SYSTEM FOR | NT | TS. This invention relates generally to an

i nspection syst {1 cal nmeans and nore specifically to an opgi ?@J

i nspection system fWOF%specti ng integrated circuits by imging. z; rZBQan
The inspection of |leads of Integrated Crcuit (1 C) packages are extrenely
inportant to the electronics industries. |IC packages such as Quad Fl at Pack
(QFP), Plastic Leadless Chip Carrier (RLCC), Small Qutline IC (SO C), Snall
Qutline.J-Lead (SQJ), DPAK, Small CQutline Transistor (SOT), and their
derivatives havCROSSORTIOAN! ANES INSPECTION'S VRFEM FoAR IRTECIRAYEDThese

| eads are the nmeans for connecting the internal circuits to the outside
world. The integrity of these |eads (@R&GU Sl to provide good el ectrical
connectivity and therefore useful application of the IC. An Integrated
Crcuit (1C package typically has a square or rectangul ar plastic package
moul ded over the Tis diveatiort refatesogamerally t&nAifispa&ionhgsteth B optldae nehdcardl t he
package may range from 4x4mm square tqo 32x32nm square. Extending fromthe
pl astic pack@gé S&FeﬁFag}ad‘é’ AHORUCRL BYPSEHOR FYET iSRS HAR Eite&Fnted cirpwih he di e
inside the I kage to the printed circuit boards (PCB). It is inportant
for the | C package and the | eads to possess accurate and consi stent

mechani cal di nensi ons because of the use of highly autonated PCB assenbly
machine to ace and, sol der the ICs onto the PCB. Damaged, tw sted, or

out - of place Té‘ﬁﬁ%‘"{ﬂ Il likely lead to inproper assenbling and mal function
in the PCB assenbi“hé_-inéﬁ&ctﬁkﬂf&ﬂl@d&kGflntéc%%ted"ﬁl%hiﬂ @@FpRRANE aleCxibillyas the Quad
Fl at Pack (QFP), which has |leads on all four sides of the package, the
mechani cal rEportartie Heslegtrenieymdusinesel S packagss wuch apaad Flat @adefdiPa

[ f. the,l d. i def h : b
measur o 1 el i SaprSnatrp £ B, bE Chal ROk e DUR AR . ana

ot hers. LeadSdgf,eur/sK ] SisdILOE:IiBe Ttankie@E SO BRhtEheipHaivalgesdei Rglgads SWept
| eads, burr, and the like. Several techniques and systens that include

speci al opt i Ratrudingloytifesi thedC package bagyr Thes Feads anerthmgeans dersconpgetipg tedi r ect
and indirect. yview.ng. . of | c i . rket.
There are Bt st bERRR o PRENIIR SR PR SRR e
systems. Onegondtetgoicyl donpsctivag edd the@fone nghdppplivatdn oflthel©t her commonl y used
t echni ques i ncl ude shadow cast.i ngéand back i|lum nating the |ead profiles

) g g
onto i magi ng pl andd Integratsd, Caguipffdpackaged yg dies g seuare aisigpianguipr Slashc ¢ he
| eads of an i Fjynat wth
i mge doubt eéa%%%?@%&(}?e%vgg@ef?gﬁ%%ﬁﬁgﬂy (tjk? %? elhgrggfeg.'@feéts%%gt er
met hod uses @ackagdndynmspgedtano Axaymtsqnart @ 32x3amen {querel éxcmdingtitonr tiber ence to

a reference plate gn which the device is. mounted and a real -ti ref erence
Sh o1 o usedets PaeF e Terok N oLoF Fe BERGR B KRB RO PHES Tteteghcli o and
linear neasusLrBRNo tHOPRintdd cirBSIPESA C%\j.ﬁt@ﬁnﬁﬂ%?thh&%ﬁth@l@ﬁ&&da@&ﬁ{ﬁqﬂé sensor

in which the upward and downward coplanarity error of each lead is neasured
from a | evel leadsdngessess actrzato anpeansisteghatchahicaldemersians becatwooftbe useyadt em

determ nes a .pasition, qgf | east onge. |l ead of gn el ectroni Q ent using
shadow cast ?}Hgﬁ?' éﬁtﬁmaﬁaepgé %%aéléfr}acg‘ﬁ ?ooﬁgceparngl‘j?@ﬁ%tggi(?%?ﬁe\nﬁ}e ese prior
i nspection tpghidedUSasted, Br bt fHREE 1dls VAR ¢ikels G6uand RepropéaBicaitging bite t op

surface instead of the bottomsurface of a |lead is nmeasured. This presents

a probl em bewalfistionn thoPEBmssembin da rarigulge derdtigh/lead caunt Kagnchas thr(enad
i nportant t t . ey I ti | ectrical
connecti vi tgﬁ g%ﬁatﬁﬁééﬁ@ag}g{cﬁﬁgre? (ﬁﬁ:"kdrllgésl?a%é%toﬁgj elpgglgage\?\tnﬂ f f“%\c/%a%c % rom | ead
to | ead as arefeifdmhentstire e nx@t seibg@it.aTHergart bivetah agirerAentfoLhe kadumxce,
measuring the top surface of the | eads is nhot equivalent to nmeasuring the

bot t om sur f ac@eonss &f detecisdit bave tp e mpegairgingiuge coplanarity, bad Riels (@Mdht i n

t he range of,; (! . ! L j.aues
cannor ot ech s suMALATFRER: Lol BHE o, bT RaRs A0 el T e
trimand forswept leedssburr,rant ke likenuf act ure of | C | eads. The exi stence of
burrs on lead tips is anlé){;.her i mportant fa t(g t hat i.nflucgp es the

el ectrical connect§v§il {relypaugs ap 36?815&%‘%”3 ngsEpeciapopical gheliehiNgre i s a need
for methods and systens for reliable inspection of ICs, especially for a
nmet hod and net hods and systens that can reliably inspect the bottom surface
of the IC | eads. W\“\\\WOZ 3 Summary of the Present Invention In one
aspect, the pr esm\g\\w provi des an inproved inspection systemthat
is especially sui feRkeri Nspecting integrated circuits and which

anel i orates the above problens. An enbodi nent of the apparatus for

i nspecting planar objects (e.g., an IC) includes a canera for sensing an

i mge of the planar object (e.g., IC, an oblique light source, and a

o . o T
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dat um havi ng an upper and a |l ower surface and including a view ng w ndow
ext endi ng between sai d upper and | ower surfaces; and a transportwﬁﬁmbiﬁ
to nove an object above the inspection datum across the view ng e
object (e.g., 1C can be inspected by a viewer below the w ndow as the
object is in notion above and across the window. This is practicable
because in this enbodi nent the object“is not in contact with any object

ot her t hanathigeRbsk fotRhd@ndt £d ihdieect VieRaRAcalh 8f Ipackszes BretalS1BRI RCT .

which in the case of an I C contacts only the top surface of the IC body. In
an enbodi niwtmarkdielhenggre Dgd maion afegnyies ﬁglG/Ieé@\mquf:ﬁ@m afbmeasupsment| ity of

| mage part ste\%st Bng%gr Obn%glagét%%@'glgl%%g?%acﬁ "ﬂl {o?l%e?@onﬁ{-nok %sgcp ject. In such

as case, the inage S’ can be rom erent optical paths

obt ai ned byechiiguassechafe shadoivucadling ahddfack ffunendtimp shelaadpiofifel eato imagihgage

part. The image parts can be all directed into the sane viewer, e.g., a
char ge coupled ds\Ancxappesemerpghodusss ssis tp %%M@F%W%ﬁ@@é‘?ﬁmp-nventi on
is ideally githle?tsdsQ baS B dyRGAViRE Bhot bbb RariGB0Res (L €T erably the
reflective nmeans 1s adapted to obtain |mag(§s of the respective sets of

| eads of t tesoluni¢regfrth¢ Bohgei Yetartothel hetliodspesct leahinspedtioldyyted) tAQkatk theyst em i s

suitable for all rts of |eads sych as | ] -wing, j-bend and straight
| eads. Ins%@@stm%geéﬁncélt‘éﬁr geRcgyate gn B’Ll?gcll!‘d#e #ﬁ'ﬁfg 1 B%tegfmd;%&?&‘a'ga% such as
thin QFP apgeQleYwHidd 8 ulddio Rfoviid dmotVh RE¥ARLRBEWREn e RhGSiffthn@mbodi ment

