;] 7e3eTQ " ~<6r T7<. i W ~~ LEADED COVPONENTS | NSPECTI ON SYSTEM Fivebd of
i nvention Thel\m\ ﬁ‘h@mﬁm‘ﬂ‘% ates generally to the inspection of |eaded
S.

el ectrical 5 n particular, it relates to aninspmtmm
for determning the®®P8ad di.nensions of |eaded el ectrical conp ummimﬂmwy

hi gh speeds. Background of the invention TThe production of |eaded--:--

el ectrical conponents such as |ow pin-count 10 Integrated Grcuit (1C)
conmponents, for exanpl ¢ EABESTBMAONENTSINSPEETIORNSYSTEM for SOT), at
very high speeds usually involves the use of rotaryindexed nmachi nes Each IC
conmponent usually has three to six leads distributed on two of its opposing
sides During RQQQHQE%éﬁEOEUCh | C conponents are held by their top surfaces
by a pickup ﬁea on e rotary 15 i ndexed machi nes usi ng vacuum sucti on.
Each | C conponent The ihhemiomedsaregd gbneagy tdi thbeihepéctidrabt desdddelettridagr ent
processes_such as trimmng, formng, electrical testin mar ki ng and

i nspecti oh pFBEReEeats. At g‘?‘”'ﬁ\“@be‘&%‘?'ﬁ&s onan |"Q§R?<S‘1*1'ﬁ6r%g§%m dPedefesmiting r ed
to a taping ﬁ{@ibberaiweﬁgi%n&%?@é&&%@&ﬂ@&utéorﬁ;g&qé}ﬂ@%i 9ertrﬂgﬁ§bé88é,. this is
known as the taping process The tape Is 20 subsequent!|y wotnd onto a reel
for bul k packagi ng. For process and quality control purposes, the geonetry
of these IC E%& onent$ i usual“y i nspected during their production. In
conventi onal nggr%H" ﬁEE@%f?¥ﬁP Y pi n-count | C conponents usi ng

rotary-indexed maghinredadtioresyicBHEA IRAEER, cIniPdrctfls BBAR WseBRNbinRIUAedS 25
are typicall ﬁ]tl nvol ved. Such nethods include the acquisition and anal ysis

of a sintf)e Integvated Gieuitglcy peoimnentsTHer axqmpe tthenSOM 2B8hiSmall Kptinei ew
is done with t capt ur es. i e I onent
at tho tapi nrENpLRr SR B CR o ik v RBa e Bherd flFRGG 1 <
used to infemddgéecinachines asEdgntiCl easipohenimusbally evgt thiek thesik dadds The
i nplied 30 neasurenent nethod, however, is insensitive and thus gives

i naccurate r@siuegnen P! i SPPAYINY edldRBas UP BHRG PTRSUEHRN.i SUBR| I
effective in cti-n t.s & ISiar to a
si gni ficant 8%8 8@%5%hé%%ge%?ﬁg?“ﬂggg?sﬁﬁg§%$?gf§f%?%?éﬁ%%j?@ ?ﬁ%%ge on
the i npli®zd melexead emsttingset$iod vaauvmrsudipgh Eact ICngomagonerdlis thegreiotiexed r at e
wi || be obtajned. %mﬂfr peﬁ%and i nngvative solutionshhaVﬁ.aIso Qeen
proposed, onk"8HY AFRTERT FIRAVENS o FRIETEALPIACESEFS FHEN 1t HEGEME. OMBRS of an
| C conponent gjddtrsa$ tdrding, hikiAgfd RBBEMRISprotBEsdd. I Altel pRYSSIMAT tHers t he
side view of the I C conponent, "which may be effectively analyzed to provide
curl ed | eadscamgobenisrareytirisiemed ko artagtngostationavhase dhel IGieampenants B6onal
to the first _yj | Ly:.C | Ses bof t. ' f

conponent . Tﬁ¥ég%%cg£ga¥éﬂgigﬁﬁeﬁggbégﬁlgég%Fe%%%ﬁ§1%k§§%? mﬁﬁ?h#ﬁ%%ﬁ%inal
di mensi 020 angulsddigrently pesuref ontof ® reitfop bulkegsukaiging. t Rer poceesoieqhality be
determ ned. Although the exenplified proposed sol ution allogﬁ t he cquIete
geonetry of PO PiRHIEBRR: th@?‘”fﬂﬁ’ﬂﬁfﬁéﬁ thasg 5o CcompRBERISAIS Ygugydnspecte

di sadvant ageg,,} Ii d solution, the first and the second views are
15 provi ded Eghﬂ?gﬂ%ﬁgﬁggeﬁgﬁreflected fromthe rel evant surfaces on the IC
conponent s Hence trheompuestionsl whys loé irspetcting tbw pageoust IKubpmpbnentsvainat i ons
of the lead syrfac t he 1 C.conponent, package surfacge, and anbient, |ight.
The acour acy IR PaPXEB ATy Bt eyt P ety MRIAS TheSCURpIRGh Eehod

Mor eover)s t hgrd fy@italiPthvoNed? Shah nistRYdSI flddeethlel SiMuidlis aRE apBRRECsk ahen
the 20 type of I'C conponent under inspection is changed For exanple, the

| i ghting set aipgitedigw o the 1€ \geakmment Téenacalsition et thissingle vigvessdene when

por tant =y, MO cam e eet SRS R yhaee aratE OB A AhIh SR TERL Lt o
of each Ieadta_pmg beatibf. CONDQRNGF ©PVISN iRplie nesaduremens mwhbddiis upsdposed
solution. 25 Thus, a need exists for an |IC conponent inspection systemto

measure the B6@N dafects suel asnkentdeadsnicneibe derpthrefvingeleadandbre implied
| nfor MALAQN hlashfiRehCRTbiABY! ABweTel ORPAIRINGIRL URGY h%ggivageﬁgﬁ e 1 C
conponent® i nSp&et] on- Sy LTBMm Shoul'd al's6 t &5t “diFf erent types of Ie.

conponent s, eatitshanemdisaddi They enpliqd mezsurement hiwtbidd asyorlly giffetctige in
adj ust nent s.



30 3 Summary of the invention The invention provides an optical

i nspection systemfor determ ning the positional information of an object
with respect to a reference. The system has a datum placed in proximty to
the object that provides the reference. It 5 also has a |light source that
provides light that inpinges on the objest and the datum so that the inages
of points on the object and the datum are fornmed al ong vari ous opti cal

pat hs. The | jght,. sour is,set_up so,that a peoint, gn the.object and a point
bn the dat ufl Pty 14698 O e SomHrius 874 el hefliged Bl Bled, "o

optical pat hen thabtitaradsmdeacdtnet dfirafée RN o e dHplidPmeatlrdri@ntsyst em
has an i magi ng subsystemthat captures the inmages along the two optical

pat hs. The JUB¥Ws: arvesy BEhcwid Errieekcad fejeatien (e svil he ineded i mages to

provi de position i_nf i ] i Nt opJ i r ect to
t he point on theadc)jtgt? E%%nggﬁﬁ%&ét&?ﬁsgq @;)C{}‘Iscaﬁ“lél %gﬁe%&ghr%ésst%gm%ﬁgeog one
camera t6 capiiohenddvédithe omgase sf b oatheguaralyvidwe ofyat éncahgonesesn the
| i ght source as a back} ight so that backlit inmages of the points on the

| es of
object and tHE'@AMPIRAICE AR dNGndrst MeW aPIBYISES e ide ianef the dGr t her
uses a pri 5@&r%r@dt,”g/gjsdﬁaﬁwgkgl%?'eHeEEi\?él?aelnarlleféde&} Hpawa@%%rnﬁaqeadéﬂaheor to

relay the backlit 1 ma he two Optical paths into the canmera 20 The
i nvent i on adithert typeswsf| pfgmatiodesT lag seCord iviem ds orthogpealt icothesfirst aravw,or

ing th | ity of LC t d i di t andof f
"ot or mat on 6t CBUB Fartrsts i BREBRDHRYNoR Bt ¢ WrbbSk T8 etaeondne | ¢
conponeny i NeER dnadlesSikatiaahgthn paEts Owides ttefthink® HRRENSi¥R @R dobtheFtypRRRSNeNt s,

each having a different pin-count, w thout any |ighting adjustnents. 25
Bri ef descri'plorgatien regardimgdivengscompananti@heidsterminedbe better under st ood

with reference tg r g n L which: Ei gu i | S
Cross-section vi élxvefﬁg)?]ggnqo tig)?:%mb{&f?\ggeogppggécgyésqq%%%oélgﬁz%%?né:%fné)'%te
preferred ergeamhemnt obflowhepinmoeint | (N, compohieats eto2 ibd | Ispesteds # Plaan Vi ew
of the optical inspection systemof Figure 1, Fi:%ure 3 illustrates an i mage

