PRECI SE X- RAY | NSPECTI ON SYSTEM UTI LI ZI NG MULTI PLE LI NEAR SENSORS 5
BACKGROUND OF THE | NVENTI ON For sone years now, three-dinensional (3-D)
X-ray inspection systenms have been a popular alternative to previously
avai | abl e physi cal inspection and diagnosis technol ogies. Such systens are
now commonly used for defect analysis and quality 10 inspection of

manuf actured articles, such as electronic printed circuit boards (PCBs).
The use of these systens allows rather detailed inspection of areas of an
article that are either too small to be seen with the naked eye, or are
obscured fromcanl XUk &Y INSPERTION PO PR U P RZANEMULATPER IRk Y S o
are now avail able, each with their own I nherent advantages and
limtations. For exanple, x-ray |ani SEYSBRSy 15 systens, such as the one
described in U S. Patent Nunber 4,926,452 by Baker et al., utilize an
angled, rotating x-ray source in conjunction with a noving area inmge
detector to acquire an inyage of a single planar |ayer of an article under
i nspecti on. i venment of the source and the inage
area det eg(;t oPW?@@rég%%m%thi n an area under inspection is
viewed from a conti nuous range of oblique 20 viewpoints so that other

| ayers of the article do not remain stationary within the area of view
Thi s novement esSEWEPHRE VALY dares-figensionah 63-D) wyast insneotigragyetefns bavet he
resulting i NnB@ga vl : . S Wihin the |ayer
that reside in tpﬁgﬁﬁ%%gah‘ﬁ %ﬁiéﬁ@g@%‘rv ?{%ahé’%q%g&%ag%}sy %C?lgfl%\%&ﬁgnrmﬁ source
and det ect orteghnelqgiesrSueiraystenis ateaow-comyndnyrised fpr defegt anyigtiean] quatity ,
excepti I1; j 25 applicatiagns, such systens. r ire rather
expensi \%ba ani déggéﬁ(&efx E{ﬁgg%ﬁ%ﬁdoaé@?ks’ ?‘ﬁh I%ﬁ?%@chﬁrc Ui dsaé&% ive

el ectroni cs Tieadedf thesel syptesaildwstritBertie®iled RispddBYEHBRE-S oOhin Aceluget ron beam
erate the rotating source of x-rays. Al so, the.

V\,ithinthetube.usgo%to ep s ]
moverent of TREMWE Sf”r?'Hg% BB PG theRrked ¢ys, TRy phacwrd fromalireetiview.ed with
the notion of theSexeraiRyp&UIBARx-rdY ﬁ@e%m@&@ﬁgﬁrﬁ%o@:l?aiﬁlbﬁ?éicﬂmiﬁls 30 for

novi ng .t he nder exam nation both horizontally and vertically are

article,. N,
typically tLexr own m?;erent advantages and limitations. For example, x-ray laminography

'+ 15 systems, such as the one described in U.S. Patent Number 4,926,452 by Baker et al.,

utilize an angleq,'rotating X-ray source in conjunction with a moving area image
detector to acquire an imrage of a single planar layer of an article under inspection.
Due to the rotational movement of the source and the image area detector, the layer of
concern within an area under inspection is viewed from a continuous range of oblique

20  viewpoints so that other layers of the article do not remain stationary within the area
of view. This movement essenﬁally causes those other layers to fade from the
resulting image. The result is that only those features within the layer that reside in
the “focal plane” described by the rotating x-ray source and detector are prominent.

While x-ray laminography systems are exceptionally useful in many

25  applications, such systems require rather expensive and complex technology,
including the x-ray tube and drive electronics needed to implement the precise
movements of an electron beam within the tube used to generate the rotating source of
x-rays. Also, the movement of the area image detector must be accurately
coordinated with the motion of the x-ray source. Precise mechanics and electronics

30  for moving the article under examination both horizontally and vertically are typically
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AG LENT CASE #10020135-1 1 necessary so that both the area and the | ayer of
the article to be inspected lie within the systemfocal plane.

Furthernore, due to the rather small areas such systens are capabl e of

i nspecting at any one tinme, the nunber of areas and | ayers that are
normal ly required to fully inspect an article are typically rather |arge.
As a result, 5 such a systemnay require a rather protracted anount of tine
to performa conplete exam nation of each article. Additionally,

| am nogr aphy systens nornmally require the execution of a prelimnary
process called "surface mappi ng" for each article to be inspected. This
mappi ng essentially nmeasures the height of nunerous |ocations on the

surface of tieesardyiso tieat boH elfe drewsqrdahd layer0theAaticleodR SisppR&d lid withing of t he
article within 10 tEP(e%s stem focal place for _each srraIF i nspection area may

be acconpl i sti&&/stemy gnec Sughgmpreg fus to the rathersmalk areas sughyalims ateni | ar | y

i nvol ves t hecaggifle 6f ingpecthily/itRby ¥nd fide, YU HuEber SONBNGR 120 kigRde0f generating
a contl nuous. novi| ng | mage dU_rI ng a rotation of the source, two or nore

di screte i nmetfE@ely EagEsttp Atlbuinmectanarisle are taiically cathardagee.shae fesvlar y i mage
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systens, exanples of which are described by ans et Pat ent

Number Re. 3sampRtighef ¢sgh psiglge didditionallyslantbeagraphy Systiney ndgmeibreqaise thal | ow

the x-ray soyrce: I.! -?‘E rfd .apal es t.hrough the. area of interest
on the artiéeéeiﬁmgl%ggp%éu [ g‘%&‘iﬁs‘%géﬁé es"frpr?g%%’% m%atléﬁe%éﬁ'ﬁ‘}c%rt?%ﬁt ation is

t hen stored idspgetedl This mappihg edsedtiadly meagess tholieight pAnimdthsdbeatibefonthd | ayer

of the article. un i ection are 20 then nmathematical ly processed by way
of either ¢ 6‘&%&%&?85&5% o IISRESHIPRSG thatgsoper Rositioning ¢fjheArtipls gathin

repr esento Nghé §iLted! BoalPMie Fetieach sidiahspettiRArda iy BB cpIBRAET at ed.  Such
I nspection systens elimnate the need for precise coordination of imge

sensor novenent Afjother EHegomo Pl #-Ry Igsppatipnsyiipmesimilpricipkelyes theusewfiang | mage
The al ternat gl repsofbel HOMEver IR YEncaln Bl B BRI BRI L 1o
reduced r esdcluting arotatian ofitke sourse.dwo or more discrete images are generated by way of a
single large stationary image intensiﬁe:r or several smaller stationary area image
15 sensors. Such systems, examples of which are described by Adams et al. in U.S.
Patent Number Re. 35,423 and by Peugeot in U.S. Patent Number 5,020,086, allow

the x-ray source to dwell at particular angles through the area of interest on the

article. The resulting discrete 'image at each beam orientation is then stored digitally.
All of the images for a particular area and layer of the article under inspection are
20  then mathematically processed by way of either computer hardware or software so
that a single image representing the area and layer under inspection may be generated.
Such inspection systems eliminate the need for precise coordination of image sensor
movement with that of the x-ray source. However, the moving image sensor is
replaced by multiple, expensive x-ray area image sensors, or in the alternative by a
25  large image intensifier that normally exhibits reduced resolution and increased
geometric distortion at a poésibly higher cost. |
An alternate x-ray inspection system, as discussed in U.S. Patent Number
5,583,904 issued to Adams, uses one or two x-ray tubes in conjunction with two to

four linear x-ray image sensors. The x-ray sources of the tubes do not rotate, but
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geonetric distortion at a possibly higher cost. An alternate x-ray

i nspection system as discussed in U S. Patent Nunber 5,583,904 issued to
Adans, uses one or two Xx-ray tubes in conjunction with two to four |inear
X-ray image sensors. The x-ray sources of the tubes do not rotate, but 2
AG LENT CASE 010020135-1 require the use of collimtors and shields to
gui de the x-rays appropriately onto the inmage sensors. The article to be
i nspected is then transported horizontally across the |inear sensors, each
of which must be | ong enough to allow an i mage across the entire wdth of
the article in a single pass. This requirenent thus results in either a
limt on 5 the size of articles to be inspected, or in higher costs

resul ti ng froauirtithe useofabllinexare pid srhma:lsltglgdudagleIm-mmdppa@natarﬁontd\ma he board
passes by the senso ach es a series .of uential |inear
P nges vii chisd SuDSe HEREFF R PoPaRsras e ERsSabjaT e P ERss g ¢ o

generate an [in@ageenkes, BACH ViaNhu®be 1038 eAdulch & ﬁlow A&mn{age §&G§§tﬁeex§ﬁf§tem
decreases the total am)unt of inspection time u'ﬁartl cular article by

10 1imting Wikh pighe aitigle ing single pbisarTaIStreﬂuere@mgmé rpsuife i eithesalimitionss t he
sensors, 4 hegpe @HQ@P&m@l@Qto‘b@r Eotedbr %%h@?c&sgqgsuﬁﬁ'% A hﬁ@%fg@ant ed to
ayers are evere

capture qualltylrra]ggs of artlc Imted.
Addi ti onal | yexcepionakplopg hmmse;mrayAs ﬂisé»sardmp% b)c&t:e@lsomeeadwsﬂnam desi gn

because of t&%u?go stehgsn@tlse%x(a%r a%l'im a!rgl'g quﬁg' sql) a%nrﬁgtstog(%]dsforﬁ?essary to

prevent Xx-rays mitwo se rom i e%S&e 15 i near
sensor. Fr ontdnipater (prceg&smggp galetdtmangmagefoe each layef 6féuhe aztnchse WisitéSsuchi a
i npl enent i ng. an ti onb(ifyst e eX.l st, with each, ?Xhl biting its

own 1 evel ofSYSSpr‘}e&S?F{"@ i@‘é amougt, ol INSPE( meééf%ﬁﬁﬁ‘? artigle g still

exists for alimitingahe mmaesﬁaf@lﬁb Yo t6 BsingRiline A pavd Lesss &{é(‘sbﬁsaisethedet ailed
i mages of the various |ayers of an article under inspection 20 while

si gni fi cant | JPmRER WGCH\)@P%# £s thitcar b implemeniad ta ARPIEY guality ipages obs

the article layers are severely limited. Additionally, the use of two x-ray tubes
complicates the overall design because of the additional collimating and shielding that
is necessary to prevent x-rays from two separate tubes from illuminating the same

.15  linear sensor. . _

From the foregoing, although several different methods of implementing an x-
ray inspection system exist, with each exhibiting its own level of complexity, cost,
speed and image quality, a need still exists for an x-ray inspection system that
providgs accurate, detailed images of the various layers of an article under inspection

20  while significantly reducing overall inspection time and system cost.

SUMMARY OF THE INVENTION

25 Embod1ments of the invention, to be discussed in detail below, prov1de an x-
ray mspecnon system that utilizes an imaging chain comprising a single x-ray source
and a planar array of linear sensors, with the x-ray source and the linear sensors
remaining stationary in relation to each other. The long axes of the linear sensorsare

aligned in parallel. Each of the linear sensors is positioned to receive x-rays from the
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SUMMARY CF THE | NVENTI ON Enbodi nents of the invention, to be discussed in
detail below, provide an x- ray inspection systemthat utilizes an inmaging
chain conprising a single x-ray source and a planar array of I|inear
sensors, with the x-ray source and the |linear sensors renaining stationary
inrelation to each other. The | ong axes of the linear sensors,are aligned
in parallel. Each of the |inear sensors is positioned to receive Xx-rays
fromthe AG LENT CASE 910020135-1 3 x-ray source. A relative notion
mechanismis enployed to nove an article under inspection between the
x-ray source and the array of |inear sensors in a series of passes that
are parallel to the sensor array and substantially perpendicular to the

| ong axes of-rdylsewsenaqelativehbtiontadcinism ishenployed Yo meve fifar@fldubdee array of

| i near sensors ma(}/ 5 be rrgved as a un'tﬁ} inrelation to a statignary article
under i nspecfSRSRRONAETWEFnd ’iﬁ‘é"’tyéPum&é‘HJt f @Zay LIS HSARSOLS 1B SeHASQE of t he
article for paehuaf akperalibNe e sSRBE M and RERBntikl n@{cBlaf (58He ﬁ,pgb' ned to
generate a layer image for each conceptual "layer"™ of the articlg. The
layer i magesXfudf theegastie AHemetplyethe d-revpsayeceandihearmai of inear sdnborgumyi ty of
the articl el ' ; bl e | f. unacceptaple faults or

def ect s. CSA 1b(53 ngcg)r# (rg%)FPnelrrt Plersefégﬁég’% S?%%%?E&%?%%F eré)’%%’r?ﬁﬁl%; aﬁgnolgFeE?rﬁtgf es and
control s theaptuzegiarignehiasion imagh ef the kraiciefer ¢moh bthe tirednaerissn) Taad t he
interpreter.. The use of a.single x-ray source, which requjres no_ el ectron
beam st eeri ng of ?m’t:'g'ﬂ F‘Hﬁ‘i‘?‘?ﬁ;‘géﬁ%ﬂft%a HE a8t f°6ﬁ%ﬁhf°ﬁca‘tPE&aL lgyert pthe our ce in
relation to astulsOTl, laght @Ridey ma$ itiER b fidteipretddto d@sintine Bk obi81l Safeht Al so,
the utilizatj on of é)‘lﬂgl e linear sensors 15 that are stationary with

Jmul
respect to t ariéglfdgag_ the nogsihie Besepge olmrecsBleblsdenlis orBrests t& whi | e
produci ng t hentysller, 8dch/asbnpiat, 96t xaitble! &drdiftiestai@ CAHM ﬁxé‘Fs?&gﬁeg &fip, Of an
article. Gher aspects and advantages of the invention w cone’ appar ent
fromthe f@?@Wﬁ@Wé?@W@&n@@s@m%mrctﬁaken in conjunction with the
accompanying dr awhB ey of aafheld 413 sbitbd, Whilhredtis B cRUAIPIcEm'digrRg bC! P! €5 Of
coilimating due to the stationary nature of the source in relation to sensors, gretitly

simplifies the desi;gn of the system. Also, the utilization of multiple linear sensors
15  that are stationary with respect to the x-ray source reduces system cost and
complexity while producing the varied view angles required for thorough inspeétion
of an article.
Other aspects and advantages of the invention will become apparent from the
‘ following detailed description, taken in conjunction with the accompanying drawings,

20 illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

25 FIG. 1 is a block diagram of an x-ray inspection system according to an'
embodiment of the invention.

FIG. 2 is a perspective view of the imaging chain of an x-ray inspection

system according to an embodiment of the invention.
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25 BRI EF DESCRI PTION OF THE DRAWNGS FIG 1 is a. block diagramof an x-ray
I nspection system according to an enbodi nent of the invention. FIG 2 is a
perspective view of the imging chain of an x-ray inspection system
according to an enbodi nent of the invention. AG LEW CASE #10020135-1 4
FIG 3 is a plan view diagram describing the notion of an article under

I nspection in relation to the imaging chain of an x-ray inspection system
according to an enbodi nent of the invention. FIG 4 is a side view diagram
indicating the effect of altering the relative 5 position of an article
under inspection in relation to the imaging chain of an x-ray inspection
system according to an enbodi nent of the invention. FIG 5 is a flow

di agram of an x- IRig. 3'rs&gﬂmﬁemdmgfahmi:saﬁﬁﬁytﬂéﬁgtxb:ﬂoﬁdhar@dmmﬁﬁeﬁent of the

i nventi on. 10 TAI.LE § PREFERRED ENMBODI MENTS An exanpl e
of an x-ray THSPECHSR® f’g’r‘ﬁ"ila%f&% aéﬁ nXgray SRERNSE Sy 25Prding,ie

i nvention i SanséM1mdﬂtEﬂtEe intentidA. i magl ng chain 10 is enployed to obtain
X-ray is inages g% an, artjcle ynder spectlo In this artlcular _
embodi ment, the Ari i@ S Vigy Fé’@t Fﬁt’égbﬂcl geptelterangithe 1ipive (PCB). I n
ot her errtsodlpaseiﬁbﬁofﬂﬂ&txaehhcfelrﬁlspécnomfaﬁsﬂr!értﬁ‘e %&?thﬁ'o?aﬁﬁ’réwspec“on by

the use of x-rays may bip. inspected by such em A relat’ive notion
mechani sm 20D§P§CtipnesyStery aﬁ%ﬂﬁ@a&@ranteH@Oélmentqféhmmmonr nspect ion in relation

to the imaging c ] h N :NY 20 be
i nspected. In ot @“561}7%0 |rren?£m\6?%'g?r Ig{pg\é}gon?r;b frmc()iﬁacgegﬁ ? & 20 noves the
I magi ng charembpdlmmtofehamwmuono a stationary article. An interpreter 40
then takes the x- ray inmages. as input to generate a series of |ayer
| mages, each exposing -a separate .

10

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An example of an x-ray inspection system 1 according to an embodiment of
the invention is shown in FIG. 1. An imaging chain 10 is employed to obtain x-ray
15  images of an artlcle under inspection. In this particular embodiment, the article is an
electronic printed circuit board (PCB). In other embodiments, any article of
manufacture susceptible to inspection by the use of x-rays may be inspected by such a
system. A relative motion mechanism 20 is used to maneuver the article under
inspection in relation to the imaging chain 10 so that various areas of the article may
20  beinspected. In other embodiments, the relative motion.mechanism 20 moves the
imaging chain 10 in relation to a stationary article. An interpreter 40 then takes the x-
- Tay images as input to generate a series of layer images, each exposing-a separate
conceptual “layer” of the article. The interpreter 40 may then process such images in
order to ascertain the overall quality of the article under inspection by comparing the
25 resultieg layer images with a preexisting database that the interpreter 40 uses as a
compa:rative- model. For example, algorithmic image ﬁroceésing of the layer images
may be performed on areas of particular interest of the PCB to determine the
structural integrity and reliability of solder joints. A controller 30 is utilized to

coordinate the actions of the imaging chain 10, the relative motion mechanism 20, and

5
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conceptual "layer" of the article. The interpreter 40 may then process such
Il mages in order to ascertain the overall quality of the article under

i nspection by conparing the 25 resulting |l ayer inages with a preexisting
dat abase that the interpreter 40 uses as a conparative nodel. For exanple,
al gorithm c image processing of the |ayer inmages may, be performed on
areas of particular interest of the PCB to determ ne the structural
integrity and reliability of solder joints. A controller 30 is utilized to
coordinate the actions of the imaging chain 10, the relative notion

mechani sm 20, and AG LENT CASE #10020135-1 the interpreter 40. The
controller 30 may also be used to facilitate the transfer of inmge data
bet ween t he thereutarprgtec i Thel@ntolter B0 enay tse bpuslao faglitata thelmusfer sfone

enbodi nent s ; |l pw i e. data transfer direct| r t he i magi ng chain
10 to the ir%?nggep?aé? gertwiedl. g én%%‘Bﬁﬁ&“‘if?ﬁi‘?{e%tﬁ“%gﬁ%ﬁm W™r eat er detail
in FIG 2. Andodigheatsunayeatlowsioidgeéatd Odhsfes dizdrtigdrobduht irgegiey cbiamdl Oy tiee Sinpl e -

X-ray tube, .is er{grl@ye_d toirradiate a planar array of |inear sensors 110
o]

that are sensrtiv x-rays. Unlike the x-ray source of a typical x-ray

| ani nogr aphy sy s(TasimaginCehaftOTOB koWl it grbatee SetSPRAIG! 2.2 Adindld 2Ry €l ectronics
to nove an el ectrgd:éltl) amw thin an x-ray tube to facilitate novenent of 10

the x-ray séﬂ'ﬂrEE} hat peneratesihyassimple Xray Bbp.deiemplogss diradiate 3 of the
present 1 N\t ity oFieat sbrs 39 aPark Ohslt SR Nfy8! BRHRIRK X-rhPlofildeve Lo the

array of linear sensors 110, projecting Xx-rays towar the |inear
sensors 110 °§pRpicahKesUisminography systemawhich nouhdllyrequironspetiatited driveays from -
the x-ray SQWcﬁ'GrﬁéﬁOllg rhgve r&ﬁ?elef:t‘?&ﬂ"ﬁeﬁﬁq’vﬁh?rr arp)'é-?ag/%e té‘fic?l%&e%?o@gﬁmgtt%? from
mul tiple sources Illumnating a particul ar sensor Since '1s onrfy a single
sour ce 1§ i e erayrsoente, ndsuevelectronioh hiemeuired in embodimenesrdfdck presehts  nay be

ihear - senodhenda) TRG-o SOk [ RiRE Sl at Soe o M el L s~
i nspect i on isensofsde0, projectinigi-tayOtoaadd dll of thelihe@EeRW B 0QfmilBaedislyl Cl €. An
At el e o e Rt collblon of te Moreys o the x-22y sourck 100 s notrequnea o " X
' prevent x-rays generated from multiple sources illuminating a particular sensor since
15  only a single source is implemented. However, collimation in some embodiments
may be employed to merely restrict x-ray exposure to the locations occupied by the
linear sensors 110 and the intervening areas of the article under inspection in order to
limit overall x-ray exposure of the article.
_ An article to be inspected (not shown in FIG. 2) is positioned between the x-
20 ray source 100 and the linear sensors 110 so that each of the sensors 110 may capture
images of the article after the x-rays have transmitted through the article. Each of the
linear sensors 110 are positioned relative to the x-ray source 100 so that the
transmission. image of the article captured by each sensor 110 is acquired at a distinct
angle relative to the x-ray source 100. In the eXample of FIG. 2, a total of twelve
25  linear sensors 110 are arranged in a circular configuration, resulting in a difference in
viewing angle between adjacent linear sensors 110 of approximat;ely 30 degrees.
While any number of linear sensors may be employed to generate different viewing

angles of the article under inspection, a rangé ‘'of twelve to sixteen linear sensors 110

appears to generate a sufficient number of images for proper inspection of PCBs. An:
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20 ray source 100 and the linear sensors 110 so that each of the sensors
110 may capture inages of the article after the x-rays have transmtted
through the article. Each of the I|inear sensors 110 are positioned
relative to the x-ray source .100 so that the transm ssion. image of the
article captured by each sensor 110 is acquired at a distinct angle
relative to the x-ray source 100. In the exanple of FIG 2, a total of
twelve 2-5 linear sensors 110 are arranged in a circular configuration,
resulting in a difference in view ng angl e between adjacent |inear sensors
110 of approximately 30 degrees. \Wiile any nunber of |inear sensors may be
enpl oyed to generate different viewng angles of the article under

i nspecti on, impleategeatiof of eight\itedr Gersbistveraid provubly bexensdered 4 pfdctia@ppears to
generate a sufficient nunmber of i es for proper jnspegtion of PCBs. An
AGH LENT CASEVTRIGR fF 05H MEPectioR SRriant- dA Y 81%6h (89 1 GAMOEHbr s woul d
probably be sg@dtailideir@ensarsdrd@oeLidl addWighi AaML & theRShectits PARbIliAEs of
applications, In many cases, the use of nore than  sixteen |linear sensors
110 does nothegygtem lg%imﬁt%mewsti Bvelyed insEpiayinedhe eddiinmnl PSS 60 t he
system 1 st 0 yHiRtl dinbuleP@néigsiatiord B YRRt indIPLAHPRGLAFG. A4y highal sensors.
Also, s while a circular configuration is inplenented in the exanple of

FIG 2, any %diffseent sepsorimangamants, sish gothose definige msquase, diamedndaer atherse
defining a [ ' . ) utilized,
as long as ?%E&ngrfgq’?@ée@g?y ﬁuéﬁfiggr%égglroné%g?ggé%ﬁ%gﬁre%ﬁ %ﬁge/oéé) 1élsosent lally
i n paral | el .arCdigeediessentially trihmrallep| Depandiogion thh eppleationy theabnguratiorl ect i on may

be based to _sQ extent. on the ease of .inplenentation.of e se] ected 10
confi gurati Gh ,ecr%% dnafyﬁbee b(%ers}% t &g Fﬁ% °ﬁ&§{$§ey°r¥eélflplf‘??8m?§/°ﬂ‘e°tlége sszef*e les to be
i nﬁpect ag. cEﬂﬁ:gilrh atfon] 1 thé desired ?ggegﬁﬂitﬁdﬁh? @pébﬁdﬂga%)beﬁﬁbédtédlgl tobeach
other and to the_x- r sour ce y way of attachment to a stable base,
such as a systenﬁg?br?ﬁetl%feﬂsmik& lsétén‘{"rﬁﬁfiapﬁe fojsach ?‘Pemﬁ‘ét%ihét"l‘onary
nature of they &ARLANE by WayBF ktedhhBito Ptably BAse Auch ¥ 4 telAdBcRRGERRNY SYystens
of the prior _art; which often require a synchronized 15 circul ar novenent

of an area déX<8FRIVR BHPuACTRTRLRRED naturrRfithrpersorsly upkise thatad typical
result,.the qug [dihogrfbly sPdterhd 6 By Sride B lwhith BhéniBqliRt 4 HRSRoALed DS

prior-art x-ra _ ]
15  circular movement of an area sensor in conjunction with a moving x-ray beam. Asa

result, the overall cost of the system 1 relative to those of most prior-art x-ray
inspection systems is greatly reduced. Also, linear sensors tend to be far less
expensive than area sensors due to the reduced number of imaging pixels employed
and the mature nature of linear sensor technology, thus making the system 1 even
20 more cost-effective. |
The linear sensors 110, in some embodiments, are standard linear sensors,
each having a single row of several hundred to a few thousand imaging pixels, which
are adapted to be sensitive to the x-rays from the x-ray source 100. For example, the
linear sensors 110 may be commercially available 300 dot-per-inch (DPI) or 600 DPI
25 charge-coupled device (CCD) sensors mounted with a fiber optic plate (FOP) and a
-cesit_nh-iddide x-ray scintillator, - Periodically, voltages denoting the intensity level
detected by each pixel typically are transferred to a shift register that is read by the
controller 30 or the interpreter 40 of the system 1, normally via an analog-to-digital
converter (ADC). Alternately, the linear sensors 110 may be time delay integration
.
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I nspection. systens is greatly reduced. Also, linear sensors tend to be far
| ess expensive than area sensors due to the reduced nunber of imaging

pi xel s enpl oyed and the mature nature of |inear sensor technol ogy, thus
maki ng the system 1 even 20 nore cost-effective. The |inear sensors 110,

I n some enbodi nents, are standard |inear sensors, each having a single row
of several hundred to a few thousand i magi ng pixels, which are adapted to
be sensitive to the x-rays fromthe x-ray source 100. For exanple, the

| i near sensors 110 may be commercially avail abl e 300 dot-per-inch (DPl) or
600 DPI 25 charge-coupl ed device (CCD) sensors nounted with a fiber optic
plate (FOP) and a cesiumiodide x-ray scintillator. Periodically, voltages

denoti ng t he(TDT} ki §ensdrgwatlich @RilGCHheBipRowaeTseRiokel ikt graeahd dhagdee
transferred to a Shlft register that is read by the controller 30 or. the

i nterpreter $ycHiedaEna eyl P@WF feceiygg WMS?BWF@% CRR¥ITESE-1 BVeltaget API

converter (Aifehr sefbdrEard @h&Yin thd'g For %ﬁ'rex%@ﬁﬂ'éﬁsltﬂgr aﬂﬁﬁpﬁﬁ:aﬁﬂlgﬁndel ay
integration AG LENT CASE #10020135- TDI') linear sensors, which enpl oy

nul tipl e rovkigkfpesd Hazging arp@hmp@ig rcétbe,r ineer sepsersgbat ageseasitived xavyamaesul t of
h
the T ecels/edds FeiiliyRh o fie BN | CORMRITSH hedtethnt Q) FeAlfe Lt@ of thd near

sensors are known I'n°the art ent sen
applicabili tqppllq:atlomrg'hlvsqheed [ rragl ng applications. Qher Ii near sensors

that are sensiti 0. _be | o di t he system 1,
dependi ng on thevlte c@ﬂtﬁ‘fe ?se°(rﬁm Kra@ﬁ%?'@gteﬁf“ (ffEEe ”“'é‘g LESBIFUPAES ved. To
capt ure i mageltiod matidn échamish 20 inbvley @6 hrtiofe betwre@ el xCla@ sGUBEET00 ARARIRCT | ON,
the relative m)h .on machag Osm 20 .noves the article between the x-ray

source 100 &3P °a5??né‘§}'s njaferss of prssey Qver the s¢asots sukstangiallyt passes over

the senspors gifeadionks taltlheyloﬂg’m@%maﬁéeﬁwralﬁoﬁ&mhﬁl% F1eN8 d@spla ?s ebcgach sensor.
For exanple, FIG 3 . displays a PCB A that is be inspecfed for defects,

such as sol dest %‘P.bag%*gect%q £ defects, F‘&‘é‘és B‘Plé%ﬂbsldg%‘énﬁf@ﬁémc? breaks, aud thejown by
the direct] Qlke! A3heWYy fhe frleriot alrbfs [HBL 3 Yhe {égahb?&oﬁsﬂﬁ%ﬂaﬁmn causes

the board A to nake a horizontal pass over I near sensors 110 and
causes the board A to make a horizontal pass 101 over the linear sensors 110 and

under the x-ray source 100 in the x-direction perpendicular to the y-axis-aligned

15  sensors 110. As this horizontal pass 101 occurs, each sensor 110 that is located under
the board A captures multiple linear images of a portion of the board A. By the time
the horizontal pass is complete, a portion of a transmission image having the width of
the board A and the length of a sensor 110 (maximum) has been captured by each

" sensor under thg board A. Once the board A has passed beyond the array of sensors,

20 the board then makes a vertical advancement 102 in the y-direction by approximately
the length of view for each linear sensor 110. The relative motion mechanism 20 then
moves the board A in the negative x-direction by way of another horizontal pass 101,
during which time each sensor 110 captures another swath of the board A. The
motion of the board progresses in this manner until each linear sensor 110 has

25  captured a transmission image of the entire board A, or at least the entire area to be
inspected. As can be seen in FIG. 3, due to the diverse locatidx;s of the various -
sensors, each sensor likely has collected a different amount of the overall image of the
board A at any particular moment while the board A is being transported by the
relative motion mechanism 20. However, by the time the board A has passed over

.
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under the x-ray source 100 in the x-direction perpendicular to the

y-axi s-al i gned z5 sensors 110. As this horizontal pass 101 occurs, each
sensor 110 that is located under the board A captures multiple |Iinear

i mages of a portion of the board A. By the time the horizontal pass is
conplete, a portion of a transm ssion imge having the wdth of the board
A and the length of a sensor 110 (maxi mun) has been captured by each

sensor under the board AL Once the board A has passed beyond the array of
sensors, 20 the board then nakes a vertical advancenent 102 in the
y-direction by approximtely the Iength of view for each |inear sensor

110. The rel ative notion nmechanism 20 then noves the board Ain the

negati ve x- @divéresérson] 10ya varyiplefe tanghibeidn iiage 00 Bichlseqras 510143 beendur i ng whi ch
time each se 1.10 captures another swath of the board A. The notion of
the board pf g@?&?ses in this manner until each linear sensor 110 has 25
captured a transWiRit mbstRgeantizedud @mBBdimehts BOAE Prefent Bfvedtionl IRBSL the entire
area to be inspected. As can be seen in FIG 3, due to the diverse

| ocati ons ofitiliFfe selafive me Vet ebths articlemderdnspestioniprarydisiia te gieleng ed a
different anggy '3}' th@fhnt:a{}%ex%ﬁﬁrla}bl othéf%ﬂl%o&lfneﬁtgﬁmylﬁﬂﬁl"eﬁelﬁ adt an&?J ticul ar
nonment while the-board being transported b atlve noti on
mechani sm zgllgmwekee\r (e- ga,)b}'tIIQeiegnemaortSh)eobe&nQﬂlyAeﬂpa@MMOov§uchAG LENT CASE

#10020135. 1 I 0, a.co tra Sm._SSi 0 e.for each sensor
110 pas beor S LnaBAIRuq e ApiarRich S oA BRSNS o iR °oC" DO
present i nveramgrmsmdn ikapss, bmttthdtldismrﬁommhmtbe\bempmsemm befthelih@rpagted cl e under
i nspection &@ﬁgn ular to the | ongq s axis of, the line sensors 110,
ot her embodi 1, g d3yer ipResh s eenera el om the tRpemistonimaget | JoveRe W e. 9., by

10 degr ees Qfafdlb)tw@fmo@oﬁtﬂat fstab YloREtopeRhdictlatas (5rhcBibal eieaiallyr €l ative notion
woul d cause a m nor. non-Qrt haogonal appearance to the resulting

transni ssi ofiUTiRatge & nsed for therintginester40;to poraRaRsale K8 sechdiorteR-ed for by the
interpreter 40 WAl %%%@[en?ﬂ%?\@/%h%ﬁc%ﬁaﬂ@#@ttﬁ&nflbf’gf’tflpﬁoa}&f’énsm ssi on

i mages. However, use 10 of a re is as cl ose
per pe ndi cul aﬁﬁcwllb’éhﬂdpm pEdipw dersaelt jeasdrywhich in tumn is related to the actual

length of each sensor.’ In FIG. 4, a swath of width W of board A is projected onto one

15  of'the hnear sensors 110 by way of the x-rays emitted from the x-ray source 100.
Thus, in 'the case of FIG. 4, each vertical advancement 102 of the board A would be
approximately the width W so that no areas of the board A are missed, while at the
same. time no significant overlap of the separate swaths of the board A taken by each
horizontal pass 101 occurs.

20 In alternate embodiments, each linear sénsor 110 may‘be conceptually divided
into two or more “logical sensors,” with each logical sensor being situated ata
distinct angle from the x-ray source 100, thus providing yet more transmission images
representing different viewing angles. In such embodiments, each vertical
advancement 102 of the board A would then correspond with a fraction of the length

.25 of view for each log1ca1 sensor. In the example of FIG. 4, assuming each linear
" sensor 110 is'subdivided into two logical sensors, each vertical advancement 102 of
the board A would be approximately width W/2 in order to ensure that each logical

sensor was employed to image the entire area of interest of the board A. -
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elimnates the need for the interpreter 40 to conpensate for such
distortion. As noted above, the length of each vertical advancenent 102 of
the board is essentially the length of view for each sensor, which in turn
is related to the actual I|ength of each sensor.' In FIG 4, a swath of

wi dth Wof board Ais projected onto one is of the |linear sensors 110 by
way of the x-rays emtted fromthe x-ray source 100. Thus, in the case of
FIG 4, each vertical advancenent 102 of the board A would be
approximately the wwdth Wso that no areas of the board A are m ssed, while
at the sane. tinme no significant overlap of the separate swaths of the
board A taken by each horizontal pass 101 occurs. 20 In alternate

enbodi nent s, —eacHSiddenieat- ras'ebmdf 1001 dnieylirieer 2AVRE PiORe b stdfiotagiedtithi nt o t wo
or nore Iog| cal sensors,” with each.logical sensor being situated at a

di stinct angF@eflr tBﬁ?@Wéhe%-nPa@chﬂ?@e is)358pciated iththe BERETHIPIABE 1or e

transm ssi onubdEgees maﬁ@ﬁl&ﬁ&%ﬁthé“@arﬂinfsfsi%ﬁﬁﬁé e.V'L@lYi’k@Q-rmgffnﬁﬁgralpH such

enbodi ments, each vertical advancenent f he board A vvoqu t hen
corres pond VERIE As aeqsmlérm@nrfacn@amngpﬁthzsrt@fe unﬂewnsmtn@a@ mequirgd ol
sensor. I.n t f 4 a Ois
subdi vi désd |dr;1l§ec§?(%(%m oﬁls}c“éﬁ %ﬁrs%ﬂrlgqﬁ ei?ﬁp%gﬁlt lggﬂ{l/néin%g‘%g%al%éz of the
board A V\Dulrdtab@naépcbldﬁﬁMBmfdieWmWW Q_f relptivermdetiont mechagism@0tihat  each

| ogi cal r]%% yas enployed to inmage the entire area of interest of the
board A. N CASE #10020135-1 9 Since the x- ray source 100 and the

| i near sensors 1 Hovware, alaltembtatcmbodifngnidi dnb ad\raﬁ&gecfmmtm@aoérh&ﬂ, no

"focal plane ssoci.ated with the ene |on ubsequent

mani pul at i or{n%"FmFﬁecaP{bélﬁs rdig rGFPn 23“?0&‘@51}’%%"%’ ¢P&phy

syst enms.10As imageBstlitiond? teyitaaq. m@waklﬁg a®din amean JrefetedcetiulRVe iapspection is
required in s order to account for warp other irregularities of the

article, d‘ftFFBatSé’F*ft’iC@:la?IOS‘BPn qu@t)%iti|A@H@lcaﬁﬁajaéuét’ﬁ%ﬁlﬁplé}'edtmcﬁﬁtci%ﬂetoby way of
relative rmtthaliheazescehﬁm 51D, 21% positibf FdhitsSH a WIBMEW G W* Beifig Il gBd b

enbodi nents, one advant age mai ntaining a vertical
‘each horizontal pass 101 of the board A’. Therefore, fewer horizontal passes W’ are

required to capture the multiple transmission images of the entire board A’, resulting
15  ina faster imaging process. However, since the number of imaging pixels remains
constant, the wider swath W results in a lower image resolution compared to the
position of board A. In other words, a tradeoff between resolution and processing
speed would be made available as a result of a positioning capability of the relative
motion mechanism 20 that could alter the vertical position of the article under
20 inspection relative to the x-ray source 100 and the linear sensors 110.
_ As can be seen from the foregoing discussion, the length of each of the linear
sensors 110 is not related directly to the size of the article under inspection, as any
number of multiple horizontal passes 101 may be made to create transmission images
of the entire article. Thus, no substantive limit exists on the size of the article under
25  inspection relative to the size of ths linear sensors 110 used, thus allowing relatively
small and inexpensive sensors to bs employed in the desigr; of thé' system 1.
The relative motion mechanism 20 represents a simplified movement structure
than those required for many other x-ray inspection systems. The movethent of the

article under inspection is essentially at a constant velocity during each of the

10
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novenent capability for the relative notion nmechanism 20 would be to vary
the 10 inage resolution of the system1l. In |ooking again at FIG 4,

ref erenced above, an alternate vertical position for board A indicated as
A, is displayed which is closer to the |linear sensors 110. This position
results in a wider swath W being imaged for each horizontal pass 101 of
the board A'. Therefore, fewer horizontal passes W are required to
capture the nultiple transm ssion i mages of the entire board A", resulting
is in a faster imging process. However, since the nunber of inmaging pixels
remains constant, the wider swath W results in a | ower image resol ution
conpared to the position of board A In other words, a tradeoff between

| uti ' I - ' . It of
ot 1§ oni ng TRARSRARERE! [+ RAEC AR, B R e A B DB oy 0
alter the veettlingalmgsdsndtineceseiry.t iethamidre,lal chaigey ofAeétivabeaesanhe gl ati ve to

the x-ray sourcg. 100 eSnd t he .| i near .senﬁjors 110. As gan be seen fromthe
foregoi ng difBLYSEPRIPns)asauy 10 TGRSR S{PePe PERRMIEt TR APWer PE{HIBCe 10 i s not

rel ated dir egchanhidsGrithRsgeczi® cBingedI6f Brettidhl aylitdGlerateds MEE tdlRiVe nmRBoRNY
nunber of rrulti] lLe horizontal passes 101 may be nade to create transm ssion
i mages of {18 -%\‘Ft"‘? Fmay Hipiqally cansist Primaily Qb sed Af INGEPensivR HLePess 880N t he

si ze of the uaddritd EredBiSIEst tEScdnt@NH0l Athohf Rhér¥RotdQednhlogibd Sudfast he | i near
sensors 110 used, thus allowing relatively small and | nexpensive sensors

to be enpl of#EctichremdDERsarymmetors; mey alje beemployerh dltcatately, the relptivoon mechani sm
20 1-epr esenttifn Selinidl P YRHEN B UKIH Surck 100 ald 198 fodaPEHALEET FOr many
. t -of the arti c er

other x-ray Inspection syste he novene e un
i nspecti on il$0 assiation tol 4 statwnary activhestmalat inspebtion ih ¢ nthnnérg desaritedabotdie AG LENT

CASE $10020135-1 10 hor,izonta ses 1, sp a mechanismrequiring fast
articl eggccé cglraaﬁy%%ﬂ] 'ﬁaﬁ'obespﬁ%%‘faheggﬁﬁgls Ré&lf P%@S'i s not necessary.
Furthernore, al | Oabengasmidsiofdiimegs dfanletd ednieRiMid 6T the arfleluidedli I ect i ons)
occur while.no i.nmagi ng is tbei ngggerfor ned etﬁo' | ower performance. nechanics
with respecfpsP%cné?ﬁ%r?ﬁ wirggkforeqcH lipsag sensor, | Bhe iptepraterdl) usehmathematicale not i on

processes known in the art to transform the single set of transmission images into a

set of layer images, whereby each layer image is a representation of the structural

15 makeup of a conceptual “layer” of the article under inspection. Typically, this
transformation consists in part of an averaging process across each of the transmission
images to emphasize physical characteristics of each conceptual layer of the article.
The transformation process may begin as soon as transmission images from each of
the sensors have been captured for a particular area of the article. One such possible

20 . process for converting the transmission images into layer images.is described by
Adams in U.S. Patent Number 5,583,904, entitled “CONTINUQUS LINEAR SCAN
AND LAMINOGRAPHY SYSTEM AND METHOD”. Alternate methods for
performing essential the same function may also be employed.

After tﬁe layer images are generated, the interpreter 40 may then utilize the

25 layer images to determine the overall quality of the article under inspection. For
éxample, in the case of an electronic printed circuit board, features of each layer, such
as printed wires, vias, solder joints, and the like, can be compared automatically to a
preexisting set of images or structural measurements to ascertain the physical quality

of the PCB. The preexisting set of images or measurements may be generated by way

11
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5 mechani sm 20 may typically consist primarily of a set of inexpensive
stepper notors under the direction of the controller 30, although other
not or technol ogi es, such as direct current (DC) servo notors, may al so be
enpl oyed. Alternately, the relative notion nmechanism 20 may instead nove
the x-ray source 100 and the |inear sensors 110 in relation to a
stationary article under inspection in a manner as descri bed above; 10 such
a systemmay be preferable for large bulky articles. Once a transm ssion

i mge of at |east sone portion of the article under inspection is acquired
for each linear sensor 110, the interpreter 40 uses mathematical processes
known in the art to transformthe single set of transm ssion inmages into a
set of | ayer ofiathepaeticalandadsyor e koowi ggasiPGBraljathesneresispgepmwatsaingon of t he

structural i eup of .a.conceptual "“layver” of the articl nder
Thspect | on.  SeRTE Rorim R G RERRL S tmmaFt profies kT aibhsR R B
averagi ng preesstodekensife 6vgdll Qfalitynad iR 8dties pAmeteFRA st PorkibRasi ze
physi cal characteristics of each conceptual |ayer of the article, The

transformation priSceS¥n MG aglmate esphodimeats;of heprpssay igkention gisdudeiom each

of the sensgemodPERPRSRAERPIHERY Wiy & RAVL.| Bk, A sil €2 sobR8 2B b CI €.
One such possible 20 process for converting the transm ssion i mages into
| ayer i magesplanas agpyseflingas gensprs argiprakided; withdhe seasqsheliguadireparalebgathoos,

entitled " CQYIk NeC{Steh b MFAR AN rtiE NN kM R oveibERM AR MEEHOD' -

Alternate nethods for® péerformng essential the sane function nay al so be
enpl oyed. Afseayors and thexx ey sowige s gries efpassesipasal]el tthe amaeanst sbgantifly may t hen

utilize the [ : er.n t he .ov I'l,,,qual ity of the
article undege?iﬁﬁé%%lc ?6‘5?1 glg—%#lg%%gér}b{lﬂegap%ﬁw?ﬁsempc?s@ 6“#9%4‘3&’ é’cetxr'f?ﬁ ic
printed i r cwoitce bxhthel linéae a¢nsoms areafioved aka iy Birreladoic td a Astiopkdyrtrixle i 4 €S,

vi as, sol der_.jQi d & biﬂgg%can, b corrpare;;iD utomatically to a
preexi sting sé‘_hﬁmgiﬁifoﬁgg}&%‘& D the FEtes r?ga%s&‘?sé’i‘faélﬁ ¥ ?bf‘oarggle éé?‘%ﬁeﬁ"t he
physi cal quahe liyear Shsdr@ tReBnissibeinitige 0Kihs bitiRG: i§ €dprarkd FdFREGSoMke NEASUr EMENE S
may be generated .b){h V\a/ri_tly ](1 A%‘B LENT CASE #10020135.1 .
sensors inthe array (step 230). The transmission images are combined
mathematically to generate a layer image for each separat¢ conceptual “layer” of the
15 article (step 240). The generated layer images may then be interpreted to ascertain
the physical quality of the article for inspection purposes (step 250).
From the foregoing, embodiments of the invention.involve an improved
system and method for physical x-ray inspection of an article which provide high-
quality multi-layer x-ray imaging utilizing multiple linear sensors in a system of
20 comparatively low cost and complexity. Embodiments of the invention other than
those shown above are also possible. As a result, the invention is not to be limited to

- the specific forms so described and illustrated; the invention is limited only by the

claims.
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of a theoretical standard or a known good PCB. Furthernore, inmge
processing algorithnms known in the art nay be enployed to process key
portions of the layer 1images to determ ne overall quality and ot her
desired paraneters of those portions. As shown in FIG 5, alternate

enbodi nents of the present invention include a 5 nethod 200 for inspecting
articles by way of x-rays. First, a single x-ray source and a planar array
of linear sensors are provided, with the sensors aligned in parallel with
each other (step 210). Next, an article under inspection is noved between
the linear sensors and the x-ray source in a series of passes parallel to
the array and substantially perpendicular to the |ong axis of each |inear
sensor (step 220). Alternately, the x-ray 10 source and the |inear sensors
are noved as _a unit in relation to a stationary article in a simlar

fashi on (steELéﬂﬁﬁ. During the series of passes made by the article
relative to the linear sensors, a transmssion imge of the article s
captured for each of the sensors in the array (step 230). The transm ssion
i mages are conbi n¥datmatclammsgltis:cal |y to generate a | ayer image for each
separate conceptual "layer"” of the 15 article (step 240). The generated

| ayer images may then be interpreted to ascertain the physical quality of
the article for ihspeciiomyiusgeatasyiahpmphithg: From the foregoi ng,

enbodi nents of the |nventLon i nval.ve an i nproved ésten1and t hod for
physi cal %-ray i fEPEEEPE B QRPEIES %?‘ég]ﬁﬁir%s"ﬁ{;%\?f‘ & Plangjifrray ghlinegy,

mul ti-layer sensoay theBeE Bks urthblhaeaa@emuslbblag Elﬁ%ie&ﬁ?ﬁmaif%ﬂ%l&ehr%eﬁso&yﬁ em of.
2 0 conparatively |.ow cost and conplexity odi nents of the invention
other thdn REREONSRYRA OISERIE HFays @dh%!aaé’sl@llrée thesx-gayrsewrge end théie i nventi on
is not tob f ribed and illustrated,
Lhe nvent | o ceiensty %egm"{é’%%%lryw‘&é%&% R st 010020185 112
CLAI VB Wﬁat i s claeltve msﬂonlmechnmxxnrcal}ﬁgumdpeelterdw myitive of arcatigle tsheng:

inspected relative to the imaging chain, the article passing between the x-ray source
8  and the array of linear sensors in a series of passes parallel to the array of linear
_ sensors and substantially perpendicular to fhe long axes of the linear sensors;
0 an interpreter configured to capture a transmission image of the article for
' each of the linear sensors and combine the transmission images in order to generate a
12 layer image for each separate layer of the article; and
a controller configured to coordinate and control the relative motion

14  mechanism, the imaging chain, and the interpreter.

2. The system of claim 1, wherein the interpreter is also configured to

2 interpret the layer images to ascertain the quality of the article.

3. The system of claim 1, wherein the relative motion mechanism moves

2 the article under inspection.

4, The system of claim 1, wherein the relative motion mechanism moves

2 ' the imaging chain as a unit.
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2 an imagi ng chain, conprising a single x-ray source and a pl anar array of
| inear sensors, the |ong axes of the linear sensors being aligned in
parallel, the linear sensors 4 being configured to receive x-rays fromthe
X-ray source, the x-ray source and the |inear sensors renaining stationary
with respect to each other; 6 a relative notion nmechani smconfigured to
alter the position of an article to be inspected relative to the imaging
chain, the article passing between the x-ray source a and the array of

| i near sensors in a series of passes parallel to the array of |inear
sensors and substantially perpendicular to the | ong axes of the |inear
sensors; 10 an interpreter configured to capture a transm ssion i mge of
the article for each dfhetspgerhiofidaim &evismisthardrehsivednc] 2tdnd 1611@aB&M SSi on

i mges in2 orgie%gor 0 generate a |ayer inmage for each separate |ayer of the
article; and a“controller configured to coordi nate and control the relative
notion 14 nechanism the imaging chain, and the interpreter. 2. The system
of claiml1, wherein t interpreter is also configured to 2 interpret the
| ayer inmages to dscert ﬁystt??éoééﬁm b yhetein the lingar sensers g ampRgedsy st em of
claim 1, whesiditantidng ik £tiadié.ve notion mechani smnoves 2 the article under

i nspection. 4. The systemof claim1, wherein the relative noti on nmechani sm
noves 2 ' the imaging chain as a unit. 1 AG LENT CASE #10020135-1 5. The
system of claimk whethgifkidh6F Gai rll?v}ﬂgﬁeﬂﬁﬁé‘li&e%r%gor}greldn?ee&ﬁaz sensors. 6.
The systemof claim1, wherein the I'inear sensors are arrangec}' 2

subst ant iZl | Yategratign €Y1} linear Fensdhe syst-em of claim 1, wherein the |inear
sensors are tine delay 2 integration (TDI) linear sensors.

8. The system of claim 1, wherein the relative motion mechanism is also
2 configured to alter the position of the article relative to the array of linear sensors in a

direction perpendicular to the array of linear sensors to allow modification of the

4  resolution of the transmission images.

9. An imaging chain for an x-ray inspection system, comprising:
2 a single x-ray source; and ‘ '
a planar array of linear sensors, the long axes of the linear sensors being
4  aligned in parallel, the linear sensors being configured to receive x-rays from the x-
ray source, the x-ray source and the linear sensors remaining stationary with respect

6 to each other.

10.  The imaging chain of claim 9, wherein there are between 12 and 16

2 linear sensors.

11. . The imaging chain of claim'9, wherein the linear sensors are arranged

2 substantially in a circle.

12." The imaging chain of claim 9, wherein the linear sensors are time

2 delay integration (TDI) linear sensors.
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8. The systemof claim1l1l, wherein the relative notion nechanismis also 2
configured to alter the position of the article relative to the array of

| i near sensors in a direction perpendicular to the array of |inear sensors
to allow nodi fication of the 4 resolution of the transm ssion inmges. 9.
An imagi ng chain for an x-ray inspection system conprising: 2 a single
X-ray source; and a planar array of |inear sensors, the |ong axes of the

| i near sensors being 4 aligned in parallel, the Iinear sensors being
configured to receive x-rays fromthe x- ray source, the x-ray source and
the linear sensors remaining stationary wwth respect 6 to each other.

10. The inmaging chain of claim9, wherein there are between 12 and 16 2

| i near sensors. 11. The imaging chain of claim9, wherein the |inear
sensors are arran%ed 2 substantjially in a circle. 12. The imagi ng chain of
claim9, wherein ¥he ANEEHRY RPRLOASYHIS COMRESIG del ay integration (TDI)

linear sensors. AGlinkbls GOSE ShPERE Sqndte iﬁaﬂémcéana(afaﬁ){ariaﬁﬁ%ﬁﬁﬁé% Jrstem

conprising: 2 an inmaging chain, conpri ST ng d single x-ray source an
pl anar ar r ayseayors, thedang axge akihe near pensorp heingixligned n namllel, itredimearsenwoys bei ng

aligned i,n paegald Lhear S, < .4 ' pJalill receive
ot ays from Phe SRt el ARAL e ERORIR Lo SELOBSPRY PRI Be | 008
remai ni ng stlieatagasoys winkiningwpwoirytvothaesphctds baeh ptiér;means for altering the

position of an arg] . he inspected rel.ative .to th i.magi chain, the
article psassi ng bntééta\%egoﬁgﬁ%nen%xd}? 33&%8?%%“&%8 q %eén?reftgr%?uvle ?ch@gr 8 sensors
in a series ioigingskas, thadrtitle @hssing betveemtheayrap fourderd thesttrag f Kneand :
subst anti al | erpendicylar to t | ong axes of the |lipear sensors; 10
means for’ ca%?st?% Hé Sﬁn?srgﬁgﬁfss%air%{%iepr%“gag“éfﬁﬁﬂ@' SEOEPTE F‘J%‘-’gf‘ta‘é‘%‘ﬁ of the
| i near perpendicular to the long axes of the linear sensors;

10 means for capturing a transmission image of the article for each of the linear

sensors; and
12 means for combining the transmission images in order to generate a layer

image for each separate layer of the article.

14, The system of claim 13, further comprising means for interpreting the
2  layer images to ascertain the quality of the article.

15, The system of claim 13, wherein the position altering means moves the

2 article under inspection.

16.  The system of claim 13, wherein the position altering means moves the

2  imaging chain as a unit.

17. The system of claim 13, wherein there are between 12 and 16 linear

2 SE€NsSors.

18.  The system of claim 13, wherein the linear sensors are arranged

2  substantially in a circle.
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sensors; and 12 neans for conbining the transm ssion imges in order to
generate a |layer inmage for each separate |ayer of the article. 14. The
system of claim 13, father conprising neans for interpreting the |ayer
imges to ascertain the quality of the article. 15. The system of claim 13,
wherein the position altering nmeans noves the 2 article under inspection.
16. The system of claim 13, wherein the position altering. nmeans noves the
2 imaging chain as a unit. 17. The systemof claim 13, wherein there are
between 12 and 16 |linear 2 sensors. 18. The system of claim 13, wherein the
| i near sensors are arranged 2 substantially in a circle. AG LENT CASE
#10020135-1 15 19. The systemof claim 13, wherein the |linear sensors are
time delay 2 integration (TDI') linear sensors. 20. The system of claim 13,

wherein the p05|t terin ans_al so al 2 the positiqn of the
article relatlve 0 th E£V$Q§ gﬁﬁ%} éﬁmgﬁhéﬁlgﬂ¥ﬁ“§°@| s ey

per pendi cul aintégeat{ohqm[)ng,yarqgnslofsnear sensors to allow nodification of the
resolution of 4 the transmssion inmages. 21. A nethod for inspecting an

article by the use-of x-rays; conprising: 2 providing a single x-ray

source and a plangy arfy aémbra?m@%%ﬁmhe b8dUriA RRaddaldofificds! DOAT

sensors being aligned In ara t'he 11 near sensors I'ng confrgured 4
to recei vé X ays}tlﬁfr@frﬁltmckmlweéoche@aaypfl@wseagorsmﬁrmcam the |inear

sensors ”gér?%ngi éx % r‘?s/ ofMnbd} Cf'ér?s%%qg bid? {n%aglanonh&r the ésoa}uttioenréfn g the

position an ecte Ive X-ray source and the
array of #i nﬁaﬂmmsmxsi;nagm ar,t i cle passing between the x-ray source and
the array
2]. A method for inspecting an article by the use of x-rays, comprising:
2 providing a single x-ray source and a planar array of linear sensors, the long
axes of the linear sensors being aligned in parallel, the linear sensors being configured
4  toreceive x-rays from the x-ray source, the x-ray source and the linear sensors
remaining stationary with respect to cach other;
6 altering the position an article to be mspected relative to the x-ray source and
the array of linear sensors, the article passing between the x-ray source and the array
8  oflinear sensors in a series of passes parallel to the array of linear sensors and
substantially perpendicular to the long axes of the linear sensors;
0 - capturing a transmission image of the article for each of the linear sensors; and
combining the transmission images in order to generate a layer image' for each

12 separate layer of the article.

22.  The method of claim 21, further comprising interpreting the layer
2  images to ascertain the quality of the article.

23.  The method of claim 21, wherein the position altering step moves the

2 article under inspection..
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a of linear sensors in a series of passes parallel to the array of |inear
sensors and substantially perpendicular to the | ong axes of the |inear
sensors; 10 capturing a transm ssion inmage of the article for each of the

| i near sensors; and conbining the transm ssion imges in order to generate
a layer image for each 12 separate |ayer of the article. 22. The method of
claim2l1l, further conprising interpreting the layer 2 inages to ascertain
the quality of the article. 23. The method of claim21, wherein the
position altering step noves the 2 article under inspection.. AG LENT CASE
#10020135-1 16 24. The nethod of claim 21, wherein the position altering
step noves the 2 x-ray source and the planar array of |inear sensors as a
unit. 25. The nethod ofhe€nainbd SfalaiMiar FhéteinBS SosioR MRELNERL), hdveat 16

| inear 2 sensors. 26. The method of claim 21, wherein the |'inear sensors
are arr anged X-T8Y 8Qi5es apditheplpgar praypofdineer sensosas aPRE- net hod of cl ai m 21,
wherein the |inear sensors are tine delay - 2 integration (TDI) |inear
sensors. 28. The nethod of claim 21, further conprising altering the
position of the 25.artTkdmethed efdlaim 2lowhéreindheragre betweemé2endEnlimas i n a
directi onzpeg&?&gi cular to the array of |inear sensors to allow

nmodi fication of the resolution of the transm ssion i nages. AGQ LENT CASE
#10020135-1 17 '

26.  The method of claim 2 1, wherein the linear sensors are arranged

2  substantially in a circle.

27.  The method of claim 21, wherein the linear sensors are time delay

2  integration (TDI) linear sensors.

28.  The method of claim 21, further comprising altering the position of the
2 article relative to the array of lin€ar sensors in a direction perpéndicular to the array of

linear sensors to allow modification of the resolution of the transmission images.
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