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2 6 APR 2005 WD 02/ 46729 PCT/ US01/ 47540 OFF- CENTER TOMOSYNTHESI S FI ELD OF
THE | NVENTI ON The present invention relates generally to inmaging i nspection
systens and nethods. Specifically, the present invention rel at&s8 t&PR0i5
X-ray inspection systemusing tonosynthesis inmaging techniques. BACKGROUND
OF THE | NVENTI ON The nounting of Integrated GCrcuits ("I C') chips on
Printed GCrcuit Boards ("PCBs") requires inspection of the
i nt erconnect i onwoatissrive PCBs t o determ ne whether the 10 poiresocamuect i ons
contain significant defects. ComtchngkriToMeseesaEsst he 1 C chip conplexity,
performance, and placenent density place demands on the density and
functionality of package intercRmEDPUHA THBINVENIIBA | -G i d-Away ("BGA") is
one exanpl e of a Surface-Munt- Technol ogy ("SMI") package with
i nt erconnect i ons {Theprestatierationpdaids ghicradiy to imagiegipipoation sxstehms inguresthodsThe
continually increasing complexity and density of the PCB_ interconnections
15 have r esul $rseififallysthepreped) dvepinerilates fo 48 Xrahierection sysameysingigresyqtissis
i nspection technjques.for detecting defects on or within the
i nt er connedt | GRES @Qfch i nterconnection inspection technique,
tonosynthesis, is capable of detecting defects by creating a digital inmage
representation.of a sliced view along a single plane passing through a
t hree-di nensi onal el ectrical pahwtSioond bk 1@ MeENamw A digital
tonmosynt hesis system 20 nmakes it possible to inspect various PCB sol der
joint qualities, whGhntatTtieghedORsaECICY cliys on\PrisdCirdERtHvds ("PCBs")
conventional X-ray radiography nethods. U S. Patent No. 4,688,241 issued
on August 18, redu@8sindpectivn of thy idteGonnéimgeo the PCBe brdsensiteshdier @en by ref erence,
di-scl oses a nunmber of tonosynthesis inspection systens, including a system
10 depi ct & jipercgrgeqtianscogipin pigrifiaptgietzels. Conpimial inaedsesin thy e chigeomplidd i ncl udes
a steerable mcrofocus_ X-ray source 12, a_large-format 25 inmage detector 30

capabl e of i PEGYTECR-3nd placemignt densily place dampanissn tha depsity syl ptopgiityedmckage ween
the source and the c@%s%‘&%éﬂl—%d—ﬂ%%%ﬁi”ﬂs%ﬁe SRSl SF ISl SGhal! e 1 n
Fee

reference to 'THe SOU
Technology ("SMT") package with interconnections that demand specialized inspection

techniques, The continnally increasing complexity and density of the PCB interconnections
15  have resulted in the development of a mumber of interconnection inspection techniques for
detecting defects on or within the interconnections.
One such interconmection inspection technique, tomosynthesis, is capable of detecting
defects by creating a digital image representation of a sliced view z;long a single plane passing
. } through a three-dimensional electrical solder joint comnection. A digital tomosynthesis system
20  makes it possible to inspect various PCB solder joint qualities, which cannot be inspected by
visual methods or conventional X-ray radiography methods. 1.S. Patent No. 4,688,241 issued
on August 18, 1987 to Richard S. Peugeot, incorporated herein by reference, discloses 2 number
of tomosynthesis inspection systems, inclnding a system 10 depicted in Figure 1 of the instant
application. The system 10 includes a steerable microfocus X-ray source 12, a large-format
25 image detector 30 capable of imaging X-rays, and an inspection plane 20 positioned between

the source and the dstector. As used herein, the term “steerable™ in reference to the source 12
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I 2 6 APR 2005 WD 02/ 46729 PCr/USO1/ 47540 refers to the capability to
direct an electron beamwthin the source 12 to various |ocations on a
target anode. In contrast, a stationary or non-steerable source, as used
herein, refers to a source that |acks such capability, i.e. tﬁeﬁe&iéiétgggg
beam stri kes the target anode at a single location. The regions A B, and C
to be imaged may be placed on an X-Y table (not shown), 5 which lies in the
i nspection pl angy@fusien an object is on the X-Y table, pREudeEFhse0b) €Ct
may  be tr ans! Akl LY eualiaR e lif pn AR Eob R @0 iahdodal ofl o 0T ON
of interest, such as a” solder jOlnf, can be i1 naged. e source produces
an X-ray beam NaYden i £} ‘ﬁgdq] iect and
reach the det e%'%gr 30, glmcﬁﬁ;gig%tgfg a@ﬁ{ﬁ%‘“{’b@%&%% er?%?lg?%eg%sat at a
resul ting i mag@ahass Keidapdatty, 1¢. tHicRetdd BemP R0 he farde Unbde@84 singlddockRéh. X- 1 Ay
source 12 and the detector 30 may be nounted on independent vertical drive
mechani sns al | ow ngharegiansta, Bued €1ty baimagedliag bé pladed orodn- Xl @able (hadgiwal f rom
approximately 2.5mm x 2.5nimto approximately 25mm x 25nm -t o be obtai ned.
I n particul &r, whithdiexinthginspeqtipreplane 20 Whenrmnobied im the ¥ dibteatirertziilobje@ oayi s,
whi ch changes the distance hetween the X-ray source 12 and the inspection

pl ane 20. The Witepslatiprelipmeved along thex sudydiredtighy e dhay arogippriifi@csh sy@s A5 20 i s
referred to hergin.as ZlL.. Th tector,is.also nt e n.a pragrammabl e
Z-axis, which s"@ﬁré?%a "smk’%“e‘“ s&g%%mﬁg%%@ﬁ“ﬁﬂﬁ%ﬂﬂg?&&?g&%ﬁﬂ%‘E‘E?‘%’nd t he
det ect or 30. o2 AES obi ' b O, L ane ;2 n h et ect or
30 is referre}})?e(l)1 erein 3‘2&5%%21}%5;37%%?%@%%&#?%%lg‘gmg}u Wén%f;g(be
acconpl i shed %y%g@%@emﬂﬁ&ﬁ%@ggégml and Z2. The operation
of "the systemof Figure 1 now will be explained. A cirecuit board having 20
regi ons of 16 nt er estheX-raPsouseh (2 Bdits: dPRROL30 AR Ye ABurtdd On Hdpehddftlverticdl ritehe

i nspection plane 20. The board is then noved translationally along the x
and y direct i oshagigns Hiqwing a cengjrupnsly Farizvlt Geld-of vigy, rdging Som @predicdielas a sol der
joint, or a component:can be inmaged. Once the board is properly positioned,
a beam of r adi?aFTN-"8B EYPRXREER PSTHR X HBE, toibs oiagde Bxnedictlavilie dgman obj ect
o hel ot o B Shoutled O d peSenhanle Eands, + SR e isinad bwecr e Koy 0

source 12 and the inspection plame 20. The distance between the X-ray source 12 and the plane

i5 20 is referred to herein as Z1. The detector is also mounted on a programmable Z-axis, which
changes the distance between the inspection plane 20 and the detector 30. The distance
between the inspection plane 20 and the detector 30 is referred to herein as Z2. Variation of the
field of view may be accomplished by varying either or both distances Z1 and Z2.
) The operation of the system of Figure 1 now will be explained. A circuit board having
20  regions of interest A, B, and C is positioned on the X-Y table, in the inspection plane 20. The
board is then moved translationally along the x and y directions so that a region of interest A, B,
or C, such as a solder joint, or a coruponent can be imaged. Onee the board is properly
positioned, a beam of radiation, such as X—raf beam 50, is projected towards an object on the
circuit board. A portion of the X-ray beam 50 transmits through and is modulated by the
25 object. |

The portion of the beam 50 that passes through the object then strikes the image detector
. "



*25 obj ect The portion of the beam 50 that passes through the object then
strikes the image detector 2 2 6 APR 2005 WO 02/ 46729 PCT/ US01/ 47540 30.

The detector 30 is capable of producing an X-ray shadowgraph %Oﬁt 'ﬁ;ﬂﬁ t he
nodul ation information fromthe test object. The X-rays striKi gﬁﬁ ﬁput

screen of the detector 30 produce a visible light or shadowgraph i mage of
the volune of the object that falls within the X-ray beam 50. If the
detector 30 i nciwodes’an inmage intensifier, the inmage at tkeansuosw of the

5 i mage int ensjof iTgE qekeioP Sl bdphtiichripRaltid Qﬁ'kﬂ'ﬁssﬁad;g H CR@Ride MR tmARREAr S ON
t he out put face of the?detec or 38 S &ieme , tﬁrgﬁ%h a mrror, by a video

canmera (not shigfefatiod i&n iHERGSjelt TS XLy SilSng R sordeh of thedetefoest or 30,
such as the regions nunbered 1, 3, 5 and 7 in Figure 1, may be

sequenti ally diredsetandsitiolighher stdpegraphliyage athhersimpp! th ebipo shat ey within thie
mrror. 10 The resulting innages are then _ input into a video digitizer. The
vi deo di gi t i zeFfbeams If thadefeptoriQrmplndesin dmagp ingasifigreiieimegs & thepulpp of eige i n
the set is supplied tg a nmennry, and stored. The inages may then be
separ at el y ¥ ed™PaF{Heny dﬁﬂ@ﬂﬁ?ﬁ@ngmﬁﬁnputer, which i's programmed wi.th a
known tonosynt hesi.§ al gor,ifhmthat effects c | nat.ion of .the | mages and
provides a result ﬁtm%grathﬁ%a %arsémttr%r?lmf"% ace %‘% T ols‘lmrerwbr t\l/’faou 2 &

resol ution of bl ? @1{1%, &h@x‘a%&gsﬂo%g SnSftages frg%l v%xﬁ)g}%gg&%f ﬁfalal’.t@ct&rgo,l sl s thTeEe

field of view© e canera to ‘a region tector 30, such as the
regions 1, 3, rpicaé mmbeledl 3¢5 addVanFiete BGOHYILE SqhdBa9 Firfid tf QBB HICSI S
viewing the entire detector 30. For system 10, the center of the region of
i ntier est nust adjadtingihelposition bf the tikae  ext ending fromthe center of the path
of-'t he x-ray source to the center of the detector 30. As can be seen 20 in
Figure 1, ®he centlse regfltingtijneges argtheminpnt intiessvideo idigitizére Thevideodiditiver rodvidks r ay
beam 50 and the center _of the field of view of detector 30. To acquire

t onosynt het | ¢ FeERY digtgrd Fygetet- Eechfrgage ke iph ipsurplicd tod pagerygdstoerd 2 j s

The images n;eay then be separately fed into a tomosynthesis computer, which is programmed
with 2 known tomosynthesis algorithm that effects a combination of the imapes and provides a
resultant image to a2 monitor. In order to improve the resolution of the digitized image sets, it is
15 . desirable to limit the field of view of the camera to a region of the detector 30, such as the
regions 1, 3, 5 or 7, rather than to acquire images for tomosynthesis viewing the entire detector
30.
For system 10, the center of the reéion of mnterest 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 imagm,fof objcét B, for cizample, the X-ray source 12 is
positioned at multiple poiﬁts 1--8 along a circular path that is perpendicular tc 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, thf:‘)'(-ray source 12 emits an X-ray

beam 50 towards, and at least partially through, the object B, thereby generating an image of
: ;-



"positioned at nultiple points 1-8 along a circular path that is

perpendi cular to the Z axis. Each point on the circle falls in xgﬁ]e
that is perpendicular to the Z axis and maintains the sanme 25 a%g;] 2605
or is equidistant from the Z axis. At each point, the X-ray source 12
emts an X-ray beam 50 towards, and at |east partially through, the object
B, thereby generating an inmage of 3 2 6 APR 2005 WD 02/ 46729 PCT/ US01/ 47540
obj ect. B at the wigimekor 30. For exanple, to acquire i mggctukRlisaP) ect B,

e S ot oot B at hucRLGPITE ol BafE b dile bnBR oh Bl BOX Ty Dl fh O

viewis noved to position 1.” Thi's process I eat I mages t hr ough

8 of object B.isHagedkobsMRBRT afd Be Mot HATSRAULREVeR b pbsifibiIC Bhil fBcesEl €CL rON
beam i nside the X-ray source housing and the detector field of view nust be

moved 5 after mpeivd&sguigsd 2 tinongh 8AF objedt BSTHe 8 imfeSaaivqaittd semgfsyaincof: ect B
at a known pre-determned angle are captured. After the required inmages of
obj ect B are t @Epnbepmdnside the Xeaysouesh hensing andiealdtesior fiehlaf viewanustbe mpesd  of

obj ect A coincides with the centerline of the X-ray beam 50 and the center
of the det &ct¥Fr eriacgrisifon, Asgresatt 8 srapnsrl freagpspf giect B kugwp medetaminefle X- r ay
source 12 is satnelggregpgﬁg to position 1 and the detector field of viewis
noved to position i ?ds process is repeated for imges 2 through 8 of

obj ect A Thus, 8 i j e rred. Thi.s praocess is
continued for eac hgg‘?ﬂ{gﬁ%u%ﬁ%g%s ?508% Qng‘%% t&ﬁeg’a% tlge?f?'éﬂaebg s “?Bedﬁ%&?t:}?geged. I'n
a

order for tonmasso 'ﬁAt:&im!%sﬁftﬁﬁ%éniéﬁmeBﬂﬁeﬁ-%'bﬁaﬁgﬁmﬁpﬁ%ﬁﬁm@t | east
u

25-30 degree angle trom perpendicular to generate a useful tonosynthetic
slijce of the albkeatfieldbbvitlaWEy RiirctifgpcR FGbjcaal, tk Xk Rlico I5is fberddts di amet er
of-“'the X-ray source, the dianeter of the detector, the distance between the
sour ce andl® heosifisnd @nd thgdetecinicld diviak is tnaved ¢o positiovek Mhik fecabis &ptateddnd t he
detector, Z2, result in conpromses to be nade with respect to the angle
that can be &Bﬂﬂ%%@?ght%gg%wdlbm%mmedwwmmmwmIﬂ:tsercspeed of
the system In order, to achieve the desired angle and thus a useful

t onosynt het i ¢ S¢PRtERed for eachaf thy objeqts, or regiops ofintsrsly B e iee®ket or are 20 requir ed.
In order for tomosynthesis to be effective, the angle phi should be at least a 25-30

degree angle from perpendicular to generate a useful tomosynthetic slice of the object.

15  However, the practical Himitations 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 fo 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 skce, a costly X-ray source and/or detector are
20  required.
As mentioned zbove, 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
. :



*As nmentioned above, conventional tonosynthesis 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 ar%éoAPRr‘@%
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
arrangenent. 25 Passing the X-ray beam through the center of the region of

interest sinplifigs,calibration of the nachine, the devvarEi ng and gray
TUSUY4TEONAPR 2005

correction of the. nages, .and the mechanical positioning §FF
WO 02/ 46729 PCEFf %ﬁﬁ%‘?ﬁ%‘y‘g s 15 Edetic sfifreprndy qrageugite RasioniRg RS @iPnt het i ¢
slice depends itioning of the. electron beamand mrrors.
Thi's accuracy g%ﬁ%%%f%%%’ vﬁ\}"f wél%yscﬁ ?%gacebfwevﬁ%m%‘wng olB8y% r omagnet i ¢
beam st eeri ng a&do MR BB & M i v nt i,onal
systens, however, lig%ht hat thﬁ%&é@?@%ﬁg%gggo?ﬁkga%lg%rta%éf’fcggyﬁcg%ﬂﬁlet ect or
and a st eer abl ssténg Ropeber SOWRQRsy r@MFNLEEH bIHTRBS fobrat 8% RED $he/FutdPie .Sy USE
i ncreases the overall cost of the system Further, with such systens, it
is slower t® seworePukeqiipmen Guexpeasieramiitoneinrbastsd e erallBGESE thelshdddn, | i M ti ng
the speed of the systemto 8 tines the tine it takes to acquire one inage.
Thus, there i Fusberdad sychsysignsyit is spwenisssausntialinacqyisteach ans iofitje Bintagespdynt hesi s
i magi ng techrl‘jg%lufg that does not require the centerline of the X-ray focal
spot position 8 Rt ofthepetemio 8 treys e diye i takesip acguirepedmegeo be coi nci dent
with the center of ject.to i naged. There,is a further need in the
art for an X-ray i%&%g‘&%?%an“egﬁéf %“%?'ﬁag i"ﬁg“%ntsmﬂff?ﬁﬁé‘f@??ynq‘%wgt echni que
that does not i i . e and..a | arge-f.qr mat
detect or. Ther e%bﬁégéabﬁﬁﬁ%ﬁ%%eﬁf@ﬁg %ﬁd&’?s PrEggIige ?“gygﬁ‘ﬁg%%g?i on
Syst em usi ng edst thOEREw b BE Sdifide AR cbifd Db OMocl 1L inhdded €ases the
t hroughput of the systemwhile decreasing its overall cost. SUWA R Y OF
THE | NVENTI ON The Tperes e fitrthiemeadinittenif@es X-riyispaaaosyseh ukilfa Ribghtadd by
providing an X-ray inspection

maging technique that does not require both a steerable X-ray source and a large-format

detector.
There is yet a further need in the art for an X-ray inspection system using a
15 tomosynthesis imaging techmique that increases the throughput of the system while decreasing
its overall cost.
SUMMARY OF THE INVENTION
The present invention meets the needs of the prior art by providing an X-ray inspection
) | system using a tomosynthesis imaging techuique that does not require the ceaterline of the X-
20 ray focal spot position and the field of view at the detector to be coincident with the center of
the ohject torbe imaged. With this requirement eliminated, significant cost and performance
advantages are realized by avoiding the usc of either a large-format detector or a steerable X-
Tay source or both,
| 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 rcapture 8 images simultaneously. Thus,

the need for a costly steerable X-ray source is eliminated and the overall system is simplified.
5



‘systemusing a tonosynthesis imaging technique that does not require the
centerline of the X- 20 ray focal spot position and the field of view at
the detector to be coincident with the center of the object tC)pg,hpRggﬂE
Wth this requirenent elimnated, significant cost and perfornmance

advant ages are realized by avoiding the use of either a | arge-fornmat
detector or a steerable X- ray source or both. These advantages can be
achi eved by usi mp@&asizhspecti on system havi ng a non- st eer 26ir@so12B40X- r ay
sour ce conbi neBurhérd fhe fredoritiayugfit eObasystéhRim@ard.capt ure. 8 i mages.

si mul taneously. Thus, the need for a costly stemable X-ray source is

el i m nated and t he Thaseadvhitagey sipdeuliesnathielyptalifad byl nsidg 2 iGpRRR FGOEIAMDLB2/ 46729
Further, the speed or throughput of the systemis inproved. PCT/US01/ 47540
These advant aguesrabla K188 serqean all-dorpathegiresplationigiptestar. By steprigtlese®i on
system having a sfeerable X-ray source and a small-foript "high-resol ution

detector. By sYH&} pHEentery the imagegf e gbiet] £y be projseted pning Bigh repqiption, sl of

the obj ect anfogneat 9 qe%!oxe' C'f'h%g cgsrt] gapwngs il g:ﬂiexi; ﬁ%olljs%é: aosxrlllhllesr qgs's =eyfp5ensgv%r g@ct’(or.
detector. Thus, coSt savings are dchieve § using a snalTer, 'ess

expensi ve. det ect of sipeSk B eilliRindlEkanl A dlth SRHHARY fe Yol Bipoir ces are

typically the nbst expenSive conponents i'n the ection system

decr easi ng t hecogpskentOin thdifspedtion §fsfamydRttkAing 86 ARG RnON Mol onldii&tL0veRB
while still maintaining the required performance. The present invention

al so reduces tshpstennenstivenilc otill muicthiaing ¢a kequied pafdmané.Nng novenents 10 required
to place the X-ray source or the detector and the target object in position
for, tomography. THhspessont mventippalsorreduess theinppken of rosshasiralyerositivnisgreeyamfatsc onpl ex
interconnections to be created in less tine with | ess expense. BRI EF

DESCRI PTI ON Oeayigediio plage thy Xsysoyrpey fhe defegtag and the target ohisetin Rositipf 95t r at i on of
O e DB bRl ey B o 2T
be created in less time with less expense.
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1 is a diagrammatic illustration of an X-ray inspection system of the prior art;
15 Figure 2 is a diagrarumatic illustration of one embodimént of an X-ray inspection
system of the present invention;
Figure 2a is a further diagrammatic illustration of the embodiment of Figure 2.
| Figure 3 is a diagrammatic illustration of another fmlbodime;xt of an X-ray mspection
) system of the present invention;
20 Figure 4 is an illustration of the regions to be imaged on a printed circuit board;
Figure 5 is similar to Figuro 4 and further illustrates the additional locations o which
the centerline of the X-ray beam must be located in order to acquire all the necessary off-axis
images to make a tomosynthetic slice; and
Figure 6 is a hexagonal scan pattern in accordance with an embodiment ;)f the present

25 invention.



‘'system of the present invention; Figure 2a is a further diagrammtic
illustration of the enbodinent of Figure 2. Figure 3 is a diagra tég
illustration of another enbodiment of an X-ray inspection syste % 2005

present invention; 20 Figure 4 is an illustration of the regions to be
i mged on a printed circuit board; Figure 5 is simlar to Figure 4 and
further illustrates the additional |ocations to which the centerline of

the X-ray beam musdzabee | ocated in order to acquire all thecheressary

of f-axi s i magespipIRbDESCRIPRON VIRl SRESEE Y BREFERIGY BrBopBAvRexagonal
scan pattern in accordance with an enbodi nent of the present 25 invention.
6 2 6 APR 2005 WO QR¢ g6t prétdrfelRaGhoitinkaid Bre désbriidll hérkin WeSleRkdidd toMigtE THE
PRESENTLYPREFERRED EMBODI MENTS The presently preferred enbodi nents are
descri bed her ehmoughi & Whowghalreahoiee df objéetsge regibns oftinteragho be miged isgibitrdng thehoi ce  of
objects, or regions of interest, to be imaged is arbitrary, the objects to
be i maged pr ef@jeap tobednrgsd prsterablyicpranriseither|ap eletronic essetdeersl ofrcudtrbogrd ci r cui t
board 5 including_ electronic conponents connected to a circuit board

t hrough sol Yerm§iingelectrqmiciqmpenests cagppoisd toa grppitdhagrd fhrough soldep iglptsi nspect i on

t 100 enbodyi t I nci pl f first enbodi . t he. t
Thvent on. The.systamterBtrhaE el R Pl i B0 pbvisg e el and. an
area det €ct or ot 3fie Auditicllr i A SRARIADE: L Yo0IRHIUEE, & AYAN Rhe oM

Ni col et |1 magi ng Systens, San ego, I Tornia. e source spl aced

fromand 10 gengéAllb Ynddited uaekop 300 A LRBRTbn btCerithEx £:§ 3 REe iPdvailBleismPect i on
pl ane 120 and the center of the detector 130. As wth the system of Figure
1, the regi ondNiddjet Bnaghp@yEnispSda®idgpGidmd The soah a1 dibpiacedfqapadat ed in the
i nspection plane 120. The support surface may be capable of noving the
regi ons A, 10B, gensalliCeontsredtwithaespest i ithe centrn pim ikt ticomdant 120 aid the cnter of1tBO, such
as where the support is an X -Y table. Alternatively, the support surface
may sinply hopgecgq;éBQ.éﬂéﬁW%s[ystgnofFlgme l,thexjegmnsA,B,an C to be imaged are

mechanically‘supported in the inspection plane 120. The support surface may be capable of

moving the regions A, B, and C relative to the source 112 and the detector 130, such as where
the support is an X-Y table. Altematively, the supporf surface may simply hold the regions ata - '
15  predeterminsd location relative to the source 112 and/or the detector 130. Although A, B, and
C may be referred to herein as objects, those skilled in the art will appreciate that A, B, and C
may simply be different regions of interest within the same physical object.
The X-ray source 112 and the detector 130 are preferably mounted on independent
) vertical drive mochanisrus that allow a contimiously variable field-of-view. The vertical drive
20  mechanisms are used to vary the distance, Z1, between the X-ray source 112 and the object to
be imaged, and the distance, Z2, between the object to be imaged and the detector 130. In
system 100, the distance ZI can range from approximately 0.5" fo 3.0" and the distance Z2 can
range from approximately 0.5" to 3.0". Alternatively, the mechanical support for the regions A,
B, and C, and at least one of the source 112 and the detector 130 may be mounted on
25  independent vertical drive mechanisms to allow Z1 and Z2 to vary independently. As a further

alternative, the system may not include vertical drive mechanisms, the source 112 and the
- 7 :



- 15 predeterm ned | ocation relative to the source 112 and/or the detector
130. Although A, B, and C nay be referred to herein as objects, those
skilled in the art will appreciate that A, B, and C may sinply?l& APR 2005
different regions of interest within the sane physical object. The X-ray
source 112 and the detector 130 are preferably nounted on i ndependent
vertical drive nmechanisns that allow a continuously variable field-of-view

The vertical dri mechani snms are used to vary the di |,
bet ween the X- g&?é’éﬁ%ce 112 and ‘te%e %@”ﬁ%«% to be i%%%d,jt%%%i ﬁ%‘é i stance,
72, between t H¥<EH] BCTay be ppsitipard gied digarest 1% B. %ghg\g!gf m 100,

t he di stance n e fr appr.oxi.matel.y 0..5" _t Q" t i stance
Z2 can rangeZlPr omesa%ag?%f?uﬁcaet g‘? lfﬁ)%?tgi(abf"ée tge. %@?cuﬁqlaen(rgrlla alm\%lf%y%gmﬁg“:rgwg

mechani cal  supREGLic, ite kil ih 8R1aR B8l reeognibd thid B sburce I Bt iRty @0 Of the

source 112 and the detector 130 maybe nounted on 25 independent verti cal

drive mechani sdlpode®bedw, aid thd debeddr B3 abdve MEV iNspboisloneBaENt | y. As a further
alternative, the system may not include vertical drive mechani sns, the

source 112 :nd t heSyéte 160 ARFR 3OG TV EADRY Xy AeRETIAIBGNE 4 NTidQecnched stddagr 130
may be positioned at fixed Z1 and Z2 distances. |In addition, although
Figure 2 il ud@9nixels m eagh dirdelions dnacessdandevitha prefenad embodimenietht fatectondtist i on

pl ane 120 and the detector 130 below it, those skilled in the art wll
recogni ze t haf"EREPROYYfilkicen (e dglgoter papdidetesiaicompsises adlatsserenmadsof st ™itind t he