of a low pi fieHNagese olpbifeRIOROERE iy thn ErgANLEe PRYPELYIFYR APst em
o hesarS. s BUERSLE thk, BHFLE ACABLR 6B MEPTRNQyHEILR 02 |
conponent ofcoRpareantd, Hande the quality of the captured image i1s subject to variations
of the lead surface, the IC component package surface, and ambient light.
The accuracy and rehability of the results may thus be compromised.
Moreover, the lighting setup that provides the light must be changed when the
20 type of IC component under inspection is changed For example, the lighting
setup needs to be tweaked in terms of direction or intensity when a three-lead
IC component is changed to a five-lead IC component. Most importantly,
however, the coplanarity of the IC component and the standoff of each lead
on the IC component cannot be determined using this proposed solution.
25 Thus, a need exists for an IC component inspection system to measure
the coplanarity of the IC component and provide standoff information for each
lead on the IC component at very high speeds. The IC component inspection
system should also test different types of IC components, each having a
different pin-count, without any lighting adjustments.

30



Figure 5 illustrates a cross-section view of another optical inspection
system according to an alternative enbodi nent of the invention. 10 Detail ed
description of the enmbodi nents Reference is first made to Figures 1 and 2
to briefly describe an optical inspection system 11l according to a
preferred enbodi mrent of the invention, ggnerally known herein as a
"system'. The systen111 consists of a datum 1 15 which has an opening 2

generally k S: dow' with two well defined edges 9 The
system 11 argyé\ﬁlconfésﬂg%o'P%anonoms of uniformlight source 3 positioned on

the datum 1 in tHehedmexhtiod profidédian wptidawhSpdatanndyistarn Soddetermlmnditieached
to the bottomof the datum1 and inclined at an angle with respect to the
datum 1. ThePdaitanal dnfermatian of Ansediset MitNdiRsaSelota Adeargase 20T st syHeMdat um

L and clear ipls bhenilaned St do 1RL SMiditngeaiRiact nkherdiendowi? s a

trapezoi dal pri sm Wo | nte ces trapezol prism
8 permt 5t otalko ihaser hgtit soenfrd:@matcmovldes |||gghtha|tayp|ngpprcmattie| mtgecthzmd titeer nal

surfaces 14, 15 at ert in_angl es a ed fro th i ght
source 3 ent%"’iIt l??t &Z012¢5S ?frﬁ’%‘ﬂf%orf‘ '?)‘?h@’%‘iﬁp a Auny mBO Xits
fromit throslghg @ah@&é optisal pRRE. The My aRiFce @Osét%ppgélthapé‘%uh%rpmet he

trapezoidal prism8 to capture inmages relayed by the mrrors 4, 5 and the

trapezoi dal ¢hieeinald aTpeint omethe datuny will diehiertheosriaet plane @asathednisnAages (not

shown) for e o] al
aspec% of th%8ﬁ§%§'Ierh%ﬁpgoﬁpgépﬁtﬁgt%gggg%%#h gﬁ?@g%}‘ e%«@?en(gﬁé?&h' Eﬁ'gure
1. An eligct rthe@ysmﬁrpewmtmﬂd?mg subsysterplthatcdadedhelimeiges eidng thepeent
such as a dual -sided six-le | C conmponent, for 5 |ns§ect|on by the

system 11 i SORSIcekEAUS o e SUPBYSISTT PRt Oairelates pnck apahyeas the seaptyies! |
conponent 10njzye tshsgng\gg%tdggnit%ﬂap%%rnm% B19R Wit o the doj t'vﬁﬁ%sgecteach

side in proxim e datum e ges ove the trapezoi dal
prism8. As tstlbe,potrﬁ@nriheldmumead 30, the | C conponent 10, the 5 wi ndow 2,
the trapezoi dal camer a i n axial alignment his axis

al so coi ncides wi trﬁ§?rﬁg|yo;5?‘? @QFC%' 'f‘§p%°1t'°6‘f SXSE%”‘C%%% NBEFAMEE 1BotaRUIE pat hs

of 1ightys mhaginﬁ%éshgmﬁm&r%ualyl eqtheSQyaBnP RGeS udes ahet light! SoreaPanent 10
will now be tra in order to provide a better description on the

