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OF THE I NVENTION The present invention relates generally to imging o
i nspecti swosysyens and nmet hods. Specifically, the present PCRAUSHYITSH rel at es

L P e R

chips on Printed Grcuit Bo " " I i nspecti

i nterconnections on the szﬁj@ém%&?ﬁéﬁthe 1 o inteigg@pnections
contain significant defects. Continual increases in the IC chip _conplexity,
per f or mance ThaRepsptdnvantian relaiss Benergllvie dnaging Mppegipn systems sad P{))?t :
functionality of package interconnections. The Ball-Gid-Array ("BGA") is
.one ex&ppdifically, the pueseatiaviriiontrelates hmat ey (tisprdrtion systekawsingiiomesynthesis

i nterconnections that demand specialized i nspection techniques. The

cong i nyahdiMg tdRRAIGAS. Ng conpl exity and density of the PCB interconnections
»15 have resulted in the devel opnent of a nunber of interconnection

s connact | one. “one. coen’tnycr cosneet o1 napsect on' 1 ochn MU

t onosynt hesis, is capabl in ating a di ghigsd | mage
representation of a sli cWM@@ﬁgﬁﬁﬁ@%%ﬁpassi ng through a
three-di mensi onal electrical solder joint connection. . A.digital, .

t onosynt hesildesyepning obItegraisd ﬁtlrcﬁﬁ%{s 14))ehins an?é’ﬁ’%"c‘fc’\fﬁw gg@d?@%l Yer
joint qualities, which cannot be inspected by visual nethods or
conventéquixal inpeciipnrod thedigteapinmpestioms od she RCBs tordeterning\whethesB8, 241 i ssued on
August 18, 1987 to Richard S. Peugeot, incorporated herein by reference,

di 96! OS@ErcBNIMEABAY contaih eigREicahidStEs. | Dbl inoresses irethe, ICi oty cotiplexisy, syst em
10 depicted in Figure 1 of the instant application. The system 10 i ncl udes

a s eeg@gi?ﬁ?e{%&r%g%ﬁbr%n?énf dh F(tjﬁgfae;@dé:ﬁand%_oh%eg@erfsﬁyﬁﬁd fihetibi m;egﬂ%écﬁet gdeOr

S
capabl ays, and an inspection plane 20 positione ween

t he source and..the det . arein, I he . € e" in

r ef er etCEICPROGHENS oﬂ?e’c &&?nd'% %?%@ﬁgkni’%f é%fﬁ%‘-}@%%g%?@ter s to the
capability to djirect an electrqon beamwthin the source.12.to various

| ocat i a??ﬁl\{'%fﬂo%}’ ¢'aMyle? Pagksge Withinerronpegdions @%%ﬁ‘f“?‘ﬁ?ﬁ%}a]&%ﬁmfg%%r abl e
source, as used herein, refers to a source that |acks such capability, i.e.
t he el dethnopedelie emtinkaldy inheeasing gemplsnisylanddensits phted (B sugrrennections
regions A, B, and Cto be inaged nay be placed on an X-Y table (not shown),
5 whi chabé gsultetl inhke daeipdicnoof phamber intéieenneztion bjspedtiondedmiquies fox- Y
table, the test object nmay be translationally noved along the x and y

di r ect i QR3O IERAL of of AHLBNNEintkRbAEREbAs. SUCh as a sol der joint, can be
i mged. The source 12 produces an X-ray beam 50 having sufficient energy to

penetrate t t . Qbj . - Wk i a
ow enough o Eh iBleiheclBlirsfRHan inidl AphBbynesill ooy SPacRAARD °
of interest. 1o The X.ray.source 12 and the .detector, 30 may, be nount.ed on

e pe MIERTS RSERER A GETYATAEE RTTEREn PEAED Seoeiaa ShEley s
field-of view, ranging fromapproximately 2.5nm x 2. 5mmto approxi mately
25mm x 1owsh attlafe@rén@mswnﬁbd@ctﬁpalﬁa}d@r@mt&PI,metCHen-xArdd%l@é‘B}Pewn SIS $YHERInt ed
on a progranmabl e Z-axi s, which changes the di stance between the X-ray
souroc e midkea ftcpassibleito syuspedtivariowd BEB solder jpint qualitiesnwhich sanmad be itspeoted by
source 12 and the plane 15 20 is referred to herein as Z 1. The detector is

al so nMag§ilaeehefidd oPERFERBTRDKErag r8dbgrapihinethodd) AU e PatehieNdi 4688 241 ibstedeen
t he i nspection plane 20 and the detector 30. The distance between the

i nspect 0 u#lls? Eg, 1??2?&dﬁ10?1% Sj.qieﬁgéd%rin@%gi)ﬁtédqe%iﬁ 89 réferdnes, AidB1Rss ZAumber

Variation o of Vi ew nay be conpl i shed” by varying either or

.both distances .Zl. and 72 Th per.atdi on . _Flgu . wil |
be. expl A AEAS BT Hpefion A BrRE S fodh Sushlfo STl gl pd e ¥ |
positioned on the X-Y tahle, in the inspection ane 20. }'he1

application. The system 10 includes a steerable microfocus X-ray source 12, alarge-format

=0

25  image detector 30 capable of imaging X-rays, and an inspection plane 20 positioned between

the source and the detector. As used herein, the term “steerable” in reference to the source 12
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board is then noved translationally along the x and y directions so that a
region of interest A B, or C such as a solder joint, or a conmponent can
be i mageswo @ixe24 he board is properly positioned, a beam BETA&/ 400N, such
as X-r ar)éfe?seﬁﬁé %pabﬁitgfooﬂi?%%%q eleOEH gém@ﬁ/itﬂﬂi BetoRBe 198 Gt idcallOR dha A

portion 0O ray beam transmts through and is nodul ated by the 25
obj ect. The rtion of the heam 50 that ses_through e i

stri kesta’igﬁEarroﬁﬁgln CRIYEagt Srstagonarv\ﬁr f"i’ﬁ'ﬁ'&?‘%gfeﬁeﬁcﬁﬁﬁ%ﬁ% gé%né 8&6%%& aé@?@%t or
30 is capabl e of producing an X-ray_ shadowgraph containing.t e _nodul ation
inforndﬁﬂdhdﬁﬁ%ﬂi@ﬁ@bﬂ%bﬂfoﬁ?é#??“?h@m&ﬁVﬁﬁ%&§ﬂWE§VH§dFHE ﬁﬁg@#m?gPﬁen of
the detector 30 produce a visible light or shadowgraph i nage of the vol une
.of the obj ecThategions |, Bs and €ho he itheged-maybohplaesdsm an X-Y kablei@obehaym)30
includes an image intensifier, the inage at the output of the 5 i mage

i nt gnsiwhigh lie$ indi® krishé@idniplarderd0g Whéessn objbet is omgre X-Natabkp firaes object ey

»out put face of the detector 30 is viewed, through a mrror, by a video

camer a 'gﬁaé)ﬁ:, f b i iofoftimeresiebebtRn 30,
such as t %mgggw%hgnnu %red %?j%?qgﬁ§%39$§$ﬂﬁ%¥§%§gﬂfi nﬁ? be gquentially

di d .t.h b | i h i td i. ,
R A L N AT e
01198 2. R L 20 LS L5 ER LERA B 03B S o

a tonosynthesis conputer, which is programmed with a known tonosynt hesis

al gor i tthat & teawltiog ireageshas conindst wathirothe s¢giomefl intpsgfés and provi des a resul t ant
image to a nonitor. In order to inprove the resolution of the digitized

i mage sets, TheKsra}bsodesi2 aixd thetdetecion30 nidyebef memdedén iridepemitnt Yeeticmhdeve t o
a region of the detector 30, such as the regions 1, 3, 5 or 7, rather than
L0 acqub&nBESTIolls 4 CSREUOELIE Sindabld AVNE-VI&E, BRtihg BofEhfetamaRly For

system 10, the center of the region of interest nmust coincide with a |ine
ext endi fromdhe center. of f X S ' canter of
he. det sarst <30 miadS GiShutlatk 38Br A5 b Be fotfhe" BbERaIG, EDCEE §
coincides with the centerline of X-ray,L beam 50 and the. center of the field
of Vi evPBFCEk 18 GRBIIedPn ARFORREIMAS ¢ Wﬁ*ﬂ%@iﬂ&ﬁ%ﬁf&@@@ﬁ%‘? g%ﬁ%!b{he%'r%r
exanple, the X-ray source 1 Z is positioned at nultiple points 1-8 along a
ci r cul asoupes 12 anddhe inspentiopeaiane( drherdistance betwgendhe Xxay sorni2 and thg@laner ¢| e
falls in a plane that is perpendicular to the Z axis and naintains the sane
25 angl 20 isireferredito hareimousiZli. SFeendetdctaris alsdmoZintedion. a pbgrasmimbioZ akis, whshX- r ay
source 12 emits an X-ray beam 50 towards, and at |east partially through,

the obj gl tht RRBY bEIeA ald ilghedfion PRAE20End théQeR2{oc3B9 TRETIstAncd 1/ ~7s~0
obj ect B ag the detector 3 0. For exanple, to acquire image 1 for object B,

he X ( e, \ .
the X-r %‘%{;\%&Pfh%g?s&%cnﬁo% ﬁ%:ﬁe?ﬁs@glcf fhe BORLLE 96 1s]ret?cg%d;£t5' Red&f £OLD ;V%I?]eﬁfoﬁ o?kne/i ew