detector 130 above (Ee I QSPECT | | ane 120. 5 _Syste 1}&80 ma% ovi ded
with an X-ray aﬁ%‘%/'%%?% S“_‘L’?,g"dﬁ‘g&dﬂ‘g? ‘5J éﬁ?‘iagﬂgéwgﬁfg%@%& Hep s ?Sig{)i xel s
in.each direckj 1B, A% oM 358 RS E S Tt %ﬁﬁ%ﬁagg:[ #15] g@e qset ect or
¢ can, 20, e Cﬁné a-&f, ; '15 .
130 is an anor phous silicon ("a %M" ~de eCtor . E asl etect of c%nr‘reprl ses a
flat screep Naffic Bfectioal anii 920 pixdis GARd die 2R 2 RRABH Ol GEL AR HomCh had 2 By St Al S.
An exanpl e of such an aSi detector is the Mddel FlashScan 20, avail able
from Tri xel |, midpinrpietsizelzndiitnée a tdthli déteforsizk 6L dpproxinmele 1 95ham xa8knpi xel s 10 in
one direction and 1920 pixels in the other, and a resolution of 4
linepairs/mm |t NéwnX-raghit thescrearof thie x8ildeisitaghelithyh gneworded iok dyemtd Celc t Or
size of approximately 195 mm x 244 mm Wen X-rays hit the screen of the
aSi det ect or , Sipgedeskis p asjrtillating matesiah #adsqapeotly ¢l oplses T gl This light is then
converted within the detector 130 into electrical charge carriers in a matrix of aSi photodiodes.
15 Every photodiode is connected to read-out circuitry by an individual switch, which may be a
thin film transistor or a diode. The output signals are amplified and converted from analog to
digital. Via fiber optic or other electrically conductive links, the image data can be transferred
to a real time image processing system, which processes the image formation to formulate an
} image. The resulting images may then be viewed on 2 display or video monitor 140, shown in
20  Figure 2a, or stored for later retrieval.
With conventional tomosynthesis, the output of the detec;tor is supplied to 2 camera by a
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 2 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
8



-Since Csl is a scintillating material, it subsequently emts pul ses of
light. This light is then converted within the detector 130 into

el ectrical charge carriers in a matrix of aSi phot odi odes. 15 E\S/@r/%f, 005
phot odi ode is connected to read-out circuitry by an individual i cf‘)h
which may be a thin filmtransistor or a diode. The output signals are
anplified and converted fromanalog to digital. Via fiber optic or other
el ectrically copdygish¥e |inks, the image data can be trangf@istfdsept o a real
time i nmage prQcessing,.s whi ch or : k f I: :
formul ate an Sllmrr“;%“éx.' ‘g]ﬁ%%g] u eiclni?\eé bﬂ?rﬁé%%%ﬁé%m{aﬂg%&l e gfeg%g%g rll&gecg?lspl ay
or video noni eh.d48, shown in 20 Figure 2a, or stored for later
retrieval. Wth conventional tonosynthesis, the output of the detector is
supplied to a canmesditbyallg, sydtént 1001 pravided Writh B cdntt6IBydten. {18 cbmifoDsystenti deo
processor. Because the output of the detector 130 described above is
itself a digi fiaktimeprieste it abikw v efimighdat therdesjred praifien within thedwpecfionplaemi r r or
and a canera is elimnated, and the output of the detector is provided
directly td@ ah20 wheker by mednedhanyieptothe spgtop e dejseterst somegopbisati@f @S  det ect or
130 is large enough to achieve a 30 degree angle for off - )é:ia's i mges with

J
at |east 512 frrseels Thg sustrmplse sengels thejoperatiog nf the dpperdent YArtisH A9¥qui red 8 2 6
APR 2005 WD 02/46729 PCT/ US01/ 4754 si mul t aneousl S , ri bed
bel ow, ther eb?céé%ﬁég%hﬁ%emﬁtﬁ%‘gﬁaeﬁﬁgﬂ}oﬁrﬁé%%%ﬁ%%wg‘{sgmﬁ%gcal ly.
Addi tionally, a%&?&ﬁﬁ@p%&&tin%:ﬂ%ﬂsﬂ@ﬂdﬂ”&ﬁﬂ@el&ﬂm rol system The control
[ 0 0

system functions to cate the Jject to be 1maged at the desired position

W thin the inspectrhOfndib@te the SonkdystddBh IR peiRmBDY 418odefir 130] B6wn int he
source, the detector or sone conbination ofp t he foregoing. The system al so
control s tihe Fipeé 2d, which mfy dldo@erfoiacipacd tné imags grocessingdunctiens deedtiednbeas, | f
utilized, to vary the distances ZI and Z2, as required, and the imge
stitching asPesitthepioctssa 1pP waseheta gewead pirposaimictipmotssas dht is programgiedl, abel ow. The
functions of the contrrol systemmay be performed by a processor 150, shown
in 10 Fi gur ekupym totpase skilled in thy aslotoregiare,tha copieo! syatam apd FR3sS RRRGTEISBCENS ng

fu ﬁCt tons d esﬁﬁcmanl betgely?' g\lér%bessor 150 may be a dedicated image processing device, in which case the

control functions may be performed by a separate microprocessor based device or a separate
15  controlier.
Referring back to Figure 2, when the source 112 projects an X-ray beam toward regions
..in the inspection plane 120, an off-axis image of region A will be obtained at posiﬁdn 5 on the
detector 130, as well as an off-axis image of object C corresponding to position 1. Off-axis
} images of other regions not shown in Figure 2 could also be obtained. This will be better
20  understood with the following discussion. For simplicity’s sake, the discussion is limited to
four images, although more images may be required for tomosynthetic reconstruction. For
typical solder connection inspections, it has been found that eight off-axis images will usually
provide acceptable results, although more or fewer images may altematively be used.
Figure 4 depicts nine possible areas of interest to be imaged on a printed circuit board.
25  When area of interest A is placed in the center of the iﬁspection plane 120 and X-rays é:re

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

9



- Thus, the processor 150 nmay be a general purpose m croprocessor that is
programmed, as known to those skilled in the art, to performthe control
system and i nage processing fractions. Alternatively, the procgsgo’qpé%ns
may be a dedi cated i nage processing device, in which case the ohtro
functions may be perfornmed by a separate m croprocessor based device or a
separate 15 controller. Referring back to Figure 2, ‘when the source 112
projects an X-ray beamtoward regions in the inspection plane 120, an

of f-axis i mage oVOP¥§12dn A will be obtained at position 5 mrrusmarsadet ect or
130, as wel | adetegntor pbsitionti willibaralpeingif asow]l echh off-ag® tui@s pHaaeh M Gok@pdadiag toi on 1.
O f-axis inmages of other regions not shown in Figure 2 could al so be

obt ai ned. Thi s 9tPdar pesisiop &t Ween zer afintestB olicdiin the canter pithe ipspiestign plaed@8si on.
For sinplicity's sake, th,elag% cussion js limted to _four imges, although

nore i mages mafBEFEHUPE EBrrirephie fratce EL2r wabivadyimesd a2 £or  t ypi cal
sol der connect| i n Lons, it PRas. been.found that eight off-axLs inages
will usually %o(r?l%s | Iggl%gggéet%t%é op e’s‘ﬂl}l? %‘,?btaé'}e? Rt ﬁ‘b?ﬁ' F magoRfPrf fnges nay

al ternativelsy gb?reéﬁ%ﬁﬂ’ngtEHQé&o?P&lﬂﬁQgﬂaﬁgs-aﬁmﬁgus@apéag% @ér%?p:olgcgsl t'og\ét st to

be imaged on a printed circuit boar en-area I's placed

in the center gkitibhE WRHPEE oF Rftredl 48 laded th (R Wentef-df 8% $nspécBon RN EE Lk f rom
t he non-steerabl e source 112, an off-axis inage of area B, corresponding to

9 2 6 APR 2005zx\ABnf}2 ofladXs) cREEpddSig fodlébet@ podiin&SC# e pbaintd RRvell as apiofl  be

- obtained, as well as an off-axis inmage of area D, corresponding to

det ect or posi t##amage ol sereeaponding faidetectos posiBion 3. Pherceeh dfinitrtseDdspicaiinof t he
i nspection plape 120 __and X-rays are projected from non-steerable source
112, an of f - aXPecontpRpgthe Hrpegtionplane 12, gy (faaisimere ahrreaA dereseending ffsteetpion 5,

wi |l be obtained.a .l as. off-axi g inmage of area E, 5 corresponding to
det ect or pt(‘)@i ﬁ%%trlf’“?’gﬁ&’eaoﬁtmg qsgfpgsﬁnr?&'d‘émﬁ%g‘é? Grra & cursrRondin R dFFRPT L o
detector posithan 11,4 Wen. al; ' t i | aced .j.n cent of
the i nspection plane 120, an %%G%Egﬁégéﬁﬁg&o%tgg&%%“@?“%%nrﬁ 3@%’6%&1% to

detector posi @it Bis phcdd in BR c%ﬁﬂﬂgﬂﬁ&ioﬁ\ll‘@hﬂe 196, A8 Qkk mi io§aréa'ﬁ}93 of area
F, corresponding to detector position 7. en area of Interest Dis placed
in corresponding to detector position 5, will be obtained as well as an off-axis image of area F
cotresponding to detector position 1, an off-axis image of area B, corresponding to detector
15 position 3, and an off-axis image of area H, corresponding to detector position 7. The
remaining areas of interest are placed in position and the corresponding images are obtained.
To obtain a complete set of images for the outer arcas of interest (A, B, C, D, F, G, H,
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. Howevér, since several views are acquired simultancously at each location with the
present invention, rather than sequentiaily, the throughput is siéniﬁcantly improved in
comparison to known techniques.
If in the inspection plane the objects fo be inspected are a grid or other awangement (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 bé radiated. Therefore,
10



-the center of the inspection plane 120, an off-axis image of area A
corresponding to detector 10 position 3, will be obtained as vveII as

of f-axis image of area E, corresponding to detector position 1 3 Mﬁ?%%
of f-axis image of area G corresponding to detector position 7. V\hen area of
interest Eis placed in the center of the inspection plane 120, an off-axis
imge of area D, corresponding to detector position 5 wll be obtained as
wel |l as an off-axis image of area F corresponding to detector position 1,
an of f-axis i mag¥Q8¥4®Pea B, corresponding to detector 15 Rsagisei4ese 3, and
an of f-axi s i nilgetcdiiqas way i usgide eesipdding ihagedeiBediont rageis simitndousFhe
remaining areas of interest are placed in position and the corresponding

i mges are obt éhuneeéucmgtbe%@iwher@f@@@pgw@owmﬁwmshmmm@ Iout er

areas of interes A B C D, 1), the areas outside the
active area of °?‘1‘Pé‘£‘ﬁf‘1 tfi¢ ‘é’&V'E’PPWf‘h‘tSIS%aEH“”EﬁW%W?%‘H?}@ 8ipff-apis pagpre

t d th f t.h | h
Pmges taken HCPEEN sl mhof ApeREC: Anihedns B0 Nith PR ARt e
edge of a pri nigitle phdicom &M&@@hﬁ%{e NETART YA §t@oca?|§%meungﬁﬁ§% ofi. NCe

several views are acquired simnul taneous y at each

present i nvent ity metlicaiolithiis ckdbodim&R LR HaveRkidnyonly 428 pdsitioR & @&Hfreglo& plus a
significantly inproved in conparison to known techniques. t he

i nspection pl abuder biregjsewitlscstilbinagotil namiee bfacuréd pesitiong Bquell ta(Nﬂo tNaa)—
arrangenment (for _25 exanple, joints froma Ball Gid Array), then, when
the X-ray sour@&2isAs &Elmatﬂiengfrmgcmgq theynuger dfiverereqpositias rdtive tiict | pl e
regions adjacent. to B may sinultaneous|y be radiated. Therefore, 10 2 6 APR

2005 WO 02/ 4672@°q@éﬂ?mﬂw%vmﬂmm%mﬁ eﬂaéenﬁwl%hqﬁs&r el ifuire 8
of f-axis of, 8 adj acent Si nmul.t s reducj ng the
t ot al Xlnumlt)garEl ° =3 %%Sﬁfnﬁe opmglé’ a’%'ﬁggd @%‘Eﬁ?"lf“ée&“ %E"E’e%:tmf”h taf"r‘g | . In
, ke 8
conpari son thﬁ‘ecﬁz@ o%@lmsf%gb&ﬂenfaoﬁorﬁ%ukdo'sﬁi&ce 3;@!;&&@%#@%0&% make

of f-axis inmages sequentiall r each regioén efore,

ar rangenent ofcbh%nrmnmma,&vheﬁa&&ﬁﬂm iﬁ@&&&&&ﬁ@%ﬁ&i&ﬁ&h&dlo@&& using the
conventional nethod would be 8 tines However, under the off- axis

nmet hod of thi smbodieehit.nrent of the i nvent i on, -only one position for each
region, plus a _ '
Once all the off-axis images have becn acquired, the images may be grouped back
15 together by grouping the images for each of the objects, i.c., images 1-8 for object A. Since alt
8 images for a specific object are ﬁot acquired with the inspection plane in the same mechanical
position, an image alignment technique ié‘prefl'eral.ﬂ); used to m&ge the images together. If one
uses a very accurate X-Y table that positiﬁ;ns the images w:thm an accuracy of 1 pixel, then the
} images can be simply grouped together. If the X-Y table has an accuracy of Jess than 1 pixel,
20  one may need to élign the various images through the use of “in-view” fiducials or alternately
have sufficient ov;ar}ap between the images fo matcﬁ 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 amrangement that accomplishes this

requ_irement. Instead of 8 off-axis images, 6 off-axis images can be used to generate a
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.border of regions, will result in a total nunber of source positions equal
to (N+2) (N+2) _ (N+2)2. As the nunber of regions increases, the nunber of
source positions relative to the regions decreases dramatically in
conparison to the conventional nethod. For exanple, if 10 N=3, ‘75 $0& ¢85
positions are used for the conventional nethod, whereas only 25 are used
wth the off-axis nmethod of this enbodi nent. For N=10; 800 source
positions are used for the conventional nethod, whereas 9@1]51?/ 1J,“éjﬂ‘fmposi tions
are used for th¥O8¥%xis method of this enmbodiment. OncE A T"¥HE of f-axis
i mages have bdemsdigti slise, and thehdxpaansd pattgmyparhe syroepelly pesitionast fydeldmsr by
groupi ng the imges for each of the objects, i.e., inmages 1-8 for object A
Since all 8 ivipwpashecgpuighogiBeci fic object are not acquired with the

Lachni que 15 pr ef clRTdG P RBR YL cre g agoen B B KRR
very accurate X=Y .t abl h Lid Qs ' bidoP1 AR, @GRMEACY of 1
pi xel , then tﬁ“esmei11 ge@"g‘ ?135 ‘%%ZPEH%‘I y gtzrnjgg rlé tg‘gg\iﬂ‘ﬁéeergé.o }f {he >éY tabl e

has an accur agyscQfink §36m! £ aBcrape@ibe®d. Thid GeaRiREhefiis op@ftling Gie@ei@Rviche vari ous
i mges through the use of "in-view' fiducials or alternately have

suf ficient ovedsblagonbeid @eaiphivn for VirfRdle nytboard Bibe, levdnlifihe bdarddads awdavarisgontdar i es.
Since the coners of a square arrangenent of points are farther fromthe
center of t he commuentgitchpresdnt Thisnugigie appizationlofths inthging systept{e.Jodkeng st alidquar e,

it is nore advantageous to use a pattern that keeps the center of each

of f-axi s i magémagessReitagondy) ghimingtesthomeed foraficisptorshat pmye be FrapgiifigpedhessPyt em

Figure 6 depicts an exanple of a he onal arrangenent that acconplishes
thi’s requi r eFfHERs tP?ngcB%WmBIGHP’P?&gWW%@g?Q’%mSO&? S%Wﬁ?%gﬁ% can be
used to generat .11 2 6_APR 0 ,?5%% L

t onopsynt herai c‘c”'"ss{%f'[l é‘?prgﬁ%g?ﬁgéﬁeé%%g%{)%\glwé% ern EE:)an L&S%{/én%;gtﬁ f“(r:egﬁul y .
posi tioned at sapy chiteils YoroditehhpRRestuiSncthdnichlirtqub @Rt for RAMARLcBTAdn 130 1S
positioned to receive the emtted X-rays and convert the X-rays to visible
light. The di gjstelan®@atiof btat@frathdd Ghakl@masit Ghiagh fraif bliprindedaiiboatian. pr ocessor 150 or

an 1 mmae In alternative embodiments, the detector 130 may be a CsI erystal detector that is
viewed by a CCD camera, through, for examnple, 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 impage on a display, such as a video monitor.
Thus, the cost of an expensive stcerable X-ray source is avoided and the overall system cost is
fower.
} ' A further embodiment of the present invention could employ a flat panet detector
20  consisting of an amorphous seleniam 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 collecteci 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  unage processor. Because the X-rays are converted directly into an electric charge, light scatter

is avoided and the degradation of the image sharpness is elitninated.
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.5 processing system as described above. This feature permts optim zing
the field-of-view, resolution, and throughput for virtually any bog@i
type, even if the board has a wi de variation of conponent pitch2p$ s%tZUﬂs
Thi s uni que application of the inmaging system (i.e., looking at all

i mages sinultaneously) elimnates the need for a detector that nust be
re-positioned, thereby reducing the nechanical conplexity of the system
(i.e., elimnates the gal vononeter mrror 10 system, inproving system
reliability andWafH4¢’gpeat ability of results, and reduci neciseras# system
cost This appr oachmgmarpldeﬁmte@omlae{ﬁﬁﬁb@m@aymnemlemm&mg&eiﬁﬁc@éaafmge
collection systemand allows static rather than dynam c inmage train

al i gnnent / cal i dtemétive embddiment ¢fdrepatinyiaventitoo diyvemi28) ntlindes aateedledl-ray 3Greeaybe a
Cal crystal detector that is viewed by a CCD canera, through, for exanple,
a lens or a fiémddsicieeioridfaf suitabingieambia By once is¥odd] W&ﬁ?c&mf%lﬁ of the

canera is provid rQcessor Qr. an_image I’OCGSSI ng system which
processes the fi‘ﬁgf& lftllllflmyfm ?‘iﬁ‘%‘?ﬁ"nﬁhﬁ}"’g a edgidiathl Gmigion spobsize such as
a video nmonj tQp 4,75, f X t erab urce is
avoi ded anﬁthed%?fe’?%? “‘nggfa%?ﬁ%égtm%%e Ysgwer ?U@??lbé b’ﬁ’%#etﬁ ®of the
present inventihgR &@pheh &Qaaan%u@mysaéhaea{lﬁlyéﬂé&&ts%wﬁ%%mé,ﬁtuieng of an
anor phous sel eni um sem conduct or ray absorber coating over a thin-film
transi stor ar fimdyecén fiae2asi s for digital capture. One such detector is
avai l able from D rect Radi ography Corp., Newark, Delaware. Wth this
detector, the X-r dbhe deiectoreBnuedih eyited)200 bpref@ithy {HighiSsoREde RirkyBefifvaCid y 1 Nt o
an el ectric charge that is collected by an array of electrodes. The result
is/a digital Feesgdetednst Ap sxample of motpaidetrctor iy a Cediwe Bdidn("EsIicd@e! deizaiot. 0x  Or

passed to an 123%5{ % processor. Because the X—r%s are converted directly
into an el8ct FFEeIEH P&‘Qpnsﬁagqffscga&%t?{‘@ﬂfcfsw& I‘%ﬂ’f&‘@%“’ﬁ@gﬁﬁdatl on of

PCT/ USG ) 47540 Bl gid: Blmnrkeas Dnleirtns e e gatome
Chvent 1 on thea&&{opgﬁp&gégﬁé%gna steera%%ﬁ ﬁ%ﬂ@%ﬁ& Bhrchylf RCRAS

i nvention. System 200 ay source
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
' 13



.212 and a detector 230. A suitable steerable X-ray source is Mdel

NMV 160CR, available from N col et |magi ng Systens, San Di ego, ﬁgf&%r nh@
This nodel has a 10 micron spot-size 5 and a 75 nm steering di R b
with the systemof Figure 1, the objects AL B, and Cto be inaged may be
pl aced on a support, such as an X-Y table (not shown), which lies in the

i nspection plane 220. The detector 230 used in system 200 is preferably a
hi gh resolution, X-ray sensitive, flat screen detector. An exanple of such
a detector is a ¥R odide ("Csl") crystal detector. A pcis@swssaet ector
conpri ses a f| gtojeaieeys foadiecatibn Civard Abjsd iAtta pdnerateat of S axisitrage ddobjet AE May be
obtained fromHi|lger Crystals, Margate, Kent, United Kingdom The total
size of a Csl @estinnd|on thgdeteaar@B0 guthen thegurder2dbmATrmoxeds vatioo 5 kbokainkan7 5nm
Wth these Csl crystal detectors, a resolution of 30 to 40 |inepairs/mm
Wi thin the cry&ffAs Euage HfobisehGat Restton Fia thr detenior 33, TheXzayzourrliZie det ect or
230 may be nounted. on, i ndependent vertical 15 drive . nmechani sns that, allow
a conti nuously" 3sr‘|°3%qa'eldﬁ%gqoﬂ-8?”35\??"3\7&8%‘33?7%? ned) This yilloe befEEgrPieets are

used to vary the, dl.s 4 S o hhe X-ray source 21 d the_ object
to be imaged, angllctie %lggltsélrs\sé%l,' %Eg Iglg_ Ssékr?’%?le Ob)ect %n%b%??urrraméaé%s’ and
the detector 2afhoughnorsiike Mag Blreqlifd® foflloibRbBlicrcomBicofgNge from

approximately 0.5" to 3.0" and the distance Z2 can range from

approxi mately 0.5" Win &edofintdest A, dhowk MFigua 5| B PR InERe cehfdforibeShpepsRY Nnot
include 20 vertical drive mechanisns, the source 212 and the detector 230
may be positi orleng and X-fiyx erd pidfectedifigin Firod 282, amionge. of AglalB tormsmindiivg topysticarn 200
is provided with a control system simlar to that used in system 100. In
addition to thelibgakteinedqad esmimpgeef gpaY ecrghopdingde pestiion B.o Wgstraynf ibaest t he

control Sysj e_%of S sttglm 200 steers the electron_beamto the desired region
of interest 25°ge f PRI PiiRe meppolion plansnindpee ohEea /b FIEFPOBGRELC DS - axi s

g, a1, DO NSRRI b AL BEL LG i UL R 0
02/ 46729 PCTI Mcﬂxzéﬂ&ding to position 3. The remaining areas of interest are placed in position and
the corresponding images are obtained. - |
The output of the detector 230 is then supplied to a c@m, such as a CCD camera. The
15 gnalog (or digital) uutﬁut of the camera is provided to a procéss';or or an image processing
system, which processes the image formation to formulate an image that can be viewed on a
display or a video monitor,
Because the images in system 200 are acqmred sequﬁal.ly,"rathci-.t.han simultaneously,
} as in system 100, the throughput advantage realized is not as great ::[IO\i;ever, with system 200,
20 alarger off-axis angle (i.c., 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 hif;v,her 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 CsI detector provides.

For image stitching the images obtained with the acquisition methods of system 100 and
14 ) '



‘proj'ects X-rays fromlocation | toward object A to generate an off-axis

i mge of object A at position 1 on the detector 230 and then the source
212 may be noved to location 5 to obtain an off-axis imge of (ZDBGAPRCE@S
position 5 on the detector 230. The X-ray source 212 is repositioned an
addi tional inmages of the objects are obtained. This will be better

‘understood 5 with the foll ow ng discussion. For sinplicity's sake, the

di scussi on refe%mgpl%gto four inmages, although nore i mages may be
required for toNOSYHLRetic reconstruction. Wien area of iRCEYSEELS  shown
in Figure 5, i%’“ﬁ?é‘l%ﬂ‘e fast thit dhesunpem for gramplean kiydahlecmisthe lesppragies thandbeXize ay s
are projected from.sgurcg 212, an i_ma%glr_of area B corresponding to position
5 will be obt%rifatreanyt ﬁ@%"“éﬁ"?%ﬂ&%ﬂ Eor example.difhs WRRSEHBICAYIE & dposi ti on

3. When area qf, j B i l.aced i n-the cente f the inspection
pl ane, an i rragjéxcios’ph% g?%%%ﬁ%ﬁ%@ﬁl PRg a0 g‘l’tt%l‘3 Beﬁ”{eregﬁ alniygfﬁgr %?E‘fr%ﬁy ned,

then an i mage wh+aR35%kefs ¢RI BSPARGL ek Qonﬁ)%h b BPhoRymthBedo {;&o}éh&o%& mage

of area E corresponding to position 3. The renalni'ng areas o terest are
pl aced in posiréshioi aditred ihdsyRBEHQERD TehsBhcAtF PR Sardd o infiisfirdathiy fRGnd Ut PUL
of the detector 230 is then supplied to a canmera, such as a C&) canera. The
15 anal og (or odingk t'iatviewd fithpids thdt canfbe neditvRligh dach ifaige\phapertly. tFar ékaplOGRHSOr Or.
an inmage processing system which processes the inmage formation to

fornul ate an FHegfEop plgerithmyeonld by popleyyd tynyniguelyiileyifydle seme objack tieachobtie B or .
Because the i es. in system 200 are acquired sequentially; rather. than

si mul t aneous| YRR 08 PRIFT N then e used fogtighiba imaged ead fisgemave iei zed i s not
as great. howgygr . Wi t.em 200 20.a larger .off-axis angle (i.e,,
3035 degr ee!?l as %orrp%r‘%%’scffglef'?—p% WSy pgezﬁﬂ%'em‘é”é‘ﬁf MH%@FS‘Féndnavi ng
to resort 140 FrolAbdiCaigRihiilo RRLE i,-,Q%& R WR-TeNe [ o1 -1
detector is avoided, g'[t}%e ovpgﬁal f;eglg/gtsltﬂgm oéﬁ%ﬁﬁbﬁ?ﬁmﬂaﬁ&?%ﬁ%ﬁ , In
system 200, adiducigl, dné) @wPbrtRtSin Hew! HaBcialdialyde tQhired 30 are used to nmake each

i mage, thereby resulting in a higher resolution (i.e., nore pixels per
unit area). As PCB wehguneat®dimal, linke opticplichdBerd@ARITE phtdIoh 8% x-y tdBie$n appr oach
likely 25 will be required because of the better resolution that the Cal
det ect or pr oVA¥E Y impgye thergpgeracytof the Fbla tp stralier thampisel OBbwéver thissittrhativi e

acqui sition nethqds of system 100 and 14
q wouﬁ?ncrease the c))/verall system cost,

15 One example of an object that is likely to be in cvery area of interest is a circular hole
called 2 “via.” CAD data for the printed circuit board may be used to initially find the vias in
each image. The location of cach via is then compared to other nearby objects such as solder

Joints and integrated circuits. Bach 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 obtaine;l. | Then the shape recognition algorithm is n

to determine whether the vias could be reliably located. The vias that can be located with the
highest probability are used in the final in-specﬁon bist .for that printed circuit board.
An example of a suitable shape recognition algorithm would be an autocorrelation

technique using a template for cach generic shape {i.e., circle, square, {riangle, diamond, cross)

25 ofa via or other “in-view” fiducial. This template is compared with the actnal region of interest
' in_ the X-ray image containing the “in-view”_ ﬁc_iucial. A correlation matrix containing the

15




-2 6 APR 2005 WD 02/46729 PCTIUSO /47540 system 200, the fact thageén@
support, for exanple an x-y table, may bel ess precise than the si R&ﬂ@ﬁ
pi xel must be taken into consideration. For., example, if the support is
accurate to 3 pixels, then, without "in-view' fiducials, imges could not
be registered to any better accuracy than +/- 3 pixels. Thus, these

i mges, when conbined for tonosynthetic reconstruction, would 5 result in a
bl urred tonosynt lice. Consequently, each area of |nterest ref erably
has one or rmre‘%%i&72§ t hat ¢ be used to aﬁa’éjﬁ 50 i mage

properly. For é?(ogﬂ?ff %fvﬂtgﬁ{af)fgmdl@&&’ e@ﬁ% Ipqatiop ”é%('ﬁgf"f‘ FREneEsh dhopRems ¥d to
i ly identi h . .of. .t Of 1. Thi
ob] act Lol d t p: SAAE ne RuBhle - PpaRtlu belell s B Eibei e o
mechani cal | Nagk @k dtler SH8SHR a%%@@hlchﬂlhﬁecﬁxleﬁt@m% BLSEAR b udes an
y i

x-y alignment and 10 a rotation al ignment to perfect

i mages. Ther ef amgpongeintaditing refidvd £ siiphiRpaiaingteR6rs cfubdd g iRl xSy tatd1 €, tvvo or
three in-view fiducials mybe required. In an alternate enbodinment, |inear
optical encéders cddfemathg, ifyl mliablt "mrview| fiducjl tabbbeilavatedwithin at dealofifntedas t he
accuracy of the table to smaller than 1 pixel. However, this alternative

woul d increase f"’n‘ée@W@@dﬁewe%%%%mlﬁﬁmoem@@@&nmbﬁect that is
interest is a circular hole called a "via.

likely to be in er are
CAD data for ttﬂ%eﬁ’ﬁ |1%/’?f W“‘f%ﬁ’ﬁﬁ%@?%ﬂ@éﬁ%@%ﬁ%l@‘}F“ﬁ%d t he

vias in each atio of eac ar ed to other °
near by obj ect Sﬂogﬁ&ﬁs aggg%o %Pkarjea% nts gl%?éﬁg’ﬁ?"éﬁ %?P@ng ch viais
ran}<ed by its rhoglifdColifnith A il &ltherobscurl ng objects. ' For exanpl e,
the vias that are gr eat est di stance from ot her obj ects woul d be assi gned

20 the highest ranhacduawﬁqe“mhra@:sefdueaa@@%m&rme,@b&@ane&nsib&ﬂefoheteemaja&m
recognition algorithmis run to determ ne whether the vias could

reliably | ocatopiimizdtie miximige sdamtime e beldnpesatgadingiséan obthﬁzaﬂﬁh&b&ﬁéted to two
probability are used i.n the final inspection list for that printed circuit
board. An exarﬁﬂse(lb’l“’rﬁﬂb'u? pliprieimaees g requicddmingliearzedomosyntieticotited be an
autocorrel ati ue usi ng a tenplate for each generic shape (i.

t.echni
circle, squar Zj”s Tafil W@‘l‘ 1agef; A ARPRT abeveh a)(2)sbe fisfds 8“0?"&’“6? ngh pgyarengephie g eV\/
fiducial. Thi §pér?ercrt%' l%hg E %re?oq'e \‘\Am]mmt n tlzmetheatc number gﬁgds o(%wcxlvr%}lrear eSt_

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 patiern.
While the invention has been described in connection with ceriain 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 altematives, modifications and

20  equivalents falling with-in the spirit and scope of the invention.

16



.in the X-ray i nage containing the "in-view' fiducial. A correl a?;egn f%télg
containing the 15 2 6 APR 2005 WO 02/ 46729 PCT/ US01/ 47540 good sA 30
of the tenplate to each location in the region is generated. The point of
hi ghest Weelatmsl ati on is where the tenplate best matches the fiducial. This
"in-view' fiducial is then found in the other off-axi's images, which is
subsequent | y lused Awappargus fob acqiifin@sffaxislges irhapes of & paraltyPirégiomyst t hus
renove any slight positioning errors caused by the x-y table. 5

Al ter nafglptet bdmprikiRyl abl e "in-view' fiducial can not be located within an
area of I ntefest; then the overlap between adjacent inmages may be relied

on in order to alli the. i es together. -For exanpl.e, the adjacent edges
of the inageagf’u’é‘ffeggrﬁag{?f‘r@gﬁfﬁw&faHg’d:"fimﬁé‘t@@flb?f( m{f"ébf"ﬁ on 5 and the inage
of area B corresponding to detector position 5 may use a shape recognition
al goti t hm t o2&r1faee torsapparhydenst » gihsaieet the phyrality of tegienscaf inferest; angr ef err ed
enbodi nent, the overall scan sequence for a test object is optimzed to

m ni M ze scaa X-rayadetébhe lodutdd tesgesltanegasiy rergive partiaptaf theldanpthabhaver el at ed
totw facts, (1) normally, 8 off-axis inages are required to nake a

"good" pRsebthrdle!the silistCoT the PRiARE oPfegidiB of inltBREE thede35Y d&6dorhBYRding and

(2) the fields of view may not be arrangeable on a perfiectly uniform

pat t er g Thet flceived p%ﬁo% B%?@#Qﬁlﬁﬁ}? %I;H‘IE@?&E ilQItdg%%] EhchiSorFhe %félg&gis& 8f t ai Ls

PCB and to mnimze the nu Vi ew on®the outer

desirabl.e to.perfaorm a nmulti-variable qgptim zatjon of t scan. pattern.

i | o iR iBREr e st w8 2Ren ot RhelhiBebe s axie Bfifdlng ok

enbodi ments, it should be understood that it is not intended to limt the
i nvi@nt iregionpof idarestyarti cul ar  enmbodi nents. To the contrary, it is intended

to cover all alternatives, nodifications and 20 equivalents falling with-in
the spirit awkkrsingeast orelud thewoands, tre.suifdce) afid ARRIREMa iy bé aioveable 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
15  region of hlterest.
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.
20 5. The apparatus of claim 1 wherein the detector comprises ui: amorphous silicon
screen.
6. The apparatus of claim 5 wherein the detector ﬁu‘thef comprises a coating of
cesium iodide.
7. The apparatus of claim 1 wherein the detector comprises a cesium iodide

25 screcm.
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1. An dpparatus for acquiring off-axis X-ray imges of a plurality of
regions of interest, conprising: a source of radiation, the SOQrEehPR op
produci ng a beam of radiation; 5 a surface to support at |east a subset %5

the pluralityg. of rehapparadis oftlaine® wheitdiha dstecrty figheie? GheliddsQriRhe6k fiter
si mul t aneously receive portions of the beamthat have passed through the

subset  ghtié bindlb i hbidingh LpRBiiNS B CObShRRL Lhe X-ray detector

producing fromthé recelved portions o eama plurality of discrete

I mges, eachgof t lurality . of _discrete i es. bej associ.ated. wi,th a
region of inf iares[ﬁ‘l F%P?%amgﬂ%%lgtm §fwgeﬁ%n61$%‘?‘g?‘%t‘§t€? bpg) FERTRALPIgyided to

I nterest; wherein at |east one of the source, the surface, and the detector
may be HBIRSSHIOE fQrprogessng inbpimages of theggeioprofinteisstest within the beam 2.
The apparatus of claim 1l wherein the electronic representations of a region
of 5interest 1@re Thaagfaatned dlaiom wherde thectoorcetod radipiiccssswn-§tesrable x-
processing into i mages of the 15 region of interest. 3. The apparatus of

cl ai m Zaykedeen the resulting images can be viewed on a display. 4. The
apparatus of claim1 further conprising a processor to conbine at |east

(1o 4 0L (EP! SRR Qo | SR e A Skl AR Bln e, o
e doEaitisn FIRERER EIMPH SBA TCitimg of cool um i odi do. 7. The appar at us
of claim1 wherein the detector conprises a cesiumiodide 25 screen. 17
The apparatus of claim 1 wherein the source and the detector may be moveable
10 to position the regions within the beam.
13. A method for acquiring off-axis X-ray imégé data for a plurality of regioxis of
interest, comprising th§ steps of
locating the plurality of regions of interest wiﬁn a beam of radiation, at least a
portion of the beam passing through the regions of interest;
15 simultaneously detecting the portion of the beam for the plurality of regions of inferest
_and producing a plurality of discrete image data, each of said plurality of discrete 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
plurality of regions of intefest remaining within the beam;
20 repeating the step of simultaneouslir detecting and producing imagé data; and
combining imége data for at least one region of interest to generate a tomosynthetic
image of the reéion of interest.
14.  The method of claim 13 wherein the combining step comprises aligning the

image data for each region by locating one or more in-view fiducials in each region of

25  interest.