oper ati on ofbadidighlyse mtb@cknmmagegmf tee posds Inghevilied arg! theghatuthate
i npi nges on h d eb f the
tim; 019 t he I%nﬁ g(??ovﬁ’g{]tﬂe éogf'sl s%ﬁ%&]}ggﬂ roj Pégyr‘?ﬁép Lgs%oss%?ﬁ%h{ hée'i%[gﬁgﬁnp ane

of the opti cetal dntemdb teflaption hbee Bhtiraomirforapdelay the baeklitaniages radngtHeed
into canera 60 The optical path taken by such light providing the inmge

will be knovﬁ’l"oa%(’ttqfi‘ép?'ihlséi‘todﬁﬁlC@Q?erﬁath 91 herein. The first optical path
91, befope 15 undﬂﬁ@%mwbﬁfémmg &lsiy 1&5@ £$ An fclédigégﬂgﬁ RsBER ldn angl e

of | nclination 01 wth top surface dat um so known
as "l ow obl i systerpdohrheafuring thehtcoanmrity oBl@llcsmqmwmtsjalsd prcghsﬂmg lséandqfrfpi nges

of “the tr apdBGIBAOp PG e IAd Sintie  SOrIREReBIb R S G ciopte. TR nal
surface 14 ogprhpsndritangrtidnlsystem can also test different types of IC components,
each having a different pin-count, without any lighting adjustments.
25
Brief description of the drawings:
The invention will be better understood with reference to the drawings,
in which:
Figure 1 illustrates a cross-section view of an optical inspection system

30 according to a preferred embodiment of the invention;



20 prism 8 where it undergoes total internal reflection, and out of the
trapezoidal prism8 through the bottom surface 17. Subsequently, the inmage
is projected into the camera 60. The optical path taken by such |ight
providing the image will be known as the second optical path 92 herein and
it.subtends an angle of inclination 62 wth the datum 1, which is |arger
than the angle of inclination 8,. 25 Sinultaneously, the |light source 3

"ead 80, 1 hor eby BT eat g ks ! Mo ol e’ BBodlanabPeldh ko of ong

the first amiywedond optical paths 91, 92. The mirror 4 and the trapezoi dal
prism8 respectiyely then relay these mag)@z into the canera 60. 30 Hence

in a single | nst bieEe 3t Hestraias PR IB@IeHfta oM PRRPUN G LOMBenaRt saphired t he

first and sg p05|t|onal relationship 6

bet ween the ip Opﬁ%?ﬁ'\%pe%gb%yg%? tgﬁthngam edge 9. O her parts of the IC
conponend 10 in Feguaeibnllugdratée tat my gdgmeﬁyatce |ths$nate:apeummemaltloalraged
oy e Rl ed ide £ e Bo00on S U R et e e
5 on the ICFWQHQHQ 10 opposing the side described in the pr ecedl ng

sections. Figure 3 illustrates the captured image, by the canmera 60, of the
dual sided six-|Egired dospatasna cross-saetiomuligsy 0§ aapthedeeptioal cnspastion

The 1C companehit 2 ThodRaR et e SRpEIMOR A MEIBRgE. Lo csponds 1o

the lef{fpside of the IC 10 respectively. Each of the sections further

consi sts of two subsectiagns which correspond to the first and second
optical pat Retajled doscripfiopofifppembadiments: subsection of the left section

S i moed by 11 SRETHEARE it hidtle O bRl PRHG O SR diecBESh spRfet ! o
capt ur efs t henspeatEs ,sy?tem eﬂaatm:t[oedmg tgraa}orea‘eerled era?ddldlegtttofztbe mmtmmptrlﬁr ed
i mages for oses of conputation ,a Sis a S e
posi t1 on_ of BENFAR&NBRd RN AR SHEEITE cOMbSHERM 1 Sohaissy BLASETYM beat ed
by di gi izl ngtehé‘é CEEG G r‘it% 'ﬁgﬁét%raﬁyuﬁhoﬁﬁ tﬁéﬂgﬁ Q&Sa'faewu|'1(§>c51/v’2@/ltf’ﬂi@v/'ibsweH‘SI ng
the conputer that is connec to the canera . The system 11 al so | ocates

t he dat um edgkned pggesige dbeeystem healss. c«ms«\ets ¢fetmmr%s of unfermdight

