing elements further comprise an optical absorbing
material, wherein said optical absorbing material is selected from the group consisting

of iron, cobalt, and combinations thereof.
14.  The radiation imager of any one of claims 9 to 13, wherein said first plurality

30  ofradiation absorbing elements comprise a low-density glass material and said second

plurality of radiation absorbing elements comprises a high-density glass material,

11



25 plurality of radiation absorbing elenents further conprise an optical
absorbing material, wherein said optical absorbing naterial 1BM§l2egsed
fromthe group consisting of iron, cobalt, and conbinations thereof. 14.
The radi ation imager of any one of clainms 9 to 13, wherein said first

plurality f radiati on absorbing el enents conpri.se l,Qw- densi ty gl ass
material an gg%fndsasl%ﬁafeﬁf‘@ 5@?? ?a%!na‘ Y] é??eﬁﬁ‘%%l%rsﬁlicﬁtﬁdg{%&ﬁ gr.ozp .
conpri ses acdisifing eNbarim, Plaffm B! il condbinakibn)eheret#04 wherein said high
density glass material conprises nmaterial selected fromthe group

consisting of barium platinum |ead, and conbi nations thereof. 15. TheI
radi ati on i ygger . ' .14 rein said kirs lurality
5 of radi at ?%n aETS?%F [ nlaﬂgﬁg%n(ﬂaﬂggﬁg%ﬁfé%ng gltc\é\gg’t W%?{Smgﬁmdaﬁﬁstﬁfuﬁ@%ent

t er bi um&ct of/ addéatiog! atserbimg elenfdntsabehnpiige ﬁtg&ﬁ@tnbnegag@ lﬂghiﬂéﬁcaalﬁtt teyiitd gl ass
material, and said second plurality of radiation absorbing el enents
conprise a ?‘é’é(at.eé?&laﬁé “@F"é’é’% ai?fﬁmm‘?ﬂ:‘?ntEG?OIRIWIWHW%%E&%@@WH@@ﬁ%# $ad ng:

10 a 11 ont 26 blullity IPANEALERYbing RELLAIhALRL o HaARIRRGIAILAGENS O
said light sensitive 1magl ng array, sal scintillTator co I'sing: a
plurality of radiation absorbing fibers, each conprising an inner

scintillati fi,ber. having a scintillating material for converting
radiation i ﬂ%o | A JATIRUNTHMATCLSATERISINE | adi ati on absor bi ng cl addi ng

surroungd ng sai dajigm%@nﬁt(;&é’lﬁﬁalgh%?r&g; fiber; and said inner scintillating
fiber having a first radiation abs

o i ofption efficiency, said outer radiation
absor bi ng cl addi agcméillptay dispossso adjaceaditatsath lights sensitiveninefging aeaygysaid and

sai d second_radj.ati rption efficiency being greater than said first
radi ati on %c%@giragqricgﬁ]pggﬁlgti ency, 20 wherein said outer radiation absorbing

cl addi ng has an epledity ¢eradi£idh@bsorbing fibers, each comprising an inner scintillating
fiber having a scintillating material for converting radiation into light and an outer

15  radiation absorbing cladding surrounding said inner scintillating fiber; and
said inner scintillating fiber having a first radiation absorption efficiency, said
outer radiation absorbing cladding having a second radiation absorption efficiency,
and said second radiation absorption efficiency being greater than said first radiation

absorption efficiency,

20 wherein said outer radiation absorbing cladding has an effective atomic

number greater than about 50.

17. A method for forming a scintillator, the method comprising:
providing a bundle comprising a first plurality of radiation absorbing elements
25  comprising a scintillating material for converting radiation into light and a second
plurality of radiation absorbing elements interspersed among the first plurality of
radiation absorbing elements, the first plurality of radiation absorbing elements
having a first radiation absorption efficiency, the second plurality of radiation
absorbing elements having a second radiation absorption efficiency and an effective
30  atomic number greater than about 50, and the second radiation absorption efficiency

being greater than the first radiation efficiency;

12



nunber greater than about 50. 17. A nethod for formng a scintillator, the
met hod conprising: providing a bundle conprising a first pl utaMaly00k

radi ati on absorbing elenments 25 conprising a scintillating material for
converting radiation into light and a second plurality of radiation

bsor bi | i d the first plural jty of i ati
2bsorbi ng ol emeny e BePRRE Bre PR Re\oHGe skt o it sk b of BFhafbn
having a fi sisbrbiggélamems aad tRrsetdrdplaflitycdfaadiion MMofReodemBhtyy al i ty of

radi ation absorbing elenments having a second radi ati on absorption
efficiency and afiting tedraven Bandie e & Phuits of saclignsend han about 50, and the

adtati on et ti of SaanonRbg b i GHons 15 % HeBhiiieto? BvibGn a7 ot
Cross- sext i paraldd] firdtend sé@hd pddistidn dbgordbing dethaiti.on absor bi ng el enents and

the second plurality of radiation absorbing elenents; cutting the drawn
bundle into a plurality of sections; and assenbling the plurality of

sections tojdor |qnk 4 I r l:;rst and
second r adi }’;Ig[.i onw%‘ggloe?ﬁdnagf E]:agﬁrrglr?t’ rs%’?ﬁ/ 1%9 tﬁi’ﬁefﬁ %r%a@h{)agf%fo f’gﬁtg?t?n&dls‘{)so\%&%g ein
the first ptlemehts cgmpfisa apluedityof G rand tige secebrehplntaditycof qadiatien abgorhingl i ty

of fibers, gnd the second plutali of radiation absorbjng. elenents
conprise a %F‘E}FlgFicPWPB‘Pe £ @BF%_,%' \?};ﬁb&s’n oo da o?‘f'ﬁo‘b‘_{ Ql‘ﬁ%ftyffo’gs]ragﬂﬁ“ ation
10 absofgoi nghsek EdehtaYfvea fib&RizedfaBo@ 208RR Ns20 M crons. 19. The met hod
of claim17 or 18, wherein the first plurality of radiation absorbing

el ements conprise a lowdensity glass material and the second plurality of

diati | ' i gh- densi.t | a t eri al
Wher oi n sai P35 TReRTUERER SaBRIAT RECs el B bl R 37 BBt o
I L om t Pe gr £b4prbignelesibntd Godbrisdaldvadengilyatlhd Unatedigagld tiskcondPlunaity 08
ereof .

radiation absorbing elements comprises a high-density glass material, wherein said
15 high density glass material comprises material selected from the group consisting of

barium, platinum, lead, and combinations thereof.