IS nove posi process I's repea or | mages rough 8 of
object B.,,The.8 inmages are .a jred sequential Ly .since ctron beam

i nsi de fifid oY }%mgxﬁra 88"%??1%‘5”%?4%}3'{% Ih&t e O(ﬁ dﬁ,stag?%f %?gl}/d?ieévav nust be
noved after each acquisition. As _a result, 8 scanned i ngges of object B at
a known pre- dBe aperptieoithe systan of Eigyrq)| agw WA%lt%@rGXPH@eflg?zﬁlF% hoﬁ’é;g@é'“lﬁ‘
object B are taken, then the X-Y table is noved so that the center of

obj ect regtwisdintesstwtB, and& saosisionehen thie X-{Yetaldle; inthp dwprapnplanci29e Tdent er
of the detector field of view To acquire image 1 for object A the X-ray
sour ce Bdard$s therafored translatiomally tlonp the xaant ¥ aecimhne st trat & redich of interasivAi, B,
noved to position 1. This process is repeated for imges 2 through 8 of

obj ect & CThi¢A as § sSIRBIBRA, rPERATRAENRh BeimAedl. COSRRASbEH isiptberBy 0CESS i S
continued Tox each of the objects, or regions of interest, to be imaged. In
,order fQr. .1 S hes] . he f ' [ ast a
2530 cogvUgTEnY Pl BL ol o iuEh s RidaYBeart 20, AR BB o R nEallE S e
slice of, the object. 15 r, .the practical, |imtat.ion t.he. di anet er
.of the STFubeay rgé’,ortf%cl’_ﬁﬁg#g’iaé( PR Sﬁﬁ@na@{tég}rgpg,rﬂ ?"?‘il s moglfl%}\eéjebybtg?meen t he
source and the object, Zl, and the distance between the object and the

det 8zt opbjeg? result iii conpronmises to be made with respect to the angle
that can be achieved, the field-of view, the resolution, and the speed of
the system [Thepodien df thedndaire$kthahpassesshroagh dregibgech tientshriless shaiswiza detector
tonmosynthetic slice, a costly X-ray source and/ or detector are 20 required.
As nentioned above, conventional tonpsyAthesis techniques, such as those
shown by Peugeot in U S. Patent No. 4,688,241 and depicted in Figure 1,
require that the centerline of the X-ray focal spot position and of the
field of view at the detector is coincident with the center of the object
to be imaged. There are a nunber of resultant advantages fromthis




25 Passing the X-ray beamthrough the center of the region of interest
sinplifies calibration of the machine, the dewarping and gray correction of
t he | mag®s) omuwd24 he nechani cal positioni ng of WO 02/ . 1RZPOS01/47540

PCT/ USOJ{ - /318090 Jc?}%a?ale't %fy?g?%g?érﬁﬁf-rgﬂc’ sﬁﬂ@gﬁ%ﬁﬂ%ﬂﬁﬁﬁﬁ%ﬁle shddugatidgpends

on accurate positioning on beam an rrors. I'S accuracy can
be achieyed with exjsting .technpol for..el ect.ronagneti . beam steering and
gal vonoRErapRigg PE’r@‘.e togt &J&%‘d%ﬁ?@%’scﬁ%@&%ﬁ?ﬁ%ﬁ%‘F%&’r@?‘Sﬁ% ,eCtﬁf)g\gver, is

that they require the use of a large-format detector and a steerahle X-ray

sour ce. prdede avjsiblertight of shadeyyeraph jmagmef the yoluge of thg ehied dhat fllsayiug the ¢ost
of the system Further, with such systens, it is slower to sequentially

. acqui r eXeag beam &0.01f thé detBctond@)as]udeh ars ithagei infensj fieh thesipagel abthe phipusgkthem t o
8 tines the tine it takes to acquire one inmage. Thus, there is a need for
an % r ayndoB sReadifietns axplifed briphtsé.onosynt hesi s i magi ng techni que t hat
-does not require the centerline of the X-ray focal spot position and of the

field of 1o *fh@ﬁ‘{é%g tﬁ#%g?&a&segﬁ e 05%“{{12%&%5@? SediorWotib viehRdCtRdBh aGhirfone

object to be ina el1s afu inthe art for an X-ray

i nspectjon systemusing,a t nt het i.c i magi ng techni;qu tand

requi r ePYHBYHEY °§'P%ré‘r(8%'19%‘° E S)zr;@g‘}s/%ﬁggiz R V@Pﬁ%&é@@?h@tfeé‘%ac?ogétob%&%‘ﬁ%géee is
yet a further need in the art for an X-ray inspection systemusing a 15

t onsy nteigoss aumbaig dg3: danthi udigureal lnqyd}eess%féltlﬁﬂﬁéd%f%tﬁﬁ@ﬁgﬁﬁa"a‘?m He system
whil e decreasing its overall cost. SUMVARY OF THE | NVENTI ON The present

i nvent i adjustingttbe pdnitioreeftthe ofirrothe prior art by providing an X-ray inspection
system usi ng a tonosynthesis i magi ng techni que that does not require the

ceni@rl i ne ofhé RBURKINg dmb@es akOteh ir§0intPeVideo@igiting. The videsldigititerprevidat t he
detector to be coincrdent wwth the center of the object to be inmaged. Wth

this regul teldn: skani £ ] . nEar es
?sluézﬂ di {élké(ﬁ 1%‘?&%@@&5. B9 1}15%?{1‘1%&?6%@ is30h1RA"S QG aAd VRIEAT

are real1ze y a g the use o er a large-format detector or a

steerable X ray source or both. .These advant S e I i ng
an ins pig‘? f“&arg%w g{\qrﬁl&%e%ra QAT RIOE R B‘SF@'@%?%&"%%“%&V?‘%@ 1%%1%2}-:12%1 é@\n th
an X-ray detector that can capture 8 igmges si nul t angciusl . Thus, t.he need
for a cHihaknemadempsamibestsaleariim thaticfiegt o fopmbinagion of thejatag IAOY0S bm j s
sinplified. WO 02/.1C729 PCT/ USOL/ ~75. 10 Further, the speed or throughput
of the msgsltaimsgd toprioowitbr. Tinexler tedwpnewethe resahition of fheadigitized image selg) if Bed
by using an inspection system having a steerable X-ray source and a

smah4 - f gesimbleltb ikt 18 Held dorewl ef detoamerBy asteg@niofithe deteckorr3dy siwbus tiee f ur t her

off center, the imge of the object can be projected onto a high
resol ut -i\%rfbns%@! § or 7, rather than to acquire images for tomosynthesis viewing the entire detector
30.
For system 10, the center of the region of interest must coincide with a line extending
from the center of the path of the x-ray source to the center of the detector 30. As can be seen
20  in Figure 1, the center of object B coincides with the centerline of X-ray beam 50 and the center
of the field of view of detector 30.
To acquire tomosynthetic images for object B, for example, the X-ray source 12 is
positioned at multiple points 1-8 along a circular path that is perpendicular to the Z axis. Each
point on the circle falls in a plane that is perpendicular to the Z axis and maintains the same

25  angle with, or is equidistant from, the Z axis. At each point, the X-ray source 12 emits an X-ray

beam 50 towards, and at least partially through, the object B, thereby generating an image of
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format detector. Thus, cost savings are achieved by using a smaller, |ess
expensi ve detector. Since X-ray detectors and steerable X-ray sources are
typi cal | wo beeTst expensi ve conponents in the inspecti onPEYRISEN7540

decr easjng, hm%iﬁeoée{t%c%r ﬁ&%%éagggf eg?au ShrOBERaEr OYesE, thSXShTbmesta whi | e

still marntaining e require nce. The present invention also r

educes .t he nynber ,of chanical r i ti.oning novenent.s requir to
pl ace t'hstee é?/p%wlbgg’&$ﬂ’teﬁ§%8@fglgf‘ﬁ?g VARd lstrﬂqudatlpd)é) 1tt188j31é2¥us§)ﬁocﬁasggti on
for tonography. Therefore, the present invention enabl es irrag?@ of conpl ex

i nt er coapratad fonimagss Behiough Sad obisct BsEha § paggs ars qcguiedsegusilly segghe
DESCRI PTION OF THE DRAWNGS Figure 1 is a diagranmatic illustration of an
«X-ray idemeathicam iasidt theXotayt soarqerlionsingand thesleRictprdeldof wew mistbe meowved i ¢
illustration of one enbodi ment of an X-ray inspection systemof the present
i nvent i Fier efdhoitRisARdnl Asth febuilt, Rekatticd gfmagasaifiobject Bus b kadwo preodetérnened
-enbodi nrent of Figure 2. Figure 3 is a diagrammatic illustration of another
enbodi ) -ray inspection systemof the present invention; 20

Fi gur enﬁlréliesﬁgﬁglﬁlfé&strati on of the regions to be inmaged on a printed

circuit board; Figure.5.is sim.ar to Figure.4 and.f ' I t he
Suarl onar ) e thd Htina jades Seplle teﬁ?%ertg]?%t@Pqﬁ%%{'i&%—bg%{st)‘J‘é%‘lnﬁusﬁhsf@‘g%e

| ocated in order to acquire_all the npecessary off axjs innges to ke a

t onpsy reenter of objeptcd coingidermithithe eenfesline pidhe dormaibean) Fdihesentst ot thec or dance
wi th an enbodi ment of the present 25 invention. 6 WO U2/1729

PCT/ USQigtectaiFieldJoDEEA [TeDrcDEBCRMZE| 10T Obj eTHE, thRESRINBOW CPREFESRER to

EMBODI MENTS The presently preferred enbodi nents are described herein with

r ef gy ensitiod FiriSthe defebiop feld o vie Budbvedhe potitibs ¢. Diiis phycesstis repested égi ons  of
interest, to be imaged is arbitrary, the objects to be imged preferably

g?gg[ Ir ilﬁtlla?eé B%oﬁ%lrﬁ L)FSIB'E&nA.CTgﬁst? SRAnhed 'imi@%e% ¥ QdeeEt Ragd @ﬁkd’l‘@d. Ughi8 Brocess

conpo ts connecte 0 a circu boar'd through sol der joints.
Fi gures. 2 and eacF g i Gt an X-ray inspect.i S 100 enbodyi ng the
princi p’lségmﬂ)‘fueﬁ%’i Fagp o ﬁ%o‘%ﬁ?gﬁﬂf)r qul%é’?gﬁggéeth@rheﬁvegggon. The system 100
i ncludes a non-steerable X-ray sourge 112 and_an are et ect or A
sui t abl e nonlns3rdey fapfanosypthigsig &J‘P%%f%?célv%t\;]é? fogle gl‘lfﬁi’B&d%e@g feéft 4 ?}ng? ng
Systens, San Diego, California. The source 112 is displaced fromand to
gener al dggreentgly Bdmyietgendisulie ta gensrath e usednk temogynthgticishspetthe oRiest- ane 120
and the center of the
15 However, the practical limitations of the diameter of the X-ray source, the diameter of the
detector, the distance between the source and the object, Z1, and the distance between the object
and the detector, Z2, result in compromises to be made with respect to the angle that can be
achieved, the field-of-view, the resolution, and the speed of the system. In order to achieve the
desired angle and thus a useful tomosynthetic slice, a costly X-ray source and/or detector are
20  required.
As mentioned above, conventional tomosynthesis techniques, such as those shown by
Peugeot in U.S. Patent No. 4,688,241 and depicted in Figure 1, require that the centerline of the
X-ray focal spot position and of the field of view at the detector is coincident with the center of
the object to be imaged. There are a number of resultant advantages from this arrangement.

25  Passing the X-ray beam through the center of the region of interest simplifies calibration of the

machine, the dewarping and gray correction of the images, and the mechanical positioning of
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detector 130. As with the systemof Figure 1, the regions A, B, and C to be
i mged are nechanically supported in the inspection plane 120. The support
surface MyoB&72%apabl e of noving the regions A B, and C PETASINES4D t he

sour ce yid ghRd THRQuIRLTHRY todRRyntALEISIRE dEHRIIS oh REcr B RBEitiohifig 3P ths- Y t abl e.
Alternatlvély, the support surface may sinply hold the regions at a 15

predeterm ned | ocation relative to t . : teect or 130.
Al t hougﬁ%ec}é{on%,ea%{ﬁ&d EUHRLS oEhis %‘?’815%8&?‘8? ﬁéél{“g‘l%ﬁj‘%‘é‘ %gjg{engtgé,l&[%ho%gef&gki lled in
the art will appreciate that A B, and C may sinply be different.regions of
|t r e<HOUROMAERE Reagieor iy el voppEiet s, A sy @Bt ot RrCLT o
detector 130 are preferably nounted on independent vertical drive

- mechani systemsHaawexket, anthat derrequiretls ysewod ailangp-dotmpas dgtepior gndasteqgble ety cal
drive 20 mechanisnms are used to vary the distance, Z1, between the X-ray
soursce sbiiteatSuch bquiphpmds ekgenbioe iand e dse inngatdsehaowtralhemst oZBe spetemeen t he
-obj ect to be inmaged and the detector 130. In system 100, the distance Z
can rangfitef, WRNARIRL QYdtemE at ¥ sthwrer té SeqReftial B qhiiee4bh ind BE thellinfepBs, tREKJ €
fromapproximately 0.5" to 3.0". Alternatively, the nechanical support for

h | : . . dth
det ect oPig Sy Pepf Ry R8s st The BRR S8 AT ABERT L o s 10

allow Z1 and_Z2 to vary independently. As a further alternative, the system
may ot i ol T, tere s aechior a8 Arehestion St btk e Pmentlies S inatie o
02/-tGr21 PCT/LJSQOL/.175-L11 detector 130 nmay be positioned at fixed Z1 and
Z2 di stiaelodgue that degsinet requireihe wentgringiod theeX-2ay facakipohpesitionynd afifee Beldafe

112 is |l ocated above the inspection plane 120 and the detector 130 bel ow

i t,10 hosewskileldettcion t¢ hecaintident!with the cgmieref thhabjettte beomagel. 112 nmay
alternatively be disposed below, and the detector 130 above, the inspection

pl ane 120. Sysd&8 LR hBPYedden Beit B8 dn W-faY ifdpedtidridystbet @ihOs tohddkyhiheiing a

flat screen and at | east 1000 pixels in each direction. hi accordance with

a preferr ' , ' g oldeC "asSi ")
Get ect ooty AT okl RalRliREd Ry hlbel b1 ZR ATRARAOHS, FladeOfipnl 2
coating,of Cesiumlodide ("Csl") crystals. An exanple of such an aSi

det ect ofet$¥O% he Model Fl ashScan 20, available from Trixel |, Moirans,

France. This particular nodel has 1536 pixels 1o in one direction and 1920
pi xel s in thng@'@ ieyet a Apghes needsiy the A AoIM A-TRY HISPRALOB AHFIEMUSINGRSs 5 127

m cron pi xel size and hence a total detector size of approxinmately 195 nmm x
244157 tofosyntiesiansagnig teclvequcthatancreéses e thgiughputed it systemewhile dgoseasing
absorbed in a layer of Csl. Since Csl is a scintillating material, it
subsequgngdeyaleeast.s pul ses of light. This light is then converted within the
detector 130 into electrical charge carriers in a matrix of aSi

phot odi odes. 15 Every phot 0§U§H@ARTGPWEVWEWTIW¢OU" circuitry by an
i ndi vidual switch, which may be a thin filmtransistor or a diode. The

ouLPUL 1 0naf, Bt PR B R B PR MR Sk hep el .
R MR R IARL RE o R IR R =

vi ewed on a display or video nonitor 140, shown in 20 Figure 2a, or stored
f or 20 at wiy foeal spas\pabitionand theofislé af vigwaat thedaterjorttn bsi eoincidrat yithihe cateriade
detector is supplied to a canera by a mrror, which in turnis fed into a
vi deo pihe@biedto. beBamged eWithahisutquitenaht tlivaindedesignificiiB@ostemd petfernatseve i s
itself a digital representation of the x-ray inmage, the need for a mrror

and a cafRh@igkSars rddlizB@bedvoiding thd @seVfleRHEr OlbrdePrl&i@ReEcr of 8 sReRBlLRd
directly to an inage processing 25 system Notably, since the aSi detector

+130 is h@,rsgﬁrcgrapg&ﬂ_to achieve a 30 degree angle for

These advantages can be achieved by using an inspection system having a non-steerable
25  X-ray source combined with an X-ray detector that can capture 8 images simultaneously. Thus,

the need for a costly steerable X-ray source is eliminated and the overall system is simplified.
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off axis inmages with at |east 512 pixels in each imge, all eight inages
can be acquired WO (12/ 6729 PCT/ 11 S01/ ~75~0 si mul t aneously, as further
descri besdved/wnzo t her eby decreasing the tinme required forPCHESert?SoN

dramat i | Addit Lo ol ided with a cantrol system
The Coﬁﬁl}a‘i}ﬁ%}?@g%ﬁi klutﬁgﬂgéﬁgtsﬁﬁ?e@ége%glst gp%‘%j}i'ect to be imaged at the
desired position within the inspection plane 120, whet her by novi e
obj ect, the 8 @g{an{alggs ?:Pé‘t%é:‘(ﬁl@ agyvely s lz(e,gﬁ%iuﬁﬁgia&]lns@]ec f%es\%tglrnelbagl?nr%;' The
system al so controls the operation of the indegendent vertical drive
mechanistaesablé K-ray spurgeand a smelkfgrma bighrreseini@sdotactan Bysteeryg the duf®ed, and
the image stitching aspect of the present invention, di'scussed in detail
.bel ow. shire funtiad ioBRcentdr, thhémagsd i the obigstt @mbemyojbeed entoarhighirasglutioprwadls sor
150, shown in to Figure 2a, which may al so performthe real tine inage

Pr 0Ges sy RatiddReior ONBusl @86 shbiags ARA¥Rievdd P usihh & sREDESRSOExpkhiiverastedter.a
-general purpose m croprocessor that is programred, as known to those

skilled in %]ﬁceakzl?y hQﬁe}E}%{aﬁ@%&%l&ﬁ%& QuredsSie ngtﬂ@%sﬁxﬁm ng

functi ons. ernative processor” 150 may edi cat ed” i mage

processi ng device, i.n which case .the contraol functions,na I by
a separ@PWORFRs ghihs dspeeiion,ystenl dESTFIsig, ez&“&é’ﬁ&?&f’%&f% “(’:%%‘f&%clg) ag% 8(;&%}?
Referring back to Figure 2, when the source 112 projects an X-ray beam

t owar d sysiginorest while Bﬁgllmw@mnigcshpmaw@dn%@%m&ﬁ%ff axis inmage of region A
wi |l be obtained at position 5 on the detector 130, as well as an off axis
i mage of objHetprésenvinvestimnalsmpdtcesgbsnuimber of meChénieairepasitiogasg O VINHET
regions not shown in Figure 2 could also be obtained. This will be better
20 fbnd%gﬁi%&o\fﬂécla th'R a9 lsbirek BOthYideRUDS afdtheRAizeSobfptic pbsition foake, the
discussion is imted to four images, although nore i mages may be required
for tor%ﬁ%g}agﬁgr.' %hél%g&g,sd:l% gfe%%ﬂl venflbn b d?ilé‘s"ﬁna@@é StdonfIRREré PMections to

i nspections, “I't" has beéen und that eirght off axis images wll usually
provi de accept abl e resul. al t hough nore or fewer images may alternatively
be used?® ‘Wi}%ﬁg‘ ES%BFB‘?&&%S{S%P’WSM ble areas of interest to be inmged on a
printed circuit board. 25 Wen area of interest A i ¢ ced in the center
of the inspection pl aneBRESF DS CRERLION, P HH@@BA@ZUQ m t he non-steerabl e
source 112, an off axis inmage of area B, corresponding to WO U2/6729

PCT/ USOL/ ~7sFiguredetsecdiogramositic iilbustraiiompf 4n Kerap inspeetion, systemyaf|the paorat; of f
axis imge of area D, corresponding to detector position 7. When area of
int ey est B i Bighte?® Rth difgrafénaic ill@tratibn bhend aslmlimentroflahd0eaylidfpeation X- r ays
are projected from non-steerable source 112, an off axis inage of area A,

corresg&g@hp&&lggg&gﬁ%%nﬁgg,si tion 5, wll be obtained as well as an off
area E,

axi s inmgge o 5 corresponding to detector position 7 and an off

axi s i mage of. ar C, respond . hhd : area of
interest C iElngea &9 aiiﬁg{l‘?{ed%g%nf é‘g g%ilﬁ%sﬁrgﬁ(?ﬁé@el%? ll%gh&l'f) a%éf%?g%@én of f axis
i mage of area B, correspondi ng.to detector positign 5 il L, be.obtalned as
wel | as an of fBUEG & Q‘ﬁﬁ%@m&‘fat'gr‘@‘éﬁt’iﬂ,uo’EBh%% %ﬁa}tbﬁglf{‘%“&ﬁﬂf‘%éﬂ'%y 58srton 7.
When area of interest Dis placed in the center of the inspection plane
120, ansyfem akibs presagiangéntighea A, corresponding to detector to position 3,
will be obtained as well as an off axis inmage of area E, corresponding to
det egt or posFigues¥ is anitlusiratiohfof the regions tpebaimaged an & printadesiysbit dpangs t o
detector position 7. Wen area of interest Eis placed in the center of the

i nspecti on praRee é?sf)simﬂarl 1 Tig@¥ 4sand Tagieer aflusdiaes the aduitidras peadinsdo dich

detector position 5 wll be obtained as well as an off axis inage of area

F corregpongdi t € of 1 ol xis

cor r cspOaehs s S FEXFE SruRaRlst pPickisd Mol uhirt TG ReeqiFDibnds |,
.correspondi ng to, det ect or si‘Lli on 7. The renmining areas of interest are
pl aced ?rﬂa%‘fég(??’ialcﬁ?‘\a %Ostyﬁg%ﬁ&s ®plhdi ng i rages are obtained. To obtain a
conpl ete set of images for the outer areas .of interest ééA B, f(:E D, F, G
H, and 1), tFeue ease betagrral seangpaiem paceprdancsiwifihan gpodimgntqtihe presgiiar g,
shown in Figure 5, nust be positioned in the center of the inspection plane
and 2t heimenti@spondi ng i mages taken. In reality, 20 nost areas of interest
would lie inside the edge of a printed circuit board, rather than on the




edge. However, since several views are acquired sinmultaneously at each

| ocation with the present invention, rather than sequentially, the

t hr oughpwo 0346329gni fi cantly inproved in conparison to knowraTuSewvsHues. |f
in the i ngpgch ' %@MNM?MMD@M@MEMr
arrangemé?ﬁ%‘{%rgﬁzghg% e,ﬂj%o?nts roma Ball Gid Array), then, when the
X-ray source.js radiati above r.eqion. of I ter Bt i egi ons
adj acent toeg’erﬂﬁse&ﬂ%ﬂ‘%gﬁ%cgﬂgﬁgﬁ%gmrs? i %ﬁs‘é@e%%%zélg%trhe@%f@&tté/\g%? G729
PCT/US(I1/~75.10 this technique may be used.to acquire 8 off axis images of
8 ad] ackivugh 8y RS e ATORRGSABIEGES eTEGIORT L IBIHE L be {Bpafd n ATy ghe

i magi ng positions required to inspect the entire grid. In conparison, the

. conventatgewdd tortetimaged prefaslyicoinpysaithicrrag eleorenic assembly & wgifcuihhoard nages
sequentially for each region. Therefore, for an arrangenent of N x N

r egisonsincladingtedctrotituRinpohed usBRciRA$o b civeut beird thrdungh wddergoitisonal net hod
-would be 8 tines N2. However, under the off axis nethod of this enbodi nent

of the i nven}I&iiggl%s Z%ﬂh&a%&l @é}ﬁc%ttah%rﬁﬁhs&@ﬁbn EREIN® 100 BhbSdyAnPiedeincles

regions, wll “resu in a total nunber-of source positions equal to (N+2)

(N+2) 2)Z. th mber._of reqj ong, | ; ) ur.ce
bosi 1 i st GopipimenC o} P /el o Ing SRR TG mchitfs RHEREaRbIRUAFE
t he conventional nethod, For exanple, jf 1 o N3, 72 source Oﬁi tli ns are
used f ofourdsel 12ad SRATeHIateciRiIf8d A W%@Piéé@nbﬁtﬁe? Xy soreg S avetiehls 2oy ¢
axis method of this enbodi ment. For N=10, 800 source positions are used for
t he corNiotdt BmagingSysicns, SundPisas, Catifgmia AThsgonrcedds indisplaedfrersand ne of f
axis nethod of this enbodinment. Once all the off axis images have been
acqw r e%enei'ém@' defiRgriswithyespect 4o thigpentebafdn ihSpactigephee 12y agd thapenigr oftbei mages
for each of the objects, i. e., imges 1-8 for object A Since all 8 inages

for a spagidi £3000Etth MEsysRin SatpireadihdirbfiohdIR, BN&RECté Boindgedard n t he
same nechani cal position, "an i magée alignnment technique is preferably used

he. i R - h
e e e
oi ol | Dovblanapinedt Bond( ghrtvnd Hepdes hagbearatn bt i iRt

"in-view' fiducials or alternately have sufficient overl aplwgqet ween the

i mages the supparhistahefnYatabledjAltesnativebi thesuprest susface aayfamplyrhedt hegeeignsdar e
arrangenent of points are farther fromthe center of the source to the
target prdaecthmesiabatonfelitive tgtlicdoarceddand/or the detectryld0adithneglyboBsando use
a pattern that keeps the center of each off axis imge a fixed radius from
the centghaybe tdh@rddBHerdn aPolj¥das, @dse Bikilled & thedepi il fppedtisx thapAeBpindC
hexagonal arrangenent that acconplishes this requirenent. Instead of 8 off

axi s | TBaGSimBly bl (o IRACS! Bithedh RittiaPlle bANOBRAAH BbRedl L VO U2/~ L(729

PCT/ US tonosynthetic s and t he hexagonal® pattern can be

symetri cal | itioned any field- view on.th i it The
det ect or 130*@29%@% SP}“E?ﬁelg& ?Bgﬁlfcde%??gorﬁgg T féé%}’tl&-&r"%}%aér‘%&&“%g’%@%ﬁ t he
X-rays to visible light. The digital output of t efector,is prqvided to
a proce¥ayralstyegrechanisma it sllow gcentinyoysly variable r}’ggeﬁé“%‘&?"l {EE%IV%VE‘BéiémV?hi s
feature permts optimzing the field-of view, resolution, and throughput

f or 2wi r meahdnjsramare ised t tayphe disfancei £1,tgevasodheiXiray seurgp 462 g thaebisat 19f
conponent pitch present. This unique application of the imagi ng system
(i.e., beoaligd, aid thbldisariceplE desiden theotden $6 Y9 ineddertiand theesdat¢veord@d I or a
detector that nust be re-positioned, thereby reducing the nechani cal

conpl exigi el 0bRe AYBinBEVA Larfrang@lrbfll ppoRImARE @S 16PIOEIdEhe Histahof Z2 Qan
systen), " Inproving systemreliability and the repeatability of results, and

L R T O RSO ST TN
et ect o $30 G pdest o8f SLevre G ey opleelr 10 RUREIIED carer o,

t hrough, for exanple, a lens or a fi ber-oPti c_bundl e.. The an Io%ﬁéo {15
di gi26 al Jndspensient vertied elrivs machanismpioaboned] e 42 | Brsdadspergenty | gﬁéﬂ er
processi ng system which processes the inmage information to formul ate an

i mage onlterndiiey lteesyseucimap sotinviude vertioalidrive methaisms, ke sowee U2 and thpensi ve
steerable X-ray source is avoided and tge overall systemcost is |ower.



A further enbodi nent of the present invention could enploy a flat panel
detector 20 consisting of an anorphous sel eni um sem conduct or X-ray
absor ber wawed6nzp over a thin-filmtransistor array as thePOBYSEI/£7640 di git al

capt ur fae % 134 ﬁﬁyﬂﬁpﬁﬁ{tﬁhc& ) 12 PRlae7 S Bi9hEs! @ hddagh, QUhSRINFIERIE -

war e. i's detector, the X-rays are converted by the

anor phays .sel eni directly intp.an electric cha (9 C by an
array dhug{agﬁﬁﬁ%gg%w%ﬁ@ég tlﬂcflpefisa%glv%ﬁ%ﬁ iu%SgFCtllo%égl%leet ]?eq)?d nd éﬁe %egéétﬁ%fe I ately
viewed on a_ video nonitor or passed to_an_ 25 imﬁi pr oc?ssor,. Because t he
X-rays belev Bothpes fkalledin the art yill progenire thabthespurce A2 gy altlegRtively et er i s
avoi ded and the degradation of the imge sharpness is elimnated. 12 WO
.02/ . 1GragpoRabelis@lard-the BeteCtoFi Hateve, the pispeatioamdaied20X- r ay i nspecti on
system 200 enbodying the principles of an alternative enbodi nent of the

presgent | nVES},fsieﬁﬂlO(Sbﬁ%fr@Bb?&@dddﬂﬁitlu%X-@yﬂb&ﬂoﬁbl&@héﬁﬁ@y flapseren aat2t fast a
-detector 230. A suitable steerable X-ray source is Mdel MXT-160CR,

avai | abjpff .o e%gljtl firedt/SRY ihg Qcac§¥<§a§1€ér§/ith§ o8 BmbS@lch Y dbtectd BoTRAE!

has a 10 micron sp Sl ze an 75 mmsteering dianeter. As with the system
of Figure 1 he qbj ecl s...A, and C.t i .
suppor 2" @Eﬁ}ﬂfl%}g“ Sﬁ}#";{iy"%ﬂ B N sﬁ%aﬁ‘%&%‘gﬁ%@?ﬁ“%@ﬁgﬁﬁg§ ? it

pl ane 220. The detector 230 used in system 200 is preferably a hi

r esol utd ewtinkof Ggsivmdedide ({CsTh)caystal r 28 Fxample Oof sych %&rﬁséﬁs%%mdpe g&éw a
detector is a Cesiumlodide ("Csl") crystal detector. A to Csl detector
conpr i SdsshScén 20, aveilabde fromdErixd], Bdirang) RanceaAhis pegticudaryseds! haretBétnixelsray be
obtained fromHilger Crystals, Margate, Kent, United Ki ngdom The total

si zg Ofinanedlrestionsndl19d6HbGlOin thastheRagea fesolntidh bAMlne@Hrymino 17kawa X2775mm
Wth these Csl crystal detectors, a resolution of 30 to 40 |inepairs/mm

Wit hin ﬁlt}goﬁ@xats?ég Rheh&e PRItAIderbtor i2E o?(laﬁ;ﬁbfxigﬁklﬂ? €924en aNdatiig, det ector

230 may unt ed on I ndependent vertical 15 drive mechanisns that allow a

ti I kabl e. fiel d-of i . i i j i d
ot | ous! gt 3011 L g 0 YU THRHE' LSl I MELREI O Ay
i d, and_t di st, , 22, bet t hj t i d d.th
e e Lt R 22 ELESRLAS 23S0 S TSRS, o1,

0.5" to 3.0" and the distance Z2 can range from approxi mately 0.5" to 3.0".
As a fuoniertedawithinribe datecton i) igtpsaleqinicpd pharge carpiersyn @ matiy of @%llamotqmdpé-
mechani snms, the source 212 and the detector 230 nay be positioned at fixed
Z1 mnd Werdphétadioas is odadediedrvakidrouipstizm B0& individual swliech, wihidh maybeatr ol
system simlar to that used in system 100. In addition to the functions
descri bgth ﬁlhpﬁﬁlswtéﬁbrraecﬁa&&tTﬁe%@%@ts%mg Qs arh IS0l Bhv &yl it @hals %ﬁi em
200 steers the electron beamto the desired region of interest. 25 By
steerin e Xz S 1 : | Satlh

ot of et 8 A 48 BB SR Sir oRENEEN EindblRe i3, B ind dud DR AR
sequentj ally. . For exanple, the source 212 13 WO |112/4( 729. PCT/L1S01 /-L
Per T el g EDaes e PR o PSRty hg ey SRREGo B oV ale R of
axis imge of object A at position 1, on the detector 230 and then the,

sour ce ipEEenEhe FEulipgdmages maxhen ba viswed ogn dsplayer Heso menor 1fqghaym igh; ect
C at position 5 on the detector 230. The X-ray source 212 is repositioned
and2caddFigieal, ot sveigd Somlfater hetriobil.ect s are obtai ned. This will be better
understood 5 with the follow ng discussion. For sinplicity's sake, the

di scussi on rwigrcenoeitionhDiofrddimthdsig €, oughit b6 tghietaoict i$ stppHied ey cddgert gui r ed
for tonosynthetic reconstruction.

mirror, which in turn is fed into a video processor. Because the output of the detector 130

described above is itself a digital representation of the x-ray image, the need for a mirror and a

camera is eliminated, and the output of the detector is provided directly to an image processing
25  system. Notably, since the aSi detector 130 is large enough to achieve a 30 degree angle for

off-axis images with at least 512 pixels in each image, all eight images can be acquired

g



When area of interest A shown in Figure 5, is placed in the center of the
i nspection plane and X-rays are projected fromsource 212, an inmage of area
B correspood2/mg2¢20 position 5 will be obtained and then aRCTirgsge45#0 area D
corres pS?ng{t ohﬁg,pﬁsﬂntth&rhe?crib\éﬁ BRI, ikery At &ERS khd imB réguiRkt 36:Sspettibhe
center o e Inspection plane, an iI'mage "of area A corresponding to

posi ti O‘ﬂ’ 1 wll be obtained, then an imge of area C corresponding to

posi ti W BN i nal Iy an i mge of area E corresponding to position 3. The
remai ni ng areas of interest are placed,in posifion and the cgrre%fonding

i mages are obfdifinnally, syrers 409 ixproyided Wit GOBIE) SYSEEL | She ¢AIFOLSYH R ed to a
canmera, such as a CCD canera. The IS analog (or digital) output of the
.caner a fusctpoms\o thedtettbe abjoetdo ds swagedrat dre dasue@periderewithinghe ynspeqtionpiangh
processes the image formation to fornulate an i nage that can be viewed on a
di sp ay1 29, whethicflep Mg e objBe teseuichaht degedr bnsayst@nbiafibrasfehacqui r ed
-sequentially, rather than sinmultaneously, as in system |00, the throughput

advant %?%’gfééi?ﬁ%g%‘?mg%§°35 g%[sqﬁé opdi&Y6F the MdePerfidént PeRicll drive0 a | ar ger

of f axi's egrees, as conpared to 25-30 degrees) can be

achi eved hefore 1.1 o resort. to aJ.ar . det S e use
of a1 SPGRrBPel Wilpakioy A0 akled 2174 & Wb 8 R mdledtipbiel
Additionally, in system 200, all O‘;H{;‘Pe ,{)]iééiel s on the detector 230 are used
to makeaspadiiof thearyesent myraipRn, disstnsed HylstH! Bel8Wgher resolution (i.e., nore

pi xel s per unit area). As PCB conponents and their pitch beconme snmaller,

t hi s appr oacEh¢ fuetignsas the ¢dntiobsystapy may deipetiauned by 2 prasesser {20, shep Iyt i on
that the Csl detector provides. For image stitching the i mges obtai ned

Wi thpt hEiFafeﬁBﬂ, sihidhanay el petforaf the yed] eimeliitigaprbctdbing E¥BcO@is. de6attied above.

PCT/ USO1/ - 47a-40 system 200, the fact that the support, for exanple an x-y
tabl e, PRy ﬁﬁﬂr@&%s&r@@'n‘%ﬁ/ BeAgenbhi piiphSe MicrOfBctsdieihat progimindiaR | nto

consideration.” For exanplé, 1f the Support is accurate to pi xel's, then,

onsi deratt on.” For ‘exampl ¢, "1 | t _
accur acsPetie Boke g i TRATRERY nl oy el R TS Bk Rin R
t t heti t ti | d sul t.i bl t theti

1 oo, SRmEAU Ry Prossr LEAGPC A AEOREER IR RSB PEREY D Brchnises e

"in-view' fiducials that can be used to align each imge_ properly. For
exanpl egondtod finctionogay be verfeimpdivihseparatnmisronsocasprdiasefl deyiceirgigeparate
identify the sane object in each of the 4 off axis inages. This object
could tb®mnrdbler.used to align the i nages and thus renove the nechani cal

i naccuracy of the support. This alignment preferably includes an x-y

al i gnment  ang efefrife bakab FonRé 2 alh G e Bburt® 1 PEplofsetd 3h Xaay bedin tdverd rapgas.

Therefore, depending on the shape of the fiducials, one, two or three
I n-vi ew, f dyed F SOLTGE ex Rah %'Bpag@'dfﬂ% bsitibrh B8R
opti cal methgo E%ﬁgﬁngb%‘g’ %ﬁg{:feaggo]n g%ag{egio%lal%?‘gf :Bﬁ order tg ?]'rlrplr ove tlehe

accuracy of t table to spall.er than 1 pixel. However hi-s_ al ive
woul d i Hetpeias D50 ag vl a5 2p Pﬁ?%}‘ést ‘E?ﬁgéé’gf’%leg%éfﬁléesé’gﬁﬁﬂ%" Bysitih gbf)gff: That s
likely to be in every area of interest is a circylar hole called a "via."
CAD dzlt Hnagss of n@e{aﬁgﬂ@é@%ﬂmm ip Figue d cruld Ak Bes alp?fhi JF:'i“tS i""é{l h>9gﬁ‘iteﬁd t he
vias in each image. The |l ocation of each via is then conpared to other
neagby ohjestoed withhthabllowingdisjussion.s Fandmpheityy sakedhe diseusston is Hadlgdvo a i s
ranked by its distance from ot her possible obscuring objects. For exanple,
the vi asourhbgdl Sil@ugRiest imigs angbeequitad: foetonalyribittic wouhsrubgorasBirgned 20
t he hi ghest rank. Next, X-ray inmages are obtained. Then the shape

recogni {4 ?&1 Qélggr doh@Btion ihdpRclidhs O hed Pael FowMueth RSk it Ff-¥ti8 Sm&gtd bl 11 Riually

reliabl ocate The vias 'that can be |ocated with the highest probability

-are used in . the final i 1.st. . J of| i oard. An
excanp ePvie g iR reobREAREDUMInbtel 9k ity Al HhlaffdFY boc
autocorrel ation techni que using a tenpl.ate for each generi.c shape {i.e.,

.circle, squaft8urg ﬂ&?\‘ﬁ%é’,med?o@f k&rqu,;%é@t)ereﬁgo&: 1Rageoh? pBPtﬁger‘i“hg?ﬂr W'
fiducial . This tenplate is conpared with the actual region of interest in

t he 2X- r AVhanrpaepeofiterest Ai i glacedin the contenef the Mgpgcsion pk@n@gﬁpénéé\rws ARt i x
containing the 15 WO 02/ A729

projected from the non-steerable source 112, an off-axis image of area B, corresponding to

9



PCT/ USOL/ ~75~0 goodness of fit of the tenplate to each |ocation in the
region is generated. The point of highest correlation is where the tenplate
best nat ow@e24d1e9 fiducial. This "in-view' fiducial is theRCTAINU+ISH t he

ot her Oéétecwcp%sﬁi%ﬁq%up/@ gﬁ%idteﬁ,uz?sqpéﬁé’s‘%rﬁﬂ-ﬁxfﬁﬁg d Of tkd BN cdrh@p&dingd S

i mges to a conmon poin n S renove any slight positioning errors

caused he Xx-. . Aternately .if a.teliable "in-vi Lt duc can
ot be Secktawsiibpr i b 3t Bl ph e WohEr of e isp il o

adj acent i nmages may be relied on in_order t aligp t he i mages together. For
exanp| eandrEaysdraprytcteigen nop-staseablesayeccokl 2o ﬁW@@ﬁngﬁg to
detector position 5 and the inmage of area B corresponding to detector

