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RADI ATION WTH AN | MAG NG SYSTEM STATEMENT REGARDI NG FEDERALLY SPONSORED
RESEARCH WRD3/02BYVELOPMENT The United States Gover nment napChawse2/e@@st ai n
rights in this invention pursuant to contract nunber 70NANB5H1148 awar ded
by the United States Departnent of National Institute of Standards and
Technol ogy. BACKGROUND OF THE | NVENTI ON This invention relates generally to
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i magi ng system configuration, an HARYNSOSYSEERT O ects an X-ray beamthat
passes through the object being inmaged, such as an aircraft engine

conponent. The beam after being attenuated by the object, inpinges upon a
detector having an array of detector elenents. The intensity of the

radi ati on beamreceived at the detector is dependent upon the attenuation
of the X-ray beam by the object. Each detector elenent of the array
produces aSTApEMINT eREGARRENGsFEPERAIHAY BBONSERIES e RESTEARCIOf ANI2 beam
attenuati O]S mﬁ\g{gﬁ ector |ocation. The attenuation neasurenents from
all the dePE acquired separately to produce an inmage. Miltiple

i mges may be taken of the sanme object, for exanple, by a series of

rotations, TROGnitbe® S&Rds QbvdrAMBRSIIY PERS&eEir Aghtohiinds GhveiSoSpekhanad | nage
of the X-ray attenuation of the object. The radiation inmaging system

commonl y cembiapts agmher 7gNANBEGA8(@vgrded Dyptist Bodpd ortates yepgitmeduplfed to a

scintill atﬁa?o&??nsa{]u% 8§§tn§(?arrds?z{nrd foc ooqgé};.ses a plurality of pixels, each
havi ng a photosensitive elfenment, such as~a photodi ode, and pixels are
configured into a matrix of rows and several colums, e.g., about one

t housand rBASKAGRIOUNI OFBHE TN®ENTION | | at or i ncludes scintillation

mat eri al positioned over the inager 1
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) coupled 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
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WD 03/ 022017 PCT/ US02/ 26651 array. As described below, the scintillator
may be integral with the imager array, for wuse in detecting |ow energy
(radi ati owoleasz0than about 100 keV), or a separate plate PCoaamvzekesver the
i mager array when the device is used for detection of high energy

radi ati on (radi ati on above about 100 keV). Contact pads are coupled to or
formed on the imager array adjacent the periphery of the inager array and
are associated with the respective rows and.colums_in the inmager. array.
Par t 1 oul arty: b SeHPSeGREe SFIBITPY Brg bactess] Hyhiths RHaE Fom-Pom oach
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contact to external Circuitry. The above-described syStem sonetines is
referred tlocaed avadhp utegert asraygwhgrhihe (dEVice is ysedefar dakachion @i higheenpras ent
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X- ray systenms. During scanning, X-rays are emtted fromthe X-ray source
in the di rresectye odws ad colunerst oy theaigrash@rax- r Barticylpilphthiengoatage tpgdsni t h t he

scintillator.,..i,s convert. i nt.o visibl ho S i n _acgotda with t he
SSinti 11 ar@hitigh? [SORYRE Bdilitn Hhth M BACRANRol Ml SEUEA MRt

converts ea&henfafiay bl eaiblingeleéti@Y cEitt ERextoralkdifuage, i nto 1000 photons.
These photons are detected by photosensors that devel op an el ectri cal
signal (e.g., charge_accunul ation on a phot odi ode) correspondi nzgto t he

detect ed pHEtRY¥S-deseriped BYEaipriPaE WA EEET PE I 254 (AUIGHOpREtp RS bt s in
the array §y§teﬂmc.:Cﬁﬁﬁ&%h"th?p%eﬁgntliﬁ%httiﬁﬁtis Pc]f}géi hedSftay headaus sleet roni cs

to provide-an estinmate o ocation o the ray event. Further digital
pr ocessi ngystsmssthd prasentrihegitiah és hdtéinsiagiasé mamnaddtionetidn€litsgstatfs bk

phot osensor array, and . fromnultiple imges if nore than one scan |s
Daken, ancefder Ghired Mutueler Faitohbgeed BHENEswERST S SdPaOEgRncas-
scintillatgysdeppsited directly on the light imager may be used. Due to

the practical thickness linmtations of deposition, on the order of 1 mm

for high energy radiation (i.e., radiation above about 100 keV), the
sci nti || atlouring 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

scintillating plate is adjacent the imaging plate.
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typically is a separate plate coupled to the imaging plate so that a
surface of the scintillating plate is adjacent the inmaging plate. 2 WO
03/ 02201 WB@3h1802/ 26651 I n small ionizing radiation i magerasouedesi zi ng a
separate scintillator plate generally provides satisfactory results.
However, use of a separate scintillator plate may result in degradation of
image quality in the larger two-di nensional, or area, ionizing radiation

i magers. For exanple, directly couplj. a large, e..q. reater th 100-cn?
sl nti 1] atbmiy Rog oy, tageat pifded o St fotunndt PRISERTAL | gnt

i mager suff@fides aliHROESRANEE Newbwh @R dHiSsehfa Nafiliaftl phité nagRedSt Ween
the scintillator and the light imager. In addition, inmaging systens

utilizi ng ia degradation af dmageuplbly tothe larght twardigeansionsly dbearsusionisinighl e to

oversaturati.on. For ex le, 1 n_Xecray source emts LOXi At ely

300, 000 r U8R alkeRa Y srorhisy AL pRRY i afoh e o BRI TR vt el
300, 000, 0QEinANSLERS a 1Thies cphofbdier BMR!100BMexG@EThtidrhe [apachis Qifffers he

i ght imager systemcircuitry depending on the read tine and charge
capacity dfom f4sponssetaiéesiyryioa erERg affvgipdistwesntthe seielbdergadghe Ligdt common

vol 19°Cv) Rt p o BRI PRI ne & NGRS pRTET T PLED ReB7) 0

avoi d ovemsat beadusesptible t® qvershturationmul Ror pdxantpdg didudrs . X-Rer souroe ngnissul ti pl e
readouts, however, rra% result in excessively long total readout time for
the part BEPIFNHEYedVaR80i FYP e e8NREIS ATF dMage.sithiyl ¥R e PIAGHESS now,

to prevent r &0l €. 0ol t : X f g;gtg% hot ons
gener at ed apg% '?( ﬁgﬁélgi %{quyl@éqogrﬁ g(gns'eg%ﬁg(ipﬁgtiggel%l\t&%] %ﬁg&;&g ucege.l&%e%ﬂaci ng
thg fl U)l:() ithmbg‘g\dwglelg%t@ﬂges'clﬁh@ dsyatdmgt ey s Greae " ad dmmirﬁleshafg_ei czalpa«/ik)i al):i_hti S
undesi r abl e. wou| e desirable to provide improved optical .qualjty in
hi gh ener ¢ Pheigisgne %‘P‘aﬁsﬂ“@aﬂ 1y %‘P@;Bel?q?%é’f“st. ‘Fﬁ’émlff?t?%l B qtd 1YY can be
assessed Ysdangr £atm elélH@:F}.i taatypval @&ﬁ%%@@k%mﬂih@%%@ t(m WA dypichive

neasurement is the nodulation” transfer function ( whi ch répresents a
measur e ofelanment kizg it abopt 8Ad to THemsEc Ond wayuanydidatveisetupasmnus tnpertorins t he

detector ulﬁﬂ{)f’én?egcfoﬁli[s(?i l?er%{;o\ffnir\llg' rlnﬁ ip-ﬁenf:ela('ilgu%ss, h%(\%}ebert, &eay result in excessively
long total readout time for the part being imaged and increases noise for a single
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

flux, hbwgler, dveaé;édeé»the sysjtém sign““éi;fa:noise raEi-o_, 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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MIF and the noise terns; therefore, the detector quantumefficiency is a
reflection of signal-to-noise ratio of the inage detectability. It also
woul d be wevBnzle to reduce the likelihood of system oveczatSor/atson

wi t hout significantly reducing signal-to-noise ratio or increasing readout
time. It further would be desirable to provide a sinple nethod for
fabricating such an inproved detector. BRI EF SUVMWARY OF THE | NVENTION 3 WD
03/ 022017 PCT/US02/ 26651 A r.adiatjan imgi ng sys}qem i s .provided copprising
a scintil IAa’Eaéi‘%’ﬂoaﬁfn?%’&géVStlelrlwr,OV&i’?é CORPFIERE RSCIG a‘ioéeyﬁé‘rlmaﬁﬁé‘qaé(ni“}d;tp i on
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The lam nation |ayer 1s conprise a [ am natron ertal that iIs

subst ant i ab the ifrager drraymTheilamspaoe fyers reipoded affa fhalmatioatmateia theadd at i on

i magi ng system i rovi ded conprising the steps of disposing a | am nation
| ayer bet \R)élésr’ianélaﬁygrﬁf W%&‘é“fi Sg%ﬂs'a scintillator to forma subassenbly. The
| i ght i mager conprises an inager array, an imaging plate surface and a

plurality Apﬁ]e%atfamabﬁagkﬁaghﬁ%iatﬁbﬁ NRbgifik Pstern N§ AR WohDeisinBdhd BEps
subassenbly to a vacuum heating the subassenbly to a bonding tenperature,

exerting ®fkémasing a flagrpsatioonlay¢rebeiwpris s dight ymageniand & simiglatdretoviggniam t he
bondi ng t erRSratiLe ANdidem RN ABIOLCR MM Lo f NS LGN LRGeS bonded
to the scihtd Fefr%lf or “an %hltlé P At S ayegr i's %onprl eF B 3 1'a% nati on
mat eri al tahata flsrafitibst @mtdctiphds. f Aegitibhia Mepe itk sqag@fectin Bt SfubBEsSaBIPTI ON OF
THE DRAWNGS Fig. 1 is a side view of a radjiation inmaging systemin

accor dancédo i aruwneheasing dbe mewsseatbly ke a poadidgitempeatng, grertpgg banding 5 sj de
vi ew of t i i ! 1] u i j des a
able 111 00ean g b, GHRRRILERE, byl BRESTIN doploctined B M 20 Mo
4, 5, 6 amdndinglfbiestunsil ehealigigqurgereisdiondé® ps tHeosciritAlatdr catli the ldnhieati@di at i on

i magi ng system sho in Fig.. 1 in accordance Wt ne epbodi nent of the
pr egen? i}iwémqog}p\_lrﬂed of a]a%nnatlon mategal t}qatr}s substanplal?y g‘ee rom 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.
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Figures 8, 9 and 10 illustrate a sequence of steps for fabricating the