of the present invention is that the neasurenent of the I'eads can be
carri ed outingshireasurdreentbPaeiC nepagtipn |sgitern snabudes hdispiaeement denserid whath be

stopped. A furthe vantage is that the. object.can be,i.nspected wi thout
et g to Bt SRR Sop Bl pronTaaeh GALH ResWeh BRRRATRY T or

i nspect i oncnge i8¢ Bhtpiesigdal &¥ tRascBSora Mholes Siskinl ddtineslagRditiappge due to
contact with another object. The ability to inspect the integrated circuit
package whlepg ong lead ofgvelegironEdoawenem ypiag shagawidasting tSihpigees he i nt egr at ed
circuit package . t i.0 cont i ny. obj,ect such as
a pedestal duri ﬁgg’?ﬁ%{pﬂg‘%‘t" ?%ﬁrgblﬁgltségft}?‘éqth thgt%&boa{?ml%séees Og?eec%f] gﬁ' I@Yhe

el i m nat edcasEdf labestanhthg tedhaique] th@wpSudacedhstédde s ke ndmt sitfacd dfa 1@t t om si de
of the | eads can be viewed and inspected. The use of back-light to illum ne
t he obj ect is(aeagured i Rl perseiys 2 propleabierayss thg batioreturiase andcame®sotte
stability : i) ! I 4 ee- di nensi on
(3D) |ead %gg%@%%gﬁ%g%%ltg gfrra?é&)%ﬁécp%ﬂxéfﬁeﬁdﬁgF}%%B%lr%,ﬁc%?%lch and ot her
par anet er scambctbeétywf dgueld. The hickivsY of G2 edls Bel eary fitonolesd wfleddhes Acconpani ed
Drawi ngs For clarity, preferred enbodi ments of the invention are described
wi th rof er Etbof e ftﬁ@erfpmngmlﬁlaleﬁ%-%%@t FRPPAPENGS gﬁ?%lgpgﬁw?wr%ﬁa&f es, like
numeral s 1 gfeqLadh Q ok KGuil8ak W SSasitihg fhe BOUSH B irfideCTHs isdsBdtiily rub$n @ DI ock

di agram of an inspection systemfor integrated circuits according to an
enbodi ment high prdvesidinmmenstuieorent iRithanapge daevanal ndibroareters Iphdditicrg keserat i ¢ vi ew
and a cross-sectiopal sche titc teDI evat';log respe tivel§ of a first l

enbodi ment SERIPALECHRIGNTS A, fpiech DU GO fe2d SPs-HECh crmrmenly geeut axe Bfilhs Fi gur e

1; Figure ofhk&id a8€ eABrb&syineé Mhnifi@ureRE IC RaddYOrHe RisthcEbMik8Pn2a and 2b
illustrating the transporting of an I C across the nodule; Figures 4a and 4b

i || ust r at eleptipvisenpther impeiterd ifactaydiat énflvienees threel¢ogicah cquoeetivitgef an IC
package to PCB. Therefore, there is a need for methods and systems for reliable
inspection of ICs, especially for a method and methods and systems that can reliably

inspect the bottom surface of the IC leads.



Figure 5 is a schematic view to an enlarged scale illustrating the inmaging
of part of the IC Figure 6 is a plan view to an enl arged scal e of the
view ng optical nodule and ICin position; Figure 7 is a plan vig EI @Z
variation of the inspection datum of the view ng optical nodul e; |gU|Z

is a schematic viewillustrating the i mage generated fromthe view ng
optical nodule; Figure 9 is a detailed view of a part of the inage of

Fi gure 8; E?hﬂluh@ryl&ahéhéseﬁt Hﬂeﬁﬁmmt i c view of anot her enbodi nent of the
vi ewi ng optical nodul e; Fi gure 10b is a side schematic view of yet another

enbodi ment of t HBOoR¢ esapsigthe prasenilinvepten rrovidesay iprave inspectin systeméhad pl an
ST remnet Tt Ea0 86l RS EakE AR RE AR 0SS ADAEIREG LD Y, O B0

alternative e cal erred Enbodi ment s
of the Invepn(bblcﬂﬂs.lmnembodiﬂ‘i&ﬁ(bfﬁbeﬂippatalm tbnag&enmg);ﬁla@s)bﬁamoégté]ﬂqgr esent
I nvention pr?vc{des a technique for inspecting the bottom portion of the
si de edges 'BHU4H@ cABFRJPT %Sﬁﬂ“g argmagrpf E‘ﬁ(}’ian@f priesé¢-ablly. ap eRkve gbht act i ng

the bott Omsgﬁl‘éé S8t iR 0Ir ?@I:% B£ 0 ﬁ’axﬁ?)ﬁgsﬂ%g hemgll

|nspect|ng t i nspection o |Ie Is’In no |on usi ng
a using a mahalnottmpizefe@rfﬂm;qal aﬁm obligee hgfteomnemdmteamghucmthuplaharl nto the

I nspection [ ed.tqgether with the I C der. j nspecti on.
Fi gﬁre 1il9 Eﬂ&’?‘l‘lﬁgy t%ﬁ'ﬁlpg"?’g g@ég& qh‘ﬁ? i ARAHONS? ﬂé%(’tﬁ‘ﬁﬁ‘éf&l? us for
i nspecti ng shifeeR-fd:BAK G'éHe R cﬁ@ﬁesopu'é&lraxﬁowgﬁﬂ@a%s 830G &ledoh e

hereinafter, the description wll refer to an enbodi ment for inspecting
t hr ee- di memppesite side IOéﬁmszptlaal takis ulgihtwettha: portion bfthe nbtléqustligbtisoutegtfort he

of "ol anar dopeabte naie Hrersa O e uRdnir s R PR RbRreRer namery
tHe vi ew naryepbitealor ek, E}J’ét‘;‘)ldnﬁﬁ&ﬁe&%a U NGk gllsuch by cent T al
.processing nodule | 3, and the control .

at least a portion of the planar object mterposes between the portion of the oblique light

source and the reflector. As a result, the shape of that portion of the planar object is

imaged on the camera by back-lighting. In this manner, the leads on the IC can be

inspected.

In one embodiment, the apparatus of the present invention has an inspection
datum having an upper and a lower surface and including a viewing window extending
between said upper and lower surfaces; and a transport operable to move an object
above the inspection datum across the viewing window. The object (e.g., IC) can be
inspected by a viewer below the window as the object is in motion above and across the
window. This is practicable because in this embodiment the object is not in contact with
any object other than the pick up head of the transport that picks up the object, which in
the case of an IC contacts only the top surface of the IC body. In an embodiment, the
image obtained by the viewer includes a plurality of image parts, with each image part
being of a portion of the object. In such as case, the image parts can be obtained from
different optical paths obtained by the use of a plurality of reflectors each reflect an
image part. The image parts can be all directed into the same viewer, €.g., a charge
coupled device (CCD). The inspection system of the present invention is ideally suited
to inspecting integrated circuits leads. Preferably the reflective means is adapted to

obtain images of the respective sets of leads of the integrated circuit. The inspection



As shown in Figure 2a, which shows a schematic bottom plan view, and Figure
2b, which shows a schematic side view, the view ng optical nodule 11

i ncludes an inspection datum 15 that has a sufficiently flat surﬁigﬁggéaa
i nspection datum 15 includes a frame 16 having an opening in its "
The central opening in the inspection datum 15 is referred to as the
viewi ng wi ndow 17. The viewi ng wi ndow47 is an optically clear aperture
allowing i ;ze of the
Vi ew ng mﬁnﬁgﬁfﬁﬁsﬁgﬁgqgimgﬁgﬁﬁﬁ §§%BQ%%gge an t ggg?ge 0 the

f oot print ohspdegon @nld® Hervatried lvotwn manyFiyges «f packages siobanthimQFP gnd &rand
Figure 4), &pi&? th§ gystenlis arranged to inspect. The nodul e 11 further

i ncl udes ref¥EREBPESRE 19, 20 and 21 attached to the frame 16 just bel ow
the upper surfacgs ag@anafge bhepeRiiddedBodideRBE! the Jeaé;ﬁ ﬁfvamil(ﬁus i h¢0, 21 are
generally made up of either mrrors or prisns attached to the frane 16

adj acent t hmefsorameni efcthe tghds dan bmcetmdlgutvwlmtbdhﬁ bbiectlee.,d0) isvaltheymdvd e 11 of

t he embodi urth tem 23
and vi deo. caneRd 38beistheat A Byrther ek G iebidts 5 Rss B ARG o ¢ ne
i mage abovehdvig t4iceimt Mo Whrisl® With ani Bbjectisieh A sedéstalabeinbpectidifind Nt o t he

video canera 24. The lens 23 has tel ecentric property such that it is
suf fi ci ent | therefire ﬁlamnalea apyepesehity ef leas) @maga idue Wrreatagiawithanoghes objeete vi deo

canera 24 i 12 whi ch has a
phot o- sensi 1|]év%b?m? n¥pe?}1tg@$’ %?% 5:?¥V|1 aCk vﬁ@ \(llti (ral?c())v{:nggg Y554 enconpasses
the entire ispastiogtimengmiee thé naa@‘aﬁe&elrmwack@‘eldeei 10t BedBio cdhe iMOcoddet 31
MAY 2002 The optical npdule 11 further includes uniformy illumnating

li ght sour cémbsny NHFL Ruchizs awadestabdunng ingperiaon, a?@n%éqadudémgﬁsaredm@wt he
view ng w ng gﬂk These uniformy illumnating |ight source parts 25 are
used for bac |g%t|ng the 1C 100. Back-lighting is an illum nation

t echni que t hat IF@ﬂﬁnﬂ@eﬁheb@ﬁm@ﬁdsbfheﬂ@hh@ﬂhmﬂmWhﬁmhsﬂbnﬁﬂ&ﬂa@ahm

measur enent can be effectiye r 0 n usi g back lightin

techni que, PhYEHE] @@tmf(ﬂe“é‘\{ T%/Gh eloéi’ ‘?‘o‘ gglétq@ e bt W@’di‘gﬁ@t ween

t he vi ewer e 25 can
be either &9&??(5%58?(2%{] Hﬁg?éﬁg%géftlﬁgﬁ dré#%ta\iﬂ't}f @fﬁ%lﬂé%?fz%?ﬁel&m atform
26 (as showifinienhree-gumensidh (3 leoigedineygy shuh dscepletdritpnerdanal dimatkien, fiteh
uniformlight source 15 is unt ed nto a novable platform26, it is

possi bl e tomFH%@?pﬁﬁﬂmﬁﬁ?%ﬁgﬁﬁﬁﬁﬂﬁ? ‘source 25 bel ow the inspection datum 15
surface so that the inspection datumis clear of any object that may cause
obstruction. In this way, the uniformlight source 25 can be noved into
place to illumnate the I1C for imging when the ICis proximate to the
viewi ng window 17 (as in Figure 4). The uniformlight source 25 can be
noved out of the way to allowthe ICto be nove into or out of the view ng
optical nodul e before and after imaging. Figure 3 and Figure 4 show

enbodi nents illustrating how an I C can be transported for inspection. As
shown in Figures 3, 4a and 4b, an I C 100 to be inspected is picked up from
the top by nmeans of a pickup head 27 such as a suction cup. Such suction
heads and suction cups are known in the art and commonly used in the IC

i ndustry. The pickup head 27 transports the I C over the view ng wi ndow 17.
The bottom side of the IC 100 renmains clear for inspection wthout any
obstruction. The IC 100 is aligned in parallel to the upper surface 22 of

t he i nspection datum 15 with seating plane of the IC1 00 |largely parall el
to this surface 22. A small spacing i s naintained between the inspection
datum 15 and the seating plane of the IC 100. Wien the IC 100 is
transported across the viewi ng wi ndow 17, no vertical novenent is required
to lower the IC 100 into the view ng wi ndow 17. Wen the IC 100 is at the
appropriate | ocation above the view ng wi ndow 17, the uniformlight source
25 is nmoved up by the platform?26 to its active position to provide back
light for the video canera 24 to acquire the inage of the IC 100. After the
image is acquired, the uniformlight source 25 is noved downward to its

i nactive position to provide a clear passage for the 1C 100 to be 31 MY
zpoz s transported out of the inspection datum 15. Alternatively, the |ight
source 25 can be attached to the pickup head 27 and hence nove together

with the pickup head 27. As best illustrated in Figure 4b, when the ICis
noved to the |ocation of the viewi ng window 17, the 1C 100 is | ocated
between the uniformy illumnating |light source 25 and the reflector 18,

19, 20, 21. This is a back-lighting technique as the reflector obtains an
imge of the I1C 100 and its leads 101 in sil houette (e.g., see Figure. 8).
The vi deo caner a 24 hence images the silhouettes of the 1 C 100 and its
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9 As shown mFigure S, the optical path for viewing the corner |ead 101 of
the 1C 100 is S2 for which the Y (the dinension into the page in Figure S)
and Z (the dinmension on the plane of Figure 5 perpendicular to the Y axis
and normal to the plane of the 1C) co-ordinates can be neasur%HMAYI'mmcor ner
| ead 101 is located on the far side of _the reflector 20. The reflector 20
views the corner |ead 101 by opti cal path 53 for which the lateral position
(regardi ng tihgcriptibmBIshoAcoddhnial Deasged. Hence, by conbining two

adj acent pairs of reflected inmages,. the X, Y, Z co-ordinates of a |lead can
be deternm ned. Fépr gamiyppeiencd embgdiments of theggvengen piedasatbed aad refergace

deter m e : AN i 4 efeee
When the 11 b Qo RRnP IR eRles, BFUEHTF R et el /B BEHBERRn RE°Te

100. Thus withdseotrhlvieme |ight source and one reflector, the X Y, Z
positions of the Jead 1 Ol annge determ ned. Therefore, using this

t echni que of crod&Wodkisrdy b&% pERom Bfyan j1BSPEHIE $YSCBL {0k ItepTRfcd ecircuits

di nensi onal b0 @hFRE Ui BE the(Bvetion:! €ads of an IC) with only one

| i ght source and only one canera. Figure 6 shows a bottomview at the

wi ndow 17 with akigu@siBOaralt 2h ars aplah rsehdnmatici viegiand a cHess-egctibual sthdmastr at i ve

clarity, leads are sho on only one side o he .side edges of the |C 100.
The | ead 10 FoRR TSRGHRRPA T Gie HEREh R oPobs YIPYHE GAEH BRUHED Bhe
reflector 2@hpediohIp@aa oPVightedht passing along light path 54 onto the
reflector 19. The |light paths 53 and 54 are substantially about 90 degrees
to each ot her Hef&gurd driscad aehematict Hewsofi theuentical mqfé@espfrég\llre%tzécﬁndy% he
reflectors 9 0, 21 are pot.shown.Jn thi.s figure. The underside of
the rC 100 dhfdiiesioubeelEerd IS AR A gbdEn: 2o i1 um nate it. for
exanpl e, as descFiguad daahenb fRIsahte gk FioOwing @ptical Mddule hathfiecid ihtpadigon;
calibration of the inspection system the franme 16 may i nclude reference
poi nts as il ust FEuED ish cchentiGuew g an prlakd salq iljystrbpeher®rgne ehidynami ¢
reference pgmltei 28, 29, 30, 31 are distributed on the four comers of the
vi ewi ng wi ndow 9’. The four dynam c reference points 28, 29, 30, 31 forma
known precise refguents aglandew then ehlsigadsalehdtvieeaviag yptioabmoduld helsie
dynam c reference points are precisely knowmn and are pre-stored in the
central prodeRSiRY: modul e 13. The dynamic reference points and the

| nspect i on datuMyio, a7 G, RIEHEViBH! of IBARORDe A int R PaRLA AP RAOf
rigid material so that ?’n 5h preci sion and flatness can be nmaintai ned. For