-posi t i oworsspandingste detestrapesitien Sgwilt boebtaingdas wathas an affrayis mkge ohtiga s,
together. to In accordance with a preferred enbodi nent, the overall scan

S equenC@ricdporlingadtdetdfdd Positidn I Rint ah oetlaxioinmgeidfiaze G warretponding Th detector
“chal | enges regardi ng scan optimzation are related to two facts, (1)

nor mal | yoqi+8,0f fwikh gre i 1€ thel @niBRB LR ingReEon HIERDFI) bR B C
slice ( ositort, T WHth frc 8 e T o T G2 oaf vi ew

i 28 RS paee By e et Bha i SN Lt TR AL B a B,

t he nunber of fields of view on the outer edges, it is desirahle to perform
a nul t i Xnimags|of agl, wPrstnopding o Bﬁscte&awt&affewen\ﬂrﬁ% I%W@Sﬁbfh%e?#?‘@ﬁnhas
been described in connection wth certain enbodinents, it should be
under st thodenthnof the irispection planed?@eth off-akisiinage neaten ve Roireaponding kredeector
particul ar enbodi nents. To the contrary, it is intended to cover all
al t ey naposyiesh 3, MElibkiobediheing weltas2m ftiaxiv ahegd of dred Ej cugregpdridirigntotdatecpi ri t
and scope of the invention. 16 WD 02/.1672'1 We claim PCT/USOL/-47S-40
1. An ap&?ti&}% Hgnd 81 0@ 1128 oPhba &Xdotredpdring t6RBRZ R podtiBh U WhdnYared of

0

regi ons Interest, conprising: a source of radiation, the source
produci ng _a_beam of Lati.on; j u t. . at: ubset of
Phec ot w38 Platba e Bhh@or e ropiloR e 20 BPOax RlinbBFSF arka BIDS

si mul t aneousl y_.recej ve portjons of.the beam that have_passed thr.ou t he
subset EMTESRAIAR o(4g rd?"s‘rt’é’&%OWéu b‘f’ Olf’tﬁ’cnga]é‘ﬁ’v,ehtaﬁé‘n?-f FS Heass of 8?3%5
producing fromthe received portions of the beaman el ectronic

r epr es earegspending tosdetecterqsition le ae pifraxi ivrege o pige & serrespanding (G deieder of t he
plurality of regions of interest; 1o wherein at |east one of the source,

t he1sur pesition Rntd ahefEetienhage afaycalid, comegaindngto dptesior positioh@. Tbgi ons of
interest within the beam 2. The apparatus of claim1 wherein the

el ect r OfinkaikifP L RES 8t MtdreRt Srdplacedrif @ositioRbnd thic@bASipoatMgtimapsie oedinkdom t he
detector to a processor for processing into i mages of the region of

interest. 1553, 10e, BRRBIA 48 ofimdpb@idhiite MIET RLL ditfrefBHUL, 1B, TY D, RGeS, can

be viewed on a
and I), the areas outside the active area of the printed circuit board, shown in Figure 5, must be
positioned in the center of the inspection plane and the corresponding images taken. In reality,

20  most areas of interest would lie inside the edge of a printed circuit board, rather than on the
edge. However, since several views are acquired simultaneously at each location with the
present invention, rather than sequentially, the throughput is significantly improved in
comparison to known techniques.
If in the inspection plane the objects to be inspected are a grid or other arrangement (for

25  example, joints from a Ball Grid Array), then, when the X-ray source is radiating above region

of interest B, the multiple regions adjacent to B may simultaneously be radiated. Therefore,

10



di splay. 4. The apparatus of claim1 further conprising a processor to
conbine at least two digital representations of a region of interest to
produce avoormueynt hetic image. 5. The apparatus of clai m PCRUSHE#TS4 he
det ect Ofy; il r o bIFGRR ikBeSCIrEeA adint rEBRNG BRAN@hY
&ﬁ%&ﬂﬁégﬁfxﬁaﬁﬂe ekl Q@#{ﬁlretsﬂh GRS intdg jadent re8fon : sBY,

claimb5 rel € detector er conprises a Coating of cesiumi odide.

7. The aratus of . cl.aim,1 erein the e conprises cesi i odi de
screen. &@Er 8m§ﬁ€%?°gatll?§lm(?1ﬂ &1 41 W@?Ogllg%eqﬁhg& g’e]tnggc)etcltt)ﬁ]%feﬁﬁ{efé?d' ;ﬂr?cl udes a
| ens or fiber 25 optic hundle for providing a light image tq. a.CCD canera.
9. The egpRArEeRdhefoRcalipRag Weﬁomqwraﬁﬁnp'magsg”aﬁﬁ%n@gbs& TEfSImages
provided to a 17 WO U2/ ~Gr2l PCT/ USQOL/ - L75-10 processor for processin

-i nto i nsayeentilytfhiecachgegion.oThérafors, dert an arganggmentai Pk A tesians, actotal prmbeiadr ei n
the source of radiation is a non-steerable x-ray source. 11. The appar atus
of c4 ai soutcaRitiing ubing theEupeehtichal iathed weyuldbe 8tiveaN’e Howgvers uhderhé bff-
-regions of interest wwthin the beam 12. The apparatus of claim1l wherein

the S0uaﬁsnf%%dtmmg%ﬁﬁ%&ﬂﬁen%mleenmm?,mn@ b PRARIdn B eddAfediOliphiisa Wi t hi n

the beam 13. A nmethod for acquiring off axis X-r ay inage data for a

pl urali of reagions .qf jnt.er rieSi . Lng the
pl ural it’%}dSrf of;rgéf)g%s\w 1§fre§iu2t[1§ra§§ ll\}m TR Tg&%e%ﬁ]&gﬁ;&rsgeﬁﬁ%lﬁ {Jéﬁ?ﬂa@ﬁfzéas? a
portion of the beam passi.ng.through the regions of interest;. sinultaneousl
et ect | AYFDhoAs S TBHbG O RO BABTERER e BITAPG AL Fpuise BESOB HAGYOR Pt o oat
and producing i mage data corresponding to each of the regions of interest;
adj ust i regiansaetroesss deamasicallyién gsimpagison {p the cowpntioral @wthcnf diosgxample, ifeast a
subset of the 15 plurality of regions of interest remaining within the
beam rspgarl sgrédysositionR aed used Mot tha b@oeatiynal etetiedd, whemasioyly A acd wgd iwitge
data; and conbining inmage data for at |east one region of interest to

gener at o2y SR S Jaes 1 this efbB8inkint L P6r WM, B00 Qburcd b8 ard fsed FhEtheet hod of
claim 13 wherein the conbining step conprises aligning the 20 image data

|

e

O o s BAhSH Btk Bt 05 96 R fd B U AR J o0, 01,
aligni nng)Q ument. :

Once all the off-axis images have been acquired, the images may be grouped back

I'ng step conprises

15 together by grouping the images for each of the objects? i.e., images 1-8 for object A. Since all
8 images for a specific object are not acquired with the inspection plane in the same mechanical
position, an image alignment technique is pretl‘era‘é)ly used to mérge the images together. If one
uses a very accurate X-Y table that positidns the images within an accuracy of 1 pixel, then the
images can be simply grouped together. If the X-Y table has an accuracy of less than 1 pixel,

20  one may need to align the various images thrqugh the use of “in-view” fiducials or alternately
have sufficient overlap between the images to match them at adjacent boundaries.

Since the corners of a square arrangement of points are farther from the center of the
source to the target than the sides of the grid or square, it is more advantageous to use a pattern
that keeps the center of each off-axis image a fixed radius from the center of the imaging

25  system. Figure 6 depicts an example of a hexagonal arrangement that accomplishes this

requirement. Instead of 8 off-axis images, 6 off-axis images can be used to generate a

11



| mage data for each region by nonitoring an encoder output associated with
a support for adjusting the location of the plurality of regions of
i nt er est wad.e/46m apparatus for acquiring off axis X-ray i REGESOGESH)

plurality of region f | L S i = I¢e of
Padt at 1 DRt eBaE B0 o bl Bhuerf QTESG SpiicPalleis FiEET au8 AR
surface to sugpqrt _%gfast a subset of the plurality of regions of

i nt er esYeW QRADSCIFRY | ocated to receive portions of the beamthat pass
t hrough the subset and to sinultaneously produce an el ectronic

r epr esent at i Bre detector 3Rdgpositioned e Feceivgitmemitter at-gave #hd ponverdhe Ky to
wherein at | east one of the source, the surface, and the detector nay be
-moveabl wsibl lighs.i Thodigithloutpgiob tie detectartiepmyidedite hiprocesser bh&Gon anlimagEhe
apparatus of claim 16 wherein the support conprises an x-y table. 18. The

appay atpecédbingspitdhh L RGERIARbOVE Bhip Bhire bumtibedptindripgitseteldof-eismader
rcoupled to the Xx-y table, the encoder providing the x-y table with a

o S OSABLIAS IOEE  rarmypavmi syy,

The apparatus ’o wher el accuracy of the table is

better than about. +/- 2 pixels. 20..The a ratus_of claj.m 16 ,wher.eji.n, at
onst | FRTOPCRICS el S iiauErpLErt Rk StinEhafesf S AT T
21. The apparatus of claim 16 wherein the detector converts the received
por t i onimiges $imubangaushy) eliminafesdbanesd fprag detoctor thaemus| bsrepgsitioneds therehy21
wherein the image signal is transferred fromthe detector to an inage
pr oces siedgeisy teanechanicalrcompdeditypfithe systena@es etimindies the ghlyanaemetermarasst . 23,
The apparatus of claim22 further conprising a processor for controlling
t hey2o gReehl) @iroengfsydtea ralidbilal iahy tiRfrepegatility offesults,ane s¢dusinghiverallhe beam
apd_the processing of the digital inage signals into images of the regions
of inte . - / o =l : claim
%{stﬁéﬁq %%s%r 'géﬁé@%)ﬁ%%h é}&éﬁﬁe%’é n{t)é%ﬁg:l{lc&l Zg;déﬂﬁn%ﬂgs, fEPfhefiﬂQgeé %Hl_iéﬁté&{