radi ati on imaging systemshown in Fig. 1 in accordance with another

enbodi nerwOaB/oedee7 present invention. Fig. 11 provides a Cdaser/zasspf a
radi ati on i magi ng systemwhere the lamnation | ayer conprises a first

| am nation |ayer portion and a second |am nation |ayer portion, in
accordance with still another enbodi nent of the present invention. 4 WD
03/022017 PCT/ US02/ 26651 DETAI LED DESCRI PTION OF THE | NVENTI ON A radi ation
i magi ng sﬁEwLﬁD&Eﬁ%IPTﬂOH&%FH&%\“éE@H%i | lator 26 of Fig. 1, an

i mager array 30 of Fig. 1, and a lam nation layer 22 of Fig. 1. The

| am nat i om layigfon %a§ﬂ§q§Ttaadz<pe% ipgal 4 Moﬁﬁﬂé@seasséﬁﬂﬂ'i‘étbﬂ b&IRIFiO], L4 i mager

array 30. The [am nat ayer 22 conprises a lamnation matefial that is
subst ant i dilagerf areey I oﬁflxgoildamb?alaasnatmrﬂ lagdrt 22 ofoljer 124 hoflarmingtior layac| udes

oy 90 dnaradianaiiey T eolam St RSEY R ey our The 1EHRTRE (o as

fingers, hyemy cgi‘n BXA Dl ifHdn MRdtertd] Mak AL JuBSan@MyYirdeWorh 9Bidaphcddads 32 are
shown in Fig. 1) gontact pads 32 are fornmed on a perlphery 38 of imaging

pl ate surface 34 (the electrical connection of contact pads 32 to the rows
and col urm4 light impger @Hcﬂf@%risl@ﬂsld@ﬁ arj imeger substraly 280an Bnagong BlAGWyface mager

array 30 i aﬁ? gElg| 661“ arr% bra%h 3)?151‘511 f%gnt%t &;: 2:1)f 9[ I1 r@‘l% p&e&é@t €

surface 3 o ens enen g., anorphous

silicon-based mfgam@wo\d@;s of amrﬁﬂgeﬁhdlrmt nmwsatloandnlgalvud)mftmtaampadmerafed| ate
i magi ng plate surface 35 is conprised of imaging plate surface 34 between
contact pa#ewBAndig l)na&emaatr%ly 33oare |farmgd amtad?%lah@rYéﬁoeﬁ ITRREHRE Blatg he

present i %\éﬁgééeéw 5’551% g‘lﬁca‘i" t?gn I)P' E&QE& gaﬁ? AP rtb %ﬁes rcﬁwspﬁﬁiséo\fﬁlhhso Bf layer.

Lami nati on Sposed In Intimate contact ~ W th passivation | ayer
(not showthé¢ phétogensds. ofﬂmgﬂa&my\ﬁm isarot Ishywen). | Bndggphoay BQ is fiyrmedem of

exanple and not limt either sili nnltrlfeo con oxide, In an
o1t oF nat o SABIcRaE 01 of Pl ir 6 Bene ol pice) oA it DAL Pbr ned on
a 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 alternate 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,
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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silicon substrate. Particular exanples of the silicon substrate |ight

i mger include a conplenentary netal oxide sem conductor (CMOS) canera or
a char ge wouplozx17 devi ce (CCD) canera. |In one enbodi nent @CTHUSe2/piwesent
invention, scintillator 26 conprises a plate (having, by way of exanple
and not limtation, a thickness in the range of between about 500 m crons
and about 25000 m crons) which includes a scintill ator fi rst surface 40 of

Fig. 1 and. a,scintjllatgor second surface 42 of Fi ngt h
embodi mentCIGHRRF Pl %@Sefﬁafﬁﬁ?lﬁi ar, tOf%CH]élﬁa@ﬁtf% selpfﬁ e o PP HOS or

(FOB) for gl PES MR ﬁlt&h@lsa%soéeﬁé\Ql%&iza?rQ&Xd fRE HbP08 P& mhns

scintillatdor colums di sposed perpendicular to scintillator first surface
40. The FG8 at ypiredict Vaterat tshatermgnq:frhglgswnhmesqmmﬁllaacbrs% beAkerdatsphsed ar ound

the fib | t | at eral. scatt f 1ight withi
Scinti 11 atRonnstEl nak Roef etk EBHI oD S BB s SuuPR: Moy "

material obigadRr 08l WARKYRW é&ﬁﬁm@@p EoBRous et bt dcﬁ{tmrauagma&@ianbf Il'ators
conprising a continuous sheet of scintillating material of adol i ni um

oxysul fat @aérﬂemummysclifaﬂel gzlea@mmmamaélyf Pantpble offorax derpexamidel Colupate! Hol es,

I nc. tillator second surface 42 typically is
substantl ﬁ?lxe/s (%(E’i Cli’/eurgﬂnéec qe (to reflect photons generated in the
scintillator 26 back towards the inager array 30). Scintillator 26 is

consi der ecScnillBit@net@ld surPpt e aypiyallyels|sabithimplivhpicilherefleétivcts véfleyt of
scintillator second surface 42 i s _greater than about 90% In anot her
embodi nentPhefons hgensraed nip rfh?véﬁlptlﬂﬁor 544 rherk | tepvgrdso ghen dmagers gBay afdi al | y

col urmar - St O £ahOALES YRR 2pRONT SR BRIARL )};eefﬁeggglltféf' mager

array 30 an GintilTator First sur Lam nat1 on typically
has a t hi cﬂcnﬂﬁlstonrlec@ndamg"m:eb@tiwgmateaﬁmutabsm 9t®&r ons and about 25 m crons.
Thinner lam nation layers typically have | ess optical crosstalk. However,

difficult to f t hi i nat t hat
Subst ant af §PoriEmhedai e seesepemyeRtPrhariaRHetof 45 s bip-agaly
conposi ti aRpuhRf8fructure.

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
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).



to the volunme between the scintillator first surface 40 and the upper
surface of imager array 30 that is filled with the lam nation material. In
one enbodwompi2i7 t he present invention |amnation | ayer PETiGSoramsi der ed
substantially free fromvoid spaces when |am nation |ayer 22 is conprised

of at least about 90% of |lam nation material (i.e. no nore thatn about 10%
voids in |am nation Iayer 22) I n anot her enbodi nent of the present

i nvention atlo i s consi.dered _substanti aII free fromvoid
spaces wheli Moo T EYes! s THE<ED Gy [EPTRIoT BBt 22 A5 GOt 884 o

| am nat i ongiRiGhidIR) fréd 18m VR TPAcEs Wheh Tar@iRidn YoV Qsco&rfbris@drbﬁﬁﬁlb&@ | ayer
22). 6 WO 03/022017 PCT/US02/26651 In another enbodi ment of the present

i nventi on 4tami RA%d ohlalmayaion2Ratedalc@nsne erael thatmbbowtnt’% atoids hrlemirfatiom voi d
spaces mhep qu$nation | ayer 22 is conprised of at |east about 99% of

| ami nati on®¥¥tYial (i.e. no nmore thatn about 1%voids in |anmination |ayer
22). I n accordance with one enbodi nent of the present invention, |amnation

layer 22 i addbrIRA&S dithronk MaGRIMiNEH Y tROpeBeht Savantibh, Rindatid@ layssr@lzslﬁosed on
| am nation | ayer 22 so that scintillator 26 is aligned over inmager array
30. Lani na@lﬁl@ﬁﬁe%ﬁﬂm&@r aryay | 38randcingiatoagris dispessaon laminagian ykes? v such

t hat Iamfﬁgéc 1 a%gklﬁggggg%§mhglgghgr er array 30 and scintillator

first surface to a Specifi'ed bonding tenperature. A
subassenbly 150, as depicted in Figures 5 6 and 9, is conprised of
scintil | at bam2Gtion ambteral ¢m lamyeatioA2layad 22 ghinprisesager adsivei guch2 thetovi des

a side view of a bondi ture 00 support suba A cover

plate 44 ofmEngionjlaye W E%ﬁe@ ik R8RS TR %Q%B@mm?g Ao fesitesdbur S0

mi cr ons) t@hé&h&ttéd {Ad %ecﬁ%%dﬁfé%ﬁﬁ@raﬂn@e Ws%hés%ﬁl'ﬂ?}l L3Rl dhﬂcﬁe@%aCt

with scintillator second surface 42. Cover plate 44 i's coupl ed

i nt er medi aFiguiasdyi hgne|atie cempfisek offScintillator 26, lamination layer 22 and hght
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 alternatively in contact with scintillator
second surface 42. Cover plate 44 is coupled to intermediate imaging plate surface 35
~withan adhesive ring 46 of Fig:—T; typically made of epoxy, toform~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.



--wth---an adhesive ring 46 of Fig-.T,-typically made of epoxy, to forma
hernetic seal 80 of Fig. 1. Hernetic seal 80 is disposed to provide

anbi ent wpIBLe®IProtection for scintillator, |am nati onPCagsn2/amel i nager
array. Cover plate 44 conprises, for exanple, a carbon base conposite or

al um num Adhesive ring 46 commonly conprises a thernoset epoxy that cures
at a tenperature | ess than about 100 degrees C. Typically, epoxy used in
adhesive ring 46 js opaque. .essive void.spaces in | am nation.l r 22
hat - onral B @Ph SSRGS BASF DaE B ey PR DORTRS BT HeP HRg R eLy st om
per f or mancg. .h5er RPRG-0G ¢ BTRRI@HEESdinR T8RS B Emaffdof M@ {diibus 8ibA eMent s
are specified in colum 4 of the table provided as Fig. 3 to reduce the

f or mat i on Wotasensitispelemsntdur i ng assenbly of scintillator 26, |amn nation

| ayer 22 and imager array 30, so as to provide desired | am nation |ayer

characteristjcs, a utlined herein, 7 034022017 PCT/ USQ 6651 For
anor phous BeieratsagEde] P FrdyBinetof ThREar ShonaVg: (EMBar A T are
limted torpbemle g20iddea 8ns 3CTHe t@lebebvi@gnadinagolh hrtprIsS Rlartddmf the
anor phous silicon photosensitive elenents. Materials suitable for

fabri cat i nie| sipimaenvsingage Bepzocyelobpiens i(BEH)| therprsef pplymess | nidalicized t he
tabl e provjided, | i s i :nat r+al | ect ed
from the broaniieasioptsfe babSn e o LA R T sB IS er

pl asti ci zeghan pbbitel $Erdepicde O Ities. D pleadt oft a Pl Yt inide tahdaa peaastliryabsi ti on
tenperature (Tg) of less than about 180 degrees C (i.e. a_blend of a

pol yet her i igiralenaeric)a Phetedelinably BCH thepraeseh Belyassy d)ermepRoNarsT£R9KES BCB

t her noset i i | -al ysts,
thor mop! st ey neal BRATRE SheBRAUTRE pRRRNL o ol FRlopeR) sbhe VT
one enbodi peEnmesf the present invention, and referring specifically to
colum 1 of the table provided in Fig. 3, lamnation layer 22 of Fig. 1
ggi P f;' Lﬁgfn;cgqae;e?%qﬁd&ggﬁt%fﬁ#gﬁr (0 ?ﬁveggcln}/, K re%%rnrlznogcs%%clsi%tgéﬂyetrc])ecogu%%s of! th

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

mesitylene 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



pol ynmer Benzocycl obutene (BCB) |am nation material is then soft baked to
drive off the solvent, per the tenperature and duration provided in colum
3 of the wabBm22opr ovi ded as Fig. 3. When utilizing therno®en/ysot/gaser
Benzocycl obutene (BCB) with nesitylene as a solvent as the | am nation
material, the solvent drive off tenperature and duration is approximtely
150 degrees C and approxi mately 30 m nutes, respectively. In another

enbodi ment _of the present invention, |am nati | ayer 22 e afilm
fabri cat eoc?m8¥%13n=p1§35§m0@r=z@aﬁ |l§/étpr¥%$1ﬁw@a§>r§5'1ﬁn 1198501:15?%%@ 1_@38&8 about
180 degr ee&)mrﬁ\erci%ﬂl?%vtaﬁ%l@ R Rr 21 E1ectRk ?5&%%?@8%6Etm%séé%ugﬁtsw th a

Tg of less than about 180 degrees Cis a blen | tem 1000(r) wth
Benzof | ex Beb&iag (thd Bemroflex/S-BEhmtd texUltGa®S00 lovemsrthe I of BBiendd 1660 S- 552

[ | astjcized herim I t ai nj f .b bout
596 £ o about OBl ULBREDE. oAbty i JRBres cr AU el go S houn as
Benzof | ex SififénalMi i Rek 396si8f arREb MR}y REPLanf%8 RNEbrabaii oY Byo wei ght
pol yetherimde (Uten(r) 1000).” The Benzofl ex S-552 (sold by Velsicol 8 WO

03/ 022017 REreaSHBr2EBen® CHihtsr 2haup A0 Regwean kit for| Witdm®i BgnzpBexa Spisdst i ci zer

for Uten( Q0 1.3 e 0, s .commerci.all ai.l abl e from Ceneral
o ectri o BRI HEPD by S Rasbiiad S8Rl S ypder e poPRog B s 552
into the UihRifdn) ofQBGui 0vergegdrfte Totdfavildt esgiaf0f8e porRdimaReubs 280
degrees C to about 180 degrees C for Uten(r) Benzoflex S 552.

Addi t i onal amorpheps sihdop phipEsesitiNg egtaehondi ng tenperature is lowered from
about 300 degrees C for Uten(r) 1000 to about 250 degrees C for Uten(r)

Benzof | ex . T t r ﬂ%}%ft'l N ; . ﬁle% neet the
bondi ng te%ge?%%rﬂ%negﬁt%{ieﬁgo id%)rﬁénéﬁga out. ﬁg%%e%zgsr %lglgga%qum hg{e?)gf adi ng

t he perf orioareganpkt UyheoatiapDr@irotighsliduid svlupdiOEEAmIR | BenzifeRENRHS2 of

Mor eover, |

n _anot her  enmbodi nent,. | am natj opn. erjal is.applied as.a liquid
sol uti on, 2bOB} 1 &%dfapbau /@gg(t‘f"ﬁ%l?t %lsglfc&lgi%éui tgr(ﬂoa‘[n;xgﬁilq §C§]U’r’cté‘?70 /
Benzof | ex $1RAa%Ofy 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 depicted in the table provided as Fig. 3. In this case, lamination material is imaged

to remove it selectively, which eliminates the need for the plasma etching 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 of Fig. 1 formed on the silicon substrate and the thermoset
reaction is catalyzed by thé 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

radiation imaging system 20 due to thermal coefficient of expansion mismatch



about 15%to about 20% by weight in anisole (Fig. 3). After coating, the
solvent is driven off by soft baking for about 30 m nutes at about 150 C
as noted woposotaemn 3 of the table provided in Fig. 3. Anecharormsedi nent
of the present invention is to use a lam nation material that can be
phot odefi ned. One such material is a photodefinable BCB thernoplastic
polymer as depicted in the table provided as Fig. 3. In this case,

[ ctlve ich elimnates

| am nation nmateri al i mg to renove it _se
the need f W@%S%m&l%r 8@&@3 Betyr ager wér 1y gddifonp el bakingt BFENOs&hot her
enbodi nent, §f i OQ&%%ﬁgrﬁ%ﬁ¥§Bhbp@tﬁhH gzes a thernDset pol ynmer epoxy as

IanlnatloHJ teri set " pol yner oxy may be a blend of siloxane
polyimde (SPlI) and a cycloaliphatic epoxy of about equal parts, and about
1% of an oz?nmih@rsahbodlmnhbyﬁte presédrimyventionesniosete agiobshiee thirmoplastiher noset

| t 24 f d th
BP1 Y Con coptiptas oo Phufial as pepiPigt o PRaes Plaftad e, (St um
salt catal M‘ﬁfol}%kteﬁtlfeﬁﬂg}ﬂaﬁfc PR MBS RmaRaYh mbeliaCiiandxte@dBétfond Q0nfatéhi S

process is particularly useful when assenbling anorphous silicon based
| i ght i mag¥r&f Figihae thqmeren@WCbuiﬁmmﬁgan SiPpeedeser or pXRg0 €9 rmdesnemi cal stress
in radiatlon i magi ng systen120 due to thermal coefficient of expansion

m smat Ch (M\Qerog &%%Kt {1U gs/eth ntl&etl § s %'nnﬁclr hcfattl%rmggla éj i ght
5 SIS g7 vie ol

i mager Th 4d ion, rnose poxy
requir ed mdljaﬁeﬁas ablanﬂman@n nﬁzﬂﬁﬁd’jas dqmbuad mﬁr&mttalﬁié ptdnedeplraes}agm i Meﬂhs on is
to use a pal yester thernoplastic as.a |lamnation materia

depi ct ed |9 doRdict Téﬁllnéorﬁ%%mﬂﬂ’éﬁﬂn%{slamﬂlﬁ‘m@ ‘mieiiali (eextigd lrf@m%@lavﬂator
{ her mopl asid & 1! VTR kndAERL] AR &1 baimthaler 8XbEBEhsigyONd scintillator

26 of Fig. 5 ar n renoved util1zing an excinmer “faser or oxygen (02)
pl asma. Anot her enbodi nent of the present invention is to use an acrylic
t her mopl asAisecondotojuren imshatabinpreatdedras fag.e¥ dapicagheleplivettedo ibn uitieed abl e
provi ded as.

P 0w 020 Al ke TRRBAR mefkeiidf hORRTRBLAR! £ R4 YiGha' @ThE4L o7

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 provided 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 example, 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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26 of Fig. 5 are then renoved utilizing an exciner |aser or 02 plasma. A
second colum in the table provided as Fig. 3 depicts the solvents to be
utilized weaioBl22espective | am nation materials |isted in Pha/dsoz/sdescol um.
A third colum in the table provided as Fig. 3 provides the solvent drive
of f tenperatures and tinmes. A fourth colum in the table provided as Fig.
3 provides the bonding tenperatures and tines. Afifth colum in the table

provided as Fig. 3. identifjes tenfjial .etchin t hods. A sixth I [
Phet abl e BHBYFHERTEET RIS B VPGS CRUHLS A SJHREHES 1o & FRECdIS¥ ool unn
of the tab} &Py ¥LARS HEABER 1 COMIERLS. M dfiRar S5RAGAE mteria@wﬁényon

material. For exanple, BCB is a thernoset polyner material, whi'ch has a
thermal coefutecligh pasfinghparsinila(or CEpy dktvegeprabritnkt’ekyd seoyabte Per

mllion per.. Si degr ee O . A lamnatj mat er.i al th I TCE
s desi r aEPieBARERe Flhal PRRGLY sor s e o i agiifid fa Bt
typicall ydth%ﬁﬁoﬁqtﬂl%ihsﬁ@mmjrnﬂm-medgwr_ﬁﬁoq—diﬁydﬂas&pﬁmlaq&ﬁbﬁe comphi ng TCE
of scintillator matérial and TCE of |'am nation material, the stress in the
final assdimblneakiman shspmtionrrighs gpissad ebsarbiog insateriad deiedected ip maeiably

enbodi nent_of, the present ipyention, |an nation.| I 16k rises
an opti calmag‘ﬂ’s%P%all{rfﬁn?’rﬁYli"F Pgﬁ eﬁ%ll(’)tofséenéarc&ﬁ%]e}été iogfl}n?gegtagr%;?lbg '{hq}lﬁ hetdgo sity and
any |aterahe cuphfads atintifihtokidd,at.gl, hppgbtinfabulpupb hadomatwoslengtherfo?2. The
addition of thi's optical absorbing material_ reduces the |ikelihood of

Iover f] at ur amoaphays stlifen pthotesiedssorFoarexagple, 10lapmanopye172 FCMUEI2/726651
versaun ; POt o . y 3
ange. ber uRagn Bk, BT S e haEL Sl B iAohelRT S KRR 2

absor bi ng nwméredl ii@llarhivpii@alayyr 22 ediseesn bpigdal apasstiorgcfangenfioai aiduk 118%or 26 by
bet ween about 10% and about 90% The optical absorbing material typically
conpri ses t%ﬁb%gﬂr/‘aqui none- based dye such as di am noant hr aqui none (DAA) or
1- met hyl am no- 4- di hydr oxyant hraqui none (DHA). The maxi num absorption of
the opticah ,alsehPhige MRLRLIGH laysr S£1Lad:8GbddCatora SR RBM L tioM it opticREak
sensitivity of the photosensor élenents of imager array 30 nultiplied by

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 vacuum 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 output of scintillator 26, e.g., approximately 0.6 m crons wavel ength
for anorphous silicon photodi odes. For exanple, if lamnation |ayer 22 is
about 12.%O0 ogiozaoons thi ck, about 0.5 wei ght percent to abeor/uSomedicght
percent of dye in lamnation nmaterial in |amnation |ayer 22 causes an
optical absorption change from about 10% to about 90% In addition, while
| am nation | ayer 22 is described above in connection wth optical

b bi t i b dye, l.am i 22 i d th
ootical BT A RS PRR 00t i W et R s HeSE o6 ctlisal < THR T
azo- based ehy@lng iFHVEREEIPLiLg 260 of PNE 224108 kdBAH Touplall RasbPfbihidy 8¢ a 22 does
not include an optical absorbi ng material. A bonding fixture 500 of Fig. 2

i s desi gnetbupbng @i 4 faravacuaneiupgng 259 whdss ehbnd an Higert gds @ugling 248eidi ng
fixture 5 o R h ater 0..0f Fi 2 disposed on a bottom
foundat i 021%52% Jg#'gﬁeé.gag?ypz%ﬂg ﬁl;]?l z%c?ﬁggﬁ eelrm#rl%es TEHE" 221 of Fi g. 2
contacts bottom foundation 225. A vacuumtray 210 of Fig. 2 is disposed on

heat er 220A petyimideafiinaisvaididedrad thayndidriad fordottea Blhdldaf206iaf Fi@ 2i shddiasigesed on
a heater second side 222 of Fig. 2. Vacuumtray 210 is configured with at
| east one HbX'OSRYINLB GetHCEBUIptagg thrgpeh ppermbgry seal Rbollitet 7 #hed prespue

confi gured.t I i r : ] 8 - Elig. 2
machi ned | o a gk (iRl (leofer 436 WY Y UEHneS G SEE PRV 10 1
conf i gur edfilm hed intgaske|20p adwaaseiststih gireveating stbabsEntbdyn] @ Crommadieuipgitog 230

with vacuumtray vent slits 8, A gasket 205 of Fig. out _50_microns (2
M1 9) B Ao o5 A O dpidBeort Saleasz*%?bﬁfcﬁﬁk%{ Figos bver s
vacuum t r ayonds€ GRAG ookl BCEsAd _%ancﬁ-f’ﬁ%kﬂnp%%r@ apd _asugéécﬁﬁ@t{tl}l Yenfvedandigt vent
slits 209 of Fig. 2 that are in comunication wth vacuumtray vent slits

208 t hat aresupnmdtyryd@ ofirig 2c gasiet 200 \EOGVed IR0 FuleEMign25@6651 tray 210.
A fixture cover 200 of Fig. 2 is configured to have two couplings. The

first coupling i.s'..a ve coupli.ng 260 of Fi.g. nd . cond coupling is

usea j oi nifykenpodBel e BB Whptonct ki @pg i BESR el Bt 00 o

inert gas gaieplailngof2401.0tlu 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, lamination
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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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 gaskewoO 020%01D assi st in reducing | eakage through a peciraiseryeseal 290
of Fig. 2 when pressure is established in a bottom chanber 400 of Fig. 2
of bonding fixture 500. Polyimde filmused in gasket 205 also assists in
preventing subassenbly 150 from adhering to vacuumtray second side 212

during bondi ng. After subassenbly 150 of Fig bonded. and. cooled to a
safe handIRf‘tf@mﬂlér?BeElgt Gr éangﬁ@tl%%ag Gt Id§;Spr°é"rﬁjo9’e§ 120} FRpef ALY, 210 of
Fig. 2, ¢ mpnt  of

t he preseﬁ?llagnven |?(’)(r§i IB{% g(g?tgﬁ%ﬁ%]ngg?%?%1%{:%&&/3:;%1@3125@8%?3%%%% rademar k
of E.I. dwnH’mohtadepd‘derﬁQUr]steameldlﬁlanpmgmgmﬂé' sifadects Stqoeeirl,sed o immd gt on,

Del awar e r¥2898 t|||zed as mater

f bot 06 d ket
S e St BB A0 SR DR S AT o T AG Syt em

205. In o

20 of Fi g.cofnrhéhly f(ﬁéﬁ'o's&ﬁrt@@lgﬁpmﬁgé'ﬂgbﬁ ke %P&:Bé;s of 1@ TROBPRY sﬂnﬂfﬁn@atl on

| ayer 22 of Fig. between “Iight”inager 24 and scintillator 26 to form
subassenbl sprays, or_n@htscumeﬁgl@ngzMulthhmoatsetse disposedgiémeededatp Bbievathd magi ng
pl ate sur](;%geﬁﬁ nd c nt aCtR}\)ﬁfaldé . In the next step, subassenbly 150 is
t hen subj ¥ tth B4 f ol | owed by heating subassenbly 150

to a bonding terrperature Subsequently, a bonding force is exerted on
subassenblyyighbSithagdh®4 UAE Wikithatt@iidl e 2t SemiRimadodl aked ds bantiedgofdiveff ar e
mai nt ai ned unt| I I ight imager 24 1s bonded to scintillator 26 and

| ami nat | orpxpavéplvexztzfr@rg lapivption aeiod2. | B 594t hasingiaperpmped nea the solvent
subst anti Sg t

sequence 24 fgg&fl‘%{rgﬁ{ﬁ %:“%Hh% (?%Cl{l?%r%]? Clgfr%%(f:;l} %gﬂot‘)%}%tfegé&g% ?ﬁﬁﬁ%ﬂ}&{i- In
one enbodi Iﬁaehalcn‘f dohenpi ed e table\mm*ndemm Fign® nThisosoft Bakijrer pracss step ds med
froma liquid solution such as Ul teg( / Be zoflex -552 of about 15%to
20% by weiigREMPRSIERAPEET & diaRPSiNg SeELELD ?IPS@EPIE 814+ Referring to Fig.
4, lamnation layer 22 is disposed on Ii ght i mger 24 including

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 embodiment 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.

13



i mger array 30, intermediate inmaging plate surface 35 of imaging plate
surface 34 and contact pads 32. Internediate imging plate surface 35 is
conpri sedwofosjommgi ng pl ate surface 34 between imager arr @¢TAG0aAn@Scont act
pads 32. Lam nation layer 22 is comonly disposed to |light inmager 24 by

t he process of, for exanple, spinning, spraying, or meniscus coating.

Mul tiple coats are disposed, i f needed, to achieve the desired thickness

of lam natjon laye t im 24 and am natio are then
20t t “pakednadoitah erbagmeh diessegrt ks DSOS Of HERPRM 86t Sh | ayer
22. The Sqiémliﬁt%hﬂahaté nﬁgélf)g'pﬁﬁ‘éjs&%rcet3|39an§(%ﬂl‘§&t paddBb\ean BbfacdRRpAKad ure and
time specified in colum or the respective lamnation material of

col um 1 odifter hendinpbubapreoblyé?D.in Fig. 3. This soft baking process step is
acconplished prior to disposing scintillator 26 onto | am nation Iayer 22

that  sorrerararesr S 220 s 26Tend® 405 eRRRR M ashafb A0 R 227

Scintill at@mménitse a,iltqslq;acmﬁﬁit&yoeﬁdhtsozo@over i mger array 30 to produce
subassenbly 150 as shown in Fig. 5. Referring to Fig 6, in another

enbodi ment of the present invention, subassenbly 15 i s produced by
renovi ng 1A¢RRHEE Shonegrabodiment of g meé@rﬁﬁmeatlel,.afﬁr@t $ge B@ af gibgssemble 35
and cont actsPRAfisntfed 61" a%er&dseof Plea98 %& 81396 Pa asREY A6 i 209 and
alternatively rop riate gas ses can acco e | am nati on

| ayer 22 remoMﬁhn®ppnnﬂﬁmI@&nediate i mgi ng plate surface 35 and cont act
pads 32. Alternatively | am nation |ayer 22 is renoved frominternediate

i magi ng pl urface 35 and contact pads 32 b mer . | aser_.abl at.i on
uor g Sl kRIS SHES HedaRan kot Gyediet & tueie ) SHEBnods o
each respes%aééemb?mmafsl A5 BhigalkednB5 dePinat Stbakdenf Y50 covdk ghil@tt abl e
provi ded as I n one enbodinent of the present invention, the renova

of | am natve(nnslitaQ@/‘P arkPvagiumPiay. veBt §litoA08.nt er medi at e i magi ng pl ate surface
35 and contact pads 32 can be acconplished prior to bonding subassenbly

150. 13 V\Q\%‘?’:{d% ng(p %qgllo% &Sr%lls) 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.
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I n anot her enbodi nent of the present invention, the renoval of |am nation

| ayer 22 frominternedi ate i magi ng plate surface 35 and contact pads 32
can be acworploz®ihed after bondi ng subassenbly 150. Gasketcrarsp2/sdest s 209
of Fig. 2 of gasket 205 are di sposed on vacuumtray 210 so as to

communi cate with vacuumtray vent slits 208. According to one enbodi nent of
the present invention, a first side 90 of subassenbly 150 is disposed on
gasket 205 of Fig. 2, so as to cover gasket vent slits 209 and _vacuumtray

vent sl it sVbogsubrsearblyntPd deaghet M bendpai wERerapre e (wBet PPhikhtion, a
first si d%esgaggﬁ{/e 1§@g1aﬁ%n%ater§aﬁ'%3§§1ﬁﬂﬁ' ¥ oA tivie %@@ggg ) 398385 205, SO

t hat subass COVEers gas vent slits vactuumtray vent
slits 208.adAitddaddengt?@frtapautodplingi 210006 F{R2 2ritd pressimiackands ndiilgpiosad so as

t b nbl 150 h i Fi g. . Bl ad 206
Loskot - pogbHTE RS HERRagT DGR ARPY D s ot e ALrbEr (o
bet ween blpg‘fg% tﬁé) Ghahber VAR UThd E?eésurg 10 tof cEdHbE TRVSLVRRP teShRRshd | oned

such t hat i Xxture cover first e 201 contacts bl'adder 206 at vacuum
tray peri gheey PHSboorhorhanet pressiraoeditions) toptahemberf pressure copditiens f i r st

side 201 d bl adder. 206. A.top foundation. 215 is .placed in.con with a
fixture c26@?£% Ghey %‘?ddléor@é@. J‘%Hfﬂe ?Wreeco g{}lé’Ps % .g{?ensrp%lgt%iun&tl i%h%r 206,
gasket 205n,@pd MaSHIY § i@¥orrRE 99 dcitilifor & and iAhAtR R§é Zﬂ"@rcbm%@@éd 290. A
bott om chanber absol ute pressure of no nore than about 13 kPa (100

m | |i met erof larpimagiom atesiad tirag i{ Hepsjantiglly fen of yoibsnagere dBeamdingrdimation aed i n
bott om chanbe 0 t.hrough. bottom,vacuum c i 230. . ter 220 heat
subassenbl Syec_’ﬂéfffl{%(g eﬁch %%ngqlr?a Il?aé[%aé rat (Euilrlrémé? (il’%girle %‘%%et por%wg Fﬁ%ﬁ‘b@g‘ 3a?l’bs ol 3? eS

pressure is established. Heat fromheater 220 is transferred to

subassenblFhelhésstieria ugh chvmehen 100 Ha¥ig? 2Qs fddtbredyrsdoit 20 mspHetic\WOndiBONAL 2017
PCT/ US02/ 26651

