;e3e 4(6T ~"d%d4 Novenber 2002 1 CROSS OPTI CAL AXI'S | NSPECTI ON SYSTEM FOR
. I NTEGRATED CI RCUI TS. This invention relates generally to an i nsrp
system using optical neans and nore specifically to an b‘p‘f“?"@g'l e ﬁ@%ectl on
system for inspecting integrated circuits using inmaging techniques.
Background The inspection of |leads of Integrated Crcuit (1C) packages is
extrenely inportant to the electronics 1ndustry. |IC packages such as Quad
Fl at- Pack (QFP), Plastic Leadless Chip Carrier (PLCC), Small Qutline IC

] o RSP TRAT A Har SRl STENFBRAERRATRR 1 11
| C package body. These | eads are the|Redrmesfor electrically connecting the

internal circuits to the outside world. The integrity of these leads is
crucial for providing good electrical connectivity and therefore useful

285; gaglr opegI aﬁmgﬁllg\%npt@h k@%&%;géﬁgg% :Jéd'g él(é(?\% &g ':Jé@ ncaps'bjgfa&[pl“}ﬁ(alh??}eal C

circuitry meamornyl kirenspecifidadly” @i ah. ogtiel snmmbntMt@mfmqasmwgange
from 4x4nmm square to 32x32mm square. Extending fromthe plastic package are

| eads that'“ﬁ?ﬂfﬁiﬁ@é’"ﬁ“'&%t‘?'f‘gé’f"'aGlﬂQrF@@hn'GP@%/ between the die inside the IC
package and the printed circuit boards (PCBs). It is inportant for IC
packages and their |eads to possess accurate and consi stent nechani cal

di mensi onsBaekgrosiadhi ghl y aut omat ed PCB assenbly machines are used to pl ace
and sol der the LCs. onto, PCB ted, or out-of-place |eads wll
likely lead to f%f@@@#@%@iﬁ%ﬁ%ﬁ@g ﬁ}tesrﬁ&ecﬁégca%waﬁkaaﬁ ihEXEeMeENe

mal functi qp r o [ely d Cs
such as the p%f'}g E gﬁgpéggéﬁ?%:% m%‘st@ﬂ l?ag)glsea S ggcrge{% g(’i%? g ;Fggco t he
package, t(IQFFﬁeHm’uccheadlesmOfepr@aruela(léL@%nSmmﬂeOBtﬂme rl@e(rﬁOllehSunmllar e

Poacured. OHME IR B0k DAt BafRyBH, siaroufiRe TrarsitRis e, | 005
2 | ead pitgdy thear raémbtnsi&smha%qaad§ Jﬁ'ﬁﬁg&fn amdfﬁahh%ﬁé chEaék %H?he

i ncl ude bent |eads, solder plating fects, swept |eads urr,” and
| i ke. Sevethgset léadmaq@ése m&an§yf9r elestridally conoéctihg mpenieamalcqnpuﬁato thed

l'i ghting ne f or ect a i ndi rect. viewn ead

packages LSRR THCHgty fh el A iLOLPET lon iEB ad §BFTS8l of ©
| ead i nSp&ﬁiﬂr@ﬁtuﬁ%ﬁ&ﬁ%ﬂéﬁ?@ﬂkeﬁﬁébﬂmtlowtlf@l@gory invol ves the use of

| aser - scanni ng techni ques. The ot her category involves the use of shadow

_casting and bachn |I@ﬂ¢graigdt<élé¢mﬁ dGe package fupigaldthast dsauaeoprestangyannt o

anC Pror PR pagkedk, SRS o RAGaT IRGelaGi00 ORE! B, Bolfedffer i g

“doubt er t Hatowmas elasémet HEhe eaelofttherpackagdﬂmayrmge fieh 4dnirhesquard tood uses

a lead ins ion s cate the leads with reference to a reference
plate on >(%ﬁ?"%rﬁe'ﬁ ﬁ@ngzﬁe ‘g‘ﬁop'asﬁ‘feﬁﬁﬁ‘%%?ea‘iee\eé‘ﬂéﬁéé WRV&I‘?

used to pr&ébt‘?‘i@alac THefhaSH Qﬁel?)‘?é"l‘ﬁé?@ettﬁ? g bXEr‘\&t mgm' teQPar
measur enment . suc nspection systemincludes a |sp acenent sensor

i n which t@mwimmmls él?ﬁlebvxlrhmmbortaﬁtémalQ p3ackages andftheiatdadsdagosseseasur ed
froma |l evel change,in the output si of the sensor. ther such system
det er ni nes?¢f %”S’ gpgncqﬂs,lsatpn ggh gaq|glngl‘[§f0n§n eFRlss &‘ﬁr}ﬁ Wgefﬂ usi ng
shadow CaSPCBgaéﬁ'HB %@éhlnEB%Wséd‘% pldre bﬁé%ldﬁrethér IrC%ngﬁﬂ) peeyn | C

|
al so det erm nes how ?l be 1 nspected using the I C inspection
syst ens. Tlaamaggd bwatesie or @ltwf-plaqm ietds avill likelpdead taingeiopet @sa@mbhng

t ted dif t LC havi | | d
of 1t o pachafie PEE opsmeh) L REBeF tod ool eSEE ehdsfmolh g °°°
pi ckup heagémcéaem@r hig@sleaicokup (M adeh BB YIee CizeiumIat Paél@(@EP?WH@i has),
these I C inspection systens nust therefore be designed to not obstruct or

i npede t hi lgadamg\eauafowosld@ﬁ of \the magkage, @@omﬁéhar@szadmwnélre@ﬁntscafvaevefg | eads

Crack. st olbaT et There Sl sble B flferidys WM lgabe 2T BGiebfts £La™ °

usi ng tracHefedty thae h@b@qb 'HeCtleabBRgd, e dubsVictudbmaERE ulidied coplapaityi, on.
Single sided 1Cs are al so transported for testing and inspection via

tracks. Two types of track feed nethods are avail able. The gravity-feed
14 Novenber 2002
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3 rr.éthod uses inclined tracks in which the |Cs are | oaded fromthe top of

- the track at one place and they slide down the track to anot her gl ace. The
f or cef eed net hod depends on pushers to push the | Cs al ol Naveieher 22t al

. guided track. Again, the ICinspection systenms for dual-sided or
single-sided I Cs nust be adapted to thEetracks that transport them
However, varjous,problens, exist with t e prjor art inspection. techniques.
In the cai%a‘i)f ngté'r stesminahg ldé‘BﬁFI?'aUe,S?qmg’fgboW WPthees iﬁ@? a@eéf:tst he
bott om sur, ' [ t ecause the
pot t om sur'faige BenPienB8 sl deraatY Bfocts, Sopl R88, B B Heten o op
surface) parti Geweradlytechnigabatandrsyisterhé¢hatl include cseciab opdicali and lighting he

| eads. The thickness of the leads will vary from|lead to |ead as a result
of the solENGSMAN Ot g Kitessanddndirecs perRideane A1UG Rgckages: afe
surface of | feotd e NERASHEAL ace.
This is esagggfﬂzﬂa@’ptﬂ}éu@%?ﬁéth?gﬁé%r%i tg\%bow #’éasur%gniér%t 01it IE?I%S){ %gﬁs@%
several mandomeiasurement syddiernsonOné aategarg dnvolves thee bse pfdaserssuamhirget ect
burrs on lLe d,t‘iﬁ%sl, B/nic commnle/yocm'lr as, a resul f the trimand form
process i teEHUAweduTABt QIS ofatrgONe duioIVesm dhe xise ebfc 8hadowu casting, andhd ti ps
i s anot her,, il I fd tigd ty of
an 1C packEsRRingRehRe].85 1b Mimiplc PGSR, irofief i firkEind paRes, e

i nspect i orarsgxdarapie, ooe Mathcsi usas la€erst toastgyothiecldads iofi@nt IGfom thEhtope tracks

t i | ti f t i St hat t tr t th
o P eSO TS Lo pedptancs et hher [Lansport LR oy
l'eads in 39&@9%§?ﬁﬁfe' REBORRIBALBF thb Oftbadl { PehYridiesr ﬁ%ﬁ%&fﬁé&) a|dyd or art

sol ution uses an umnating track as a backlight. Iggest difriculty
encount er déaspactioncsystemi toploeatanthed iamdsi with reference itaga oéfarérmced plate iaght

ithin the t, kK w thout ad I ffecti th ith ich t | Cs
re 1 1 anspilEBde RUPSH PN ARl e rearHaTofeionRe ROtk Reieed LRSS o
reliable iNgREwh @fretidriBetvRSREH I gét E[;(efscgﬁél hign@aﬁ'i‘r‘i’e‘lé;’lsu?éﬁbﬁ N Ok can

reliably inspect the bottomsurface o eads. Novenber 2002
Sunmmary ofsuchd CAnepection systemiiociudes\a dispipeemenhsaensardmwhich thes ppwaichg

| bj g, | Q), that incl . i i f
Phe ol anarargisiaiydi odfatap ot af SabheE 8 FedidL o AR MaflaDac ont
gui de, is tReAUtPIRCsIGEA BthB Ben8of. NANbIHER HucANsystdif detdhifed aSpaditictbf cal

axi s passi n? t hrou the planar object nornal "to the plane of the planar
object. Tra eﬂﬂtiqq@gead ghansirotionic eeinpoasnt using shadaw saplinghtecholgues:

bl i | | h | bj h | i f
he. abl i aue | 1 otS WBNRR! " BB 18 mutPsR Lot 46 6B el BREs RPHIA < rre
ref I ect or [Cowlidsd ispBErdaRSAG T KDAHPELtiBh Eysims. hFhisisdauasi (Ssigitat | ve

the portion of the oblique I g{ht source for reflecting Iight that crosses
t he opti ciffesant lead arrangestenty el rgapostag: differentyse Foir@mMPIghanplér t i on

f the li : } : d h
Chat a1 TGS of 1 B ieP B 85 nackBle i3ty BN HRspBfiEd B BIRREC 21101
of the oblar+pldceghicansuswch asdpitkep efddect Sincel itedy pitkupr hehdgyumole hol ds

the planar object in relation to this arrangenent, and thus al so interposes
bet ween t HBrqHgh Aofenge ohanelian, dheseGhinspsgtier systemsdnpsk tharetare be

Ther ef ore, 44k j ele] i 'n(r?‘g& n the
camera by %éa{%%ﬁﬁﬂggb%tnﬁqweggi %gfd@e%ﬁ@@@gﬂ t‘ﬁ’(eﬁbf‘?%ﬂ ha of
provi des tédheanpiapanp i@ feydigieddy onabnly tevot bppesiagesiiegwfdes paokade $s
manner, the planar object can be inspected. The advantages of such an

i nspect i ortYRIgalytraaseoras usiniga track; Mestydualsigagd Ihpeel 8sICRSPEE nay

be i nspect f I Laal idi a6c Ly .
Secondly, t ellﬂﬁs?pgc it@&@@t@gm{‘?‘gbﬁgﬁi@@ét g%ﬁ@%n@%@% gualklfs(sal%ed | Cs
wher e t he meahsmieakinspgdiicte 1Biyglbesidect dCasarpaalso dfanapbrtad Kot hestingr amd por t s
the dual -si ded | Cs., Hence, high throughput w thout affecting the production
rate may HBSBREHIQN WA ratk8al |y, the transparent gui de may interchangeably
work with diff t 4 Je@C [ ' Ntk V. dug}.si il

t her eby reduci ﬁg\ﬁ?hg}paergméf\tﬁ%kd?%%%{h?ﬁ%t %Hé dﬁﬁlggfeded%%sﬁi%&}t*%ed

i nspection. H gher throughput may be further achieved. Brief Description of
the Drawi ngs For clarity, preferred enbodi nents of the invention are
described with 14 Novenber 2002 reference to the following illustrative
figures. In the figures, like nunerals refer to |ike features in the
several views: Figure 1 is a block diagramof an inspection system for
integrated circuits (I1Cs) according to an enbodi ment of the invention;
Figures 2a and 2b are a plan schematic view and a cross-sectional



schematic el evation respectively of a first enbodi nent of the view ng

. optical nodule of the inspection systemin Figure 1; Figure 3 is a
schematic view of the optical nodule in Figures 2a and g%N?wemgrt%Oa%i ng the

transporting of an I C across the nodul e; Figures 4a and 4b illustrate the

view ng optical nmodule with the ICin position; Figure 5a is a side

schematic view of the vjew ng optical rbdule with a second |ight source;
Figure 5b mg?@ ds UpeFRslined; kackso imwhich dhgdasaralleaded frem the %@ efhde magi ng

of part Ofyiecd e Hald o sy il BBNFY B AL ol

Vi ewi ng op I ca e an 0S| | on an Vi ew of
vari ation feédtmethadsoepemdmodqmwshevé to lpishi thei 103 alphg e honieontak guidegiur e 8

opt hoal | Ok Adaiy e e nsPagian RusterreitoRuaHaed Wt SMEB-FagCs
8; h nbodi f th
Fi gure @gﬁ%ﬁ%a@ﬁ.}%%&%nﬁméﬁﬁfm ‘Pﬁ anot her enbodi nent of the

Vi ewi ng opt | gure I's a e schematic view of a further
enbodi rrent of tHewevew ngriays i pedblems ulezist owith nsipeset i priprl Gat tlnapeq:tmmt ed on

tracks; FlghSalZs’ Tnhbalh SPIRTRLbShS oaindliS oid & D5 sladBA! € 1
the bottom surface of a lead is measured. This presents a problem because the
bottom surface and geometry of a lead is more important than the top surface,
particularly in relation to the electrical connectivity of the leads. The thickness of
the leads will vary from lead to lead as a result of the solder plating thickness.
As a consequence, measuring the top surface of the leads is not as effective to
measuring the bottom surface. This is especially true in high precision
measurement in the range of several micrometers. In addition, laser-scanning
techniques cannot detect burrs on lead tips, which commonly occur as a result
of the trim and form process in the manufacture of IC ieads. The existence of
burrs on lead tips is another important factor that influences the electrical
connectivity of an IC package to PCB.

In particular, problems exist in prior art inspection systems for dual-
sided ICs transported using tracks. These tracks are typically continuous for
the distance that they transport the dual-sided ICs, and thus will impede the
imaging of the profiles of the leads in shadow casting and backlighting
techniques. Therefore, a prior art solution uses an illuminating track as a
backlight. The biggest difficulty encountered in such an implementation is the
mounting of the backlight within the track without adversely affecting the
speed with which the ICs are transported.

Therefore, there is a need for methods and systems for reliable
inspection of ICs, especially for a method and a system that can reliably inspect
the bottom surface of the IC leads.



Figure 13a and 13b are a plan schenmatic view and a cross-sectional
schematic el evation respectively of a variation of the gnbodi h of the
vi ewi ng optical nodul e; 14 Novenber 2002 6 Detailed D& qung?‘?‘g &%f t he
Preferred Enbodi nents I n one enbodi nent, the inspection system of the
present invention provides a technique for inspecting the bottom portion of
t he side ﬁéj es of %‘h 3?} ect. Furtherndte, the enbodi nent enabl es the

i nspectio My b‘?‘@ eRent eIy ect is in notion using a real tine

reference pl anea,T: r i il fad Dt Qi i i tem
and is i maged tAo%éFﬁ%é&{/?nﬁt ﬁ%ﬁ@k@@rﬁ%gﬁrﬁg&ﬁ}l gwbéﬁ g@ugge‘% ilﬁ?]u@?frsat es
in bl ock dhelgdasna bamenddoli semding fanaimagepef theuplahar objesheart iabfique light

t hree-di nensi onal ohj ects. For conveni ence .and, cl ari, herej.nafter, the

desor 1 pt | PP ar Billsetaro ol enUgaPRRient (GHid6.n Sy BRI (HCORIES rienticon | C
| eads, al tije&gdn.t The é4mbm Hﬂgﬁfﬁeﬁ%l thay pé@n@ﬁﬁ@éh%ﬁe%ﬁn@ﬁobﬁ%@ﬂ for

i nspecting other objects, especia de edges of nar obj ects.” The
i nspect i orayl donthe planel ofdtbe (flanar olject eEBhe nhliguey lighiesoureanratdiptepdigbtl

13, “and. ¢ EGnb POR" A eBleeRAte R Rifne B 11e0pB8000 R it R el Ratt ' ©
schemat | c HpbiR &1 A8 otiiae iBRFsAUEY i€ pastiokd 6 GhBIe Bf fRNGHRi axis! de

S
view, the view ng optical nodule 11 includes an inspection datum 15 that
has, a sufTheirefledtgr isl pesitondgdhon. thghepposiie eidé oh thiaoptical i edlativss the f r ame

16 havi . ing jp i .. Th . ing in the,i i
dat um 1575 BOHiER SF K obfiie g Sy dof STty PRE RS At FRLF AR 17 T
an opti cal frymctheasblighelight So@lckQvithg cahtith. Phe ?Bﬁidﬂﬁéﬂi ﬂh@di{g‘h@‘é@h%@tﬂb to

pass through. The size of the viewing window 17 is al so adapted to be

bi gger t haplanaeokjegk asd theereflgeiopEira arenged suct thabat least amation of tiggure 2

Mnspect . hEng! el ndPac BbLne P iPe eI MBI Bl B SR Uy 1o
20, 21 attpfleewdrt oTheetrangparedd guits hbRisowd pbandppesjestu v aslatio? 2oofhig he

datum 15. These reflectors 18, 19, 20, 21 are ggera_lly made up of either
mrrors orapangsmaent eadHaysaisq kiemosas bebvern e Rertioneofitharobiayedight t ne
view ng w i Wi Ng i d t ﬂb&d own in
Figure 1 f%?‘ﬂ %y qdngﬁééfé&g“l?er.@é t(géraf% én@s%@eﬁ%@%n@%‘? eo {chgerréfragag4 and
each of thebjectlié iNeageben tRO@Aameradiy badiklightidd, DiBing2Abis ddaging lpeotesst he

| i ght passjng.through the view ng wi ndow 17 jnto the |ens 23 and, further
nbo the vihedish gRecaroyies the Shae BrapRGRISE hEUBR B I FIRRRELEWIh 1 hat | ¢

is suffici ﬁfﬁh\\énhgln%éﬂarf?{?fb BaeSnobe8sy. di stance variations. The

video canera 24 1s typica arge upl ed Device (CCD) canmera that has
‘a phot o-sensi ti Ybeandvantager of istichh af inspection sysiem dem rcamitald , 2Hirstly,

SO AE B St 8 4 e hd e Gl s 2

i I'lum nati agcdrblf and repeatedly. Secondly, the inspection system is easily adapted to
inspect dual-sided ICs where the transparent guide may be used as part of a
track that transports the dual-sided ICs. Hence, high throughput without
affecting the production rate may be achieved. Finally, the transparent guide
may interchangeably work with different tracks holding different types of dual-
sided ICs, thereby reducing the amount of time to switch dual-sided ICs during

inspection. Higher throughput may be further achieved.

Brief Description of the Drawings
For clarity, preferred embodiments of the invention are described with



source 25, which have"parts that are positioned around the view ng w ndow
17. These uniformy illumnating |ight source parts 25 rl\? usEdr fgi

backl i ghting the 1C 100. Backlighting is an illumnatio HER ?&8 t hat
provi des the sil houette of an object on which di mensi onal nmeasurenent can
be effectively carried out. In using the backlighting technique, the object
(i.e., the |Q to be ne red i posjtigned between fhe viewer (cangra) and
the |ight r@tﬁi%’é%@ tonheriolevine ﬁb’ﬁgaﬁ‘(ﬁj gress da e ﬁ%ﬁs-bgkwﬁn%a Sont o

t he i nspeghki le platform 26 (as shown in Figure
3) surrouﬁgfér?go?ﬁée@agé%ggbitgﬁgg\grapnm%@g' When the uniformlight source 25 is
mount ed ont o a figuabi és albiddkodiagr@aén of aniisspeetion sistetrofdr integratd cineuifsor m

li ght sour ¢ 25 bel.ow t he inbs(gfcti n .datum 15 surface so that the
i nspect i orllAARFCIHNG L0 A embegiment obiedpyentieni nay cause obstruction. In

this way, the ! i i . i m nat e
the 1C 100 for T aRisTRel MY ZH04FG T FhyFREnofall (' S0 A SR Stbat o
17 (as i n s@hgmadicdglevatien uesgentivelyi gha firslieobodimesinob therwiesdng udpticél t he

way to allow,the | C 100 to be nove into oy out of the view ng optical
modul e 11 BEAYESf i NsPeLhon ﬁﬁ%gwg'n '%Qlér@r{e 3 and Figure 4 show an exanpl e

of how an | C 108qG6a13 ke at Schepiaict f&¥ihd t e 9 y es 3,
4a and 4b, an ICgll(?nOStoabée inspfecc\?g‘g ??sth%:bc?gggl Tpa?lregrﬁn? lgﬁé?opé]gﬁ %e%ns of

a pi ckup hbustratingdbe transparting «f iapr Ccagrossthehmedulei on heads and sucti on cups
are known int art and c | sed in the elegctronics indystry. . The

o1 ckup head 27 G, AR i A NSttt thel Beha PRl RAuR 4R Boirt om

si de of thsoditlent00 remains clear for inspection w thout any obstruction.
The 1C 100 is aligned in parallel to the upper = 14 Novenber 2002 8 surface
22 of the inspdoglnddds @nside sehematisadew pfgharvievdng tapdicalgnedole withal y
paral lel t 1S .22. A small spacing is nmaintai ned between the

Fseiibksafse

i nspectio the seating plane of the IC 100. Wen the IC 100 is
transported acrpigard b Vé enigttieratidowed to Nneh \eeﬂ%@dl scaNy elBstiating tRAUi red
to lower the I C 100 into the view ng w ndow 17. en the IC 100 1s at the
appr opr i atiEaginGef ket eh8elGine vi ewi ng wi ndow 17, the uniformlight source

ackli gnt for (Ul S aBARVE qfehin @ adaif oP T HoAd uRaPtiile o e

t he i nage argd B qupogtion;t he uni form i ght source 25 is noved downward to its
inactive position to_provide a .clear passage f the 1C.100 to be
transported outP'Sf"E? t@'%@splﬁf‘oﬂeﬂv%{ 8t Y@'%%@vﬁﬁb‘%“?ﬁﬁ’@ﬁ‘cﬁ.d PPePhig vel y,
the |ight .attached to the pickup head 27 and hence nove

t oget her wﬁfgﬁr@ﬁ%&%iagﬁﬁglaﬂeéad 27. As best illustrated in Figure 4b, when
the I C 100 i s nioigace Boist aeschenwticoriewfillysteatingethienipagengenerated froe th@ 100 i s
| ocat ed bet.ween the Vnif |ir_r1y illumnating |ight source 25 and the
reflector Y&MNEPOP %,"?ﬁ.uefhi s is a backlighting technique as the
reflectors 18, EQuref.is aJde%He@'ﬂe\ﬁrbfiagmfopﬂwetih@gb%fmgguré@ its leads 101
in silhouette (e.g., see Figure. 8). The video canera 24 hence images the
si | houettes of tigare d0ive %C?ﬁjSGh@“ﬁ%M@M@flainh@ugﬁb@ﬁ@“Qréqué‘ﬁﬁ yewisy 19,
20, 21 andoé&%lh‘ﬁ{@@& It should be noted that each of the reflectors 18,
19, 20, 21°Views é'leads 101 on the far side (i.e., the side edge renote
from the correspigueé ng is afdideschiernstid viewl ¢t alRithehenbadiraent afdha viewing
cross-1 ooking geonetry (see Figure 5). As illustrated in Figures 4a and 4b,
the refl ecPRicadqdie é&tl@snmngilﬂﬁ&@@ﬁp@@dQnéacba: by light fromlight
source part 25Ag; . : i : . he

| ens 23 and théﬁ'q%frr]?gaﬁ%é%%ﬁ%@ﬁ%‘?g%%&tggﬁq%wggh?eﬁzﬁ%%@gé%ﬂg%é%h 51
is a cross1ficaid ng geonetry where reflector 21 reflects Iight of |ight

source part 25B_passing by the leads 101 Bintg the lens 23 and the video
canera 24 as a 59U and| 13k REe |acpiadhsrRemalic vigws fnd191CrgRs-aeptional f our
si des, the ; r : : i 1
respecti veg?tgérA%t?%gel%\;eae{{ Q E%éf%?h?%§t%§al gﬁgatgc% aoﬁtljthyhghvt{oggﬁgﬁt%n%fghé4. | f
t he |1 C 100viewirsg spiicabtnddrdels 101 on only two opposing sides, then only two
of the reflectors 18, 19, 14 Novenber 2002 9 20, 21 dependi ng on which
orientation the I1C 100 is placed above the inspection datum 15 and over the
viewi ng window 17, will reflect their respective far side | eads 101 into
the lens 23 and the video canera 24. The view ng optical paths have a
portion passing by the lead 101 inclining at a small oblique angle a with
respect to the inspection datum 15. This oblique angle a further allows

| eads 101 bel ow the I C 100 package bottomto be successfully inaged and
measured. In practice, the oblique angle a is no nore than 10 degrees. As
shown in Figure 5a, a second |light source 35V above the I C 100 in addition

- ~r—- * . o, a4 =



“Figure 6 shows a bottomview at the viewing window 17 with an IC 100 at its
-centre for imaging. Here, for illustrative clarity, leads on only one side
edge of the 1C 100 are shown. The |ead 101A is inaged b¢4IN°§Wb%§% ng
.along light path 53 onto the reflector 20 and inmaged by |ight passing al ong
light path 54 onto the reflector 19. The light paths 53 and 54 are
substantially about 90 degrees to each @ther. Here, for clarity, the

sil houette inages reflected by the reflectors 18, 19, 20, 21 are not shown

inthis fi B]%Hﬂﬁf "lrﬂg: so be seen if alight is
pr esent towaﬁ mnate (,Sﬁk)g'r?hééggéfé‘?ré& Sty %ed | ater relating to
Figure 10. To flacohetembodimhett; dheoinspéctidre systepefi thie py&e@ﬂnmvmtldrt ame 16
may include reference poi n%qs as illustrated in the Fi %ure 7. In the

i |1 ust r at efO¥idema tachnifueatar insracingdbe bediom rodien ofdhe side gdges ef the
di stri but egyg0 { RppfRhoRe! B Srbloditient bRbG #eielfon T kOBl 2 ©
reference p |nts orma Known precise'rererence p
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can be main alne Or 't he purpose of describing the calibration procedure,
reference is mﬂguteﬂ ﬁttmaees B blodk Qiagramithe émbsddinentiof aneghargtusdari r ed
by the video carrertg i.e., as seen froma position under the |IC 100,

wher eas Filfepecting; toree- SEF%"%‘P“Q'tﬁ@e@ﬁad:@rsqugn%@&df ¢lagty; \P‘GE@'@QfEﬁrrmge 61
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canera 24. can be seen the ynam c reference pol i's I'maged onto

poi nt 62, Iebes,ealthmugh dty isa o cbqocnlnders?t@od s‘.hamﬂgemppata:tupomart bé3usddh efor

physi cal di stance tween the t mc reference points_28 and 29 is of
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el enment i nimayedagriuisitioramadule 4By theeccaritral peocassingemodilects,iandotheasomirol
possible to 83%i{)‘£ate the Y scale of this part of the sub-inage 61, which
is refl ect™®q9y flector 20. The Y scale is equal to A/B. If A is neasured
in mm then theagghbwhah g tgl“eaié WElcﬁ?hBWs P5LEmatt Bbttém [)(Iant\.}’kﬁ/vZetﬁd:al e of
this part of the imge can bt ai ned by neasuring the distance C
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t he present invention, one is able to obtain distances in absolute units
(e.g., nmcentel @ﬁ)?ntﬂl@t indba ipepactionidatgmel Disj referrechtalas the wiewing windtiwat es.

the 11 gurolf. iceKePRE RISy 117 Gratsbiba.olel BREEWE R3ERoLRL LB

converts idediridowdVélehgih foopasy thibigh The 5@@\@1 ths viewllhgiviiddow MBI also
corresponding to image 60 (see Fiqure 8). is also comon in the art that

theb\él de]? adapted tqbemlggeutwt thei gm of theafoﬁiprlmucaébeéthm (nghshewa e
t
ana anal yo BURE 2, R B Eig’ BGuR 8'SRLFIIRE %) Wiyef thd st in A8l 86! M

sensor miYmbgects¢ﬁetwewmg$cﬁ)tkbl9nmaletWlmrﬂ'fertlﬁdudiéé fdiecrdren 8, 10l gon@ved
over the inspection datum 15 (see arrow Rin Figure 3) and trl%ger t he
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may al so be derive rom a " hoti'on co er 0 eplc See

Fi gure 3) . affdchedttoithe fremné r6lddidcarit th@bmlstdesmfhhedneﬂvtnwdwemn encoder
that nonitors the position of the pickup head 27 and hence the | ocation of

the 1C100. It |Bea\llgwln@oﬁpté‘?ﬁilfa@@'éleththftthé embpdimensrshawn & Figrent par t

of the ce n I | dul e
13 pr ocesgt('éIr Em‘:ﬁa)‘?‘ggf% @nér:gpl'éngosﬁgeiﬁi ve%l'q yh&%tst%zﬁéllﬁage a %%%ﬁ ﬁ%é\m
nodul e 12. A task of the central processing nodule 13 is search and | ocate
the positions of all leads 101 in the digital inage 14 Novenber 2002 12
60. It will also detect the positions of all the dynam c reference points
27, 28, 29 and 30. Using a pair of adjacent reflected sub-inmages, it

further determnes the |ateral position regarding the X dinension of the IC
100. The conpensation factors which involve X scale and Y scale are then
conput ed. Using the conpensation factors, the central processing nodule 13
conput es the X Y Z co- ordlnates of aII the Ieads apply the conpensatlon
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14 Novenber 2002 13 the underside with front lighting, so that the inage

. when seen by the video canera 24 can show the defects even on t?@ urface
of the leads or the underside surface of the |IC 100. ThE1NT6ﬁPer afce 35U

can have a square shape simlar to the light source 25 to provide an even

“illumnation on the |l eads 101 and the underside of the I1C 100. Using this

ereby two light sources ilTum nate the | C |l eads 101 so that

t ech
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sane i mage®fl 8@*@@8 %@ camera, observation is made fromtwo different
angl es, therebyTl'?é\/M'ogu&é’l Guikef 1 EHh%Ffr}?iedo%E}u;@t%ﬂﬂguﬁumm@ V\g Irpr ce
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si des, traverse on the track 74 and nove into adposrtron on the
t ranspar ent gui dbe unifogw lightaeuree Eﬁgmmglﬂlqr kenonaunted onta thep ispiestion The
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opti cal Efb‘x raQte @1% @t.eﬁﬂggwoﬁbglaﬁ (a8M4 é‘ﬁgwgtmé DRIty RghtCSdTRES 24,

as previou escri not ed ough the transparent
gui de 77 i aﬁ@apd&mobedmrepf theeway thallaw the S 10 tcsbe&mx;vezm) anouttafdhe

reflectors 20, 21, .t a t in the optical paths 50, 51
i nci dent atieWiRd P@t’qag Qﬁ“ﬂegd%ej‘irq %“43& CLMAGN%Y. This is because the
transparent gui #rg]u?@ Hamd Fiqire AT sHVAEH exBMPRATGRIHOW RPROSI0T oawbéces

and therefore |ight propagatl ng through the transparent gui de 77 and
| eavi ng ontrasamrwbjoronsmatt@@unﬁs ishgwn, iniigures éheianancth 4paanliCel 0Giia ket he

fight entering, the othe ac, [ J.nboun h Pr.e t.he
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processi ng nmethods., Furthernore, these surfaces are coated with known

ant i r ef | eccpamMalpsiseddedhe elentenion indpstry: Mg pigkut head 27 ansporisdheby

reduci ng || SS n f
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77, the vi gwpegtionwitalt angubgtrddudns Fihes IC 00V dikghedi it padalled o the dispef6. The
top gui de 76, as shown in Figure 11, is profiled such that a portion of it

follows the upper surfaces of the dual-sided IC 71 so that it can
co-operate with the transparent guide 77 to hold the dual-sided 1C 71 in
pl ace for inspection. The top guide 76 al so co-operates with the
transparent guide 77 to provide a channel for the dual-sided IC 71 to
traverse. In addition, the top guide 76 serves as a backlight neans for
providing a silhouette image of the dual-sided IC 71 package to the video
canera 24 through the lens 23, as described previously. By making the top
gurde 76 frontdrffused naterral for exanple mhrte Deldrrn and provi di ng
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S 14 Novenber 2002 16 W claim 1. An apparatus for inspecting an object
havi ng a plane, conprising: a canera for sensing an ina e Ofn@ j ect,

t he canera having an optical axis passing through the o @@F Bgﬁ ntially
normal to the plane of the object; an oblique |ight source for radiating
light on the object obliquely to the plane of the object to create an inmge
of a portion of éhe obj ect, the oblique8ljght source havi a portion

posi ti onedS‘H'lﬁ?Q?n Zﬁfdaedﬁsﬁwoﬂp@tém 1éx\f"§h sgating pagest ﬂb%g@t" i09ratgedn t he
opposi { o shaedl f 'Rieak, 251 A bl vadchd e Mahling ohohlaerofld aue

l'i ght sour ectin ght th HCal AXI'SHr oM t he

oblique i r_mlspestmrr datunho 16im1d:mmsaatlrfgumbne fetthé he 10m9WHB‘n theel oD@ ¢4
portion is reflected to the canmera; and a guide, for disposing the object in

the appar al"88SRaitedRerES8 e U'GM‘IBQ Svindepid 7 ngnyertieal rpeveiRant lﬁereﬂmcé& or,
wherein thg, S 1opt ﬁﬁ&gﬁ@d\g *@EW}‘@‘? 1707 YA/RBn & bﬁtﬂtﬁ%' isqgteