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| ONI ZI NG RADI ATI ON W TH AN | MAG NG SYSTEM O STATEMENT REGARDI NG FEDERALLY
SPONSORED RESEARCH AND DEVELOPMENT _The United States Governnent may have
certain rights in this invention pursuant to contract nu &1 2009 NANB5H1148
awarded by the United States Departnment of National Insti ute of Standards
and Technol ogy. BACKGROUND OF THE I NVENTI ON This invention rel ates

general |y t %9881%1'ng radi ati on i magi ng systenms and, noPEVUPARESFcul arly, to
systens and nethods for coupling a scintillator to a light inager. 1In one
comon i magi ng system configuration, an X-ray source projects an X-ray
beam t hat passes through the object being i naged, such as an aircraft

engi ne dconpoSES(r}%MgheJD)RmnH(mSMRDEiTBQTINGE]?TIZMRI&}DIAEI@I\DWIHH, i rrpic ngﬁs
upon a detector aving an arra el ements. The intensity of the
radi ati on beam recei ved at exﬁgvégi&ﬁ?%&gﬁ@pendent upon the attenuation
of *the X-ray beam by the obj ect. Each detector elenent of the array
produces a separate electrical signal that is representative of- the beam
attenuation at the detector |ocation. The attenuation measurenments from
all' the detectors are ac wred separ at el roduce an ina Mul tiple
"mmges may beTAERMANGY BeRal il sPoRERBED. REEARGE: M of
rotations, apgviehepsmNTOf |rrages processed to forma cross-sectional image
of the X-ray attenuation of the object. The radiation inmaging system

commonly co | i Qt osensor .arra oupl ed to a
scintillat Oﬁﬂqﬁgﬁe&#&tg@@g@gp%‘fp@ﬁ%vgmx% Eg’t%lmp"ﬁ\i ARyEPtQR p(.')‘fs\{'%ﬂ each
havi ng a photesecsininbéee 7eNANSIH] 148usbardd by EHROURIEdOStates meﬁarmenebs ar e
configured into at.ri x, of everal columms, e.g., about one
t housand romggé‘ﬁlﬁﬁ“rﬁpgwﬁﬂﬁ%?“ éa%%fﬁ’?g‘? (1 B¥tor includes scintillation
mat eri al positioned over the inager

BACKGROUND OF THE INVENTION

This invention relates generally to ionizing radiation imaging systems and, more

particularly, to systems and methods for coupling a scintillator to a light imager.

In one common imaging system configuration, an X-ray source projects an X-ray
beam that passes through the object being imaged, such as an aircraft engine
component. The beam, after being attenuated by the object, impinges upon a detector
having an array of detector elements. The intensity of the radiation beam received at
the detector is dependent upon the attenuation of the X-ray beam by the object. Each
detector element of the array produces a separate electrical signal that ‘is
representative of the beam attenuation at the detector location. The attenuation
measurements from all the detectors are acquired separately to produce an image.
Multiple images may be taken of the same object, for example, by a series of
rotations, and the set of images processed to form a cross-sectional image of the X-ray

attenuation of the object.

' The radiation imaging system commonly comprises a light imager (e.g., a photosensor
array) coup]ed to a scintillator. The photosensor array comprises a plurality of pixels,
each having a photosensitive element, such as a photodiode, and pixels are configured
into a matrix of rows and several columns, e.g., about one thousand rows and

columns. The scintillator includes scintillation material positioned over the imager
1



I 3 MAR 2006 WO 03/022017 PCT/ US02/ 26651 array. As described bel ow, the
scintillator may be integral with the imger array, for wuse in detecting

| ow energy (radiation |less than about 100 keV), or a separate plate

| ocat ed over the imger array when the device is used for detection of high
energy radiation (radiation above about 100 keV). Cont acVARHEE are coupl ed
to or formed on the imager array adjacent the periphery of the inmager
array and aW@038B®¢i ated with the respective rows and BOVUsMRE6Sin t he

i mger array. Particularly, the contact pads facilitate accessing
information fromeach row and colum of the photosensing elenent array by
enabling electrical contact to external circuitry. The above-descri bed

system sonetm@s Als SedebeAryeRay, tHe s&ﬁhl&t&@fﬁp%ﬂﬁeg&@m&mhﬁg& GrRy, fosyst em
Al t hough the ent invention is sonetinmes described in the context of CT

systenms, the" "é?’?f’“g ey r{radiatipy fesy thay phont 109 ks¥e o & seRsFiRRIEtPon with CT

sys';]ems ang loﬁ‘eiedﬂl der ik In’nhgkﬁdrrw Wﬁbn%&@évxd’eaﬁ uRb IfeNdRREMCof HiEKinBigy Sy St ens ,»
SucC as radl o

Du scanni n X-rays are emtted
fromthe X-r até 33?@5‘2(?’}1@’%%"‘ ]é)gﬁﬁegh Jc:) “’g?‘@ds Yecapiedto OTJyﬂ'H‘QQQEh X-ray,
whi ch i nt er ahé Bna\gt:rtahrajz hxgacemltmpehbmpdsﬁhd 1&1a§@61¥@|’dnﬂdrela§Hoﬂat‘dd witblhe phot ofis
in accordance w,th c(\r))tl ain. For a scintillator

on

a
havi ng a gafsf?w*vefﬁﬁf)a JRE meﬁ'SH T ¥ rgﬁ?‘fﬁg’&t?eafpn?ﬁwaéjé on

aver age, i ntfacili@®Oaccshiog dmbrmafitve Sonp kahons aﬂecoﬂieme@f @ fhotasdisingsensor s

t hat devel op, ric na e.accumul ation on a

phot odi ode) (]:egnrmrn g‘J‘spccgtb ie?]%hltl%e]%ﬁ"calcfe@%ﬁtq%%‘t 29% U1y Thi's accumul at ed

el ectrical signal on photosensors in the array is accessed via the contact
pads and usethehoveelsarobed whtemsermetines isreferseciy peiecamputsd tanmgtaphyoCH he | ocat i on
of the ray Syeqt AltEWghl?ﬁé’prgs'eﬂ' xﬁwaclntlcm 9 SERAMNY adsrittd ?rgthteg ek sﬂé}it e the
signal fromall elements of e photosensor arra ?rommjtlple

i mges if novEemhis Péi"ﬁ@“%’&‘?prés nott liyaied to ippdin @@mﬁ@mmwthé?Tawﬁmae@ i mge. For
| ow ener gy raafivaiifidd with e tddlatiad Qarsedﬂﬁ&%ﬁ;gfsﬁ%n%l bRALS YadBrabli€xL i ght i mager
may be wused. Due to the practical thickness limtations of deposition, on
the order of™iSHigns-

During scanning, X-rays are emitted from the X-ray source in the direction of the
detector, and each X-ray, which interacts with the scintillator, is converted into visible
photons in accordance with the scintillator gain. For example, a scintillator having a
gain of 1000 converts each X-ray from the X-ray source, on average, into 1000
photons. These photons are detected by photosensors that develop an electrical signal
(e.g., charge accumulation on a photodiode) corresponding to the detected photons.
This accumulated electrical signal on photosensors in the array is accessed via the
contact pads and used by readout electronics to provide an estimate of the location of
the ray event. Further digital processing is used to integrate the signal from all
elements of the photosensor array, and from multiple images if more than one scan is

taken, and to form the acquired image.

For low energy radiation, a scintillator deposited directly on the light imager may be
used. Due to the practical thickness limitations of deposition, on the order of 1 mm,
for high energy radiation (i.e., radiation above about 100 keV), the scintillator
typically is a separate plate coupled to the imaging plate so that a surface of the N

scintillating plate is adjacent the imaging plate.
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for high energy radiation (i.e., radiation above about 100 key), the
scintillator typically is a separate plate coupled to the imaging plate so
that a surface of the scintillating plate is adjacent the imaging plate.
10 2 3 MAR 2006 WO 03/022017 PCT/US02/ 26651 I n sialT i6nizing radiation

i magers, utilizing a separate scintillator plate general |y MApZl&i des
satisfactory results. However, use of a separate scintillator plate may
result in chogsarkat7 on of image quality in the |arger twordsomesasi onal , or
area, ionizing radiation inmagers. For exanple, directly coupling a |arge,
e.g., greater than 100-cn2 scintillator to a large, e.g., greater than
100-cn? scintillator, a light imger suffers fromresponse variation due
to a varyi ngmamali 48MziRe HBR0n tif8eesS uitfididd AkPhrartNidiNGo! pidBleendrdigoer . I n
addition, imaging systenms utilizing a scintillator coupled to a_light

i mger may BRVIdasatsfciony esylls Sesieteat e ot ¢ sRarateseinialonplate mavre i X-r ay
source em t sin @&pRAEAMH NG iRlae JUAIP AR el QvOBRRAARL AP drddB #Rizighe
scintillator produces approximately 300,000, 000 photons. This ghoton |evel
may exceed tﬁg‘aﬁ%ﬁ’&ﬁ‘% T ex'l”ﬂlée’lq‘f@%}y PRRlge e lugs ce8meeieE tht 19P-Fpendi ng on

thé read tingintNstoCidad BegeC 8RAGkalkr @an 100.6MD RAHISRAS Rght @hREERAIFesWNI Ch 1N
turn depends_on the conmpn yoltage bias and area of each elenent). A

D I, ]
typical conmHm BiSEANSS variaion quetpa yaiying airgsp betkeen theysgintiligtor aad thelight 5 ze s
about 0. 01 tghagerO INFRitioR itnapRY sysnd\@lisn Oy Shirdidthiof @upld td SlighPinRgéf orm
mul tiple readouts. Perf(i)rm ng mul ti ple readouts, however, may result in
excessi vel y PPoRg EEERiLlS & pSersatiating. 1 5pr e¥EPisarif sBefmy SWEGedEnd
i ncreases noippfoxinitel@ 3V0[0Ob eray NBYGenctddt kh MAYs, tR BhMMERE MyRE&at uration,

either the X-ray.fluyx t nunber .qf hot on enerated in the

scintill at orapPB%/‘"’éaéeiWé)(L%qog’@Rtpg?tﬁV' iﬁ“sr f?é‘éﬂ’.efﬁgﬂﬁ’é‘ieﬁ{;&F G2 ¥x, however,
degr ades t hethsYiglhtaimger §ysédm tiecuhi dePenditigion thareidfimé andidhdRs ici@bibyeof |t woul d
be desirable,to, provi.de . inproved optical al i i n_hi ener i magi ng
oystons. it it SpOEECo AR, fith SPht Boefiin b clrflndh e E0BRDDA O 0 "D o
guanti t ati vearereafSeacleplemts). Ahtypital reemmgu diab i @bbutvE) wia M) emientypica t he

nodul ati on

element size is about 0.01 to 1.0 mm’. One way to avoid oversaturation is to perform
multiple readouts. Performing multiple readouts, however, may result in excessively
long total readout time for the part being imaged and increases noise for a sing]e
image. Until now, to prevent oversaturation, either the X-ray flux or the number of

photons generated in the scintillator for each incident ray is reduced. Reducing the

T flux, H&N&er, d;&é&eé the sys-térn sizg;éi:tz):noisé ratio, which is undesirable.

It would be desirable to provide improved optical quality in high energy imaging
systems with large imagers. The optical quality can be assessed using two
quantitative measurements. The first quantitative measurement is the modulation
transfer function (MTF), which represents a measure of the light spread. The second
quantitative measurement is the detector quantum efficiency, which includes both the
MTF and the noise terms; therefore, the detector quantum efficiency is a reflection of
signal-to-noise ratio of the image detectability. It also would be desirable to reduce
the likelihood of system oversaturation without significantly reducing signal-to-noise
ratio or incfeasing readout time. It further would be desirable to provide a simple

method for fabricating such an improved detector.

BRIEF SUMMARY OF THE INVENTION
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transfer function (MIF), which represents a neasure of the |ight spread.
The second quantitative nmeasurenent is the detector quantum efficiency,

whi ch includes both the MIF and the noise terns; therefore, the detector
guantumefficiency is a reflection of signal-to-noise ratl 0 of the imge
detectability. It also would be desirable to reduce thedlfRdlbhood of
system oversaturation without significantly reducing signal-to-noise ratio
or increasi mpmsadout tine. It further would be desirabpeErtsoypsavi de a
sinple nethod for fabricating such an inproved detector. BRI EF SUMVARY OF
THE | NVENTI ON 3 3 MAR 2006 WD 03/022017 PCT/ US02/ 26651 A radi ation imaging
systemis provided conprising a scintillator, an inmager array, and a

| ami nation I@ya%ranoJiaﬁging@yM is%Fbvkd%bl’%m;{?ﬁﬁQ%sa%l taln(fx?xll%e}/arﬁl uphes the
scintillator to the i er array amnatlon ayer 1s conprised of a

| ami nati on régle@ielen leypst %bé lamingjon fieri bapdsyantl opicatly eenplesithe ssiptlisées. A net hod
for fabricatypRg iRadeRstt "B LR By S YSLoRiFiked ot iRk GRARIRL AQ the sbeps
of disposing a |am nati on | ayer betWeen a’light imager and a scintillator
to forma suUb%EEhTep frownwid spgeee- i mager conprises an inager array, an
imging plate surface and a plurality of contact pads. Additional steps

i ncl ude subj & aiethod for febrisating 35 edidiof imdghgdyMas WTbviledabinpgsitgBe aepgassenbly to
a bondi ng te[{}perature exerting a bondin force on tlﬁh]g subassenbl y,

mai nt ai ni ng ¥ REPORA R APRATED FEHAPAYCR Sltedt Iragread s HlatobB{8™hg f or ce
until the | Isgbﬁssdnfmgel’hel @hbmmgacboﬁ@niehen ffidglit drl'aly;':\érﬂﬁna@;ﬂgl ptah&mlfﬁm nation

| ayer is conpris nmaterlal i.,S.Su nt i nyreefrom
voi d spacesrggﬁl Eﬁal&%%ﬂ’% 'NE% € pbjecting § §S ASFAEYvi ew of a
radi ation i rtaglvagxumyséaemg ithe @bassmd:@nma wintilig mﬁfperaeﬂé)@detrﬁiegﬁ baflinghe present

| venti on. e gl Sy S HaFlite bR ARACP el heibRRR a2, 2,
the | am nat @ndlhaioecre il 919_r1®t magér, is Boralad| torthe IstiugHateataed alesl&mmﬂme of steps
for fabri Cat]&ﬂgistc&ﬁpﬁsgﬁi biaaI taftfhation material that is substantially free from void spaces.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a side view of a radiation imaging system in accordance with one

embodiment of the present invention.
Fig. 2 is a side view of the bonding fixture supporting the subassembly.
Fig. 3 provides a table illustrating alternative materials for the lamination layer.

Figures 4, 5, 6 and 7 illustrate a sequence of steps for fabricating the radiation
imaging system shown in Fig. 1 in accordance with one embodiment of the present

invention.

Figures 8, 9 and 10 illustrate a sequence of steps for fabricating the radiation imaging
system shown in Fig. 1 in accordance with another embodiment of the present

invention.

Fig. 11 provides a side view of a radiation imaging system where the lamination layer
comprises a first lamination layer portion and a second lamination layer portion, in

accordance with still another embodiment of the present invention.

4




i magi ng systemshown in Fig. | in accordance with one enbodi nent of the

present invention. Figures 8 9 and 10 illustrate a sequence of steps for
fabricating the radiation inmging systemshown in Fig. | in accordance
wi t h anot her enbodi nent” of the present invention. Fig. Il provides a side

view of a radiation inmaging systemwhere the |anination |3M200conprises a
first lamnation |ayer portion and a second | am nation |ayer portion, in
accordance wodorpi’l | anot her enbodi nent of the presentpré¢mwsenmtessin. 4 3 MAR
2006 WO 03/ 022017 PCT/ US02/ 26654 DETAI LED DESCRI PTI ON OF THE | NVENTI ON A
radi ati on i magi ng system 20 of Fig. |I conprises a scintillator 26 of Fig.
1, an imager array 30 of Fig. 1, and a lamnation |ayer 22 of Fig. 1. The

| am nat i on | pEeAILEDD RSP TRONI 0P AtHECIVENTSONP! es scintillator 26 to i mager
array 30. The lam nation |ayer 22 conpri ses a lamnation material that is

substanti al | e f.romvoid spaces. A Ii i 24 1 i ncl udes
an*i mager u%s?‘i‘%’tog "é‘é%‘n%ﬁysg?ﬁhz?ﬁg%tﬁ- altC(? ﬂf‘cﬁ éc%g‘(?g% 60%55 &L 4 ppger
?_rray 30 andmagalatraﬁkd tnyFlgfl ngtawzﬁmmﬁl&yarzzzqffﬁr‘g? The (andigabion &fy&rrgd 3t2 0 as
i ngers, and, not tion, on f WO, cont act pads are
Choon o 1 5 ¥ordd st SRa, Gte1e Stinttal 5B Ghise Hrabcdnt S aaas oot ng

plate surf a@ger 32 cdripiitesad 1eminafiGahatertan theGk subktaiall € 6y fach vcﬂasiﬁcesz to the rows
and colums of the photosensors of imager array 30 is not shown). |nager
array 30 is fy 4 [ I pl ate
surface 34 angggim?’qrf g%es off ltirn?%(udos'{f)arn lln%%t g%é%st%?g g m%’raéﬂ{ggl,]a@g? & anor phous
si | i con- base#ft ¢ifes: édmﬁ@gﬁamq mdgiem\lrﬁlﬁy plnastact pads 38l Hignt (alsameferrader medi at e

i magi ng pl at Wabae i 34 bet ween
cont act padst%Ba% ang ﬁ)régaeyréfa%?a fe é’.gqloﬁfngirtlﬂgﬁt&e}%ngéog&g%§%ﬁ §m§%? reof t he
present i nvettewan Fignhhefonizat #9ds3A #reifarmed on e paginhiesed® eof ipuging vlhatei on | ayer.
Lam nation |§%Yi§5e 2 tli)eseléih%gp&%ﬂechﬁn bﬁ&dnﬁ@tt d§9ﬁoatﬁé rowd 4ol cOERAd @t i on layer

(not shown i n g% he passivation Is typically, by
the photosensors of imager array 30 is not shown) Imager array 30 is formed on a

central portion 36 of Fig. 1 of imaging plate surface 34 and includes a matrix of
photosensor elements, e.g., amorphous silicon-based photodiodes, arranged in rows
and columns. An intermediate imaging plate surface 35 is comprised of imaging plate

surface 34 between contact pads 32 and imager array 30.

In an altenate embodiment of the present invention, imager array 30 further
.comprises a passivation layer. Lamination layer 22 is disposed in intimate contact
with passivation layer (not shown in Fig. 1). The passivation layer is typically, by

way of example and not limitation, either silicon nitride or silicon oxide.

In an alternate embodiment of the present invention, light imager 24 is formed on a
silicon substrate. Particular examples of the silicon substrate light imager include a-
complementary metal oxide semiconductor (CMOS) camera or a charge coupled

device (CCD) camera.

In one embodiment of the present invention, scintillator 26 comprises a plate (having,
N by way of example and not limitation, a thickness in the range of between about 500
microns and about 25000 microns) which includes a scintillator first surface 40 of Fig.
. 1 and a scintillator second surface 42 of Fig. 1. In another embodiment, scintillator 26

comprises a fiber optic type scintillator (FOS) formed from fiber optic glass
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way of exanple and not limtation, either silicon nitride or silicon oxide.
In an alternate enbodi nent of the present invention, |ight imger 24 is
formed on a silicon substrate. Particul ar exanples of the silicon
substrate |ight imger include a- conplenmentary netal oxi %RSZ@UW conduct or
(CMOS) canera or a charge coupled device (CCD) canera. I'n one enbodi nent
of the present invention, scintillator 26 conprises a plate (having, by
way of exanPP&%3M7not limtation, a thickness in the rB&HESYY66Het ween
about 500 mcrons and about 25000 m crons) which includes a scintillator
first surface 40 of Fig. | and a scintillator second surface 42 of Fig. 1.
I n anot her enbodi nent, scintillator 26 conprises a fiber optic type
scintil | at orscpnBEB®)r dobimme dispessdpérpraiicutaptd scingjllatesfist @rfhdaR020M06 FOO 03/ 022017
PCT/ US02/ 26651 Ik i ed per dicul ar. cintillator
first surf a?gﬂ’ ﬁ%@ fq}ﬂ%} %%?Sﬁg%@%%fpﬁeﬁ? lgPé’?edcaéorrl%?%gg’eﬁo g’ Ce%o(r?l%ﬁnsabsor bers
di sposed ar owrna tohreduce Haerab paattaringodfulighs within stintiflator 26lucdtelnatielyala scatt er'i ng

of light withip intillator . Al ternatively. .a contlnuous sheet of
“scintillati négg}mr;rhxa‘ftzcs LCedr irlfa’f%ek o‘? ég)"é’%i‘g’?‘.‘“rﬁ lﬁnﬁ%%é‘%@s?ﬁ|%"3§/‘8“%r$‘??“i% “CUHEI 11 ator 26,
Sci nti | | at orssinglatgrd6s iSagtibaters nempristigs hiebusohea of stintillhtadginngeriabdfer i al  of
gadol i nium o comer el al available fro or. exanpl e,

Col I'i mat ed %@@i&%ﬁ%ﬁ{f&&gﬁpﬁé‘%@@%ﬁ‘é%ﬁ’%ﬂ%m’ & ﬁ%gh eatcg‘ﬁ"%aér%ond surface
42 typical | yHailes, bahSaaplellaldnpeationti cal |y refl ective (to reflect photons
generated in the scintillator 26 back towards the imager array 30).

Sci nti || at orscafinkier &efwl SEERG2SUNENFH idlthitiaRPbbiialy ¥as&it @6 tdneg When the
reflectivity of scintillator second surface 42 is ‘greater than about 90%

I n anot her cAPBIOAT @ERfratet B e pristilater 26keak jtowards dheimagerntasay 2¥)-has a

subst ant i al | Sintif@bti2eV8 lcomsidertalsWbstantidiBNapiadily Qe e @AW hed Zhdiendtavigngt optical ly
couples imager .array 30 and scintillator first surface 40. Lam nation

| ayer 22 typritiiater sheend surfags 4 s geeater thanabput 90%. het ween about 5 microns and
about 25 microns. Thinner |lamnation |ayers typically have | ess optical
In another embodiment of the present invention, scintillator 26 has a substantially

columnar structure.

Lamination layer 22 bonds and optically couples imager array 30 and scintillator first
surface 40. Lamination layer 22 typically has a thickness in a range between about 5
microns and about 25 microns. Thinner lamination layers typically have less optical
crosstalk. However, it is more difficult to form a thinner lamination layer that is
substantially free of void spaces. As used herein, lamination layer compositions refer
to the volume between the scintillator first surface 40 and the upper surface of imager

array 30 that is filled with the lamination material.

In one embodiment of the present invention lamination layer 22 is considered
substantially free from void spaces when lamination layer 22 is comprised of at least
about 90% of lamination material (i.e. no more thatn about 10% voids in lamination
layer 22).

In another embodiment of the present invention lamination layer 22 is considered o
substantially free from void spaces when lamination layer 22 is comprised of at least

about 95% of lamination material (i.e. no more thatn about 5% voids in lamination »
layer 22).



crosstal k. However, it is nore difficult to forma thinner |amnation |ayer
that is substantially free of void spaces. As used herein, |amnation

| ayer conpositions refer to the volune between the scintillator first
surface 40 and the upper "surface of imager array 30 that is filled with
the lanination material. In one enbodinent of the presentd AR i on

lam nation | ayer 22 is considered substantially free fromvoid spaces when
| am nati on Wwayen2202 i s conprised of at |east about 90%a@fuseamsnati on
material (i.e. no nore-thatn about 10%voids in lamnation |ayer 22). In
anot her enbodi ment of the present invention [am nation |ayer 22 is
considered substantially free fromvoid spaces when |am nation |ayer 22 is

conprised of jainotheAshboddREH tof UrVpredent ANIBE IRHnRY %a'exatz {d coBsiddpéa nore thatn
about 5% voids in |amnation |ayer 2 MAR 2006 WO 413/ 022017

2). 6.3
PCT/ US02/ 2665‘![35‘F‘Waﬁ}‘1§t3‘hﬁi?mé’ﬁi§‘oﬁf‘%Wbefb%minﬁ@“df%’é éhis compased iobat Ik nat i on

layer 22 is gopsode o hmisibs hARhel EYnd h&E HlabPiBoMOIH veRGERmMAGS, | am nation
| ayer 22 is conprised of at | east about 99% of [am nation nmaterial (i.e.

no nore that W&B8ut 1% voids in lanmination |ayer 22). In accordance with
oné enbodi nent of the present invention, lamnation |layer 22 is disposed
on inmager ar mByccdanad @itk ©h&kmbdduhait o theiptesélit Svampd, RMinaAs lawk 206 | ayer 22

so that scintillator 26 is i gned .over, i. er array. 30. Lamnation
material in (ST BRET &Y78Y %?’g{c]sﬁ%ﬁ?t%rezé ’gﬁg@a‘f@%ﬁ lﬁ‘ém YPH3RAE S° | ani nati on
| ayer 22 bondat scintibadd26iinapaed aver imagdQrraydd. scintill ator first surface 40
when heated to a specified bonding tenperature. A subassenbly 150, as

depicted in i s . i j AN
| am nation | %S‘l?heg%)g Ia?gt n?i gﬂ?a n%ln?rt%g_efrw %Bﬁ E?rgp ﬁ%s %ﬁo%ﬂgégéﬁg% %’gt view of a
bondi ng fi xt laménager0 layerpdobandagp beth bmagse pindyy 30180, scimtigoefirspiuniaes 44 of Fig. |
i's di sposed \felPheaith W § ¥pebAbPHindRR AR K QuRQHibPH0, as depicted in

Figures 5, 6 and 9, is comprised of scintillator 26, lamination layer 22 and light

imager 24. Fig. 2 provides a side view of a bonding fixture 500 supporting

subassembly 150.

A cover plate 44 of Fig. 1 is disposed in proximity (about 25 microns to about 50
microns) to scintillator second surface 42, or altematively in contact with scintillator
second surface 42. Cover plate 44 is coupled to intermediate imaging plate surface 35
~withan adhesive ring 46 of Fig1;typically made of epoxy, to form-a hermetic seal
80 of Fig. 1. Hermetic seal 80 is disposed to provide ambient moisture protection for
scintillator, lamination layer and imager array. Cover plate 44 comprises, for
example, a carbon base composite or aluminum. Adhesive ring 46 commonly
comprises a thermoset epoxy that cures at a temperature less than about 100 degrees

C. Typically, epoxy used in adhesive ring 46 is opaque.

Excessive void spaces in lamination layer 22 that remain after bonding will adversely
affect radiation imaging system performance. The bonding temperature, pressure, and
duration requirements are specified in column 4 of the table provided as Fig. 3 to
reduce the formation of void spaces during assembly of scintillator 26, lamination

layer 22 and imager array 30, so as to provide desired lamination layer characteristics

as outlined herein.




mcrons) to scintillator second surface 42, or alternatively in contact
with scintillator second surface 42. Cover plate 44 is coupled to
internediate imaging plate surface 35 '-with an, adhesive ring 46 of
Fig.-I7,-typically made-of epoxy, to' -forma' hernetic seal 80 of Fig. 1.
Hernetic seal 80 is disposed to provide anbient noisturej gapriggti on for
scintillator, lamnation |ayer and imager array. Cover plate 44 conprises,
for exanpl &o@owarrbon base conposite or al um num Adhesivgodiiced 46 ‘
commonly conprises a thernoset epoxy that cures at a tenperature |ess than
about 100 degrees C. Typically, epoxy used in adhesive ring 46 is opaque.
Excessive void spaces in lamnation |ayer 22 that remain after bonding w |
adversely a | af:d i i ] 0okl ng
t enper at ur e, F%%grysogfjhr%% ﬁgdﬁg%aggg?lgftnpgﬁge}r{%tt I ragﬁ@fﬁ]@é q%&gﬁguﬁéeggﬁ‘ I?{e?lgb(a in colum 4
of the tabl etoabeuti2de degaess i tg avdd degradingdthe perforeankcoefith aromplwhss sibiéad spaces
during assenmplyosafsitRChiBhidd ator 26, lamnation layer .22 and inmager array
30, so as to provide dle5| red | am nation | ayer characteristics as outlined
herein. 7 3 R 2006 WD 03/.022017 PCT/ US02/ 26651 Faor_ anorphous silicon
based | i ght galp suitable for dahncpyig darmigatioa dayer 24 41 é@“ﬂﬁ"demlﬂi'erﬁﬁté&]“mt“o about * 250
degrees C t oofa®iable @RETdaE in g, 130 rhp @ibicqreRads Rnfhatibia@ANE oS il | con

phot osensi ti ye el enent.s. terials suitahle for fabricating | amnation

| ayer 22 ar et\flﬁrgé?)ipdcé)as’ftwg%%eﬁqﬂ??cé’%°]&‘6?"ﬁ?Fﬁc(%bfhef’ﬁ%sett%‘BY‘BC MpidEd in Fig. 3.
- The tabl e prpolydiesimicenhdanabplatic poliaers Mith a gRkeednsidod te@perathlB €T Y60R consi sting
of Benzocycl ghut en t her nose | ynmers, . plasticjzed | yet heri m de -
t her nopl ast i é:)mbg vﬁégg%%fﬁ (g(tﬁ' af‘g@“?‘f&%%iﬁ”ﬁ%?}g‘ir@ é?%?ﬁ@awﬁof | ess

t han about 1®80atdegrel ph@oddfingble BCBIthartlowt palypak, ieimheset polgser 2pekia

pent ar yt hryt apen t ot odef i nabl e BCB.ther npset lynmers,

t her noset poﬁ{}hng&e%é%g%aéaiy%%wg%fﬁjOgglftécrﬂo%ﬁ%tgtpobﬁ‘feéﬁ d %‘Ee,rmﬁaé?%%ﬁﬁst ic

pol yest er pabojymers and t hernopl astic-acrylic polyners. |In one enbodi nent
of the present invention, and referring specifically to colum | of

In one embodiment of the present invention, and referring specifically to column 1 of
the table provided in Fig. 3, lamination layer 22 of Fig. 1 may be fabricated from a
thermoset polymer Benzocyclobutene (BCB) with mesitylene as a solvent. Thermoset
polymer Benzocyclobutene (BCB) lamination material is then soft baked to drive off
the solvent, per the temperature and duration provided in column 3 of the table

provided as Fig. 3. When utilizing thermoset polymer Benzocyclobutene (BCB) with

mésitylene as a solvent as the lamination material, the solvent drive off temperature
and duration is approximately 150 degrees C and approximately 30 minutes,

respectively.

In another embodiment of the present invention, lamination layer 22 may be a film
fabricated from a plasticized polyetherimide with a T, of less than about 180 degrees
C. A suitable example of a plasticized polyetherimide with a T of less than about
180 degrees C is a blend of Ultem 1000® with Benzoflex S-552 (Ultem® / Benzoflex
S-552).

Ultem® / Benzoflex S-552 is a plasticized polyetherimide blend containing a range of
between about 5% to about 40% by weight of pentarythrytol tetrabenzoate (also
known as Benzoflex S-552) with a range of between about 60% and about 95% by

weight polyetherimide (Ultem® 1000). The Benzoflex S-552 (sold by Velsicol
8



the table provided in Fig. 3, lamnation |ayer 22 of Fig. 1 may be
fabricated froma thernoset pol ynmer Benzocycl obutene (BCB) with nesityl ene
as a solvent. Thernoset polyner Benzocycl obutene (BCB) |am nation nateri al
is then soft baked to drive off the solvent, per the tenperature and
duration provided in colum 3 of the table provided as F YAR #0b When
utilizing thernoset pol ynmer Benzocycl obutene (BCB) with nesitylene as a
sol vent as weostozinati on nmaterial, the solvent drive of€T/ussepwsiat ure and
duration is approxi mtely 150 degrees C and approximately 30 m nutes,
respectively. In another enbodi nent of the present invention, Ianlnatlon

| ayer 22 may be a film fabricated froma plasticized polyetherlnlde wth a
T of less theexpaaem Rla@é?ndieqnﬁe@ is & p1a‘§n§wr?@hh1em@<mml Rf@a dob st i ci zed
pol yet herim de wt T,, of less than about 180 degrees Cis a blend of

U tem 10004 Wrtnnersélhz aydilable Gogr Seperyl (Rippirio) Compaah Bitsiisld, Massagppetisy t en(r) /

Benzof | ex S- BRAdLS iR &hﬂﬁkk@ts@@%@%&@m@umd@w&é @,e@t epm@x@m@ a range of
bet ween about 5% to about 40% by wei %Ot of pent ar ryto t et rabenzoate

(al so  known 9% aBay 70| degress §5t2)abwtt aFeS”S?FgQ fgg U g@f’@e‘@ﬁzﬁlﬁb& 3360% and

about 95% by Aaweibany, RO ¥Rt Redsit bdnbln )an&é)mawerm;ﬁemowoex S- 552
(sold by Velsicol 8 3 MAR 2006 03102 PCT/ us2/ 26651 Cor oratl on,

Rosenont, || Fegiess & for Yligmf) H00;ta phout ZPQ)Fegzﬂef &nfer PligpBPenesied iy 1000 is

comer ci al | y Tay @ikl £B&HOMeXCER8T BlendEhaE ufddGo GRIFP 88 Yoondihg tebdpetuch
Massachusetts . Blendi ng the Benzoflex S-552 into the UIte % 1000 | owers

the Ts of U tifgtiop ‘1&)6‘6"“ 2roegseu @Zév%ﬁF%%“gcﬂFop%Hﬂﬁmﬂ Bfegrees C

for Utem(r) aﬁ&?g&ggm&lﬁp@ﬁ,&mmwg%é@nal ly, the nmelt viscosity and bondi ng
tenperature is [owered from about 300 degr ees Cfor U ten(r) 1000 to about

250 degrees Benzof | ﬁi n% ﬁ" Benzof | ex
S 859 bl ond sty PonEaPoRARh: Bhio Pl Rprled bt s O apout
250 degrees ®rtegarsplobyl cotige.adinn gudhhigupksoluiomisniensd / BeezoflandiSpholis silicon
phot osensl ti \éﬁou?llﬁmdng%ut 20% by weight in anisole (Fig. 3). After coating, the solvent is

driven off by soft baking for about 30 minutes at about 150° C as noted in column 3 of

the table provided in Fig. 3.

Another embodiment of the present invention is to use a lamination material that can
be photodefined. One such material is a photodefinable BCB thermoplastic polymer

as deplcted in the table prov:ded as F1g 3. In this case, lammatlon matenal is imaged

to remove it selectlve]y, which ehmmates the need for the plasma etchmg or excimer

laser ablation steps.

Another embodiment of the present invention utilizes a thermoset polymer epoxy as
lamination material. Thermoset polymer epoxy may be a blend of siloxane polyimide
(SPI) and a cycloaliphatic epoxy of about equal parts, and about 1% of an onium salt
catalyst to form a thermoset adhesive blend. Thermoset polymer epoxy is applied
onto the light imager 24 qf Fig. 1 formed on the silicon substrate and the thermoset
reaction is catalyzed by the onium salt catalyst at a range of between about 150° C and
about 200° C. This process is particularly useful when assembling amorphous silicon
based light imagers, since the low bonding temperature reduces mechanical stress in

s radiation imaging system 20 due to thermal coefficient of expansion mismatch



Mor eover, in another enbodinent, [am nation material is applied as a liquid
solution, for exanple by coating. One such liquid solutionis Uten(c) /
Benzofl ex S-552 of about 15%to about 20% by weight in anisole (Fig. 3).
After coating, the solvent is driven off by soft baking 3fﬁﬂR mﬁ)ut 30

m nutes at about 150 C as noted in colum 3 of the table provided in Fig.
3. Anot her enbodi nent of the present invention is to use a |am nation

mat eri al t hYP %880 7be phot odefi ned. One such material iBCHUSKSHdef i nabl e
BCB t hernopl astic polynmer as depicted in the table provided as Fig. 3. In
this case, lamnation material is inmaged to renove it selectively, which
elimnates the need for the. plasma etching or excinmer |aser ablation
steps. Anot hetwenhoplinmet 20tnd hghtpiRgaNI4. | Ny eadiiidd) soit bhitiZe ShefindsBer NDs et

pol ymer epoxy.as |lam.nation material. Thernoset polyner epoxy nmay be a

bl end of sil Hﬁeéelbod‘P'ﬁ’f?ff?@“‘regagﬁf’5t°g’ﬁﬁd‘%§'cycl oal i phati c epoxy of about

equal parts, and about 1% of an oniumsalt catalyst to forma thernoset:*
adhesi ve bl etmbthereabpdimeit fahg peasent poventions isap pis¢ @ dpolyesterothtin®plastight | mager
24 of Fig. | : L)1 . : [ . _reaction is
catal yzed bf OII equ%? g‘%";sag?? %éljgli]aglggg%#%%dtlgﬁeg?\bg%%g#lg%e% I%? : g'ogg%ﬁ?s 150 C and
about 200 C.ofphlyssigstiprmerdastis pgipmerilgninatdnymaisief thit ewlemhbeyesaeintillatgr anor phous

oL con_ PaSRby e ISk AR LSOO TR " educes

mechani cal stres er mal
coefficient of expansion msmatch 9 3 MAR 2006 WD 03/0 2 20 1 7,
PCT/ US02/ 26 65mothse tepbedimanti oft thp |pagsert ipentiprl iy foghse dmegydic thegrmoplastieddi ti on,

sof t baki ng JMREBS£iami i it i b {08 iBandi ng.
Anot her enbodi nentsgof‘amtnﬁgb%ﬂrﬂ?g%ﬂa Qié \]/éeten%tliﬂg%ti{bg%g%g%eae? gB(g)l )i;glgtglg{l

t her nopl ast | & a<iylt isEmopkestiapelyneriamingtionypaterigl shat grgerddisyendesgintifateme t abl e

provi ded as g FFigds alWichir&hsved Qtfilizﬂf%a\ﬁ%ﬁéiﬁ&r hdeesrmplans.i ¢ pol ymer |am nation
material that extend beyond scintillator 26 of Fig. 5 are then renoved

L0 o0, ST e U BEPIR hFh PG5 AT TR O he
with respective lamination materials listed in the first column. A third column in the
table provided as Fig. 3 provides the solvent drive off temperatures and times. A
fourth column in the table provided as Fig. 3 provides the bonding temperatures and
times. A fifth column in the table prbvided as Fig. 3 identifies potential etching

methods. A sixth column in the table provided as Fig. 3 provides general comments.

The sixth column of the table provides general comments for the respective
lamination material. For examble, BCB is a thermoset polymer material, which has a
thermal coefficient of expansion (TCE) of approximately 50 parts per million per
Celsius degree (ppm/C). A lamination material with a low TCE is desirable because
light imager 24 of Fig. 1 and scintillator 26 typically have a TCE below 10-ppm/
degree C. By more closely coupling TCE of scintillator material and TCE of
lamination material, the stress in the final assembled radiation imaging system 20 is

reduced.

In another embodiment of the present invention, lamination layer 22 further comprises
an optical absorbing material for reducing scintillator light intensity and any lateral
spread of scintillator light through lamination layer 22. The addition of this optical

absorbing material reduces the likelihood of oversaturation of the photosensor array.
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polymer as a lamnation material as depicted in the table provided as Fig.
3. Portions of acrylic thernoplastic polyner |am nation material that
extend beyond scintillator 26 of Fig. 5 are then renoved utilizing an
excimer |aser Or 02 plasma. A second columm in the table provided as Fig. 3
depicts the solvents to be utilized wth respective |anj NaR00h material s
listed in the first colum. Athird colum in the table provided as Fig. 3
provi des t hevealoyent drive off tenperatures and tinmes. Ppepli@bbdshy col um in
the table provided as Fig. 3 provides the bonding tenperatures and tines.
Afifth colum in the table provided-as Fig. 3 identifies potential etching
met hods. A sixth colum in the table provided as Fig. 3 provides general
comments. T | > . bl.e: i s for the
Fespect;ve A Sl i ek 20 icalipids d R aBR% 2ok BREDS e

mat eri al , whabent haxcrens anid abopi|128gnictong | dhe opsicaleabprabing aratefigicmyicaly

appr oxi mat el ap, it bisife frofiskihdifbr AB by bk oSt d6AAR atoB) TheA

lami nation material Wwth a |ow TCE is desirabl e because i g¥1t I mager 24 of
Fig. | and sitiealjabsasping magriphtypieatly| pmippses ag aFbRqpaenshased-dypnch egree C. By

mor'e cl osel ydiaﬂmemm%u%% @f)?ﬁf&?i-&ﬂeh@%&%&é@%ﬁﬁ%{ra tyaﬁﬂqq&% ?ﬁHA%am nation

material, the stress 1n the final ass _ ration naging system20 is
reduced. | n Hionsdnun gbwaitiep of thefopti¢ab aspbingmatdrigl/isseleded to|reaspnahlyi on | ayer

22 further j i i ' ol
scintillat o?‘g%{%%\ (%iﬁrsl%rgﬁgﬁféftgﬁ%hogﬁégf%@%ggﬁgﬂd?ggg% g? 0 glgﬁgﬁdlqlgat or |ight
1

t hrough | ani Hatugnt | odyesintifigtor Phe egd danprayimadly tOr-ﬁp giony aevelengls dorbi ng

material red houb SilibdrKSHotdARRES. Offor Q¥BhSIaL i AfinaBbn Yyert BLisRBAKkQSSNSOr array.
10 3 MAR 2006 03/ 022017 PCT/ US02/ 26651 In this enbodi nent, |am nation

| ayer 22 typPicEns {gkaebout Q-3 weightpercent tp aboptaywrdehh periabef dys BURPINatiaR cr ons and
about 12.5 ning&:@dsn labhatiewiayaab c&kks@ﬁrbépwalwdoalchéug@hﬁﬁlabyut 10@duces i ght
passi ng from s]gi n%"lél ator 26 by between about 10% and about 90% The

opti cal absofB ?ﬂj terial typically conprises an ant hraqui none-based dye
such as .di am noant hr aqui none (DAA) or '

1- et hyl ami nin-afiditioiywirile Xaraintion dayar 2 isale§dDbi) above in connection with optical

absorbing anthraquinone based dye, lamination layer 22 may include other optical
absorbing materials such as sub-micron carbon powders and azo-based dyes.
Furthermore, in some embodiments, lamination layer 22 does not include an optical

absorbing material,

A bonding fixture 500 of Fig. 2 is designed to facilitate bonding of subassembly 150
of Fig. 5. Bonding fixture 500 of Fig. 2 has a heater 220 of Fig. 2 disposed on a
bottom foundation 225 of Fig. 2, so that a heater first side 221 of Fig. 2 contacts
bottom foundation 225. A vacuum tray 210 of Fig. 2 is disposed on heater 220, so
that a vacuum tray first side 211 of Fig. 2 is disposed on a heater second side 222 of
Fig. 2. Vacuum tray 210 is configured with at least one bottom \}acuum coupling 230
of Fig. 2. Vacuum tray 210 is configured to have a plurality of vacuum tray vent slits
208 of Fig. 2 machined into a vacuum tray second side 212 of Fig. 2. Vacuum tray
210 is configured with internal passages that connect bottom vacuum coupling 230
with vacuum tray vent slits 208. A gasket 205 of Fig. 2 about 50 microns (2 mils)
thick is placed on vacuum tray second side 212. Gasket 205 covers vacuum tray
second surface 212. Gasket 205 has a plurality of gasket vent slits 209 of Fig. 2 that
are in communication with vacuum tray vent slits 208 that are machined in vacuum
11



The maxi mum absorption of the optical absorbing material is selected to
reasonably nmatch a peak sensitivity of the photosensor el enents of inager
array 30 multiplied by the output of scintillator 26, e.g., approximtely
0.6 m crons wavel ength for anorphous silicon photodi odes. For exanple; if
llam nation layer 22 is about 12.5 mcrons thick, about O panvjipht percent
to about 5 weight percent of dye in lamnation material 1n |amnation

| ayer 22 cawsaspozmopti cal absorption change from aboutprd@8éu2teesiabout 90%
In addition, while lam nation |ayer 22 is descri bed above in connection

wi th optical absorbing anthraqui none based dye, |am nation |ayer 22 may

i ncl ude other optical _absorbing materials such as sub-m cron carbon
powders and gzpzinagefikichy @6ver 200TIHIE DTSR Tigired © OAR tRIBQPLIARNTEe filsM nat i on

| ayer 22 does ngt jnclude gn ozghi %?l ab%or bi n malter_i al ., .A bonding fixture
500 of Fig. FPUPLPEIES GREIP P TE2R8of Fttald b ANtHORG WP e b 4EddABIX 150 of Fig.
ﬁ. Bondic ng 1; bm@uﬁgefzoggao;?fzalgﬁir@ c%@lihglwﬁomﬁg.t ﬁﬁmﬁa%Qn?f ngicguphgg dig Eﬁs ]?d Fpn -a2
“bottom foundat i 0 ig..2,.50 that a heater first side o] ig.
contact s bo?’tgo%n’f}l?d‘?f’tﬁ%ﬁa?B'Hgﬁlbvé’.“hﬁeq}éE@l?ﬁ?’frP%°?*fé°“of Fig. 2 is disposed on
heater 220, so that a vacuumtray first side 211 of Fig. 2 is disposed’ on
a heat er secamdlysnidefiR2R utfizedlas the nidieriviafoributh 4 bladde2200 of Bigchafdiggskeed Wit h at
| east one bo m uum.coupl i ng..230, of .Fiqg. 2.,.Va tray 2 is
configured t%éﬁg\?geg%gmﬁn%urc ’erllg|E)etal§aggfthre‘%]tffﬁmt’hreg'yseéezﬁ%@{g {9 SWheﬁégs%]?e Fig. 2
machi ned i nt i3 establsbeduimat rostym Shoabed 480 dEFig 12ofdonding) fixt@re 508.c Bolyintiday 210 i s

fi d .1 u.e i1 ti evehtl o 3 i ! 230
wth vacoum PrauielFpRR B3 B0RRR W Al GRRE SR 150 KBS MRAEHP [ TD " 2
mls) thi ckvacyump|ax eetonshsidaziudwing fynding: ofiier sittesembly. 15C2EKigt 5286 covers
vacuum tray p,GRePnk ?JﬁfaeEiqgg safedran I‘t@%ﬁ)ﬁ?&\%@*ﬁﬂ@s&sﬁhwﬂ | hyvedfrgasket vent

slits 209 of Fig. 2 ~are in con cation wth vacuumtray vent slits
208 that ar evasHen AR 0 of Figad.gasket 206 igreparedfonssusadiofPo17 PCT/ US02/ 26651
tray 210. A fixture cover 200 of Fig. 2 is configured to have two

coupl i ngs. Theorkiembbdiment of the present invention, a Kapton® polyimide film (a registered
trademark of E.I. du Pont de Nemours and Company 1007 Market Street,
Wilmington, Delaware 19898) is utilized as material for both bladder 206 and gasket
205.

In one embodiment of the present invention, radiation imaging system 20 of Fig. 1 is
fabricated comprising the steps of disposing lamination layer 22 of Fig. 5 between
light imager 24 and scintillator 26 to form subassembly 150. Light imager 24
comprises an imager array 30, an imaging plate surface 34 and contact pads 32. In the
next step, subassembly 150 is then subjected to a vacuum, which is followed by
heating subassembly 150 to a bonding temperature. Subsequently, a bonding force is
exerted on subassembly 150. The vacuum, bonding temperature and bonding force
are maintained until light imager 24 is bonded to scintillator 26 and lamination layer

22 is comprised of lamination material that is substantially void free.

Figures 4, 5, 6 and 7 illustrate a detailed sequence of steps for forming radiation
imaging system 20 of Fig. 1. In one embodiment of the present invention, la;mination
layer 22 is formed from a liquid solution such as Ultem® / Benzoflex S-552 of about
15% to 20% by weight in anisole.
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coupling is' a vent coupling 260 of Fig. 2 and a second coupling is used
jointly as a coupling for a top vacuum coupling 250 of Fig. 2 and an inert
gas coupling 240 of Fig. 2. The inert gas typically utilized is either
nitrogen or argon. A polyimde filmis utilized as the material for both a
bl adder 206 of Fig. 2 and gasket 205 to assist in redu0|qggM§@B@ge t hr ough
a periphery seal 290 of Fig. 2 when pressure is established in a bottom
chanber 400 W§ offi26hi; 2 of bonding fixture 500. Polyin depfiddghdtsed in
gasket 205 al so assists in preventing subassenbly 150 from adhering to
vacuum tray second side 212 during bonding. After subassenbly 150 of Fig. 5
has bonded and cooled to a safe handling tenperature and subsequently
renmoved from acuunn% % 210 of H

1S I €] d..from

subassenbl y mqg BB Fyegfzz ’ﬁggB?sg‘gBﬂS'g TPRET gﬁng‘é{j’rfgapt on It
pol yi mi de fi hmg(eaamgg}(sbreereﬂdlatb riasigngpyplite Glirfdce B5 ofl imdgngtplakesuidacendd s and
Conpany 1007 t Str t t on 19898, uti.lized as
mat eri al for B f‘ﬂ’ gf E’(%m%é%%] g Pl ezﬂ'gf\.é\&lﬁ ’f)ﬁ(g"pé%r%f §| N of the
present i nvelplatm;fadea&dlbatt\ueanxmagagrrmgu‘sgtﬂtcexm@9ad9B2 Fngnmahon yerf22ly i cat ed
conpri sing the steps.. of 0si n a 22 0 5 between
li ght inager %mgﬁg dés(?lo??ﬂ t H’ V%%aé?o&f g}enﬁ’rgﬁ gsé%eixflmﬁl%ogmﬂnéht i mager
24 conpri sespm@ying, DAGENis@AIS rcm]anOMumplel qoetg kieglispbsed,df mudddooeciddvealrd cont act

pads 32. In th s‘?re%ﬁ%@ﬁmes%%ﬁgmxn%ﬁ'&a}%?e?f@ly 150 is then subjected to a vacuum

which is fol I'owe ati ng subasséenbly 150 to a bonding tenperature.
Subsequently a bond| ng force is exerted on subassenbly 150. The vacuum
bondi ng t enpdigt ifagety drEip#ignfayece? argthen seft baked srequiredite dgiveght | mager 24

is bonded to eﬁ@e’siﬁol‘)eh@?dﬂ{ lafhaBdilayeRr ). NAlcisOf bik"iﬁé% per%anécﬁ)eptﬁm\}eﬁ@d of
| am nation material that is substantially void free. mgiures 4 5 6 and 7
T§SH

i|lustrate a9dH¥g 8if|tepPesatyn Spt imp sPesifispdn P‘HF"’? Srifs g ¥ lagipationyp g ng

system 20 of nateg:alafcoiunmqnﬁtmm@lpma&d AfFig he mrs%s@taatkldgrpf&eisls is | am nation
| ayer 22 is forrreg froma | 83) solution such as Utemr) / Benzoflex

S-552 of abodfcorPEeet prigdediRpsitg sgmilatonZa i lgminationdayst $aR 2006
Referring to Fig. 5, scintillator 26 is disposed on lamination layer 22, so that
scintillator first surface 40 is disposed on lamination layer 22. Scintillator 26 is also

positioned to cover imager array 30 to produce subassembly 150 as shown in Fig. 5.

Referring to Fig. 6, in another embod.iment of the present invention, subassembly 150
is produced by removing lamination layer 22 from intermediate imaging plate surface
35 and contact pads 32. For example, plasma etching in oxygen (or alternatively,
other appropriate gasses) can accomplish the lamination layer 22 removal from
intermediate imaging plate surface 35 and contact pads- 32. Alternatively lamination
layer 22 is removed from intermediate imaging plate surface 35 and contact pads 32
by excimer laser ablation using scintillator 26 as the etching mask. Specific etching .
methods for each respective lamination material are depicted in column 5 of the table

provided as Fig. 3.

In one embodiment of the present invention, the removal of lamination layer 22 of
Fig. 5 from intermediate imaging plate surface 35 and contact pads 32 can be

accomplished prior to bonding subassembly 150.
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WD 03/ 022017 PCT/ USO2/ 26651 Referring to Fig. 4, lam nation |ayer 22 is

di sposed on light inmager 24 including inager array 30, internediate

i mgi ng plate surface 35 of inmaging plate surface 34 and contact pads 32.
Internediate i magi ng plate surface 35 is conprised of imaging plate
surface 34 between inmager array 30 and contact pads 32. LamApaslfon | ayer 22
is comonly disposed to |ight imger 24 by the process of, for exanple,

spi nni ng, ¥&r@220y, or neni scus coating. Miltiple coatecruszzicaposed, if
needed, to achieve the desired thickness of |am nation |ayer 22. Light

i mger 24 and |lam nation |ayer 22 are then soft baked as required, to drive
off excess solvent fromlamnation |ayer 22." The soft baking is perforned

per the sol vBndnothelr énvtddicht Metn@p;reaernurneexmaﬁl thd oS4 € ldhlifMion Ryeagum 3 for
t he respectl e l.am n%tlon material of colum 1 of the table grow ded in

Fig. 3. This gty PR FRACRIYS SWiagh 3T and oquiacs adsi 321ad bproeairPlstEddi sposi ng
scintil | at or a6 b&rding shibden®lyi 160. | ayer 22. Referring to Fig. 5, scintillator
26 is disposed on |anination Iayer 22, so that scintillator first surface

40 is dispos tillator 26 .1s,also  positioned
to cover |ma§gsrk eta{'e?tasmsggg P Pp%r o%ﬁ%sge&% sésﬁ%ﬁeél"&%*tf“‘éf% tr%’h%@r‘?oiaﬁtoﬁ g. 5. °
Referring tocdﬁnrglmc@tewnhvamnhmyvembbdm&nt of the present invention,
subassenbly 150 is produced by renoving |am nation |ayer 22 from

i nter medi at eAbd¥RGiYE ofd ShodRAN] SGRe pés%n@%n&&ﬁ&%tt siB@StPofIgbasdeblyexanpl e,
pl asma etchlprg)ln oxygen (or alternatively, other appropriate asses) can

acconpl i sh t Fé’f*@?ﬁi ioBreasksy 205 oDFigeduso s to cover gﬁﬁlf?te‘feﬂhﬁilt%?@ #dagi ng pl ate
surface 35 angueRBhpeht dadws32. Alternatively lam nation layer 22 is
removed frominternedi ate i nagi ng pI ate surface 35 and contact pads 32 by

exci mer | aser _abl.ation S|n ci nt ator 26 as t Specific
et chi ng rretﬁ‘c‘)ct?gdufgot? a% g%‘%’@%‘tto%/@e PR hRY T EAm r‘?g—te}gﬂdﬁl% Qg@gg‘i icted in

colum 5 of tubessénstiyy €50 prdmpbsiedn@skla 205, & thhtsubdseentbip D50 sowers garkett he present
i nvention, thet&$¥ﬂ,a o% am nat | J gyer 22 of Fig. 5 frominternedi ate
I magi ng plate sur %ﬁ? QPa‘F 8 'ds 32 can be acconplished prior to

bondi ng subassenbly 150. 13
A bladder 206 about 50 microns (2 mils) thick is disposed so as to cover subassembly

150 as shown in Fig. 2. Bladder 206 also covers gasket 205 at a vacuum tray
periphery 213 to form bottom chamber 400 between bladder 206 and vacuum tray
210. Fixture cover 200 is positioned such that a fixture cover first side 201 contacts

bladder 206 at vacuum tray periphery 213 to form a top chamber 100 between fixture
cover first side 201 and bladder 206.

A top foundation 215 is placed in contact with a fixture cover second side 202.
Fixture cover first side 201, bladder 206, gasket 205 and vacuum tray second side 212

comprise periphery seal 290.

A bottom chamber absolute pressure of no more than about 13 kPa (100 millimeters
(mm) of mercury (Hg)) is then established and maintained in bottom chamber 400
through bottom vacuum coupling 230. Heater 220 heats subassembly 150 to a
bonding temperature after bottom chamber absolute pressure is established. Heat
from heater 220 is transferred to subassembly 150 through vacuum tray 210 and
gasket 205.

14



3 MAR 2006 WO 03/022017 PCT/ US02/ 26651 | n anot her enbodi nent of the
present invention, the renoval of |amnation layer 22 frominternedi ate

i magi ng pl ate surface 35 and contact pads 32 can be acconplished after
bondi ng subassenbly 150. Gasket vent slits 209 of Fig. 2 of gasket 205 are
di sposed on vacuumtray 210 so as to conmunicate w th vaeMARi0G ay vent
slits 208. According to one enbodi nent of the present invention, a first
side 90 of swasgenbly 150 is disposed on gasket 205 oPCFHU®22(51 SO as to
cover gasket vent slits 209 and vacuumtray vent slits 208. According to
anot her enbodi mrent of the present invention, a first side 90 of Fig. 2 of
subassenbly 150 is di sposed on gasket 205, so that subassenbly 150 covers

gasket vent ' V | 8 206 about
30" cr ons. (Ued (R Bl 0. RHISAY Bindiillonlable POl 4260 ™ “D50"ae
shown in Fi grespective|lamigation 2@¢erial ef solwmpdraf thydeie progidsd iatFiga 3 vpgeigmis r ay

peri phery 215ulid AR OIS 0M. AT 2408 BE! ¥ee pibhasiay AfuAg: vacuum

tray 210. Fixture cover i s ‘positione a | Xture cover first

si de 201 contbselis preshuaelsrage offgtwten whedi Uind kPa(iOsie) prieabput®i2 Py (40or m a top
chdnber 100 Z%g)}f;g%gal it R0, B reskist B 1631 EmER H0@ BRvRLAGEBEncRS . A LoD

f oundat i on aced in contact wwth a fixture cover second side 202.
Fi xt ure coveforei rBie katigm ghgmberresgere rcopdiBons iep Kbemben Hrosyyer coaelions t r ay

second side @lguinLRAR E%b&ﬁfnlfgﬁ Yot 2bn s aft RG] Bqumaﬁx@@mﬁﬁifgﬁ(bSm ute
pressure of no nore than about 13 kPa (100 mllineters of mercury

(Hg)) is thetnaggi24mifiFigSds bendedviai saintillater26j and lasminadion dyed3ds carggised hr ough

bot t om vacuugp iGRiRlidn Haté3R that Rl ana s, Mﬁo%@%ﬁ BBhdnelRPtibR i@ bondi ng
tenperature after bottom chanber absol'ute Eressure i s established. Heat

from heat er Peaifipdkfor pagh lainatiaymetsrial imepd pithe Bble providedi Fgaduum tray 210
and gasket 205. 14

The pressure in top chamber 100 of Fig. 2 is restored to about atmospheric conditions

and the pressure in bottom chamber 400 is restored to about atmospheric pressure.

In one embodiment of the present invention, after bonding subassembly 150 of Fig 5,
subassembly 150, gasket 205 of Fig. 2 (attached to first side 90 of Fig. 5 of light
imager 24), fixture cover 200 of Fig. 2 and bladder 206, are subsequently cooled to a
safe handling temperature of between about 0 degree C and about 60 degrees C.
Fixture cover 200 and bladder 206 are removed. Subassembly 150 of Fig. 5 and
gasket 205 of Fig. 2 are then removed from vacuum tray 210. Gasket 205 is then
removed from first side 90 of Fig. 5 of light imager 24.

In another embodiment of the present invention, after bonding subassembly 150 of
Fig 6, subassembly 150, gasket 205 of Fig. 2 (attached to first side 90 of Fig. 6 of
light imager 24), fixture cover 200 of Fig. 2 and bladder 206, are subsequently cooled
to a safe handling temperature of between about 0 degree C and about 60 degrees C.
Fixture cover 200 and bladder 206 are removed. Subassembly 150 of Fig. 5 and
gasket 205 of Fig. 2 are then removed from vacuum tray 210. Gasket 205 is then
removed from first side 90 of Fig. 6 of light imager 24.

In one embodiment of the present invention, subassembly 150 as shown in Fig. 5
depicts lamination layer 22 also covering intermediate imaging plate surface 35 and

contact pads 32. Lamination layer 22 covering intermediate imaging plate surface 35
15



3 MAR 2006 WD 03/022017 PCT/ US02/ 26651 When subassenbly 150 reaches the
bondi ng tenperature per columm 4 for the respective |lamnation nmaterial of
colum | of the table provided in Fig. 3, inert gas is admtted through
inert gas coupling 240 of Fig. 2 to pressurize and maint ai Ag? Babsol ute
pressure range of between about 170 kPa (10 psig) and about 9[] kPa (40
psig) in top chanber 100. The pressure in top chanber 100 prOV|des t he
bondi ng f oMOMN2RHE bott om chanber pressure conditions, PEBBSIPETber
pressure conditions (bonding force) and bonding tenperature conditions are
then maintained until light inmager 24 of Fig. 5 is bonded to scintillator
26 and |am nation layer 22 is conprised of lamnation nmaterial that is
subst ant i al | 3ndfoortectphdsy3 o repavcé by pBemd etalginglinr axtygemr(or dtermpreety, bthed f or each

| am nati on ol f ! The
pressure ian%%?orp hﬁgﬁ% es). 18g£m?tﬁlle—8 lm}ugﬁlogl@gg%%éogégr%qgeﬁkdﬁeg?r%n heric
condi tions ralard stiifigse @eg@moetaphpdﬂ@tﬁowmn&)év e4@0ici Bsargblatiorewsing about
at nospheri c i Of af t er
Bond: ng. subas monnlt, 26 et hep AiBAR. (Bbing il RERRE dh (N WGt B
(attached t olamination mptgeal Goe dﬁﬂ)wﬁdgﬂ celuph 5 ¢fgha tabllem&yaied Zslflg 3.i Afterr e cover
200 of Fig. %m@@q Wnﬂggﬁ)g 12)@@22 oeerﬁxgtﬁt mel 1}41 gﬂ% ‘fage Etﬂfa@e BSSQJde handl i ng
t enperature of between a egre and 8 egrees C. Fixture
cover 200 anednightpdded?, E%édmct%re uba&?tﬁéb’sléﬁbl y 150 of Fig. 5 and
gasket 205 of Fig. 2 are then renoved fromvacuumtray 210. Gasket 205 is
then renovegedkigid FieSt, §hlanO9 vel d%le?oxy%%s hdnBdibe HRPPEE Rispefled dd anot her

enbodi ment of the, present I.nvention, ter bondi ng subassenbly 150 of Fig
6, subassenbPiprssinte mmaging platgsuiface S5y Cover glatefnis Fovried for igtermddiste 90 of Fi g.

6 of |ight ﬂrﬁgﬂgrplazél)surfidexzsurvﬁhc‘aau@rvem &, Stk that 2oRP Gl Migem 206, are
subsequent |y caol e to,a safe handling tegperature of between tEbout 0

degree C ancP B ?agﬁutd?ég?’é@gs abo; 30 nfjerans) R, gf alspgtivelyrNad &ithoos are
renoved. Subsisifiabd sgcchdQuiice B2.g. 5 and gasket 205 of Fig. 2 are then
removed fromvacuumtray 210. Gasket 205 is then renpved fromfirst side

90 of Fig. 6H%I‘ns \t8(') %Eglegr 1 %flch 1de5l aﬂ&grgiqgaggsje rﬂe&écﬁ&fx f&%@inﬁia?o?%@,t

i nventi on, own I n
lammatlon ]ayer 22, and imager array 30.

Figures 8, 9 and 10 illustrate a sequence of steps in accordance with another
embodiment for forming radiation imaging system 20 of Fig. 1. In one embodiment
of the present invention, lamination layer 22 of Fig. 8 is formed from a liquid solution
such as Ultem® / Benzoflex S-552 of about 15% to 20% by weight in anisole.

‘Referring to Fig. 8, lamination layer 22 is disposed, e.g., spun, sprayed, or meniscus
coated, onto scintillator 26 such that lamination layer 22 covers scintillator first
surface 40.

Scintillator 26 and lamination layer 22 are then soft baked, as necessary, to drive off
excess solvent from lamination layer 22. Soft baking is performed per the solvent
-drive off temperature and time specified in column 3 for the respective lamination
material of colurmn 1 of the table provided in Fig. 3. This soft baking process step is
accomplished prior to disposing scintillator 26 and lamination layer 22 on light

imager 24.

16



depicts lam nation |ayer 22 also covering internedi ate i maging plate
surface 35 and contact pads 32. Lam nation |ayer 22 covering internediate
i mgi ng plate surface 35 15 3 MAR 2006 WD 03/022017 PCT/ US02/ 26651 and
contact pads 32 +s renoved by plasnma etching in oxygen (oralternatively,
other appropriate gasses). Alternatively |am nation |aygmaR2006overing
internmediate imaging plate surface 35 and contact pads 32 is renoved by
exci mer | asgpoapda@yyi ON using scintillator 26 as the etghhRed&sk. Specific
etching nethods for each respective lamnation material are depicted in
colum 5 of the table provided as Fig. 3. After renoving |am nation |ayer
22 covering internmediate imagi ng plate surface 35 and contact pads 32,
Fig. 6 depic . i Yyl 50 4 - 0g - i wnbypically a
bead of epoxs Tari 8, MRRHEIRGL S R g Bl i bkl Wikt ? P2

pl at e surf acesingi§atoCa epvers| ipager 47ay 30.c Supssseehblyol S0 spmprisesl scantidlator B&gi ng pl at e
sutface 35 Wobbh Ag0NGR Y8 afd 1 48 eréu,cd@sﬂmtmﬁ%v r plate 44 ° isin
proximty (about 25 M crons to about 50 mcrons) to, or alternatively in
contact with scintillator second surface 4 Hermetic seal 80 of Fig. 1

2.
provi des anbf @rondips o ypassembht BOapdFemoys! of gaskst 299 faer firsbede 90joffigttat i on | ayer

22, and i MBgRiag@ M3y pedfdrmddiag HésBifve8abieand 10 illustrate a sequence of steps
in accordance with another enbodinent for formng. radiation imging

system 20 of. Fig.,1. | enbodi nent of the present .invention,

i nat f on | Bye Finbasigen et dfe BriseRt pdenian dpts i S P AT TN uch as
Utem(r) / Beaz2afdoestinB-iftbzhedihtednogihg flatostufacd 3%ahy covticgpdds i3p. dnissol e.
Referring toFig. 8. 1amnation layer 22 is. disposed . spun, sprayed,
or meni scus alg’(‘?’gtcéjal?hngnctogerspcliatﬁgﬁltP a”[’tgrrm%l?{esﬁrbaﬁmg r?i“’?e F"‘H%C%Q? iwdﬁmptayer 22
covers sci nt hdvingt tor pdrforms tthe step falcemddng Bmnindtioh | 1ageo 22 2fiorarigtertn@diateat i on | ayer
22 are then I o drive off excess solvent from

| am nati on Igr;,/‘1 rg?%keesgg?c?%ggﬁf%gé?& %se%zforned per the solvent .drive off

tenperature and tinme_specified in colum 3 for the respective |am nation
Referring to Fig. 10, typically a bead of epoxy forms adhesive ring 46 disposed on

intermediate imaging plate surface 35. Cover plate 44 is coupled to intermediate
imaging plate surface 35 with adhesive ring 46, such that cover plate 44 is in
proximity (about 25 microns to about 50 microns) to, or alternatively in contact with,

scintillator second surface 42.

Hermetic seal 80 of Fig. 1 provides ambient moisture protection for scintillator 26,

lamination layer 22, and itﬁager array 30.

In accordance with yet another embodiment, lamination layer 22 includes a first
lamination layer portion 61 of Fig. 11 and a second lamination layer portion 62 of Fig.
11. Second lamination layer portion 62 is disposed, e.g., spin coated or meniscus
coated, on scintillator 26, such that second lamination layer portion 62 is
approximately 5 microns thick and covers scintillator first surface 40. First
lamination layer portion 61 is disposed, e.g., spin, spray, or meniscus coated, on
imager array 30 of light imager 24 so that first lamination layer portion 61 is
approximately 5 microns thick. Both scintillator 26, with a second lamination layer
portion 62, and light imager 24, with a first lamination layer portion 61, are then soft
baked, as required, to drive off excess solvent per the solvent drive off temperature

and time provided in column 3 of the table provided in Fig. 3. Second lamination
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material of colum | of the table provided in Fig. 3. This soft baking
process step is acconplished prior to disposing scintillator 26 and

| am nation |ayer 22 on light inmager 24. 16 3 MAR 2006 WD 03/ 022017

PCT/ US02/ 26651 Referring to Fig. 9, lamnation |layer 22 is disposed on
light inmager 24 such that scintillator 26 covers inmager 3&rMARV0G0.
Subassenbly 150 conprises scintillator 26, lamnation |ayer 22 and |ight

i mger 24, wWowMIMWI in Fig. 9. The bondi ng of subassenbPgT/ISR2@Md r enova

of gasket 205 fromfirst side 90 of light inmager 24 is performed as

descri bed above. This enbodi nent of the present invention does not require
renoval of lamnation |ayer 22 covering internediate i mging plate surface

35 and cont aefer pa@sn 82 of Fipl $1 1s&hérp&i§)o§éabml ﬁr&gmﬁ‘%yﬁn 19}&&)%1614@ fa
i nternedi ate_| ma%l ng I ate surface 35 w thout performthe step

of renoving TENPRERE IR of &gl | tpfopp &W‘Paﬁ‘f”é%cﬁzaf‘éﬂ’atlsﬁ’ﬁ@ lfﬁ‘@f 2icqtes surface 35

and contact ipags addy 3RefHkindtdg latyel ﬁlgdlsﬁl&ed Eeyxpéeﬁ%hﬁ/ua%rm&nﬁte gpoxy forms
adhesive ring .46 di sposed OE Fterme iate. i magi ng plate surface 35. Cover

plate 44 is TGUPREd 48V Ht e laire 26,1 IRRGPYRY Vet & sud fighlem™aBedd h adhesi ve
ring 46, sucdeniphisdsubyesblplste 44 is in proximty (about 25 microns to '’
about 50 nicrons) to, or alternatively in contact with, scintillator
second surf al rovi des anbi.ent. noisture
prot ection °n§ cei"f?H?]I"Te&{ 8? ﬂfGPreseP Wﬂ’é’f”i’ gfr‘fs‘I Iég‘g?an%"z?ayﬁfnaorf‘%éleﬂs array 30.

I n accor danaﬁsposetdhs y@bnmabdsneroneugmcidmg&m such&mm@tlmﬁﬁxaﬂnameyer pottisnncl udes a
first |amnation rtlon 6 i and a second | am nation |ayer
portion 62 o llif(ﬁ’sua"{e% %’fﬁ?&e ‘Wd?ia%e a’Faé' & portion 62 is disposed,
e.g., spin coated or neniscus coated, on scintillator 26, such that second
| ami nat i on |Refaringter Figohl, dgpi¢ally a et ehcpmE torys adhediey Gres46 Hisekedond cover s

sci nti || at Oripfeirheiitate iHidafeCpIftO sulflck 35. Cover plate 44 is coupled to intermediate

imaging plate surface 35 with adhesive ring 46, such that cover plate 44 is in

j

proximity (about 25 microns to about 50 microns) to, or alternatively in contact with,

scintillator second surface 42.

Hermetic seal 80 of Fig. 1 provides ambient moisture protection for scintillator 26,

lamination layer 22, and imager array 30.

In another embodiment of the present invention, top chamber 100 of Fig. 2 can be

under vacuum through top vacuum coupling 250 while bottom chamber 400 is under
vacuum, prior to heater 220 heating subassembly 150 to bonding temperature. An
absolute pressure of no more than about 13 kPa (100 mm Hg) is then established in
both top chamber 100 and bottom chamber 400 through top and bottom vacuum
couplings 250 and 230, respectively. When the vacuum reaches an absolute pressure
of no more than about 13 kPa (100 mm Hg) in bottom chamber 400, heater 220 heats
subassembly 150. When subassembly 150 reaches bonding temperature, top chamber
100 is pressurized through inert gas coupling 240 to an absolute pressure range of
between about 170 kPa (10 psig) and about 377 kPa (40 psig). The bonding pressures
in top chamber 100 and bottom chamber 400 and bonding temperature for
subassembly 150 are maintained for the duration specified in column 4 of the table

provided as Fig. 3
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| am nation | ayer portion 61 is disposed, e.g., spin, spray, Or meniscus
coated, on imager array 30 of light inmager 24 so that first |am nation

| ayer portion 61 is approximately 5 mcrons thick. Both scintillator 26,
with a second | am nation |layer portion 62, and |ight in%giﬁ{@ , Wth a
first lam nation | ayer portion 61, are then soft baked, Yas™r ired, to
drive off excess solvent per the solvent drive off tenperature and tine
provi ded i nwoabmzmwi73 of the table provided in Fig. 3. Secousdziesn nation 17
3 MAR 2006 WO 03/022017 PCT/ US02/ 26651 | ayer portion 62 of Fig. 11 is then
di sposed on first lamnation |ayer portion 61 at a first interface 75 of
Fig. 11 to formlamnation |ayer 22, so that scintillator 26 covers imager

array 30. LarfienbieOdtsdrRY®me®ddd sddhadRiaer ia@ﬁaa&ggﬂraﬁsﬁ@tihiag@g Sstefni I St
surface 40 and i rmager ar rgq)J/ 30. Scintillator | ami natron |ayer 22 and

. r SC] or 26,
i ght i mager290f Fig dns belisved orseudimpravse optical giakitydblaeee iBpeETSofe- he pr esent

~invention, flgpst mhRRpRAREhAAY 18Y 8. POt bR oBdpticsl quility RAPBnRAt deRCr | bed
above on light imager 24 such that first lamnation |ayer portion 61 is
const rai ned #Hrayed grtiggbeiglingnbsivesh sciptillder 2 ndlighparrmed®er Firthgr. the Fig. 11,

typically a HeafkeQr ofiRAKIsbBMEEnAGNRLRI 1MBinktid JaysP201-3RRS B sighal flop €7 Medi at e
i magi ng plate surface 35. Cover plate 44 is coupled to intérnedi ate

i magi ng pl at Bindllpteragtebeley situptiopuandsimpeoves the sigaal-tepeite fatat Icwiditionpl ate 44 i s

in  proxim t ¥m{rdBUiayed 297r6duesS late@alal?xptspégh, NG1380 A thed Gnpr&Ves albgy nati vely
in contact with, scintillator second surface 42. Hernetic seal 80 of Fig.

| provides a#Bli&nt noi sture protection for scintillator 26, |amnation
| ayer 22, and inmager array 30. In another enbodi nent of the present

i nvention, thprekdnbee iMgeofophtal). qidligais etermingde siug Ctwomghdatitigh t op
vacuum coupl i ng 250 while hottom chanber 400 is. under acu .prior to
heater 220 h’é]%ag?rﬁ’b’ensti] bajlé]%ee ﬁtt yqufgtgrgfvg BSITHCRE ShpRigs Lﬁ{ee .moﬁg?at"g‘osol ute
pressure of tmsfenfuectiondM Ta)outich8prikdeats & h@sunmoftthy) lighs sjrkuen Tes teabdd shed i n

both top Cha&%&ﬁtat%/gomgglgenqg}tt tisomeC&%@?v%rqugnotgmte?éc?e% )b, vtvﬁal %nglde%q}&hom vacuum
the MTF and the noise terms; therefore, the defective quantum efficiency is a
reflection of the signal-to-noise of the image detectability. It is believed that radiation
imaging system 20 reduces the likelihood of system oversaturation without reducing
signal-to-noise ratio and without requiring, for example, that scintillator 26 have

lower scintillation efficiency.

Lamination layer 22 of the present invention is readily adapted for used with both
low-energy and high-energy radiation imaging systems. Radiation imaging system 20
of the present invention is also suitable for use in either a high-energy X-ray

radiographic system or a computed tomography imaging system applications,

Another benefit of the present invention is increased mechanical robustness, as the
present invention requires no external clamping of scintillator 26 and imager array 30

during operation.

From the preceding description of various embodiments of the present invention, it is
evident that the objects of the invention are attained. Although the invention has been
described and illustrated in detail, it is to be clearly understood that the same is

intended by way of illustration and example only and is not to be taken by way of
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couplings 250 and 230, respectively. When the vacuum reaches an absol ute
pressure of no nore than about 13 kPa (100 mm Hg) in bottom chanber 400,
heater 220 heats subassenbly 150. Wen subassenbly 150 reaches bondi ng
tenperature, top chanber 100 is pressurized through ineré g zm oupling 240
to an absolute pressure range of between about 170 kPa ( H % E) and about
377 kPa (40 psig). The bonding pressures in top chanber 100 and bottom
chanmber 400W&10BoNidi ng tenperature for subassenbly 156CHU2meiint ai ned for
the duration specified in colum 4 of the table provided as Fig. 3 18 3
MAR 2006 WD 03/022017 PCT/ US02/ 26651 The above descri bed net hods and
materials for fabricating radiation imging system 20 of Fig. | are

bel i eved t 0 1pfi@vibn) CAdcOIMEIS theQPitit &l scapd AF iht Shvéion hRNEBe lifRPRhF byl . €.,

| ar ger thantgséroxiq?tely %ﬂg,cnﬂ. One area of optical quality I nprovenent
is the inpr sebthecppende Mg bet ween scintillator 26 and light array
30. Further, the presence of optical absorbing material in |am nation

| ayer 22 reduces the signal from scintillator 26 bel ow saturation and

i nproves the signal-to-noise ratio. In addition, |amnation |ayer 22
reduces lateral |ight spread, which further inproves inmage quality.

| nproved | arge imager optical quality is determ ned using two quantitative
measurenents. The first quantitative neasurenent determ nes the nodul ation
transfer function (MIF), which represents a neasure of the |ight spread.
The second quantitative nmeasurenent is the defective quantum efficiency,
whi ch includes both the MIF and the noise terns; therefore, the defective
gquantum efficiency is a reflection of the signal-to-noise of the inmage
detectability. It is believed that radiation inmaging system 20 reduces the
| i kel i hood of system oversaturation wi thout reducing signal-to-noise ratio
and w thout requiring, for exanple, that scintillator 26 have | ower
scintillation efficiency. Lam nation |ayer 22 of the present invention is
readi |y adapted for used with both

20



| ow- energy and hi gh-energy radi ation i magi ng systens. Radiation imagi ng
system 20 of the present invention is also suitable for use in either a
hi gh-energy X-ray radi ographic systemor a conputed tonography i maging
system appl i cations. Another benefit of the present invention is increased
mechani cal robustness, as the present invention requires no external

cl anpi ng@falg:ntillator 26 and imager array 30 during operation. Fromthe
precedi ng description of various enbodi ments of the presenf MARV&IAti on, it
is evident that the objects of the invention are attained. Al though the

i nventi OE has begn . descr.i bed an?%d' | [ust.rated in detail, it is to be
clearly under $t'80@1PHERAgIRESISIGR (40 COMBHEA%d by way of illustration and
exanpl e only aReniiBath@he)t 0 be taken by way of 19 3 MAR 2006 WO 03/022017
PCT/ US02/ 26651 |limtati'on. Accordingly, the spirit and scope of the

i nvention ar ean gnggsr hiray (¥ andl y by the terns of the appended clainms. 20

CLAI MB: 3 NAR 2006 1. jation i nagi . 2 i Si ng;
seint i1 at or ( 2Eyinatin Reerae P el PAReR sy ST loF Rl RE Bt oty s
di sposed (3 tpRViRMoldRE 2Rl bbatD colmfl; HidledhalidnTREL(2BIcbAprisingd) to

provi de bondi ng and optical coupling; said |amnation |ayer (22) conprising
a | an niamisafiovemateriall said mintinn lagari(32) ik aglested from 4 growptwsistag oF om a gr oup

am-t _ o | e th ‘o pol .
o ass t r Blsizes PARIEARE ARPRYSOR pelleSis AR IR RS b L BRI 2
bl end of ofRksithppby®it Neo degrdes @rick. a bxaidtoTisyidpolleterinti@d aratepentay By tol

t hernoset pol yner epoxies with |atent heat catalysts, thernoplastic

pol yest efctrabeizppie), sneamgsetipebmaiicagxics WHB dafent beglsiaialisiss thojmeplastic pokyegter
pl asti ci ﬁgf}nféf’é éﬁ%ttﬁé?{ﬂoﬂa%c E%TigB&krﬁﬁ}J; c polynmers further conprise
wherein said plasticized polyetherimide thermoplastic polymers further comprise
mixtures of polyetherimide and pentarythrytol tetrabenzoate, said mixtures having a range of
between about 60% and about 95% by weight of said polyetherimide and a range of between
about 5% to about 40% by weight of said pentarythrytol tetrabenzoate.

2. The radiation imaging system (20) in accordance with Claim 1, wherein: said

lamination layer (22) further comprises at least about 90% of said lamination material.

3. The radiation imaging system (20) in accordance with Claim 1, further comprising a
hermetic seal (80) disposed to provide ambient moisture protection for said scintillator (26),

said lamination layer (22) and said imager array (30).

4. The radiation imaging system (20) in accordance with Claim 1, wherein said

scintillator(26) has a scintillator second surface (42) that is substantially optically reflective.

5. The radiation imaging system (20) in accordance with Claim 1, wherein said
lamination layer (22) has a thickness in a range between about 5 microns and about 25

microns.
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m xtures of polyetherim de and pentarythrytol tetrabenzoate, said m xtures
havi ng a range of between about 60% and about 95% by wei ght of said

pol yet heri mi de and a range of between about 5% to about 40% by wei ght of
said pentarythrytol tetrabenzoate. 2. The radiation imging system (20) in
accordance with Caim1l, wherein: said l|amnation |ayer (22) further
conprises at | east about 90% of said |am nation material. ﬁy ?’Z@Eradi ation
i mgi ng system (20) in accordance with Caim1, further co IA ng a

her neti c 6seal A 8djatidh spesieg systemp 20)icdmpaisinigent noi sture protection for said
scintillator 26? . said . lamnation |ayer (22) and said inmager array (30).
4. The radi at PoROPHEGE K$)syst em (20) in accordance with O aim1, wherein

said scintill,atQad28laPp@so)darci Ntillator second surface (42) that is
substantially optically refiective. 5. The radiation imaging system (20) in

accordance w taHam@ination layex?2) dispossd betweenwiid atindlatdr{y@rand 232yl ilmagerarray

t hi ckness, i.n a range hetween abqut 5. nicrons and ahout 25 .crons.. 21 3
VAR 2006 @) Braviieiondie SR Syuelis (I bRl 123 B2 RORPTstSor
(26); an 5h¥BE&I aBdiBikg (rdfdrial ML dnfIHsBSdd MihhgYiRbnd Bbd By SRARRM fRih ween
sai d sci r?i I%?at ora (56)gand rlsaai d 1 mager Sarray fig%l) Itlo pr o?/il(de bondi ng and
optical gouypl domgjstinghefrdaminpanttirdqgaimona(DAA) kadlemefl@Pmicodpri ses an opti cal
absor bi ng. rrﬁt eri whi ch gﬁﬁ%i ses an ant hraqui none-based dye sel ected from
a  group SUHEPYERARIEIoge ant hr aqui none (DAA) and 1 -nethyl ami no- 4

di hydr oxyant hr aqui none (DHA). 7. The radiation imaging system (20) in
accordance with daimé6, wherein said |amnation [ayer (22) has a

t hi cknesd-i n dhe asdjetidnemeging sxbiount (28) imiaseadancarvdtiaBlaum 61 whereinaisk ons. 8.

The radi gt ion.i i st 20) .1 n_accordance, wi.t-h _Cl ai m in said
o nat | S PAGLTRGLI PRI it fele BEERER G-t STaci B Th el TER:
percent aficeak.d ant hraqui none-based dye in said | amnation materi al .

8. The radiation imaging system (20) in accordance with Claim 6, wherein said -
lamination layer (22) comprises between about 0.5 and about 5 weight percent of said

anthraquinone-based dye in said lamination material.

9. A radiation imaging system (20) comprising:

a scintillator(26);

an imager array (30); and

a lamination layer (22) disposed between said scinillator (26) and said imager array
(30) to provide bonding and optical coupling, wherein said lamination layer (22) comprises
an optical absorbing material that is selected from a group consisting of sub-micron carbon

powders and azo-based dyes.

10.  The radiation imaging system (20) in accordance with Claim 9, wherein said

lamination layer (22) further comprises at least about 95% of said lamination material.
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9. Aradiation inmging system (20) conprising: a scintillator(26); an
imager array (30); and a lam nation |ayer (22) disposed between said
scinillator (26) and said inager array (30) to provide bonding and opti cal

coupling, wherein said |am nation |ayer (22) conprises aﬁ ﬁ@}fﬂ@al
absorbing material that is selected froma group consisting ub-m cron

carbon ppMmderfheaadiaaé® ihasfg sehvas (20 Qn adBfiahatvith iC‘?éfiTﬂ f@gdh?&%@é?& em (20)
9 d | 2 u

in accordance with Caim9, wherein Sai am nati1on [ ayer rt her

conpr i seslaginatien dayenGad furdBycompeisdsdt leastiabavti 9986 ofitasd laalinatda nPatéviR 2006
11. The radiation imagi ng system (20) in accordance with Claim 10, wherein
said lamnation |layer (22) further conprises at |east about 99% of said

| ani nat | ofp. Mt Rid raliatid:2imaigg EAMR(A0)n heTBElaf: witR CH(S Wheld g Or dance
with Caim9, wherein sai scintillator (26) has a thickness Iin a range

bet ween alsHlilann(2a}as africknsss mpoiengeboveen sHot Hfkmicters adaboadisae9 on

i magi ng syst&m (20) in accordance with Claim9, wherein said scintillator
(26) has a substantially columar structure. 14. The radi ation inmaging
system (20) in accordance with Claim9, wherein said |amnation |ayer (22)
has a thi cknes]s in_a range between about 5 microns and about 12.5 microns.
15. The rhdi at {isdadiation meagine systan (9) in recardenedeitle €laimeh vdeeimsad wher ei n
said scidfks i £ ic type scintillator (FOS). 16. A
radi ati onﬁﬁhr#gllé@%gz@%{%?ﬁab}%ltdgg%l}l?@%}nﬁrzuc “scintillator (26); an inager
array (30); and a lam nation |ayer (22) disposed between said scinillator

26) and said | . " (30) to provide bonding and optical coupling;
Sai 8 | amiHat | OHReBGatCT v sistans (309 haccpEhmaravito Alaile iarein Wik o) 1 Sai d
l'am nat i QBmliB%ER 1aElh 25 RAR ih3&Sie&lin la‘??x?gte 1R B LhiEsdind about 12.5

microns.

15. The radiation imaging system (20) in accordance with Claim 9, wherein said

scintillator (26) is a fiber optic type scintillator (FOS).

16. A radiation imaging system (20) comprising:

a scintillator (26);

an imager array (30); and

a lamination layer (22) disposed between said scinillator (26) and said imager array
(30) to provide bonding and optical coupling; said lamination layer (22) comprising a
lamination material; wherein said lamination layer (22) comprises at least about 90% of said
lamination material and said lamination layer has a thickness in a range between about 5
microns and about 25 microns;

wherein said lamination layer (22) is selected from a group consisting of plasticized
polyetherimidethermoplastic polymers having a glass transition temperature (Tg) of less
than about 180 degrees C (i.e. a blend of said polyetherimide and a pentarythrytol
tetrabenzoate), thermoset polymer epoxies with latent heat catalysts, thermoplastic polyester

polymers and thermoplastic acrylic polymers, and

23



| am nation material and said |lam nation | ayer has a thickness in a range
bet ween about 5 mcrons and about 25 microns; wherein said | am nation

| ayer (22) is selected froma group consisting of plasticized

pol yet heri m det her nopl asti ¢ pol ynmers having a gl ass transith % erature
(Tg) of less than about 180 degrees C (i.e. a blend of sai QQBI@therinide
and a pentary o] W : : ReRer i.t.h | at ent
heat cat al yst éﬂrl{e%l lg%ar%% %g{slfl?c o%g%r%%%d@%%%ﬁéﬁ%?@%a&{nﬂﬁ%ﬁZr mp?gnslﬁll% acrylic
pol ynmer s miatudes28 pdlyetieridGdband peataay thrygel tetrgleasdats; iszid dniptukgsdtahimgiamanke of

t hernmopl astic I furthe ri.se m xtures _of, | yet herim de and
pent ar 5 t &?FE}YeSP %%%@%ZWBE §5s‘%%gp Wﬁl&lit_&? syd ﬁalyneﬁ)@rl_al?ﬁf%ﬁys@@ rgpee ¢ A
about 60%%@%%u§@%t®(9 %@g]ﬁ@hﬁﬁ_ﬁﬁ?ﬂg@%d%ﬂgéﬂi&@? and a range of

bet ween about 5% to abo 0% by wei'g sa entarythryt ol
tetrabenzoate. 17. The radi ation imaging system (20) in accordance with

Caim 16, . further comnpr.sin a he 1ic seal (80Q) disposed to provjde
anbi ent i st #lsr?ffieﬂ SRRl Weerarsron Claszg 6, Bither solpariei on
layer (2@)heARélicSRhAS0IBYSIsedtd Aoviddtnbicdft moisture protection for said scintillator

(26), said lamination layer (22) and said imager array (30).
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