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



When subassenbly 150 reaches the bonding tenperature per colum 4 for the
respective lamnation material of colum 1 of the table provided in Fig. 3,
i nert gaswopd3/2@mitted through inert gas coupling 240 of PCE/USB2/26851
pressurize and mai ntain an absol ute pressure range of between about 170
kPa (10 psig) and about 377 kPa (40 psig) in top chanber 100. The pressure
in top chanber 100 provides the bonding force. The bottom chanber pressure

condi tions cha ressure dit bondi n ondlng
Cenper at urdc R PR 2 Pe S ERUAT REPRE e, oY POECR e SRt H Y.
i s bonded dppropgiatet %ésbs’@ omtzﬁlaanayh@mnaa@ﬂg el ZY edvedidg life@OMt¢ GBsLInOf

| am nation materi that is substantially tree of vold spaces,. Bondlng

durati on imatesyeird 38 eridopondast P R niat BNV b by r ¢xgimeinlage| ahefion wFing he
table pr OVéci%%l To & 1 etliGeRhG Isflégecﬁ”c %&g rg:&’éﬁq%ﬁs ¥00 0 & f%&t 1§?n' S

restored t at nospheri c-con ressure In

chanber 4Q@mnr&tlbﬁsﬁazéﬁm atr@ degiotet] 1ﬂtcmphﬁl’olf¢hepfa®1isplﬂ’oeldeﬂ s cfng Fenmiadidi mrent  of
the present invention, after bonding subassenbly 150 of Fig 5 subassenbl y
150, gaskdemopmeclmmmaiionslayey: 2 cAvIME-INfsTMedialy Heagne platesgfacs b and gnt

| mager  24)qonflcK Ms%sz?*geé d%@gts%su'ftﬁr%suga E‘ﬁblbfy ggder 206, are subsequently

cooled to a safe hahd er at ween about O degree C and
about 60 degrees C. leture cover 200 and bl adder 206 are renoved.
SubassenblBefasimgab Figg7, fpanatly agbskles! Goxydbriks gdh@ivarléng Hernlispessoved f r om

acuumtra 210,. Gasket 205 i h f t de 90 aof Fi 5
Lt " Msharcistg ihpaing BBt ST ERE Ol roRPeoIat S it SaBHled 1 GG bt e
bondi ng sqﬁﬁg&%ﬂpiare 20 Qf 35 leql fadhe%maﬁﬁgrmd YsubB Qhatdasketpla@upfis ki g. 2

(attached to first side 90 of Fi i ght i mager 24), fixture cover
200 of Fi gorogindiyd(abdetddenic2@6, toabeuisionsgersnte, wr@b@m@@velym eongast vithandl i ng

t enperat ure. ut, 0 degree C and about 60 degrees C. Fixture
cover ZOOSgﬁgﬁ%ﬁﬁaﬂgpafﬁgo renoved Subassenbly 150 of Fig. 5 and

gasket 205 of Fig. 2 are then removed fromvacuumtray 210. Gasket 205 is

then rentN@athetic agalf 80 8f Fid. depi@Vides ambient addtutel tectiomgar scidillaton 26ne
enbodi nent, of the present invention, subassenbly 150 as shown in Fig. 5
depicts Idﬁ¥W§¥P6ﬁ”ﬁé?éﬁm§2ﬁﬁg§ﬁm@699r|ng internedi ate i magi ng pl ate

surface 35 and
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 column 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.
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contact pads 32. Lam nation |layer 22 covering internmedi ate i maging plate
surface 35 15 WO 03/022017 PCT/ US02/ 26651 and contact pads 32 is renoved
by pl asnewetoshe2g7 i n oxygen (or alternatively, other app/Poprisat/ssegasses).
Alternatively lam nation |ayer 22 covering internediate inmaging plate
surface 35 and contact pads 32 is renoved by exciner |aser ablation using
scintillator 26 as the etching mask. Specific etching nethods for each

respectiv am nat Lon terial are picted in calym 5 of the table

br vt ded axeelie 'S F oL tiinafen, B Baniritiosn ofy e dmhedof i Bt ®

i nt er nedi adcgntil ARG M0cdVe! Bndf hAGE 380 SiMdsse a5t cPAGAsA%cidtlbior®edepi ct's
resul ting subassenbly 150. Referring to Fig. 7, typically a bead of epoxy

f or ns adhelémjration dayen 82 and halfataser 24 as ghovadndi® % magi ng pl ate surface 35.
Cover plate 44 is coupled to internediate 1imaging plate surface 35 with

adhesi ve r4 ; r. Rl Loh S A [ oxi.m § V¥~ aho 25
e o P ol Sah B ah St e AR ORGP 2
scintil | atiatagseBbidpesforharas descritodrabevd.c seal 80 of Fig. 1 provides anbient
noi sture protection for scintillator 26, lam nation |ayer 22, and inager

array 30. FEi.gures 8, 9 and 10 illustrate a sequence of steps_in accordance
V\,ithyanoth ¥ Sﬂ?%rﬂaf BrPT?SS?trﬁnh’anti%ﬂ%&Si%ﬂ TPHEE XS véddpimaBen Fi g, 1.

In one enbgolimentovefhg it\erPERRE Mnakin¥ SMtk QMrfadc2H tQRadt A 322 BfisF1g- 8
%ug therr(r gﬁ%ﬁ > of

is formed froma liquird solution as enz ex S-5o.
about 15%allowa086uplingssiogrt plate ddite cinermBdihter imayng plae gurf&e 3Amittmut on

| ayer 22 i.s_di spose e.g., .spun, sprayed, .or.menisc coated, onto
scintill atlgrw%&é R Ofnﬂa‘gel %?Hpr‘?gtrle@r?‘q ygarml?az“oc?oi}’é@”s Liécfrﬂ’tni FHefmsdiatg ¢ st
surface 40maghigilitk kaifde 3BGnaRdnlagiPaagtbon | ayer 22 are then soft baked, as
necessary, to drive off excess solvent fromlam nation |ayer 22. Soft

baking is performed per the solvent drive off tenperature and tine
speci fi ed ﬁ?ﬁe@@tgdmfls- Hortypiedly @ bped of veoyatermaeibesivenmng /6 glisposedcon urm 1

of the t at{h%ﬂﬂé(ﬂweqﬁ%gh% Efa% sutfacd §55 8814 &%@ M E(())lfp &k 1o En?gmle%iate

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 irﬁager 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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acconplished prior to disposing scintillator 26 and | am nation | ayer 22 on
light 1mager 24. 16 WD 03/022017 PCT/ US02/ 26651 Referring to Fig. 9,

| am nat i owoloaweza0122 i s di sposed on |ight inmager 24 such tirat/usszeassi | | at or
26 covers imager array 30. Subassenbly 150 conprises scintillator 26,

| am nation layer 22 and |ight imager 24, as shown in Fig. 9. The bondi ng of
subassenbly 150 and renoval of gasket 205 fromfirst side 90 of |ight

i mager 24 is perforped_as scri bed aboye. This enbodi nent of the present
i nvent i on [@EEPORAD %aﬁﬁgﬁﬁémﬁa ‘gﬁ?‘)s? AP FHt lgRinatiap d3yep PORipeR | Mg

i nt er nedi a4,6; i PRGLOYS BEREE 13Ub FRGE 1AM GORLACY %@%aﬁﬁga@tg oftd OVs
coupling cover plate 44 to internedl ate I nmagl ng p?ate surface g w t hout
havi ng 't o ipegérormmyt3ve Istneipatidn kagerdid2 isglispasdadriztwemsn dcaidlato? Firftrsarface 40

internediate .imagi ng plate,surface,35 and contact _pads 32, Referring to
Fo. 10, th S Beid vl e Gl Ve Pngudehr Spekecdn

i nt er nedi alopriRBAIYASscRiAY e5¢ur face 35. Cover plate 44 is coupled to
internediate imaging plate surface 35 with adhesive ring 46, such that

cover plate 44 is in proximty (about 25 microns to about 50 microns) to,
or al t er ndti g gmbedigwnpt a€ theviptasent Bwpwitan, |fistolenypdiondlayer pediena®l iHer meti ¢

I fi.El ' ' I ion f intill 26,
o nat i ot Ryt 285l SBoarR) ARl APLEH o LB B RRab i BSYlioriad ner

enbodi mente] ik aviseained o bayRposed oncdigiegesartdy ¥ | am nation | ayer portion
61 of Fig. 11 and a second |am nation | ayer portion 62 of Fig. 11. Second
| am nation | ayer portion 62 is disposed, e.g., spin coated or neniscus
coat ed, orREETREP Figotl, spicallych bearhol ersyrigrms adbesiveding 4§ &isppeacdioton 62 i s
appr oxi Matigleym ik (‘iﬁﬁgﬁlgt DhksiRfade %gyegﬁve?gélﬁ'%'éu Al 95upflédr & intéHdaks 40-

| ayer I sposed, e.g., "Sp

First lamnation |la portion 61 is In, spray, or

neni scus dwagiegd, plete surfeegeds avithaydiBBivef rihg gie; sicngent @Yesoldthald i3 st

| am nation_|layer portign 61 i : : : .
prox1¥11ty (Qbout 23 microns %o 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 thl:oﬁgh 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

18



approximately 5 mcrons thick. Both scintillator 26, wth a second

| am nation |ayer portion 62, and light imager 24, with a first |am nation
| ayer porwbDon/o®D17 are then soft baked, as required, to dPCYaSoi/feeeKcess
sol vent per the solvent drive off tenperature and time provided in colum
3 of the table provided in Fig. 3. Second lamnation 17 WO 03/022017

PCT/ US02/ 26651 | ayer portion 62 of Fig. 11 is then disposed on first

| ami nation_ | ayer portion 6 a_ first interface 75 of Fig. .11 to form
| ami nat i onTieaBye éé%éﬂiasd méro%é@mtmatml%foréggrw@@ggadl%%'éﬁ?aga}% Besp.
Lam nati omg &YelL. 22rd BelfiveB s bR NERBVESF ﬂidlal et Zf&' fagée FMLERCEe 40  and

i mger array 30. Scintillator 26,2Iam nation | ayer and |1 ght 1 mager 24
conpri se daiges gentApprokbfatelyn] @hemenbodiarenof ofticehquadite septovemenisitn, fir st

| am nation_| ayer rtion 61 i.s, dispo as, descr.i bed abgye on |ight inager
23 such ¢ HEPRH TR FRTTg hePugrer BB P B [BToUrSt P odheh B
di sposed GRé¥n&dlof SRAAT aRbrANg AdterfRe iPTabdiRdiohQafer 22 rdduceb YR §@dl Yrot bead of
epoxy forns adhesive ring 46 disposed on internediate inmaging plate
surface 35cingbeter 20| kelew saturationamdl iewpreesithe eigneldioancase tafragi lnqdditame

Cabout 25 M PORE SHELEE pOBgs pRierdnighe, §te UFPrAEDL ' Callct "

with, sciqualilyl ator second surface 42. Hermetic seal 80 of Fig. 1 provides
anbi ent noisture protection for scintillator 26, |amnation |layer 22, and
i mger array 30. | n another enbodi nent of the present invention, top

chanber 100&Pved darge Emagepeoptifdh equalifit UsnetErBngh YRS ViR IRBB@BEYS ng 250

whi | e bot trﬁéﬁ‘fﬁ%ﬁ{éﬁ%r f]’glpe ifﬁstu qgﬂtitat\l'\%c urgfhief?ﬂf d%@nﬁﬁl%g Che 21%98 Wﬁﬁn‘%ﬂ %r o

subassenbly to bonding tenmperature. An absolute pressure
t han abouttrah8fek Rencfidf) QMF),Hghich sefrbentses malduirs bfithe ilight fpotdd. t i schamber 100

and bottom chanber 400 through top_and bottom vacuum cauplin 50 and
230, respePEPVEIYE MAANHOMARY 405 dRiscRLe ABtuR %fﬁ%l&’% éV}BfL’Jlgé%‘?‘%s ?E@Fh no nore

than aboutid dfPaaddl @ MMsEGkrhd BRFA ehaBREHADQuaktBAl effickaly gat s

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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subassenbly 150. When subassenbly 150 reaches bonding tenperature, top
chanber 100 is pressurized through inert gas coupling 240 to an absol ute
pressure wango2wi7 bet ween about 170 kPa (10 prig) and abeatr/u3ez246Pa (40
psig). The bonding pressures in top chanber 100 and bottom chanber 400 and
bondi ng tenperature for subassenbly 150 are nmintained for the duration
specified in colum 4 of the table provided as Fig. 3 18 WD 03/022017
PCT/ US02/ 26651 The above descri bed nmethods and materials_for fapricating
radi at i on liHRgioRg Asyederaly, she g scapepidhe Bvepiipre & La? Hiitgd onidPoved
optlcal q S, i.e., larger than approximately 100

. One g%gghg Bg%?%§%$ﬁe&gﬁﬂh§ i nprovenent is the inproved optica
coupllng between scintillator 26 and light array 30. Further, the presence
of optical absorbing material in lamnation |ayer 22 reduces the signal
from scintillator 26 bel ow saturation and inproves the signal-to-noise
ratio. In addition, lamnation |layer 22 reduces |ateral |ight spread,
whi ch further inproves inage quality. Inproved |arge inager optica
quality is determ ned using two quantitative measurenents. The first
guantitative neasurenment determ nes the nodul ation transfer function
(MIF), which represents a neasure of the light spread. The second
guantitative nmeasurenment is the defective quantum efficiency, which
i ncludes both the MIF and the noise terns; therefore, the defective
guantum efficiency is a reflection of the signal-to-noise of the inmge
detectability. It is believed that radiation imging system 20 reduces the
| i kel i hood of system oversaturation without reducing signal-to-noise ratio
and wi thout requiring, for exanple, that scintillator 26 have | ower
scintillation efficiency. Lam nation |ayer 22 of the present invention is
readily adapted for used with both [|ow energy and high-energy radiation
i magi ng systens. Radi ation inmaging system 20 of the present invention is
al so suitable for use in either a high-energy X-ray
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radi ographi c system or a conputed tonography inmagi ng system applicati ons.
Anot her benefit of the present invention is increased nechanical
robust neswp ta®210lne  present invention requires no externalPCelEsapdasgt of
scintillator 26 and imager array 30 during operation. Fromthe preceding
description of various enbodi ments of the present invention, it is evident
that the objects of the invention are attained. Al though the invention has
been described and illustrated in detail, it is to be clearly understood
that the <dmM% intended by way of illustration and exanple only and is
not to be taken by way of 19 WD 03/022017 PCT/ US02/ 26651 I|imtation

Accor di nglyy, A tReatRi i NIstSEPE) RhndiiRgot Nvention are to be limted only
by the terms of the glpg gs SRIPE, RmPrie ) 051 092047 POV US02/ 26681

CLAIMS 1. A radiation imging system (20) conprising: a scintillator (26);
an i mager amcimgiflatoB(®6); and a | ami nation |ayer (22) disposed between said
scinillator (26) and said inmager array (30) to provide bonding and opti cal
coupl i ng; S?ﬁg é%pgnigéog(iayer (22) conprising a |lamnation materi al
substant|§PI FF el or?fl I d spaces. 2. The radiation inmaging system (20)
in accordance with Cdaim1l wherein: said |am nation |ayer (22) further

conpri ses aal'amhm%h 1aye0 22 Pd8pRtd Hatwibeh dadNRIniRAor (B8) and 8hid ihagdhvardyadi ation
i mgi ng system (20) in accordance with Caim1l wherein: said Fanlnatlon

| ayer ( 22)(3@>thpﬁ@fld%hmﬁ1&@“sd enticekeayplingoatd puipasiondayes (RAromprisms 2 _
mater i al . dninThen hadhat LBkahiRE A% AYALEM A0, | n accordance with Caim 1

wher ei n:

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 wherein:

said lamination layer (22) further comprises at least about 95% of said lamination

material.
4. The radiation imaging system (20) in accordance with Claim 1 wherein:

said lamination layer (22) further comprises at least about 99% of said lamination

material.

5. 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).

6. 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.

21



said lam nation layer (22) further conprises at |east about 99% of said
|am nation nmaterial. 5. The radiation imging system (20) in accordance
wi t h C aiwob3feaother conprising a hernetic seal (80) di spazamor/ae6pr ovi de
anbi ent noisture protection for said scintillator (26), said | am nation
| ayer (22) and said inmager array (30). 6. The radiation inmaging system (20)
in accordance with Claiml wherein said scintillator (26) has a
scintillator ,ﬁecond surface (42) is sub tantiaﬁl opt.i cal

2 th &dft

: th f [y )
reflective’ hwd&wazwwaoéyﬁ%d?@bm&w INCE K i ilowﬁ?’rﬁé’gFEH@ system

(20) in accandpnze 2w his & @idthdsses Sldbe Siteers 8bdtt 1900ahREods2d Bt @

t hi ckness 1 n a range” bet ween about 500 "m crons and about 25000 m crons. 8.
The radi at2d800immagineg system (20) in accordance with Claim1l wherein said
scintillator (26) has a substantially columar structure. 9. The radiation

i magi ng syst (2 in accordance with.C aim1 wherein sai.d ,|lan nation

| ayer (2205 oscFilatel R e L2h0i rEigeb b 9880 &1 wbtPEh e nce)
ther noset RaNERIr$26)H8tsubdtzflIpebMailestwbrgle. t her nopl astic pol ymers
having a glass transition tenperature (T.) of |less than about 180 degrees

C(i.e. a blend of said polyetherimde and a pentaryt hryt ol ) )
t et r abenzot efhe pulintivaciagiy syBoB (ERkeinmewrdanse| Wit (dain HeyWhersbx s@id| ymer

epoxi es w .| a . i.C I s and
hor mopl ac kTR EY Rl ehim 4 BRGNSk or MBI Bhuhe (HEBRS T
accor dancethetndseGhaliyme3, plasticzad lyetheriphids theehagdstipgiorahéie havinge glass

t hernopl asti c, polynmers further conprise mxtures of _polyetherim de_and
pent ar yt hr JRBSIHonctenpsEis dile) oF 4658 thin pbrws! SHadhesess L rafge Wind gbédigen

about 60% ik AeI5% Phohahlydlicpalcly RLY ShOGELELAR Ao hokdas Of

bet ween a 5% t o about "40% by "wei ght o pentarythryto
t et r abenzoadlemers] . thdesetaghobtmayn eporagy rvgths steetmhe20 catalhystic cthedanpdastiod t h
Claiml wherei '

polyes?er%%iy%lers and thermoplastic acrylic polymers.

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

11. 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.

12. The radiation imaging system (20) in accordance with Claim 1 wherein said
lamination layer (22) comprises an optical absorbing material which comprises an
anthraquinone-based dye selected from a group consisting of diaminoanthraquinone

(DAA) and 1-methylamino-4-dihydroxyanthraquinone (DHA).

13. The radiation imaging system (20) in accordance with Claim 12 wherein said
lamination layer (22) has a thickness in a range between about 5 microns and about

12.5 microns.
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| am nation |layer (22) has a thickness in a range between about 5 m crons
and about 25 mcrons. 12. The radiation imagi ng system (20) in accordance
with C aiwob3meeeaein said |amnation |ayer (22) conpri se®Carusoprdssal
absorbing material which conprises an ant hraqui none-based dye sel ected
froma group consisting of di am noant hraqui none (DAA) and

1- met hyl am no- 4- di hydr oxyant hr aqui none (DHA). 13. The radi ati on i nmagi ng
system (20), in accordance with Cl aiml2 wherein said | amination | ayer (22)
has a thi ckhe éeirwﬁathraﬁa@%%t%@ﬂ @bt 2e5orER AR R BT TP S0 or ons.

22 WO 03/ qg&%?ioﬁ%ep%/c\%mﬁ@ﬁg‘es Hebwee loﬁ@@.iSaatrlh%Bo+tWEiQ?t Zy%féetn?ﬁfgag@) in

accordance wth Caim rein said am nation |ayer conpri ses

bet ween abmothiraquibomnbhsat dut inSsaiwelagimatipemezterialof sai d  ant hraqui none- based
dye in said lamnation material. 15. The radiation imging system (20) in

accor dance, W Claim1.wherein sai l.am nat.i on | (22) conprises an
ot 1 car abkbr iR abes FHAEPEps 8 (o dR PeBHrSR Wi 3l L uRerE 18" of
sub- m cr onaERiAReN 1RRMILT)Sconi)iisd? Bn BRE&M a8y bing MRaterld1@hdtaslis@bited fofRgi NY
system (20) in accordance with Caim15 wherein said_ |amnation |ayer (22)
has a thi caepsonsistiag ofpgempepnerhompoweers apd ezvbaseddiesabout  12.5 microns.
17. The radiation imging system (20) in accordance with Claim1l wherein

said scingjl . 1s..a fi i.C el r . . A
radi ati on lltér'nallg}?1 %3@%@@%@@% Stég&rr{ﬁr(?gzt %ng?&%g(ﬁélgig Iﬁ’{}fhl #L@g?w( é’g%}na%a}‘?rmger
array (30)lamamdioa lhysm(P2X hasm thivkaess(id2) rafligs petsedn hbbwermiGanhdastabuut | at or
(26) and said imager array (30) to provide bonding and optical coupling;
sai d | ani nk&-? BHCIPBYer (22) conprising a |amination material substantially
free fromvoid spaces;

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

scintillator (26) is a fiber optic type scintillator (FOS).
18. 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 substantially free from void spaces;

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

lamination material.

19. The radiation imaging system (20) in accordance with Claim 18, 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).

20. The radiation imaging system (20) in accordance with Claim 18, wherein said
lamination layer (22) is selected from a group consisting of Benzocyclobutene (BCB)

thermoset polymers, plasticized polyetherimide thermoplastic polymers having a glass
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wherein said | am nation | ayer (22) further conprises at |east about 90% of
said lamnation material. 19. The radi ation i magi ng system (20) in

accor dancwowsomoCt ai m 18, further” conprising a herneticPEEaiSOY/ABF1

di sposed to provide anbient noisture protection for said scintillator
(26), said lamnation layer (22) and said imger array (30). 20. The

radi ati on i magi ng system (20) in accordance with C ai m 18, V\/nerei n said

| am nation | ayer is selected froma group consisting o

Benzocycl dH@EAB tE“B@?“”? Keonefskees Hanyshont 190 degteet iz S r?opﬂﬁéfl 52l de

t her nopl a 0 1
transiti oﬁ;og}ge}r}%glkjé?%r e Eg%lﬂgffyﬁ? gﬂs)sﬁ%‘fs[ ag%%zé)\g% ﬁﬁ&%&g@él?lggéﬂ g{l@@g bl end
of said gmﬂ}yﬁetrkgetthanndeetapdlymepeepoarqzt Iwntjnt tdtertteheaabenalgsis.e Yherpophsaef i nabl e
BCB t her rmsof Egl g,msrs Eer rm ?( epoxies with | atent heat

cat al yst s, POLYFEEhBPYEEES gnd't RYEEnd t her mopl astic acrylic
polynmers. 21. The radiation imgi ng system (20) in accordance with Claim

20, wherein, S@héjradpitﬁ)‘ﬁtlh%g syRRhY el0yah it slaatdlasiPRlaat 26, WedryiBhgd f urt her
conprise m xtures eri m de and pentarythrytol tetrabenzoate, said

m xt ures haastiniged p@mjgeromde béerpeniagisonelys®es AvitheabeamprgBoshytuwsi ght of

d pol d f baut . 5% tq_about 409% b h
o sad pataryrRigt onc: sel SRaReELsa BGER, R TeIBR badig By e O

radi ation Hem@n%oaw@%mnﬁ?a@bmcmruﬁrswaghttéresaﬁi BdlSetBérimiddi snRQSiange af
| am nation |ayer (22) between a |i i mager (24) and a scintillator (26)

to form desutsasbenbi% t¢ amoyt 40%dndwm|gbmf Sﬁﬁﬁ&@?arﬂhmold@tﬁ@@n%qaﬁg an i mager

array (30), an internediate imaging plate surface (35), and a plurality of

comact, pade {FlioiSiPiBELLD, £l oy Bassn il ALobh AN BRI el 10,

on sai d subassenbly (150); and naintaining said vacuum said bondi ng
t enper at urdspasitigsidanitatndiaygr (A3) betweet iallighhinaget (and ragetill{tad|26) o bonded

to said Scfjopr}l Ialslu eEs(s)émlglgﬁ()IS(?)n sal(? ?iggt 1margern 3 5 (c)gmll)gging alg m%c)iger array (30), an

intermediate imaging plate surface (35), and a plurality of contact pads (32);
subjecting said subassembly (150) to a vacuum;

heating said subassembly (150) to a bonding temperature;

exerting a bonding force on said subassembly (150); and

maintaining said vacuum, said bonding temperature and said bonding force until said
light imager (24) is bonded to said scintillator (26) and said lamination layer (22)

comprises a lamination material that is substantially void free.

23. The method in accordance with Claim 22, further comprising the step of soft

baking said lamination layer (22).

24. The method in accordance with Claim 22, wherein the step of disposing said
lamination layer (22) between said light imager (24) and said scintillator (26) to form

said subassembly (150) comprises the steps of:
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conprises a lamnation material that is substantially void free. 23. The
nmet hod in accordance with Caim22, further conprising the step of soft
baki ng sawo oBardomat i on | ayer (22). 24. The nmethod i n accordanuse2/wdesh C ai m
22, wherein the step of disposing said |amnation |ayer (22) between said
i ght imager (24) and said scintillator (26) to form said subassenbly
(150) conprises the steps of : 24 WD 03/022017 PCT/ US02/ 26651 di sposi ng
said lam nation layer (22) on said_inmager array (30), said |nterr(’iedi ate

i mgi ng p|da%p@51§ar%ic@np§st}0na#?de% 44 %ﬁ%léclﬂnﬁgaldgrre%ﬁ@ drishBsTRgdts
scintilla i 2) so as to cover said | nmager
array (30;18] @gﬁ%}ﬁf&ﬁi{%ﬁ%ﬁi)ﬁﬁhﬁ%@g? g% ea%\gm(% Claim24 further conprising
the step of: renoving said |anmination |ayer (22) fromsaid internedi ate

i magi ng plditpesingsiideein(iBaipr (2N dnsaddanoatiaciaypa@?) (82 to c2ger salkinmgethod i n
accor dance wi th C aim22 wherein the step of disposing said [|am nation

| ayer (22) t( en said light imager (24) and said scintillator (26) to
form said subassenbly (150) conprises the steps of: disposing said

| am nat i onpsl aRmdtRa) inicsrdhhteSAINCIdih AUGUrth @binpriding PRS$tBPosai d | ami nation
| ayer (22) on said |ight inmager (24) positioning said scintillator (26)

So as to cover said inmager arra g) 27. The nethod in accordance with
Cl ai m 22 VRBPENA S@Iﬁéargtr@bomay@i é& @waghin&rlnpéﬁ%magm nlaly sprfgeedPShet ween

said Iight, said scintillator (26) to form said subassenbly
(150) corrpp?g%g%%ﬂt(ag@adggﬁg di sposing a first lamnation |ayer portion

(61) to said |light imger (24); di sposing a second | am nation | ayer
portion (6&8&) fhe smitlmbcbm' ad:dolrdlmb@mi(hZG)a;imamj whelteipdiss stgp Sdi disposingt said

am natfon, Layer, POLT 00 (810, O ke nnsiee ) ATBA L ATIAEY Bl B2 O (62

said subassembly (150) comprises the steps of:

disposing said lamination layer (22) on said scintillator (26);
disposing said lamination layer (22) on said light imager (24);
positioning said scintillator (26) so as to coyer said imager array (30).

27. The method in accordance with Claim 22 wherein the step of disposing said
lamination layer (22) between said light imager (24) and said scintillator (26) to form

said subassembly (150) comprises the steps of:
disposing a first lamination layer portion (61) to said light imager (24);
disposing a second lamination layer portion (62) to said scintillator (26); and

disposing said first lamination layer portion (61) on said second lamination layer

portion (62) at a first interface (75);

positioning said scintillator (26) so as to cover said imager array (30).
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positioning said scintillator (26) so as to cover said imager array (30).
25 WO 03/022017 PCT/ US02/ 26651 28. The nethod in accordance wth Caim 22
further cwopsioziony the step of coupling a cover plate (42CTHUS0TAI6E1
internediate i maging plate surface (35) with an adhesive ring (46). 29.
The met hod in accordance with Caim22 wherein: said | am nation | ayer (22)
further conprises at |east about 90% of said lamnation material. 30. The

met hod in gccordance with Claim 2 erein: said | amination | ayer (22)
further c oo Tlisggethpd R 3&ger _awéz%& 5_2 Eﬁuﬂlqraﬂmﬁaflfl%ﬁlé T efdp1ET) The
met hod in AcGRE gﬁsﬂ@%ﬂy fohsafd BHtddiath Sh &) iR ph#d SR B8 W dnPydiksite2)
further conprises at |'east about 99% of said lamnation material. 32. The
met hod i n mrgz@btdance with Caim22 further conprising the step of disposing

a hernetic seal (80) so as to provide anbi ent noisture protection for said
scintillat 26 aid | am nat i l.a 22), and said imger array (30).
33. The o@%lﬂgtgg(i&%cﬁﬂﬁdgnﬁ Wﬁgé]aé#%‘ﬁfl% rein said scintillator (26)
has a scintillator second surface (42) that is substantially optically

reflectivesaiBhmidfteonR&oM2) Tuakgoidaaites W 1dastGlanmod® vhedieilamiation
scintillator (26) has a thickness in a range between about 500 m crons and
about 250002%%# ons. 35. The nethod in accordance with O ai m 22 wherein
said scintillator (26) has a substantially columar structure. 36. The

met hod i n ﬁfcﬂ{eqﬁé’tESdYM%ZoQaﬁééR}vﬁﬁ B Indid | mager array (30)

conprises a passivation layer, further conprising the step of disposing
said lamnation layer (22) in intimate contact with said passivation
| ayer. 26 said lamination layer (22) further comprises at least about 95% of said lamination

material.
31. The method in accordance with Claim 22 wherein:

said lamination layer (22) further comprises at least about 99% of said lamination

material.

32. The method in accordance with Claim 22 further comprising the step of disposing
a hermetic seal (80) so as to provide ambient moisture protection for said scintillator

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

33. The method in accordance with Claim 22 wherein said scintillator (26) has a

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

34. The method in accordance with Claim 22 wherein said scintillator (26) has a

thickness in a range between about 500 microns and about 25000 microns.

35. The method in accordance with Claim 22 wherein said scintillator (26) has a

substantially columnar structure.