22 wher f cvﬁ | rages can be viewe a di spl ay.
apparatus. o im1 int f ac bl
e o i et AP Rk B el o2 © T

In alternative embodiments, the detector 130 may be a CsI crystal detector that is

viewed by a CCD camera, through, for example, a lens or a fiber-optic bundle. The analog (or
15  digital) output of the camera is provided to a processor or an image processing system, which
processes the image information to formulate an image on a display, such as a video monitor.
Thus, the cost of an expensive steerable X-ray source is avoided and the overall system cost is
lower.
A further embodiment of the present invention could employ a flat panel detector
20  consisting of an amorphous selenium semiconductor X-ray absorber coating over a thin-film
transistor array as the basis for digital capture. One such detector is available from Direct
Radiography Corp., Newark, Delaware. With this detector, the X-rays are converted by the
amorphous selenium directly into an electric charge that is collected by an array of electrodes.
The result is a digital image that can be immediately viewed on a video monitor or passed to an
25  image processor. Because the X-rays are converted directly into an electric charge, light scatter

is avoided and the degradation of the image sharpness is eliminated.
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26. An apparatus for acquiring off axis X-ray inmages of test objects

conprising: an X-ray source for producing a steerable electron beamfroma

nunber ofwdait/di@eent positions along a horizontal path perPERAISOUBRHOt O a

vertical axis, Lk I=) . &h 20b Aol RRe V! e ledot ay and
Ei B A 0 R 254 e P 200 OB R Y e

a hi gh-resol posi ti o ceive X-rays that are

transmtted thro at i 0Q.least two reqgions, of ,hnterest for t est _obj ect
from eadFRANVE ﬁ@l%gagl?‘ﬂt BE@eé’ﬁ%FePtomﬁ?%{? ¢ %sfeélagp(gmciuq%gBtsgeggih[}:?ﬁl%goug?é
acquired off axis inmages corresponding to the regions of interest. 27. The
appar at 2 axd acdeigoter S Slétahletﬂﬁ%el'@ﬁ%%rﬁb’ SQYISE éﬁ&@ﬁ?%‘ LU evailablect r on
beamto a second region of interest on the test object at each position.
.28. ThefrapNicalketEnagfing S pitem Ganfixiegs, Califenianddys mbdelthes & il swicroagpoirsizgd

i nterest 15 corresponding to one position and the i mge of the second
regipn &fd 4 78 pnestber®y diempRAAAD§/ithahaBpidie bf Bidaid 1,ahkc objects ey B, aediC to be
'sequentially. 29. The apparatus of claim 26 wherein the detector includes a

screen fiiy d3 agfb%ﬁi A s%ﬁgorﬁ%ucl?ghe%rﬁm{f'ia}flér;@[oﬁg%&*@ir Whith 110 RI @kn the

det ect or i'ncl'udes a“ canera. 20 3 si mul t aneously
acquiring a,plurali of off axis X-ray images conprising: placing a test
obj ect PR Pp[aélgg%‘tvm regi ons of interest on an i nspegtign pl age;
directing X-ray beans to the regions of interest, the X-ray beans bei
directed of f Th&sdefectar 3G wsed d pyskam 200 is nyelerabbyg highiresolyiog, aVﬁ%“ﬁlﬁh‘éﬂpg'gt i on
pl ane; receiving on a detector X-rays that are transmtted through the

r egi onssapéeni deteetars tAn exatipde ofsuch naetestoy iga Casivindgdide €6Esl'Orerystal detector. A
representations of acquired off axis imges 20 WO 02/ -4G729 correspondi ng

to igie Celiefsttor@bmiphisey £kt schR¥el m4ade/bl CAT YA sBRabld Oel ergsthiadbtatorahay e 31
wherein the directing step conprises generating X-ray beans froma

non- st CeEhbE rAHIALArys@ll] Biak @i, iiiAe, THIRITBHARNOThe I ITAbrae gyl he

produci ng step onprises aligning 5 the acquired of f axis inages

for eacget(ragg} garrll rgll:.gei f%r%rﬁrsl}m 93,125}11%(1: ?ot ?ﬂgmg(n%rﬁﬁl 'Wftﬁ tﬂe@é &Ele&lystal detectors, a

resolution of 30 to 40 linepairs/mm within the crystal can be obtained.

The X-ray source 212 and the detector 230 may be mounted on independent vertical

15  drive mechanisms that allow a continuously variable field-of-view. The vertical drive
mechanisms are used to vary the distance, Z1, between the X-ray source 212 and the object to
be imaged, and the distance, Z2, between the object to be imaged and the detector 230. In
system 200, the distance Z1 can range from approximately 0.5" to 3.0" and the distance Z2 can
range from approximately 0.5" to 3.0". As a further alternative, the system may not include

20  vertical drive mechanisms, the source 212 and the detector 230 may be positioned at fixed Z1
and Z2 distances.

Additionally, system 200 is provided with a control system, similar to that used in
system 100. In addition to the functions described above with respect to system 100, the
control system of system 200 steers the electron beam to the desired region of interest.

25 By steering the X-ray beam off the center axis, an off-axis image can be projected onto

detector 230. In system 200, the images are acquired sequentially. For example, the source 212
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fiducials in each inmage of the respective region. 34. A nmethod acquiring a
plurality of off axis X-ray inages conprising: placing a test object with
at | east wow2/4@gd ons of interest on an inspection plane; pcodisei/smg+n

st eefaﬁ@[rgileésgﬁaﬁ%%for Qi1 O&gb@fat Aigh g?ﬁe%tk a%gé-abéi% '0%9@ AGt

hori zo per pendi cul ar ertic axis; directing an ‘X-ray beam

to a first. region of int st: _receivin a detecto -1 ays .t

trans qusgﬂ’“tlH‘?rb@@ [eteqtor 256@?‘1 P’@ﬁi%berFOBf"%i Zﬁlaé?@'g?? ma?’?dét(?if??‘?g‘%gr? t?(-%ﬁ)gl?/ﬁ %neam
to a second region of interest; receiving on the defector X- s that are

t r ans i aff-exis imagaefiohiens Gsatpepitior sgmdhe deteatsr 23 ethesX-ravsRyueh DS ng

el ectronic representations of acquired off axis inages corresponding to the
.1 egi ongepédsitioried mad tddifitnal images of the objects are obtained. This will be better understood
.A95 . AH. AH&L. A&L. Anr. A& Al r. As& . A9L. A9. A& An&. AS&. Al & A& Al . A A A& AH&. AA

7TMNQ 179 theYollowing discussion. For simplicity's sake, the discussion refers only to four images,
‘i | {vpkfa\ W ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cal caV] L : ;
! f” ! ]D#d?%iﬁ%&ml ?%Xj{b \% ?]f:@'ﬁ]}egﬁ)%%flcogﬂtgthlzcar]eg(gisggftéoé]]' cal ca]ca]ca]ca]ca]c
a] ca] ca] ca ca] cal cal.calc al.ca cal).ca ! ) ).) 1**=**
e o R o eg OB F b bty vavl et Bk SE R Bpdbly cay o
e asabeabe ko onsphca i el shi ke ¥ Sl sa el el Rt 322
, <==zupkf a\ W ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! ca] ca] caV] cal] caU
] ca] ca] wil] bagltaihed hodihen o ahegd eidreaPcatrePoRding 10 posiiOEB EOH<ECEEFFFB
GGGGEH( HwHH. 1| vgl gb] X] ] ca] ca] ca] ca] ca] calU] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]c
a] cal caBsaplaeddcialeadstdredlisaismictiod phhe,aldioake af ared AWahbaddingiviisiting GOOBP
EiDTY]YY;(J[V\ ] ﬂ,\] r]l f/\/i/;{ vqgl gb] X} ] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] cal]c
ajcalc . AN ardi bbbci
fift é’@%tglgpﬁgp%g@igx}@glog%ﬁﬁ ER&PoERNE Rl sRltioal S ahd findll, arbinageldpbbbCi

krkkid I rmdn]n q | cal ca] ca] cia] ca] ca] ca] ca] ca]ca]ca] ca]ca]c
a] ca] caUl ca] ca] cal ga] caU] cal c cal cal calca o ! L tjtpt
R(|}}} }?Lf,#? %&W]FWB&%H%@}’B 2] @i’]aéﬁjt‘%‘g n@aa}‘%aé]"ga tgrg%tcag% §%¥§§T@§%§f‘?§?cg] ca
] ca] ca] cal] ca] ca] ca].ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! _qi Atx>TD@ vqgl gb] X] ] ca] ca
] ca] ca] bgjceapNeERIEPESS Ha P t&Eﬂeéa] ca] ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]c
a] ca] cal] ca] ca] ca] ca! 74Com} 191<: y| wr rrhc"Ygi%cha] ca] ca]ca] cal calca]ca] ca]ca]c
a]GSZ} ca] ca] ciheawputiich detpetat 23] isdharaiupniiehipdalaner s st dudscaf €R) @BleEn! TRe obx

\ | vo mhaduYdd (ot dlgital)aaimalot decaineed & preddabibeaajroadssaor ah tmhgagroedssiacal cal] c
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! LRQGOK" or PXXL| wr mhc”~Y] ]] ca] ca] ca] ca] ¢
a] ca] Calﬁ%?e]nﬁa’hﬁal %L&%qﬂf@i&a}hﬁ& ebeahael @ahngat oal 62l satieateah aa) cal c

aU] ca] cd] ca!'91 GLf XL| wmhc”Y] ][ ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

cShos oLgp Ltk aR ) o) el ol ool ) o coTEELON )

+, 1098 () - 171.K-F $1Q%&' () - 9$109& {)- f10%& ()-. 10%& ()r ..z10%#& () -
109 ()-S #13@&3“63 860)@1(&)&93, NLSYBISRR: -ar%a@ﬂ“irﬁé/ée‘{‘begﬂ}é&%}ﬁr(t Q“Ls‘%&‘fé%?&”% Ly
"10%& ()- f M 109& %-fs@ 109 ()-; n . i UK )#109%& () - ,

101010/ asmsysem( H00; dpharuelpyt pdy aptagsorgalized S aoyps ggpat.) HoWaverowjih pystem 200,

20  alarger off-axis angle (i.e., 30-35 degrees, as compared to 25-30 degrees) can be achieved

before having to resort to a large format detector. Since the use of a large format detector is

avoided, the overall system cost is lower. Additionally, in system 200, all of the pixels on the

detector 230 are used to make each image, thereby resulting in a higher resolution (i.e., more

pixels per unit area). As PCB components and their pitch become smaller, this approach likely
25  will be required because of the better resolution that the Csl detector provides.

For image stitching the images obtained with the acquisition methods of system 100 and
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0 Sl UL W g i
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10 mechanical inaccuracy of the support. This alignment preferably includes an x-y alignment and

10  arotational alignment to perfectly realign the images. Therefore, depending on the shape of the
fiducials, one, two or three in-view fiducials may be required.

In an alternate embodiment, linear optical encoders could be placed on an x-y table in
order to improve the accuracy of the table to smaller than 1 pixel. However, this alternative
would increase the overall system cost.

15 One example of an object that is likely to be in every area of interest is a circular hole
called a “via.” CAD data for the printed circuit board may be used to initially find the vias in
each image. The location of each via is then compared to other nearby objects such as solder
joints and integrated circuits. Each via is ranked by its distance from other possible obscuring
objects. For example, the vias that are greatest distance from other objects would be assigned

20  the highest rank. Next, X-ray images are obtained. Then the shape recognition algorithm is run
to determine whether the vias could be reliably located. The vias that can be located with the
highest probability are used in the final inspection list for that printed circuit board.

An example of a suitable shape recognition algorithm would be an autocorrelation
technique using a template for each generic shape (i.e., circle, square, triangle, diamond, cross)

25  of a via or other “in-view” fiducial. This template is compared with the actual region of interest

in the X-ray image containing the “in-view” fiducial. A correlation matrix containing the

15
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together. For example, the adjacent edges of the image of area A corresponding to detector

position 5 and the image of area B corresponding to detector position 5 may use a shape
recognition algorithm to align the images together.

10 In accordance with a preferred embodiment, the overall scan sequence for a test object is
optimized to minimize scan time. The challenges regarding scan optimization are related to two
facts, (1) normally, 8 off-axis images are required to make a "good" tomosynthetic slice
(instead of the 4 images described above), and (2) the fields of view may not be arrangeable on
a perfectly uniform pattern. Therefore, to minimize the total number of fields of view for a

15  PCB and to minimize the number of fields of view on the outer edges, it is desirable to perform
a multi-variable optimization of the scan pattern.

While the invention has been described in connection with certain embodiments, it
should be understood that it is not intended to limit the invention to these particular
embodiments. To the contrary, it is intended to cover all alternatives, modifications and

20 equivalents falling with-in the spirit and scope of the invention.
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a X-ray detector located to simultaneously receive portions of the beam that have passed
through the subset of the plurality of regions of interest, the X-ray detector producing from the
received portions of the beam an electronic representation of an image for each region of
interest in the subset of the plurality of regions of interest;

10 wherein at least one of the source, the surface, and the detector may be moveable to
position the regions of interest within the beam.

2. The apparatus of claim 1 wherein the electronic representations of a region of

interest are transferred from the detector to a processor for processing into images of the region

of interest.
15 3. The apparatus of claim 2 wherein the resulting images can be viewed on a
display.
4, The apparatus of claim 1 further comprising a processor to combine at least two

digital representations of a region of interest to produce a tomosynthetic image.
5. The apparatus of claim 1 wherein the detector comprises an amorphous silicon
20  screen.
6. The apparatus of claim 5 wherein the detector further comprises a coating of
cesium iodide.
7. The apparatus of claim 1 wherein the detector comprises a cesium iodide screen.
8. The apparatus of claim 7 wherein the detector further includes a lens or fiber
25  optic bundle for providing a light image to a CCD camera.

9. The apparatus of claim 8 wherein the output of the CCD camera is provided to a

17



&109&' ()-#! &10%XzX& ()-#! &#10% V] V& ()-!&#10%z& ()- 10Tg"hh7ii kkzX6E: /
101 /g&LOY& ()-!6/g&LOYE ()- &10%& ()-#'# &ILOY& ()-#'N &LOY& ()- #!
&10% " z° &Q yitkkkkkk/ | mbC 10! | /s$10%g& ()-yYg 10%g&' () - PCT/USOL/47540

" &10% no| oodeEbC 10! 1

| E#1 Og‘}&é&%e;sgci}‘%"é%fg@%su%Qé@]]%ﬁF%sogﬁﬁé%é?d% dpinfEpdnnol

#10%98& () -! %g&' 0% EhC 10! 0

'3"10%&' () - %‘ﬁ‘- ﬂ&ﬁ%&%”%ﬁ%@% )99“%"’18{5}&8‘3}?&9 7 fr?brr‘r(%f\%eé?ﬁﬂ%é'rf& |
/&6 10%g& ()-3l 10%g&’ () 1 10%& ()-/10%& ()--%0%& ()- Y+ 10%& () -
stjtmt rOB¥Gst vy = 10! I 1#. &RI10%& ()-mt! &&10% & ()-m+ 10g 10g

109" <109@& () -1:s$10%& () - @B&L0%E& ()-vwy9zR{| % wU6_= 10

-/ 2810% s & ()11.6/ ZBUOSfIatatus ofgbaiagnk where gnthﬁsummfztep(n)ayhﬁmovmgm () - mt!
8&&10%&' ()-mr% | 113313} :{\= 10f#10%& ()-9#10% & ()-! &$10%z& ()- 10z 10z

10z '5<105@%fidn)thé rdgickb@¥ditedest WitliEfhebehth. " 1092 & () -y3g 10%& () - @0%& () -
. 5810% & () - L$100%& () - 110%& () -1 qOMHE(\ =

ig;;‘g# %?W‘Kﬂﬁ‘d | _) TAOYFSirdtds of AHRVE FhboeintQ¥ 10 &akd the AUeRISE Snaly e moveable

to position the regions within the beam.
13. A method for acquiring off-axis X-l‘ay image data for a plurality of regions of
interest, comprising the steps of
10 locating the plurality of regions of interest within a beam of radiation, at least a portion
of the beam passing through the regions of interest;
simultaneously detecting the portion of the beam for the plurality of regions of interest
and producing image data corresponding to each of the regions of interest;
adjusting the location of the plurality of regions of interest, at least a subset of the
15 plurality of regions of interest remaining within the beam;
repeating the step of simultaneously detecting and producing image data; and
combining image data for at least one region of interest to generate a tomosynthetic
image of the region of interest.
14.  The method of claim 13 wherein the combining step comprises aligning the
20  image data for each region by locating one or more in-view fiducials in each region of interest.
15.  The method of claim 13 wherein the combining step comprises aligning the
image data for each region by monitoring an encoder output associated with a support for
adjusting the location of the plurality of regions of interest.
16.  An apparatus for acquiring off-axis X-ray images bf a piurality of regions of
25  interest, comprising:

a non-steerable source of radiation that produces a beam;
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position the regions of interest within the beam.
17.  The apparatus of claim 16 wherein the support comprises an x-y table.
18.  The apparatus of claim 17 wherein the support further comprises an encoder
coupled to the x-y table, the encoder providing the x-y t_ablé with a positional acéuracy required
10 to correctly combine separate images.
19.  The apparatus of claim 18 wherein the positional accuracy of the table is better
than about +/- 2 pixels. |
20.  The apparatus of claim 16 wherein at least one of the source and the detector is
movable along the z-axis.
15 21.  The apparatus of claim 16 wherein the detector converts the received portion of
the beam into an image signal.
22.  The apparatus of claim 21 wherein the image signal is transferred from the
detector to an image processing system for processing into images of the region of interest.
23.  The apparatus of claim 22 further comprising a processor for controlling the

20  positioning of the plurality of regions of interest within the beam and the processing of the

digital image signals into images of the regions of interest.
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: position the regions of interest within the beam.
5 26.  An apparatus for acquiring off-axis X-ray images of test objects comprising:
an X-ray sdurce for producing a steerable electron beam from a number of different
positions along a horizontal path perpendicular to a vertical axis, each position being at an angle
from the vertical axis; and
a high-resolution detector positioned to receive X-rays that are transmitted through at
10  least two regions of interest for the test object from each of the positions and t.o produce
electronic representations of acquired off-axis images corresponding to the regions of interest.
27.  The apparatus of claim 26 wherein the control system directs a second electron
beam to a second region of interest on the test object at each position.
28.  The apparatus of claim 26 wherein the image of the first region of interest
15  corresponding to one position and the image of the second region of interest corresponding to
another position are acquired sequentially.
29.  The apparatus of claim 26 wherein the detector includes a screen made of cesium
iodide.
30. - The apparatus of claim 26 wherein the detector further includes a camera.
20 31. A method for simultaneously acquiring a plurality of off-axis X-ray images
comprising:
placing a test object with at least two regions of interest on an inspection plane;
directing X-ray beams to the regions of interest, the X-ray beams being directed off-axis
with respect to a vertical axis through the inspection plane;

25 receiving on a detector X-rays that are transmitted through the regions of interest; and

simultaneously producing electronic representations of acquired off-axis images
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34. A method acquiring a plurality of off-axis X-ray images comprising:
placing a test object with at least two regions of interest on an inspection plane;
producing a steerable X-ray beam from a number of different positions along a
10 horizontal path perpendicular to a vertical axis;
directing an X-ray beam to a first region of interest;
receiving on a detector X-rays that are transmitted through the first region of interest;
directing an X-ray beam to a second region of interest;
receiving on the detector X-rays that are transmitted through the second region of
15 interest; and
producing electronic representations of acquired off-axis images corresponding to the

regions of interest.
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