18



.2 6 APR 2005 8. The apparatus of claim 7 wherein the det ect or further

includes a lens or fiber optic bundle for providing a |ight rr% & ARR @UU&D
canera. 9. The apparatus of claim8 wherein the out put of the canmera i s

provided to 13, progRsa&hod 6f P EE kRS tH%tc%nib'ﬁBH teB Pn?bﬂsé
interest. 5 10. The apparatus of cl a| m 1 \/\herel n |at| on is

a non-ste of ¢ m,l wherein the
support Sﬁfffgf&égﬁélﬁ%gﬁn%ﬁggﬁ?m&#l p03| #On Eﬂ\‘i"?sé’&am‘sw‘&af"ﬁﬁpé’ PO within
t he beam,. . TJh us. of_c |m1 wherein the source and the detector
maybe B%FH?get; ?‘?"@PS g&'élpll‘frﬁﬁty &egiens ofdutegisthi n the beam 13. A net hod
for acquiring off-axis X-ray image data for a plurality of regions of

i nterest; coipri siAmpepphratustiopacquiringaeffakisgroeingas af 4 plarality o€ rigooms o f
interest within a beamof radiation, at |east a portion of the beam

passi ndintdieAl@mpridng:€gi ons of interest; 15 simultaneously detecting the
portion of the beamfor the plurality of regions of interest and producing
a plurality Qhoﬁ'st%&raﬁgesoh%%? 1By tﬁ?ﬁ‘;} Qﬂcéﬁ'b%mﬂl urality of discrete

i mge data correspondi T0 each of e regrons of interest; adjusting the
| ocation of the pl urallty of regions of interest, at |east a subset of the
plurality of regions of interest remaining within the beam 20 repeating
the step of simultaneously detecting and producing i nage data; and
conbining i mage data for at |east one region of interest to generate a
tonmosynthetic image of the region of interest. 14. The nmethod of claim13
wherein the conbining step conprises aligning the imge data for each
region by locati ng one or nore in-view fiducials in each region of 25

i nt/erest. 18 :
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-2 6 APR 2005 15. The method of claim 13 wherein the conbining step
conprises aligning the image data for each region by nonitoring an encoder
out put associated with a support for adjusting the |ocation &f 6 tARR 2005
plurality of regions of interest. 16. An apparatus for acquiring off-axis
X-ray images of a plurality of regions of 5 interest, conprising: a
non- st eerabl e source of radiation that produces a beam 18A 2 6 APR 2005 WO
02/ 46729 PCT/ USQ1/ 47540 a surface to support at |east a subset of the
plurality of redt®R¥4¢8t interest; and a detector |ocated Porusoeisiwe
portions of the beamwfihat syppas atidastaugihetiohibe SRS bf RF6hsloPmtefebtiaalgt aneousl y
produce an el ectronic representation of an imge for each regi on of
interest in the s@ldgeforigatodie restire mttionseftie bome thatfpads teough the ebset hddido SUr f ace,
and the detectqr maybe noveable to, position the regions of interest within
the beam 17. STREEAEHLYyPRce grelciopicrerreeniptior ef 4 imsas forepsb ovgion obinfereitses an
x-y table. 18.th;rg§segpparat us of claim 17 wherein the support further
conprises an encoder coupled to the x-y table, the encoder providing the

X-y table wth a pRgddilQ r jred .10 to correctl onbi ne
separate i mages. 19. The@%%)tgge?%gg% e’%?%ﬁﬁrraﬁel@d\j%edtftg‘ft?{nfﬂ e‘ﬁ‘?%ﬁ"‘ﬁ?@nal

accuracy of t hesifialtheredisns boihieREt withid@ik epUt +/-12 pixels. 20. The apparatus
of claim 16 wherein at | east one of the saurce and the detector is novable

along the z-axis. W5 2The appieatasiipelsiad Mwherein@hotiuiPok GontiiRtsGh B ykddfe, det ect or
converts the received portion of the beaminto an inmage signal. 22. The
apparatus of clai m821 reFatustofidaii iy gubersin grrabippos firthereshmistsad ehdo@in t he
¥, coupled to the x-y table, the encoder providing the x-y table with a positional accuracy required |
10 to correctly combine separate images.
19.  The apparatus of claim 18 wherein the positional accuracy of the table is better
than about +/ol'!2 pixels. |
20.  The apparatus of claim 16 wherein af [east 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 bean 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 irnages of the region of interest,
) 23.  The apparatus of claim 22 further comprising a processor for controlﬁng the
20 positioning of the plurafity of regions of interest within the beam and the processing of the

djgital image signals into images of the regions of interest.
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.detector to an i nmage processing systemfor processing into i mages of the
region of interest. 23. The apparatus of claim22 further com@ GsARR 2005
processor for controlling the 20 positioning of the plurality of regions of
interest within the beam and the processing of the digital imge signals
into images of the regions of interest. 19 2 6 APR 2005 WD 02146729
PCT/USA | 47540 24. The apparatus of claim 22 wherein the resulting inages
can be viewed on a di spl ay. 25. The apparatus of claim 16 wherein the
support surface Wa¥%“6%’ noveabl e to position the regi ons off PHFBHEEE within
the beam 5 26. .An 2&ppathsepisratng pf dlaig 32 whangin B fesliipesmyge aan bevisyekongt  t est
obj ect s corrpriﬁriiﬁg% an X-ray source for producing a steerable electron
beam froma nu “of different positions along a horizontal path

per pendi cul ar to a,yertd I ea osi Ll on _bei at__an_angl.e. fromthe
vertical axis; andzg' hi%ﬁ%&%ﬁ"ﬁﬁ%ﬁ‘%ﬂﬁﬁ%‘g ec %?&Sg%rﬁufr}gcﬁélﬁwt%%m?‘é%%f%’e X-rays

that -are transpdsibfle teBloRtidhiddst wilthh heRah, t WO regions of interest for the
test object fromeach of the positions and to produce electronic

represent at 5ons of 26.CQuid pbrisfora¥duirivk BEGRS XG8Y hRERQNMIItIGeltdcoldpasiiggi ons of
interest. 27. The apparatus of claim 26 wherein the control systemdirects

a second el ectron abEamstwcefoeainriog 1 @grabia eleétronbbadd et a aiantehel diffesdint obj ect
at each position. 28. The apparatus of claim 26 wherein the image of the
first regi on oOfosifiphs@jopgs horizontah patiensmendieuing totagersind 2xis shehipoviticabeing Hom pvglgge of
the second regjon,of interest corresponding to another position are
acquired sequ ¢ ygcal®is: e apparatus of claim 26 wherein the detector

i ncl udes a screen oz} e.reg)of1 “ggﬁét&{pr}g,og%i‘gﬁjeg't%rgo’\;e?r%ys}gﬂ%%t us 'ﬁ%ﬁ%@a' g]tr 26

wherein the detector tfurther Inc

si mul t aneoys! Ve AGHY i'eﬁi-oﬂsq()f At stifoPthd fod oﬁjgct %&E%ioﬁhéﬁc{sﬁ%ﬁ: 48 Y pioduce

electronic representations of acquired off-axis images commesponding 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 comesponding to one position and the image of ihe second region of interest corresponding fo
another position are acquired sequentially.

- 29.  The apparatus of claim 26 wherein the detector includes a screen made of cesimm

iodide.
} 30. -The apparatus of claim 26 wherein the detector further includes a camera.
20 3. Amethod 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 ixllterest, 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 trapsmitted through the regions of interest; and

simultaneously producing electronic representations of acguired off-axis images

20



.conprising: placing a test object with at |least two regions of interest on
an i nspection plane; directing X-ray beans to the regions of interest, the
X-ray beanms being directed off-axis wth respect to a verti calZ BxARER 2005

t hrough the inspection plane; 25 receiving on a detector X-rays that are
transmtted through the regions of interest; and sinultaneously producing
el ectronic representations of acquired off-axis inmages 20 2 6 APR 2005 WO
02/ 46729 PCT/ USQ1/ 47540 corresponding to the regions of interest. 32. The
met hod of cl ai mYP1%%{H{# ein the directing step conprises g8REERIFRY X-ray
beans from a nereptwinsabheregionrafdtadst.r adi ati on. 33. The nethod of claim 31
wherein the producing step further conprises aligning 5 the acquired

of f-axi s i mages f of2-eadhe methodsm clgim 3 invhereinghe dingcting step ¢omprisny gemoratim¥-gayi n- vi ew
fiducials in g%ch | mage of the respective region. 34. A nethod acquiring a
plurality of ofFE4E{s® sensigerablnsoyee olgfigfionsi ng:  placing a test object with
at least two regio of . i nterest. on.an inspectian pl ; raducing a
steerabl e X-ray begar?n fﬁrgenﬁn%tﬁor?ﬁ§ lélfnrgolquﬁﬁn%rpen“c%sg?p?flr}l@?ém%p%ﬁdé@gﬁo

hori zontal patde d@&‘lﬁr@@m&ﬁﬁhﬁ%&?& efkh Y&kdnlof Rler %ocatgfg'bﬁgtggrﬁbge @ ray beam
to a first region of interest; receiving on a detector X-rays that are

transmtted t [fidoddgdinRe irhdgt 61 the REPe@ive REioh Nt erest; directing an X-ray beam
to a second region of interest; receiving on the detector X-rays that are
transm tted througi t hhénstodaduitiega pitrality of dibaxis K-Liy@Biges @agigipduci ng

el ectronic representations of acquired off-axis inmges corresponding to the
regi ons of inter e gilacing g test object with at least two regions of inferest on an inspection plane;

J producing a steerzble X-ray beam from a number of different positions along a

10 horizontal path perpendicuiar to a vertical axis;
directing an X-ray beam to a first region of interest;
receivfng on a detector X-rays that are transmmed 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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