20.  The method of claim 17, 18 or 19, wherein the drawing further comprises

heating the bundle.
20
21. The method of any one of claims 17 to 20, wherein the assembling comprises
fusing together the plurality of sections.
22, A method for forming a scintillator, the method comprising:
25 providing a bundle comprising a plurality of radiation absorbing

fiberscomprising an inner scintillating fiber having a scintillating material for
converting radiation into light, and an outer radiation absorbing cladding surrounding
said inner scintillating fiber, said scintillating fiber having a first radiation absorption
efficiency, said outer radiation absorbing cladding having a second radiation
30  absorption efficiency and an effective atomic number greater than about 50, and said
second radiation absorption efficiency being greater than said first radiation

absorption efficiency;

13



20. The nethod of claim 17, 18 or 19, wherein the drawing further conprises
heating the bundle. 20 21. The nmethod of any one of clains 177 ay2004
wherein the assenbling conprises fusing together the plurality of
sections. 22. A nmethod for formng a scintillator, the nethod conprising:

25 providing a byndl.e gonprising lurality of. radiation absarbin

fi bersconpri si nngé‘W*%ﬁ&pﬁgﬁ%?‘% Fq%HE‘? T’rloB%f'ecﬂ%iogéﬁ%lpgjéfﬂWiqf{‘émaﬁan
material foghsofRBbérk;ng radiation into |ight, and an outer radiation
absor bi ng cl addi ng surrounding said inner scintillating fiber, said
scintillating fig#tngtheidigvmbindlginte agiualitpof sastionpandn  ef fi ci ency, said
outer radiation ghsorbi ng claddi ng havin second. r.adi atian 30 absor.ption
efficiency and ahi € Pféblg-{ %glg@ﬁ%%sg%g?o gc}rgh@grscpﬂgﬁtoab YIRS 8B ARt < 5 d
second rmadi parhlel radisondbsOmigf filegd. ency being greater than said first

radi ati on absorption efficiency; 13 17 May 2004 drawi ng the bundle to
reduce the cross-section of the plurality of radiation absorbing fibers;
cutting theygdra i i LoNns; | i t he
oiural tty oF sechi abtir ol Aalbie hifudes BElebRRe A0 4nE) Efnd 57
paral l el rawi2%ion absorbing fibers. 23. A scintillator whose manufacture

i ncl udes the nethod of any one of clains 17 to 22. 14 7 MAY 2004 H GH
RESOLUTI ON AND HI GH LUM NANCE
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SCI NTI LLATOR .AND RADI ATI ON | MAGER EMPLOYI NG THE SAME ABSTRACT OF THE
DI SCLQSURE A fiber optic scintillator includes (18, 118), for exanple

a
plurality of relatively lowdensity glass scintillating el erﬂer?tsMA}(OQO@ﬁO)
for converting radiation into light and a plurality of relatively

hi gh-density gl ass radi ati on absorbing elenents 5 interspersed anong the
plurality of scintillating elenments (20, 120). The high-density gl ass

radi ati on absorbing el enments (40, 140) increase the x-ray stopping power of
the scintiilator and al JHGH EEbEH . ETKEY AND SHCHELSMINIANCE Nt er act

desirably in adjacent sci,nt] ' e I ncrease the
‘lum nance of the scintiil §%&h%k?%&§ﬁﬁe%®1%§8?yééﬁ%q}#g gl ass radi ation
absorbing el enments al so absorb Xx-pMpLOYOSGTHREKAMMBM 10 absorption of

radiation in the scintillating elenents (20, 120) and desirably include
optical absorbers for absorbing optical cross-talk, both of which inproves

the resoluti Lt L , 118). The plurality of
scintillati ngggﬁgwgofgaﬁ Qk%@iﬁfs =tensity gl ass radiati on absorbi ng
el ements (40) typically are fibers, and the high- density glass radiation

absor bi ng el enents (140 fitey opted édiniltakardgéligesyt BUND), o€ exaplsCa PlurdlitpbENg
| ow-density glass fibers (120). Figure 1

relatively low-density glass scintillating elements (20, 120) for converting radiation

into light and a plurality of relatively high-density glass radiation absorbing elements

5 interspersed among the plurality of scintillating elements (20, 120). The high-density
glass radiation absorbing elements (40, 140} increase the x-ray stopping power of the
scintillator and also produce electron showers which interact desirably in adjacent
scintillating elements (20, 120) to increase the fuminance of the scintillator (I8, 118).

The high-density glass radiation absorbing elements also absorb x-ray cross-talk from

10 absorption of radiation in the scintillating elements (20, 120) and desirably include
optical absorbers for absorbing optical cross-talk, both of which improves the
resolution of the scintillator (18, 118). The plurality of scintillating elements (20) and
high-density glass radiation absorbing elements (40) typically are fibers, and the high-
density glass radiation absorbing elements (140) may define cladding around the

15 scintillating low-density glass fibers (120).

Figure 1,
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