t he pur poseopficatimsdulepi ng the cal i brati on procedure, reference is made to
Figures 8 and 9. Figure 8 31 MAY 2a@2 shows an i mage acquired by the
canera 24 i.e., g@‘%e%r‘? 3 PEHMRNHEEV ﬁlb‘%%‘ﬁﬂélﬁe PpRse Ig@eg%‘ggggslﬁﬁ”ﬁmrg 9is a
part of thig,iamgedspow ng specifically the imge 61 reflecting fromthe
reflector 20, through the I ens 23 and onto the video canera 24. As can be
seen, the dynani Figuef®isarnctilpdiview df@ pag of thegedgoakiogpeBnt 62, whereas the
dynam c point 29.isS i ed onfo point 63. The si cal,. di st e en the
two dynamic ref efkgtli’ﬁee?g%i'sn?gdlf?%ﬁ@a%vie‘s*'8 a’é(RE omcbo\(;gPeﬁlZ,O?Z 1 ‘s”gglli gure
7). As showgpiidal hb8WEEe 9, the distance (B) between imaged dynam c reference
points 62 and 63 is neasured in terns of pixels, which is a cotmmpbn. termto
denote the pictuFigued Kibeista side schempts viaw afrvengnothop eabedifenigeldhe VisRYE. Hence
it becones golc\sf\i}]rtl)]lo b0 calibrate the Y dinensional scale of this part of
the i mage 6 P I'ch I's reflected by reflector 20. The Y scale is equal to
AB. |f A is nmeasHipggtt il i ] 1bhedatphe dehérhatfovieW aiad erossssecivnpleschgrhatel .
Simlarly, the Y scale of this part of the image can_be obtai ned by
measuring t BEvaliosrespedively of ap pkerpating erPodnenb af tha viewing ara maduleef er ence 63
extending out fromthe edge of the frane 16, in tenps of pixel. The
calibration procedure that has been described is equally applicable to all
ot her t hr eePretired Fathwlnbentvafds: Inlvewiigh refl ectors 18, 19 and 21.
Therefore, using the apparatus of the present [nvention, one is able to

obt ai n di st ances!® ?I"Ca%’%llﬂdth'?‘%mumet@sﬁ(eé‘.‘g‘? SYSHHR OiE PERFIYRYRERR PRSIHES in the
obj ect in di 0 i i YRS e bdsi @1 i &andi2 consi sts
of a frane B{CE@EEQFO( ﬁgstpggtﬁlogv\nﬂgﬁﬁu?ﬁg% frﬂilgur egslg%ieg%ésrogceeir%s t he video
signal fromthe video canera 24 and converts it into digital format which
is known as a digital imge corresponding to inmage 60 (see Figure 8). It is
al so common in the art that the video canmera 24 may output digital formt
video signal. The frame grabber further transmts the digital inmage 60 for
digital image processing and analysis to be carried out by the central
processi ng nodul e 13. A sensor nay be used to sense the position of the IC
100 when it is noved across the inspection datum 15 (see arrow Rin Figure
3) and triggers the inmage acquisition nodule 12 to acquire the inmage of the

A N~ - . o, .



12 fromthe underside with front-lighting, so that the i mage when seen by
the canera 24 can show the defects even on the surface of the | eads or the
undersi de surface of the IC. The |Iight source 35U can have abﬁhﬁaﬁ uar e

shape simlar to the |light souse 25 to provide an even illum n the
| eads and the underside of the IC 100. Using this technique of using two
| i ght source, for exanple, with two |ight sources illumnating the |IC | eads

so that light fromthe two sources illum nate the. sa | ead at a
subst anti al PE{GR lyt‘?ﬁlrt}mﬁ’écf&?{éitﬁ’ért,egom&ﬁ[s Bﬁﬂ@ q%éf‘&&”}rur CHBPE 8 of a | ead
that is bentn@p@inieH @Aa%fts'i&geaﬂg ﬁhg%sgb&n)tn SaNe BBjetiOviR tﬂb%f)jegﬂkti to detect

using one |ight source can be easily detected usi'ng the other. Il?um' ni ng

t he under si dwtioh using aglsjingca reai timefreferdnck ipiant, Thietederiesce(many. is bidf met s on t he
| C package) ,not previously observable can be seen. This provide an

addi ti onal L Bes P %ﬁ‘?‘%é’ﬁ&ﬂ’@&f B)gﬁg'ﬁ{ef"ététtﬁ?/gb BP%&&%{f’eftbér‘pa% wi t hout
noticing the def ggdure F%’Iﬂsﬁﬁ{eﬁﬁf@lpcl@dilﬁgﬁﬁﬂﬂl ethSHAEmSR O GF appaPath s @ second

i mage, which allows three dinensional "information to be determned with
only one pi éispecsingfhrpgrdigrensienaiobiedishyor ¢rmverianoeand claritt heseingltardtbe i n t he

sane i mge received he canmer ohser.vation s de fr t di fferent
angl es, thefEGyPHY Wgyrgﬁ)elr go %e”n‘i%ogﬁrg%{?i%%rt'flﬁﬂ%tlrfgrtmegqﬂ%ﬁ?mé(}nga]ﬁzygé’l | three

di mensi ons XitholGgh arisltobeQuBrsitdot] i theMphrAths tAEbeORk @ &r iRpEMPE Bt | Magi ng
steps. I n another enbodi pent of using two |ight sources emtting |light at
an angl e t ooblsels.capsiably sidle edgrsvi planarobiestse Thetnspactipacsysiem| 0 draludes fpuge 35V
above the | i WLl . S e . he ed. t ovi de
the illum ngkofdgﬁs’ar{&ngﬁ'qgég%@rﬁépgﬁcglaﬂg ée frjlglliﬁ(jletll vge %ngqisﬂlemﬁﬁ%(ﬁlge @r’ g{& | i ght
source 25. kentiahpocessing mddaleal 3pagktht cgitidl Agdukdlni que, the 1 C 100

i nt erposes between the second |ight source 35V and the camera 24 _ such that
the |ight passes?ASHBOWVRHYELYCER. Hhich phovs@ schematic hoftpmrnian ey qingh Fagure

si |l houette : i : | i : ortions
that an be Wbt sl AR OBt BRI RS BT oad 27
t o pass bef aispecaiod datutrel5 thaelgs aguffidleady flaf supfaef efheankpediioh damim tequi red, the

two |ight sources can turned on at. a different tine so that they wll
not interferR¢Iies A é@eﬁ%&ﬁwesmge%lalﬁémen, §ellltfﬁ¥ﬁp%{§nali“3\“ﬁ fromthe

different |igBt.3AUMGRS] HRLBI Bs HRS/iGHIE Man@RF 1 AT BheSEAREE window 17
si mul t aneousl y, such a sensing process by tThe canera is conSidered to be
one i magi ng iharaitinalyndear hperiunmg wvaenBed of tietdesitaghwavalengtd to pdse threnghon

derived fromdifferent.|ight. sources,, is,cC idered to be a_sipgle tenporal
Mmge. 31 ThRZ58658 Yie WisSHrTeR ast O iR biEter B Be S bR 2 | SThr e
kinds of |i gidtpsRer 8RICIN0WR0T dhotvhn i FRuAOBb@RHow: GLFig. SléhdCRigukel)usiieh Ther e
are many other variations to the specific enbodinents of the present

i nvention. Mersysirmnipieanged o insngst Tae medils 1iifetires snchoigs whldctasd 8, 1920 s
possible to inglude, a, mrror 32 to redirec h i 9 t hat
Phe | ens 23%hal fiend) Gubd BimdFo bR baEk IR loel b P o s e S Pl
than verti caéflegtord I8, 19) 2, 2R&R, gehdtallynRady @SEdithel iftloaseteisms Akachpd todthé axi s
of the camera 24 is still considered to pass through the plane of the IC
100 in the Wamedw.adipren thodawpyidesiof fhestiewapedindeyy bbssi bility of changing the
physical 1ayout ghebhfcaPhRaRe! 1ol YU dBimehe Shwhif Hig0l'1 RithePRERaeS! gned
with consideration of, but not exclusively, for the Tnspection o

i ntegrat ed dénsouich syeadf3 and vidld odhere A8 andéachlvé thenefdastaroh8,H8y A, A1 have been

described in that context. wever, it is.to b reci at.eq that .t he
i nvention ha%ﬁesmsd%edléwagasmvﬁ VIEWEEIHRIY lﬁ&to ﬁeﬁg{%@ﬁ aflg%f'ﬂ’_ﬁf W cul ar
use. It wll,;Re 2kaedl ghetdknt Dehad@lctitdc profity &oh IRANS iARehdismy eaRnt s as

wel | as additions can be nmade to the parts ﬁerel nafter before described
wi t hout depao tdasmgpable objettbstapie vatiatmns.aithe vided canteza 4 sdgpicallyavidhatdedn. 31

MAY 2002 14 aj 1 aratus.fqr inspecting a planar ject having a
pl ane, conp ﬁ%é‘i’l’?gi)e?i‘cﬁ g&r@ﬁ gg"’f‘%‘?m ?’Mﬂﬁ@ a Qﬁgpﬁﬁg%&argﬁ'%tﬂeg(&fw?% 8fac aner a
having an opfd Galo @Xleta RAGRbRAPadsEY @Y Etirk DRWAR] WoWar Bl tedotefighane of
the object; an oblique Iight source for radiating |ight on the object
obliquely td8t He2pl2dne of the object, the oblique Iight source having at

| east a portion positioned on one side of the optical axis; and a reflector
positioned on the opposite side of the optical axis relative to at |east a
portion of the oblique light source for reflecting |ight that crosses the
optical axis fromthe oblique |light source to the canera, such that at

| east a portion of the object interposing between the at | east a portion of
the oblique Iight source and the reflector to image the shape of that at

| east a portion of the object on the canera.



2. An apparatus according to claim1, wherein the object is an integrated
circuit and wherein the apparatus conprises at |east one reflector
substantially surrounding the integrated circuit around the optical axis,
and wherein the oblique |ight source substantially surrounds éjHIMAin?ﬂUZgr at ed
circuit around the optical axis, so as_ to radiate |ight as back-1ight on
all of the side edges of the integratedl circuit around the optical axis to
i mge on the cane

according to cl ai Eﬁig%}gagmgﬁgn&ﬂ%% Ie}llcﬁldat gﬁ%@%?%maﬁn%%t%g ?%ect or
and the | i ghtvhioag bavespanswealtitleare ositioned drqunidhie ﬂbWBIgtmhdbv@ﬂ)V.aTlibséV\D or

nor e dlfferent Qn a art of _the object to,ob,tainthree
di mensi onal ‘lf?fgﬁg%f “%‘f“g'j‘igge ; HFCE Pafts @?1%‘%‘5?‘;«38%’ Jbagk-lighting the lCa}1q0
accordi ng tOB%EW lx%’rﬂﬁlﬁqg arfilighiBa JJntn%hI:ﬁqm‘I1 H‘l'é{]lk@ﬁ BFQHBBJ'C&'SHHOIEH@?(&%FCH i ght

source radiating right on a si ge o ect,” wherein t ight from
t he second | ldgmnswoulrrn@smhmnnmabesfféthyahytclamedlode Iecdlgmgbﬁcm@tm@j ect and

reaches with .Cro axi s an t| cal ement for directing
said |ight sg h’%‘qt‘eoﬁ}?eoq’ge@%mg@d%&/@ ﬁ‘bb“c’&ﬁﬁe%if S‘ﬂ’nﬁ/ﬂ@e%% VIEWeR

appar at us ace¢@hférd)@nd theGighi Butkewherei n the second |ight source faces the
obj ect on the sane side of the object as the canera to illumnate the

obj ect as a front The gmfomﬂlghAsplaq:ﬁp%i@mbs eeth‘tmmmntﬂgm@@balsmwooda@naﬁn 5,
wherein the secq m.nat

angle to thel?y nllor\r'%gﬁ& g 26t(?iseslrllp‘é'f]|"£]tg8?e @H@%h%ﬁﬂfsﬁ%g i?f’gwal

source. 7. A'Wl%ﬂﬁé’ @‘hfdﬁmafgﬁﬁicﬂtd&g 5LOmdANted B&onm&Jaﬁlerﬁatﬂorﬁ]Q@»t i pséibier
conprising a planar datum having a w ndow t hrough which Ii gaht fromthe

obl i que | i ghto lovigr e upidermelichs soureriet 9el@w ﬂnmspeemme«tﬁngn 15 swrdacpisathat thdat um
blocking 11 ghrgsPéctlgn 8%18 Mreéﬁ‘ ogg tfleﬂ atyh:guslel O%Qttrucglg}il r Pn thltsc\)Jvat h Camar a

w t hout reflec ur| ng I Meg ‘An appalya us

accor di ng t ouaifymDlight @d’iurcdzsﬂmbknﬁ@ea intb prat:@&flllﬁmﬂ‘ﬁfdtﬁd: Igfa imsgnsphet for
transporting the object in a direction between a first posi t| on and a
second posi t thsdCdppiogineate tp tbﬁélewrgﬂwwmfl?wdn7t<ﬁ9eln|Fmgﬁ% 4 cilmecl@l U hghtﬁalfm% he

canera can obtaln, ORE, ol Bf fie WIHAS RN thehE (OB 1%8 }Mq)!)reouﬁ BEmE LRO? s

transporting the object, the one or nore inages y providing t ree
di nensi onal bptﬁaatnmtiulelbeforaztddelﬂebgnmging 9. An appar atus according to any one

of clainms 1 to 8, furt orrprl ng rocessor for processing signals
fromthe canera t &'&4&t i“Hji %urﬁﬁ r?[’@@gm?ﬁmst’ Btk Wf”@)?(z ne the

qual ity ther gafic,A0 fo‘?‘ﬂnsﬁ&ﬁ@ﬁ akyghmwﬂgﬂgs 3,QaGh@hBah1CY06 Ii@wmgge%teebl ect
is an integrated circuit and wherein the apparatus corrprlses at l'east four

reflectors sdﬂqstl@dtupaﬂdnythsmm mundinsgf & pekimbeagr2Atsech a4 a cwiion equpoduch t he

optical axis wher ei, n he 0 e substanti.a surrounds
Che | nt egr ar SRR A o M PR SlT wh the FEARCEmoR B Gt e s
back-1i ght omdaktry. STi#i€P@Sadl7 triBpdiy BT AL tid VieWink vah@iw 7.t ig opti cal

axis to image on the canera by reflecting with the reflectors. 11. A

met hod of i ndpiéarn isidg of the 18P remains clear foranspectisy) wighout st obsuctionpThakC
Face the obj dat it ddtButfettle e A FAIUE IR AR T
axis passes bphneupihe H(DﬂO@lhlr@P)t paralteled thIsQiqu@: o} @nﬁnalﬁﬁpilcmg is maintained

between the inspection datum 15 and the seating plane of the IC 100. When the IC 100

is transported across the viewing window 17, no vertical movement is required to lower

the IC 100 into the viewing window 17. When the IC 100 is at the appropriate location

above the viewing window 17, the uniform light source 25 is moved up by the platform

26 to its active position to provide back light for the video camera 24 to acquire the

image of the IC 100. After the image is acquired, the uniform light source 25 is moved

downward to its inactive position to provide a clear passage for the IC 100 to be



directing light past at |east a portion of the object obliquely relative to
the plane to inpinge on a reflector that is positioned on the opposite side
of the optical axis relative to the source of the light such H% the |ight
passes fromthe at |least a portion to the object and reflect§ 1 AT e
reflector to i mage the shape of the at |east a portion of the object on the
canera, the shape indicating the qual i?y of the object. 12. A nethod of

i nspecting trwespoptal dut yf e impedtivhelgrad &3l Literaativelyl hatligheurepbamnebe

conprising; illumnating ahpgrti on of the integrated circuit at an oblique
angl e to t hatashehie thi Pickp head égand hence moyaiqzedar Witk Higtpickupihead 2% mage of t he

portion of %E%e'éﬂhﬁﬂ{a & Pfi EUbl wWhESHel igﬁﬂ&keﬁ%itﬁ'@glﬂtc?tgoni&ttﬁgrvﬂ%g% ght of

circuit relative to e il mnation in a direction o ue to t
the illum natindow 1% tbi@ilA0 & keated deiwrag eheotinifdimalyp dhubiieninghighe sourceni i on t o

obtain three djnmension i nfor jon o e portion, the three dinensional
i nf or mat i onal?<ﬁt_&F e%femg bl é@%q? isdya {vﬁi‘niahﬁ%wa%auecqsrtbmeﬂ?ct%?btaxﬂs
apparatus fof ihsRaGhd 1Y 180 2APE Fadh3H] mgsiﬁhoele@éﬁgzgé,ﬁ&ggm% . TR GALP! 2 for

sensing an 1 nmage of the object, the canera havin axi s passing
t hrough t hecahgre@d heocarahages thehslhphettes offthe e 160jandtits lamdsolilli duregh ithght

source for radiati I 4 on,t he ject obliquely to the plane of the

obj ect, thereglgftpﬁté;SPi%ﬁ?E %{}%éﬂﬁ ing at |east a portion positioned on
one side of the pRhdfidbe ANk ihabedcRbE BRTOecRRS14 1192091 QfbvishE: RRRODII g Si de
of the optical axis relative to the portion of the oblique |ight source for

refl ecting tedansideae., e sisls edga iemotairom die caxespondingrafleetoobf thelfe) hengtht
source to the canera, ,such that a portion.of,the object.interposes between
The. port 1 on SPIRHErarPafide b G BTtk AL S SRR NS R  he
shape of t haie refitices L0 pletisAie QMhotdiRs CrcHIdasy IRRbsourcdirdMAN iR QB cd partt Pl anar
dat um havi ng a w ndow thrghjgh which Iight fromthe obli %ue | i ght source

passes obl i guiaf thedGlaads 18 Adkrongh theigptigal aath 50 dute the Iensokidnd ghaniigtetthe r om
di tl S t . L it | ecti b
ACTE R AT e

wher ei n t herefleptec2] iefeanlighitof tipkttsetrce b€ DS padsing bapipelealsud 1 B anp thedess at
| east one reflector, substantially surroundi r}g the integrated cjrcuit around
r

the opti cal 2ag#dthe yidgo paraera gt pyaeilqughe SBwlbeorinsellptdsdOl pnalhits fiids t he
I nt egrat ed ?ihés?gighgglﬂ%%m}ﬁatﬁ%&&%'lﬁ?b 20 o 2BRiIPRALG tﬁ&%&%&ﬂe‘fgﬁéd s _back

i ght on al ges o e Integrated circuit about the optical axis to
i mage on t hkadalfdriatoblye kead 2eatd thg video marhdre 24t THeodsting npticabpdtledage a 15, An

apparatus according. to cl ai ,. Wherein th | ique Iight source radiates
Font on s 60 eape e by 8] Biinhieec syl cBhoudtiest S P BELE TS {he
pl ane of theh0tigHaRLAA SCTHS bliqueSAbR o fugibr 118wl ahe1d BHoSE HRYC 08 ,
reflectors to the canera. 16. An apparatus according to claim 13, wherein
t he refl ect packagecbdttom tbibgRtccessillyanapel andvuadakwred.dh ptactiee, the obliquecdmglect t o

obtain two ar. rmree;jf"‘ﬂffﬁg nt images of a same part of the object to obtain
three di menSiHRAMOTSHY HETG8EHSof that part of the object.

To enable the inspection system 10 to perform 3D inspection while the IC 100 is
moving, the inspection system is adapted to cope with variations in positional shift when
the image is acquired. The effect of the positional shift is illustrated in Figure 5. The
variation in the lateral position is labelled L, which will cause a deviation of the optical
path from 50 to 50a. The deviation D of the optical path if not compensated will cause
an error in the Z measurement, which is related to the coplanarity of the IC 100. To cope
with this variation, the system 10 includes compensation means. The compensation
means is described below with reference to Figure 6, using reflectors 19 and 20 as an

example, which are capable of imaging the orthogonal views of the leads 101.



17. An apparatus according to claim 13, further conprising a second |ight
source radiating light on a side edge of the object, wherein the light from
the second |ight source then passes fromthe side edge of the object and
reaches without crossing the optical axis an optical element fpgadigecting
said light so as to be sensed by the canera. 18. An apparatus according to
claim 17, wherein the second |ight sodrce faces the obj ect on the sane side

of the object as A%ﬁo%%ﬁ%ﬁa@%ﬂf@mﬁgﬁ.famﬁg&'g%?écog?ﬁr?eg 100bs i gL - 19.

An apparatus according to reint econ t source faces
the obj ect dl0ihE ppposhitie ¥i(de dofersioa iabjtlieciagatm FipereCaami 2(the i1 | um nate

t he object as a back-|ight. .31 MAY Z002 18 20._ An apparatus according to
claim17, widpgisenpdnsriapnef ligyne Psmerdieulpn tp dha harieand pemshiodts plare a
substanti al I ) i L 0o ¥ ae obl i que
| i ght sour ceoéﬂgll.@) E\(ﬁo{gg%éérsactgﬂge }gg%yg%gli 23“3? gmg{‘lg?crmﬁjllSI,g%\xﬁ%?glﬁ E\l%{ﬂﬁrtest&%bl i que

| i ght sour cefits plsidri26ndte mileatos2@leicw thelvermatateadnl A by aptichlpatth® foaner a and

the reflector,.i,s sitioned on the sang ,side of the datu t he canera.
22. An appar%@ﬂbmggaé%?‘a‘ioﬁ’goil_@'C%ﬁf%\%“_ﬁqﬁfgdw'@%cap é’%??f‘gg‘%'aﬁ%“c& eneral |y
rectangul ar dombBfEiRhdfact phirs SA¥faed 8RS, 8% LENING-JriRMel ¥ IBRPQAI t €
side edges, and light emtted fromthe obl'ique |ight source passes the

| eads to redekietehpinedf Faeranplahateye 5 lead fositientl 81 pmrblgad pdsitioné0d ate i s
reflected to the c ra. 23.. An.appar at us .accor di ng, t | ai m further
conpri si ng 5’0898’&%05 sl@ersafngr%eﬁgrlﬁéégg?%ﬁﬁ%cf H&agesf‘%b%%%@glgéwg?eag%‘d&@ erni ne
the contour refiectdd@0siedfiordgelat®fe tb R IONMOITALSHitR bhI§nt lipht s8id@ind dhe

determ ne the quality thereof. 24. A nethod of inspecting the quality of an

i ntegrated deflestartthyyivng pasipensssd thedeadh(lsiap fe detpmningfl. akherafergauso thipe
integrated ¢jhcui i r at ircuit ;in a direction
normgal to tﬁ]éeCh:ﬁﬁth%aafg 5%P0§|§]r 2&%&%@{%@& Eglbiregég %ﬁ% tﬁ%aﬁ{meﬁlalgbala portion of

t he i nt egr atigfdratiodwinta pahl(e gurhys sfeddltd) watht ol e [phaswrdeanbenkyeht ect ed at a
position on the opposite side of the optical axis; reflecting the Iight
passi ng frofff’R@ at | east a portion to the integrated circuit to imge

Figure 6 shows a bottom view at the window 17 with an IC 100 at its centre for
imaging. Here, for illustrative clarity, leads are shown on only one side on the side
edges of the IC 100. The lead 101A is imaged by light passing along light path 53 onto
the reflector 20 and imaged by light passing along light path 54 onto the reflector 19.
The light paths 53 and 54 are substantially about 90 degrees to each other Here, for
clarity, the silhouette images reflected by the reflectors 18, 19, 20, 21 are not shown in
this figure. The underside of the IC 100 can also be seen if a light is present to
illuminate it, for example, as described later relating to Figure 10a.

To facilitate calibration of the inspection system, the frame 16 may include
reference points as illustrated in the Figure 7. In the illustrated form, the dynamic
reference points 28, 29, 30, 31 are distributed on the four corners of the viewing window
17. The four dynamic reference points 28, 29, 30, 31 form a known precise reference
plane. The distance between any two of these dynamic reference points are precisely
known and are pre-stored in the central processing module 13. The dynamic reference
points and the inspection datum 15 are preferably machined out from a single piece of
rigid matenal so that high precision and flatness can be maintained. For the purpose of

describing the calibration procedure, reference is made to Figures 8 and 9. Figure 8



t he shape of the at |east a portion, the shape indicating the quality of
the integrated circuit; and enploying a planar datum the datum having a

wi ndow t hrough which the obliquely directed |ight passes to the reflection
posi tion, the planar datum bl ocking the obliquely directed Iight from being
imaged without reflecting. 25. A nethod according to claim2444f

conprising emtting light froma |ighfOsource which substantially surrounds

the integrated circuit out. the tical ,axis in a.directjon Y 2002
19 0bl | que t SvRenpRRERatre BoiF baritaalie op Fef FBa B Gn ageTReks four

si des subst aphbrehd Bigs0riOH Patt BhishBabdHRUA GitAIGUhE inRpR WY EenpPt i cal
axis, so as to radi %te |1I gE as t?acf(iFl ght Hgérﬁgm SFY(L:I{e iadges 5f ttﬁgé)

i ntegrated cfrpeuhe refpeion 26, Haowghtthe s 2% argd engo t}wa/g;@ob‘,ﬁlmleerfﬂ%oﬁts aan be 26&n, A

net hod accor to C m 25, r.t her o r rectin ht .fr
second | i ght gllscrg)ig?aé@%%aﬁgcetpm?tgg 15,1oaaegd Rt é’logllﬁigg ‘g}%er‘faﬁé}llel ‘ﬁ’t“ ?“ 2§ it cuit,
wherein the mageabsd pbnﬁBB mﬁépm,@lcﬁlrdmhﬁo%eﬁwe@ﬁt&d% @ﬁﬂmrc%’fetéﬁ& FAn@pt i cal

el enent wi t hout crossi ng he optical axis; and using the optical elenent to

direct the | R@md Afhis eha walng, dnised Bgur@o’r'@,eAs shovmindiiguge 92the diataes (D d
accor d' ng tO lﬂ%’x‘ég % Qfer@r%%el I()gl S 62 {E}'S;%{%egs%(r:e ngtel I 9%}“ 1ﬁ0ur ce

illum nates CII’CUI ront -
accordi ng tomicanm &ﬁnmwnmudﬂdédaﬁa the gltturé elefichtia aﬁengtBUarfdygEﬁreﬁﬂMgC@ i's
directed at a substantial angle to the obliquely directed Iight. 29. A

met hod of i nYPASEL ﬂ‘i@cct‘hgecaﬁ’&? P?S;?lb&ﬁtoéfﬁllbrﬁtﬁé}&r‘étdg&e@lqnékﬁcﬁlelﬁ’ﬁ isiRpreofheane
and a plural hﬁ%e%fl @@éﬁlsergﬂ&%ed mgﬁé&&!z@g e fafaqs &fha

i nt egr at ed circuit’ a ong an opti'cal axis aces Le I nt egra{]ed circuit
and whi ch pammetdhnnug,hhemtheumtﬁgrmm is inne peértpixeh Smdlalrl@pthe Grscaleofiglis t 0

t he integrated cuit pl ape, ting light froma |ight source whlch
substanti al | Qaré?flr F‘%lﬁ?ﬁ% Cath e?tﬁ"[”@ bt wgasuripg thedisisa . eoEesBydngdp hawifar such

L e RSl RO i R0 B e e
em tted |i ghfThacdibratisn peckdire giat hasgpeendatiibadheegiatly agrgelsde taaltother three
reflected sub images through reflectors 18, 19 and 21. Therefore, using the apparatus of
the present invention, one is able to obtain distances in absolute units (e.g., mm, micron)
between points in the object in different co-ordinates.

The image acquisition module 12 consists of a frame grabber (not shown in the
figures) which receives the video signal from the video camera 24 and converts it into
digital format which is known as a digital image corresponding to image 60 (see Figure
8). It is also common in the art that the video camera 24 may output digital format video
signal. The frame grabber further transmits the digital image 60 for digital image
processing and analysis to be carried out by the central processing module 13. A sensor
may be used to sense the position of the IC 100 when it is moved across the inspection
datum 15 (see arrow R in Figure 3) and triggers the image acquisition module 12 to
acquire the image of the IC 100 when it is at an appropriate location above the viewing
window 17. The trigger signal may also be derived from a motion controller of the
pickup head 27 (see Figure 3). The motion controller of the pickup head 27 may have
an encoder that monitors the position of the pickup head 27 and hence the location of
the IC 100. It is also contemplated that the motion controller can be part of the central

processing module 13 as well.
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computes the X, Y, Z co-ordinates of all the leads; apply the compensation factors and

calculate the required parameters of the IC 100 such as coplanarity, pitch, terminal
dimension and others.

One of the important functions of the control module 14 is to sense the position
of the IC 100 so that it can trigger the image acquisition module 12 to acquire the image.
The control module further provides signals to control the movement of the light source
platform 26. If required when the IC 100 is moving into the inspection datum, the
control module will activate the light source platform to move down so as to provide a
clear passage for the pickup head 27 with the IC 100. Once the IC 100 has moved into
the inspection datum, the control module 14 will signal the light source platform 26 to
move up to illuminate the leads 101. Once the IC is directly above the viewing window
17, the control module will signal the image acquisition module 12 to capture the image.
Once the image or images of the IC 100 have been captured, the control module 14 will
signal the light source platform to lower itself which again will provide a clear passage
for the IC 100 to be moved out of the inspection datum.

To provide additional imaging from another angle, in another embodiment, a
light can be included to illuminate the leads from a direction at a substantial angle to the
light originating from the light source 25. Preferably, to provide good reference for
three-dimensional determination, the angle between light incident on or passing by
closely a specific location by the two light sources is between 45 degree to 135 degree.
An example would be to use a second light source to illuminate the leads from an angle
about 90 degree to the light from the light source 25. Figure 10a shows an embodiment
of such an apparatus. In this embodiment, the light source 35U illuminates the IC 100
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from the underside with front-lighting, so that the image when seen by the camera 24
can show the defects even on the surface of the leads or the underside surface of the IC.
The light source 35U can have about a square shape similar to the light souse 25 to
provide an even illumination on the leads and the underside of the IC 100. Using this
technique of using two light source, for example, with two light sources illuminating the
IC leads so that light from the two sources illuminate the same lead at a substantial angle
to one another, a defect on a lead or a portion of a lead that is bent and twisted in just the
right way as to be difficult to detect using one light source can be easily detected using
the other. Illumining the underside of the object with front-light, details (e.g., defects on
the IC package) not previously observable can be seen. This provide an additional
safeguard against allowing a defective product to pass without noticing the defect.
Furthermore, a second light source provides a second image, which allows three
dimensional information to be determined with only one picture of image received by
the camera. In other words, in the same image received by the camera, observation is
made from two different angles, thereby being able to see variations from standard in all
three dimensions X, Y, and X even without moving the object between two imaging
steps.

In another embodiment of using two light sources emitting light at an angle to
the same area, shown in Figure 10b, a second light source 35V above the IC 100 in
additional to light source 25 can be used to provide the illumination at an substantial
angle relative to the light from light source 25. In this case, in a back-lighting technique,
the IC 100 interposes between the second light source 35V and the camera 24 such that
the light passes the leads 101 of the IC to the camera to form a silhouette type of image.
Preferably, the light source 35V have portions that can be moved out of the way to allow
the IC 100 and the pickup head 27 to pass before and after imaging. Also, if preferred,
but not required, the two light sources can be turned on at a different time so that they
will not interfere with each other. As used herein, as long as light from the different
light sources impinge on the camera and are sensed simultaneously, such a sensing
process by the camera is considered to be one imaging herein and the image sensed,

although having information derived from different light sources, is considered to be a

single temporal image.
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In yet another embodiment, if preferred, all three kinds of hght sources shown in
Figure 10a and Figure 10 can be used.
There are many other variations to the specific embodiments of the present
invention. For example, as illustrated in Figures 10a and 10b, it is possible to include a
mirror 32 to redirect the light by 90 degree so that the lens 23 and the video cameras 24
can be aligned horizontally rather than vertically. In this case, in the present disclosure,
the optical axis of the camera 24 is still considered to pass through the plane of the IC
100 in the window. This example illustrates the possibility of changing the physical
layout of the present invention.
The invention has been designed with consideration of, but not exclusively, for
the inspection of integrated circuit leads and embodiments of the invention herein have
been described in that context. However, it is to be appreciated that the invention has
broader applications and is not limited to that particular use. It will be appreciated that
various modifications and improvements as well as additions can be made to the parts

hereinafter before described without departing from the spirit or ambit of the present

invention.
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Claims
1. An apparatus for inspecting a planar object having a plane, comprising:
a camera for sensing an image of the object, the camera having an optical axis passing
through the object normal to the plane of the object;
an oblique light source for radiating light on the object obliquely to the plane of the
object, the oblique light source having at least a portion positioned on one side of
the optical axis; and
a reflector positioned on the opposite side of the optical axis relative to at least a
portion of the oblique light source for reflecting light that crosses the optical axis
from the oblique light source to the camera, such that at least a portion of the
object interposing between the at least a portion of the oblique light source and
the reflector to image the shape of that at least a portion of the object on the

camera.

2. An apparatus according to claim 1, wherein the object is an integrated circuit and
wherein the apparatus comprises at least one reflector substantially surrounding the
integrated circuit around the optical axis, and wherein the oblique light source
substantially surrounds the integrated circuit around the optical axis, so as to radiate light
as back-light on all of the side edges of the integrated circuit around the optical axis to

image on the camera by reflecting with the reflectors.

3. An apparatus according to claim 1 or claim 2, wherein the one or more of the
reflector and the light source is movable relative to the object to obtain two or more
different images on a same part of the object to obtain three dimensional information of

the part of the object.

4. An apparatus according to any one of claims 1 to 3, further comprising a second light
source radiating light on a side edge of the object, wherein the light from the second light
source then passes from the side edge of the object and reaches without crossing the

optical axis an optical element for directing said light so as to be sensed by the camera .
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5. An apparatus according to claim 4 wherein the second light source faces the object on

the same side of the object as the camera to illuminate the object as a front-light.

6. An apparatus according to claim 4 or claim 5, wherein the second light source
illuminates the object at a substantial angle to the light impinging on the reflectors from

the oblique light source.

7. An apparatus according to any one of claims 1 to 6, further comprising a planar
datum having a window through which light from the oblique light source passes
obliquely to the reflector, the planar datum blocking light from directly passing from the

light source to the camera without reflecting by the reflector during imaging.

8. An apparatus according to any one of claims 1 to 7, further comprising a transport for
transporting the object in a direction between a first position and a second position
oblique to the light from the light source such that the camera can obtain one or more
images of the object while the transport is transporting the object, the one or more images

thereby providing three dimensional information on the object.

9. An apparatus according to any one of claims 1 to 8, further comprising a processor
for processing signals from the camera to determine the contour of the object to

determine the quality thereof.

10. An apparatus according to claim 1, wherein the object is an integrated circuit and
wherein the apparatus comprises at least four reflectors substantially surrounding the
integrated circuit around the optical axis, and wherein the oblique light source
substantially surrounds the integrated circuit around the optical axis, so as to radiate light
" as back-light on all side edges of the integrated circuit around the optical axis to image on

the camera by reflecting with the reflectors.

11. A method of inspecting the quality of a planar object that has a plane, comprising
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positioning a camera having an optical axis to face the object for sensing an image
from the object such that the optical axis passes through the object normal to the
plane; and
directing light past at least a portion of the object obliquely relative to the plane to
impinge on a reflector that is positioned on the opposite side of the optical axis
relative to the source of the light such that the light passes from the at least a
portion to the object and reflects from the reflector to image the shape of the at

least a portion of the object on the camera, the shape indicating the quality of the

object.

12. A method of inspecting the quality of an integrated circuit that has a plane,
comprising;
illuminating a portion of the integrated circuit at an oblique angle to the plane of the
integrated circuit such that a first image of the portion of the integrated circuit
results; and
moving the integrated circuit relative to the illumination in a direction oblique to the
light of the illumination to obtain a second image of the portion while in motion
to obtain three dimensional information of the portion, the three dimensional

information indicating the quality of the integrated circuit.

13. An apparatus for inspecting an object having a plane, comprising:

a camera for sensing an image of the object, the camera having an optical axis passing
through the object normal to the plane of the object;

an oblique light source for radiating light on the object obliquely to the plane of the
object, the oblique light source having at least a portion positioned on one side of
the optical axis;

a reflector positioned on the opposite side of the optical axis relative to the portion of
the oblique light source for reflecting light that crosses the optical axis from the
oblique light source to the camera, such that a portion of the object interposes
between the portion of the oblique light source and the reflector to image the

shape of that object portion on the camera; and
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during imaging.

14. An apparatus according to claim 13, wherein the object is an integrated circuit, the
apparatus comprises at least one reflector substantially surrounding the integrated circuit
around the optical axis, and the oblique light source substantially surrounds the integrated
circuit about the optical axis, so as to radiate light as back light on all side edges of the
integrated circuit about the optical axis to image on the camera by reflecting from the at

least one reflector.

15. An apparatus according to claim 14, wherein the oblique light source radiates light on
side edge of the object at an angle of 10 degrees or less to the plane of the integrated

circuit, said light to be reflected by the reflectors to the camera.

16. An apparatus according to claim 13, wherein the reflector and the light source are
movable relative to the object to obtain two or more different images of a same part of

the object to obtain three dimensional information of that part of the object.

17. An apparatus according to claim 13, further comprising a second light source
radiating light on a side edge of the object, wherein the light from the second light source
then passes from the side edge of the object and reaches without crossing the optical axis

an optical element for directing said light so as to be sensed by the camera.

18. An apparatus according to claim 17, wherein the second light source faces the object

on the same side of the object as the camera to illuminate the object as a front-light.

19. An apparatus according to claim 17, wherein the second light source faces the object

on the opposite side of the object as the camera to illuminate the object as a back-light.
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object at a substantial angle to the llght impinging on the reflectors from the obllque light

source.

21. An apparatus according to claim 13, wherein the oblique light source is positioned on
a side of the datum distal to the camera and the reflector is positioned on the same side of

the datum as the camera.

22. An apparatus according to claim 13, wherein the object is a generally rectangular
integrated circuit having leads extending from two opposite side edges, and light emitted
from the oblique light source passes the leads to reach the reflector whereby a silhouette

image of the leads is reflected to the camera.

23. An apparatus according to claim 13, further comprising a processor for processing
signals from the camera to determine the contour of the side edge of the integrated circuit

in order to determine the quality thereof.

24. A method of inspecting the quality of an integrated circuit having a plane, comprising

sensing an image of the integrated circuit and passes through the integrated circuit in
a direction normal to the integrated circuit plane;

directing light past a portion of the integrated circuit obliquely relative to the plane to
be reflected at a position on the opposite side of the optical axis;

reflecting the light passing from the at least a portion to the integrated circuit to image
the shape of the at least a portion, the shape indicating the quality of the integrated
circuit; and

employing a planar datum, the datum having a window through which the obliquely
directed light passes to the reflection position, the planar datum blocking the

obliquely directed light from being imaged without reflecting.

25. A method according to claim 24, further comprising emitting light from a light source

which substantially surrounds the integrated circuit about the optical axis in a direction
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light source so as to radiate
a side edge of the integrated circuit, wherein the radiated light passes from the side
edge and reaches an optical element without crossing the optical axis; and

using the optical element to direct the light which passes from side edge for imaging.

27. A method according to claim 26, wherein the light from the second light source

illuminates the integrated circuit as front-lighting.

28. A method according to claim 26, wherein the light from the second light source is

directed at a substantial angle to the obliquely directed light.

29. A method of inspecting the quality of an integrated circuit having a plane and a
plurality of side edges, comprising:
sensing an image of the integrated circuit along an optical axis which faces the
integrated circuit and which passes through the integrated circuit in a direction
normal to the integrated circuit plane;
emitting light from a light source which substantially surrounds the integrated
circuit about the optical axis such that light is directed past all side edges of the
integrated circuit In a oblique direction on the opposite side of the optical axis
such that the emitted light acts as back-lighting on all the side edges; and
reflecting the light passing from the edges of the integrated circuit on at least four
sides substantially surrounding the integrated circuit about the optical axis, to
image the shape of the portion, the shape indicating the quality of the integrated

circuit.