posy t1ons arelieEes DaRnp bR Hafn CREhe BRI s A iehE T o o
provi di ng pagirbisonad atenitadiridi torihé bottbm dfothendzituns, 1 And amlinédcat@hchrfmé es
with 25 reference to the datum 1. A mathematical analysis for the

deri vati on Wthirgapsct tg ta‘htﬂ'awrﬁd’orﬁh‘h&t'é@r%ﬂ 5!%3@15& Ripsitioned toatnestides ¢ h
referensg tgs tH%edem §r‘?c9%|e%r flthe %Hﬂ{%ﬁ Pr @Huﬁf‘éq ke W{r?‘ggn poye al so
e I'ea

made to Figure 4 di stance etvveen etipo the dat um
edge 9 i s measioved® iy antrahez@0Oalkc ppsmr 8d  iTweg @teanad stulnﬁasessﬁap%lcedtth@ bot h

t he i mage sybsect.ions . of ea section et 1 be .t he di stance between
the | oad t; faBgetia pign € peguudel 6T el ey i Be B TGge
subsection gpdinkarnBestifiScél $42a05 aitkesmeangles, Sﬁﬁ@hbﬁt rdy%nﬁrrqéd@&@rom
subsection. The datumedge 9 Is denoted as point O "This point, O

est abl i shedtf&“QMeSQWDglateo’@?rS dhe trapeznigay srismpBirfpea top soiface J6 amé tip
of the i§ade§|?s \‘r% ?QR o%%hag bott\é’t'hOgSrfg(ce 17. A camera 60 is positioned below
the trapezoidal prism 8 to capture images relayed by the mirrors 4, 5 and the
trapezoidal prism 8. The camera 60 is further connected to a computer (not
shown) for processing and analyzing the captured image.
The operational aspect of the system 11 will now be described with
30 reference to Figure 1. An electrical component 10, for example a leaded

electrical component such as a dual-sided six-lead IC component, for



5 and Z coordinates need to be determ ned. The first and second opti cal
paths 91, 92 are inclined at angles 1, 6z with respect to the X-axis, which
is also the horizontal axis 95 set by the datum 1. Angles 01 A2 are known
once the system 11 is assenbled and will not change during its operation.
Since the two different optical paths 915 92 pass through different optical
elenments 10 before arriving at the camera 60, their magnification factors

fter the oJfPeRiT e sUERT 308 LEH 4Rl 15k el wih ZORERuS BESGRe
first opticab. pl&téWlCQ&om@oKentaﬂdlsiﬁh@n&ﬁﬁﬁt%e@%ﬂe@&he pa:bdib\BZZ mthK?s. lehtisi S
therefore derived that. K~L si ng - K2 Lz cos 8,

nBz
- K, L, cosOB2eaghsgle in @ro’i'g"ﬁYltoaﬁ@CDZOfaF"@ ﬁégﬁﬂr%‘?ﬂqsr Qmatﬂﬁ*eaEaYﬁ dhed
i mage as sh @EC r a can
be determ ngggwkgﬁg’rgg%@cﬁg {3\0 @ Fi%]g'rcgﬁgeﬁgggi %(f? tgé(lg,z%)?ﬂ%%ﬁetrﬁgd;g?%m 1.
Furt her nor e,wim'lcm@ the trapeeoidabpesa(B ahdthescanheraséinard or akiat hligireediat um 1
and the lead,ti t he 3D cooQ nat s th erm ned, This conputation
o ocedur e 1 41 965 i Foanres pah hecenarraninel ol HSERarrabls of ot her
points on the | Cm@mﬁﬁﬂha#ﬁ of it %6fr@'ir¥gﬁﬂ1eeﬂ$’%¢“am§% g Rpenmge fored in
many ways. For exa e ways wWith which [ight along the first and

second opti ¢ l@atdammmenizsmzwnlm;nowe beeltraged to aréer danerayids) ardsetiee done

ith [ . i,dal I, S 2 in. Fi 5., .10 .nl f
the mrror S8seHUREERURE crtadh ok e, 388 27uTos JePb 38lftern o BvBE2S: e
pri sm 510t haghtopat migiiges o the Bptaittne ladtt 80, nAkrdsf foRningom baBKIR ihage of
reflecting |1 ght rays along the optical path 91 entering the trapezoidal

prism 51 t hHSER Oétf@ﬂuefaa&é) shhe 1 1m@9¢ iagthnenr%r%ect%@r@s@mg thecaxinbplansofial
prism 51 th'Er%JQJbuga {138? Bt e AR Q”Fnéaﬁgéﬁjﬁsfﬁu%ﬁn ”regagtehr ZO' dal

prism51 is coate efl'ectivé materia ra rom
optical patlcafzrai60l Dee ropticalcpati taken Hyssisir ﬁg:‘rd@rSEndmg et |heageawﬁ|rlae 60 9

an oby ect wkORMRER U8R 1t Sl BRUREH Pl 14 grstggpgmggpg@t dh B&osea i
proxi m {4t AnbBfo ﬂm?&%&.% RO 0 of BeblePler e égi%n@olfnmgaﬁ&v@?e

whi ch provi i Npi nges on a poi nt ect and a point on
the datumt mtprtbmtqe sarfpee pf thfe datage$, arid tthmalsbj lemt/vrpm Howastdiqubeatiat um

POl it el ong ek 0o SRR PRDS et e ! Hobeant ssfond
dat um poi nt ﬁ%}éct%@ bakht .ﬁi‘agenagt%StHeh@rpegurf@éé)ﬁle 6fhﬁefﬂrér§ézoﬁ’dﬁi p%%wad
optical paths determ ne a plane;
The image is then pro;ected onto the internal surface 14 on the trapezoidal
20 prism 8 where it undergoes total internal reflection, and out of the trapezoidal
prism 8 through the bottom surface 17. Subsequently, the image 1s projected
into the camera 60. The optical path taken by such light providing the image
will be known as the second optical path 92 herein and it subtends an angle of
inclination 6, with the datum 1, which is larger than the angle of inclination 8.
25 Simultaneously, the light source 3 provides light that impinges the
datum edge 9 proximal to the tip of the lead 80, thereby projecting the backlit
images of the datum edge 9 along the first and second optical paths 91, 92.
The mirror 4 and the trapezoidal prism 8 respectively then relay these images
into the camera 60.
30 Hence in a single instance, the camera 60 captures and images, from

each of the first and second optical paths 91, 92, the positional relationship



c) an imagi ng subsystem di sposed along the first and second optical paths
for capturing the pair of imges, wherein the captured pair of inages are
subsequently correl ated and anal yzed to provi de positional information of
15 the object point with respect to the datum point. 2. The apparatus as in
claim1, wherein the inmaging subsystem cgnprises a canmera for capturing the
pair of images, the canera having an optical axis. 20 3 The apparatus as in

claim?2, wherej e | [ stem,further co [ a refl ect or

di sposed i n%gﬁ’gg%i h]%gg?qqrtﬁg 'i%g%ée eo%?‘i“&'éragggﬁs%ﬁﬁ?f P@ﬁ%fﬁ'@e Wue one
of the firstoaipdneAtd0dn eplatienlto A RatEA ddyet 9 iare iafscs lystuAsd bl limagadal | el
with the other of the first and second optical paths. 25 4. The apparatus

as in clai mPy, tharearesnd eQeinpig &Egt apd seeand Aptic Raths 99, Hdvist thet samey
paral l el w t I : f ' ' th nd the
ot her of the Fi pgg@ﬁ%@@%%‘%pﬁ%gﬁﬁgﬁﬁg%@’08%&8 egrgyﬁ%%to gg‘eassﬁdgn

cl ai m 2, 5whenethe tiGe compgnegt sldbsyppbeimgf thed rede ateyeribeésina thie rtcedhyect or
di sposed in the first optical path and a second 10 refl ector disposed in
the second SBEY¥M- path for relaying the first and second optical paths so

that they are sulpgjipBtd mb'sbfaﬂé%rtﬁé'c,_%intm"eﬁhm%@%hﬁgttﬁ@kan%ra% ARRAGARMS as

in claim5, wherein the optical axis of the“canera is 5 substantially
par al | el wi skiedhgixdedadedohipaenid. sBwittagpis dividgshints twg seThensigpar at us

in clai in,the fi £l i i d i .10 8.

The appar at 10! S0 b ihabeRtiesPRndR L el TR e PEREIE ufhoiditach sy

the refhgctiang therfgasation csfrths,{nmﬁ@ abir@hdrtisatot hedlefti sitigTaTatheref hgct i on
ially

node, the prism having_a substantie pl anar surface for receiving |ight,
a subst ant i &&3$ReqiveliarEach of the seetignschirther consistnal two sebsedionggvilicgnt |

and a subst agtLahbyg RS REHirSUANESBhRE dHticBMbaths’ §1) 85" SFod LIhplO thY! t-

outer subsection of the left section is imaged by hght from the first optical path
91 and the inner subsection is imaged by light from the second optical path
15 92

The system 11 captures the images, for example in gray scale, and
digitizes the captured images for purposes of computation and analysis at
very high speeds. The position of all the lead tips on the IC component 10 are
precisely located by digital image processing means, such as edge detection

20 means, using the computer that is connected to the camera 60. The system
11 also locates the datum edge 9 by edge detection means. Other features of
the IC component 10 present in the captured image can be similarly located.
These positions are subsequently correlated and analyzed by the computer
for providing positional information in the form of X, Y, and Z coordinates with

25 reference to the datum 1.

A mathematical analysis for the dervation of the X, Y and Z
coordinates of the tip of the lead 80 with reference to the datum edge 9 will
now be provided. Reference is now also made to Figure 4. The distance
between the tip of the lead 80 and the datum edge 9 is measured from the

30 captured image, and this is applied to both the image subsections of each

image section. Let Ly be the distance between the lead tip 80 and its



15 9. The apparatus as in claim6, wherein the first and second reflectors
are provided by the reflective surfaces of a prismoperating in a total
internal reflection node, wherein the first reflector is provided by one of
a substantially planar internal surface and a substantially planar external
surface coated with 20 a reflective subsyance, and the second reflector is
formed by the other. 10. The apparatus as in claim?2, wherein the |ight
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step of captHowewprt thespanagnificatiogiestdra il eemainctarddantrafieathegysteen ofl t he
first and second opti cal t using.a ref]ector so_that the gne aof the
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wherein the step of capturing the pair of
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Ly and L, are measured from the captured image as shown in Figure 3.

Hence, the coordinate (X, Z) of a point P can be determined with respect to

the reference point O (0,0) on the datum 1. Furthermore, since the coordinate

20 of Y is the same for both the datum 1 and the lead tip 80, the 3D coordinate is

thus determined.  This computation procedure is also applicable for
determining the coordinates of other points on the IC component 10.

The preferred embodiment may be modified in many ways. For

example, the ways with which light along the first and second optical paths 91,

25 92 may be relayed to the camera 60 may be done with a pair of trapezoidal

prisms 51, 52 as shown in Figure 5. [n place of the mirror 4, the system 11

may make use of a surface 53 on the trapezoidal prism 51 that operates in a



i mges further includes disposing the canera such that the optical axis is
substantially parallel with the relayed one of the first and second paths
and 20 the other of the first and second optical paths. 15. The nmethod as
in claim12, wherein the step of capturing the pair of imges further
includes relaying the first and second @ptical paths using at |east two
reflectors so that the first and second optical paths are substantially 25

paral’l el t 6 tep of
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that the Opémt@ﬁhganestrap%z@mtpauem 8l ltiirdqughak | stirfask t44.t Meer iRJrayags therst and
second pat hs. 12 17. The nethod as in claim 16, wherein the step of
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reflector f I t claim
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a prismio froovhdepiicakhath G2owillfber reflebted atghisheirbeedridintpthececamemt 60 19.

The nethod as in claim 16, wherein the step of capturing the pair of 10

i mges further includes using a prismto provide the reflectors, the prism
having a substantially planar internal surface and a substantially planar
surface coated with a reflective substance for relaying the first and
second optical paths. 15 20. The nmethod as in claim 12, wherein the step of
i mpinging light on the object point and the datum point further includes
back-1ighting the object point and the datum point to provide the pair of

i mges of the object point and the datum point along the first and second
opti cal paths.
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10-- object and a point on the datum to provide a pair of images of the object point
and the datum point along first and second optical paths, wherein the first and
second optical paths cross each other at an angle, and the object point and

10 the datum point and the pair of images thereof along the first and second
optical paths determine a plane;
C) an imaging subsystem disposed along the first and second optical
paths for capturing the pair of images, wherein the captured pair of images
are subsequently correlated and analyzed to provide positional information of

15  the object point with respect to the datum point.

2. The apparatus as In clam 1, wherein the imaging subsystem
comprises a camera for capturing the pair of images, the camera having an
optical axis.

20
3 The apparatus as in claim 2, wherein the imaging subsystem further
comprises a reflector disposed in one of the first and second optical paths for
relaying the one of the first and second optical paths so that it is substantially
parallel with the other of the first and second optical paths.

25
4. The apparatus as In claim 3, wherein the optical axis of the camera is
substantially parallel with the relayed one of the first and second optical paths

and the other of the first and second optical paths.

30 5. The apparatus as In claim 2, wherein the imaging subsystem further

comprises a first reflector disposed in the first optical path and a second
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7. The apparatus as in claim 6, wherein the first reflector is provided by a
mirror.
10 8. The apparatus as in claim 7, wherein the second reflector is provided

by the reflective surface of a prism operating in a total internal reflection
mode, the prism having a substantially planar surface for receiving light, a
substantially planar internal surface for internally-reflecting light, and a
substantially planar surface for allowing reflected light to exit.
15
9. The apparatus as in claim 6, wherein the first and second reflectors are
provided by the reflective surfaces of a prism operating in a total internal
reflection mode, wherein the first reflector is provided by one of a substantially
planar internal surface and a substantially planar external surface coated with
20 areflective substance, and the second reflector is formed by the other.

10. The apparatus as in claim 2, wherein the light source is disposed to

provide back-light that impinges on the object point and the datum point to

provide the pair of images of the object point and the datum point along the
25 first and second optical paths by back-lighting.

11.  An optical inspection method for determining the position of an object

with respect to a reference, the method comprising the steps of:

a) disposing a datum in proximity with the object to provide the reference;
30 b) impinging light on a point on the object and a point on the datum to

provide a pair of images of the object point and the datum point along first and
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10%& ()- 12. The method as in claim 11, wherein the step of capturing the pair of

images further includes using a camera to capture the pair of images, the

10 camera having an optical axis.

13.  The method as in claim 12, wherein the step of capturing the pair of

images further includes relaying one of the first and second optical paths

using a reflector so that the one of the first and second optical paths is
16  substantially parallel with the other of the first and second optical paths.

14. The method as in claim 13, wherein the step of capturing the pair of

images further includes disposing the camera such that the optical axis is

substantially parallel with the relayed one of the first and second paths and
20 the other of the first and second optical paths.

15.  The method as in claim 12, wherein the step of capturing the pair of

images further includes relaying the first and second optical paths using at

least two reflectors so that the first and second optical paths are substantially
25 parallel with each other.

16. The method as in claim 15, wherein the step of capturing the pair of
images further includes disposing the camera such that the optical axis is
substantially parallel with the relayed first and second paths.

30



#f 10%r& ()-33"f 10%r& ()- 10%r& ()- Sy

10%n& () - @OCEPPPQaBUV75! 3y510%1& () -39 10%m& () - S2f

10%1& ()-!s-"10%m& ()-+z 10%& ()- &'f 10%m& ()-

QOO0 Q QQOHC5! 31097& ()- 3 y 109Z& ()-3y 109&Z& ()- @ 109&Z& ()- 10m 10m 10m
7 10%1& () - Of R{ RSSSVT} A<bC5! 1 k3" 109& () - 2109&Z& () - 2

10028’ () - 11" 100%Z& ()-LT100Z& ()-!," 1048R& () - VITT}A<bC5! | k3" 109 () - 210%Z&
'()-Z 109&& ()-'t 10922& () - $109%2& () - Y'g 109Z& ()- Normal" "Heading 13]c"

" Headi Headi 33].c o Head 63] c"
Poadi ng A v THERRH 28fi6-ciaE A Nhesdnctng SERrof Fartilifa greimatt of °°1°
Font t ( OXSW%@%M&%&% EBRiifrar W broviddl W rélrector for relaying the
@BCE2G K T<=>? @ABCDEFGHI JKLIMNOPQRSTUVWKYZ6Ti nes New

RomanArl alficeloptieal pet: h Root Ent r yWor dDocunent
#PUR' () *+,-./0123456789: ; <=>?@\BCDEFGHI JKLMNOPQRSTUVWKYZ[ \

5 18. The method as in claim 17, wherein the step of capturing the pair of
images further includes using a prism to provide a reflector for relaying the

second optical path.

19. The method as in claim 16, wherein the step of capturing the pair of
10 images further includes using a prism to provide the reflectors, the prism
having a substantially planar internal surface and a substantially planar
surface coated with a reflective substance for relaying the first and second

optical paths.

16 20. The method as in claim 12, wherein the step of impinging light on the
object point and the datum point further includes back-lighting the object point
and the datum point to provide the pair of images of the object point and the
datum point along the first and second optical paths.