36. The method in accordance with Claim 22 wherein said imager array (30)
comprises a passivation layer, further comprising the step of disposing said lamination

layer (22) in intimate contact with said passivation layer.
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WD 03/ 022017 PCT/ US02/ 26651 37. The nmethod in accordance with O aim 36
wherein said passivation layer is selected froma group consisting of
silicon mworiBaizzoand silicon oxide. 38. The nethod in accordanse2aesh C ai m
22 wherein said lam nation |ayer (22) is selected froma group consisting
of Benzocycl obutene (BCB) thernoset polynmers, plasticized polyetherimde
t hernopl asti ¢ pol yners havi ng a gl ass transi ti on tenperature (T) of |ess

t han about 80_degre C (i a blen yetherlnlde nd a

pent aryt hry Tﬁ%?ﬁ‘%ﬁ i%é‘?%‘)rdanﬁﬁo‘f’ g?l prafl FRgsEYatiog) \mrer &

ther moset Q&b&@@ﬁoﬁp&péﬂo ?c%stlﬁln @f%ﬂfcoﬁﬁﬁﬁd@éﬁ@éﬂ&}rﬁoxﬁé“er mopl astic

pol yester polymers and thernmop astl c acrylic polyners. 39. The nethod in
accordance with Caim38 wherein said plasticized polyetherimde

t her mopl asBBc Thslmetbed if aecdndance avifhr ChemiZxvherein wid potipeidneleyeri @@) &nd
pent ar yt hryt.ol trabenzoate, .said Phxtures e of b t ween about
Boos ant  abdeebSoD ) HRRG e e HBE T REM VI HaCah R o) 8NP e ween

about 5%t91asﬁé3%ﬂ pélYethyrimRied therffophaii€l  pelyhRiy tHH®O! 2 t slakabenmarine. 40.
The nmethod in accordance with C aim22 wherein said |am nation |ayer (22)

has a thi éenesaiuie(Ta) pllstfethpe abpad 4 S8 egreesCHi-e raoblsndipbisaidpelyctherimider ons.
(35 ™1 oneb O BRESARAE Etichfo R MARRE! DS AT AR v er

(22) conprises i Chconprises ‘a

ant hr aqui ndrembsss egolgyer geixest edthf Nasnta hgatoptabenrsi themmglatic polyester

di am noant hr aqui none_( DAA) and 1- net hyl am no- 4-di hydr oxyant hr aqui none
(DHA) . 42. PW@“%%WGWPP&%S@S@@&HEEOW% Cl ai m 41 wherein said | am nation

layer (22) has a thickness in a range between about 5 microns and about

12.5 mcrons. T43 me-{lftﬁi iekbadanda V@ﬂf‘@faﬂﬁ@@%m‘rélﬁ sgdeﬁlemlé&eéf‘ﬁglﬁl%&lﬁ

| am nation | ayer (22) conprises between about 0.5 and about "5 WEI

per cent of theaindplastichr aglyimeonm efibtised coupase Zmlme@3/ﬂ22@nﬂYetMmid802dn26651
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.

40. The method in accordance with Claim 22 wherein said lamination layer (22) has a

thickness in a range between about 5 microns and about 25 microns.

41. The method in accordance with Claim 22 wherein said lamination layer (22)
comprises an optical absorbing material which comprises an anthraquinone-based dye
selected from a group consisting of diaminoanthraquinone (DAA) and 1-

methylamino-4-dihydroxyanthraquinone (DHA).

42. The method in accordance with Claim 41 wherein said lamination layer (22) has a

thickness in a range between about 5 microns and about 12.5 microns.

43. The method in accordance with Claim 41 wherein said lamination layer (22)
comprises between about 0.5 and about 5 weight percent of said anthraquinone-based

dye.
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44. The nethod in accordance with Caim 22 wherein said | am nation | ayer
(22) conprises an optical absorbing nmaterial that is selected froma group
consi sti Myo®B/02®wb- m cron carbon powders and azo-based dy@sT/us82266Be net hod
in accordance with Claim44 wherein said |lam nation |layer (22) has a

t hi ckness in a range between about 5 m crons and about 12.5 mcrons. 46.
The nmethod in accordance wwth Caim22 wherein said scintillator (26) is a

fib tiic t intillat F A7, A nmethod f fabricating a
Fadi ati o Hghomeeddm S0 indmptn Gt chev e lam i By o)
| am nat i oncdAY8des GA2ptRA &hsbt 1lafBRRE khat 3¢ kel8Qe@SrolP a GRY c@}{éis'tiﬁgg)?r array

(30), an internediate imaging plate surface (35) and a plurality of contact
' pads ( 32) sub-gicspweirhon nowdérnend dzattmsed dysst surface (40) on said |amnation
| ayer (22) so as to cover said inmager array (30) to produce a subassenbly

(150); re [ Ld.l.am nation | [ fromsajd.internedi i magi ng
pl ate sur g%e?%%ﬁ{h%gﬁlgagcg?‘%ng%mtg@alﬁéﬁw@fﬁ Sab‘f %BB%BIQW& layen I(gi)g)laﬁ fy of
gasket venthicknieéssin@28%e thweenddsHES mi20B) ardbduVBCSIHRbAY (210) so as to
comunicate with a plurality of vacuumtray vent slits (208); disposing a

first side (90) of said subassenbly (150) on said gasket (205), so as to
cover said agﬁ%ﬂwvgﬁﬂnéFW¥§mFQG©§l%HHngéiHh?§5U@#?WW@#kW§H?6 Isjatfgbef 208) ;

di sposi ng : ) r said subassenbly (150) and extendi ng over
sai d gaske@xﬁ?g%ggﬁ?gﬁgﬁvggﬁﬁnltray peri phery (213), so as to forma bottom

chanber (400) between said bl adder (206) and said vacuumtray (210);
posi ti oni ng7.aAfmethed for ddweatifg 2 stdisgiodem@ g pyaémd20)i comprvingahestefs2d) to
contact said bladder (206) at said vacuumtray periphery (213), so as to

forma top,chamber, (10 bet n sal.d fixture cover first side (201) and
said bl add@FPPHe 1?“51’%@4?%%6"%%3?%@6 @91%)“ it SRR AR SPASRK pHAR
fixture cowey, snaseifledhtdemb@Ag plate ABFLMOIBIL02 3Bkt RGTF B@Q%t%@@@(@22};
establishing a bottom chanber absol ute pressure of no nore than about 13
kPa;

a disposing a scintillator first surface (40) on said lamination layer (22) so as to cover

said imager array (30) to produce a subassembly (150);

removing said lamination layer (22) from said intermediate imaging plate surface (35)

and said contact pads (32);

disposing a plurality of gasket vent slits (209) of a gasket (205) on a vacuum tray

(210) so as to communicate with a plurality of vacuum tray vent slits (208);

disposing a first side (90) of said subassembly (150) on said gasket (205), so as to

cover said gasket vent slits (209) and said vacuum tray vent slits (208);

disposing a bladder (206) over said subassembly (150) and extending over said gasket
(205) to a vacuum tray periphery (213), so as to form a bottom chamber (400)
between said bladder (206) and said vacuum tray (210);

positioning a fixture cover first side (201) of a fixture cover (200) to contact said
bladder (206) at said vacuum tray periphery (213), so as to form a top chamber (100)
between said fixture cover first side (201) and said bladder (206);

placing a top foundation (215) in contact with a fixture cover second side (202);
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heati ng said subassenbly (150) to a bonding tenperature after establishing
said bottom chanber absol ute pressure; pressurizing said top chanber (100)
wi th an iweris/ogegas] where said top chanber (100) has an alp€S@luspB266ESSUr €
in a range between about 170 kPa and about 377 kPa after said subassenbly
(150) reaches said bonding tenperature; maintaining said bottom chanber
absol ute pressure, said bonding terrperature and said top chanber absolute
pressure for a bonding duration until said |ight |rrager (24 |s bonded to

sai d sci nt $Y3bAshing edgitomshembey abspliResssisapprehim appt 43 kP& d

| am nation layer (22) is conprised of a |lamnation material that is

subst ant i ahd¥inb &&1 Qﬁbas¥&hﬂy3(ﬁ§§ﬁ§ af 6844 M @}aﬂréﬂagkp@gtﬁﬂ sgfsol ute

pressure and said top chanber absol ute pressu eto a at nospheri c
pressure; b@tﬂrmnl@nslmrdbmnd@obswb,asserrbly (150), said gasket (205), said
fixture cover (200), and said bladder (206) to a safe handl i ng

t enper at ur g; rem)V|n sai xt 2 d sal ddr );
regw ng sHI HENESE stﬁgaglglgh%r {jb@l ¥a§r] rg§%%| ﬁ(%%l %ﬁﬁﬁfﬁgﬁ
vacuum trg 42dddutepRsiany b Rehgdtefveasilut ( 20 RPa hhe ré?b&ﬁ' ﬂ77|kfgthéftér”ager
(24). 48. The nethod 1n accordance with Claim 47 wherein said gasket (205)

and sai d #iGaepserbhe|! S8) waghansridhwndng tempaipipreri de film 49. The net hod
in accordance with Gaim47 further conprising the step of. disposing an

adhesi ve rj . i 5 Iy and 29
V0 03/ 0201 skl B) Rty ALEREPMBHE PRG0N Bofighl eRBEalgPnd

i nt er medi asaid tdmhm@expddﬁbmtespweﬁ@c@fc(r35:)onvidrigmll$ﬁidﬂx urﬁl(]j baalli\ght rmawr (249), so
as to position sgud cover, plate proximity ut 25 mcrons to

44)
about 50 niScPUed ta e seipiiiaten éé% rtos@%n%l b§’9€kfdaé‘§’a€$?)bly 5@5 O)1#nd silhod i n
accor dancelaﬂ‘hﬁeﬁm@l@e@(fﬁ if BorhPi8ed SP AL hHalo Mkl 88t Rlsubstantially free of

void spaces;

restoring said bottom chamber absolute pressure and said top chamber absolute

pressure to about atmospheric pressure;

cooling said bonded subassembly (150), said gasket (205), said fixture cover (200),
and said bladder (206) to a safe handling temperature;

removing said fixture cover (200) and said bladder (206);

removing said bonded subassembly (150) and said gasket (205) from said vacuum
tray (210); and

removing said gasket (205) from said light imager (24).

48. The method in accordance with Claim 47 wherein said gasket (205) and said
bladder (206) are comprised of a polyimide film.

49. The method in accordance with Claim 47 further comprising the step of:

disposing an adhesive ring (46) on said intermediate imaging plate surface (35); and
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di sposi ng an adhesive ring (46) on said internediate i magi ng plate surface
(35); coupling a cover plate (44) to said internedi ate imagi ng plate
surface (W8B)3me2oh7 said adhesive ring (46), so as to posi PCarussaz@scover
plate (44) in contact with said scintillator second surface (42). 30

coupling a cover plate (44) to said intermediate imaging plate surface (35) with said
adhesive ring (46), so as to position said cover plate (44) in proximity to, about 25

microns to about 50 microns, said scintillator second surface (42).
50. The method in accordance with Claim 47 further comprising the step of:
disposing an adhesive ring (46) on said intermediate imaging plate surface (35);

coupling a cover plate (44) to said intermediate imaging plate surface (35) with said
adhesive ring (46), so as to position said cover plate (44) in contact with said

scintillator second surface (42).
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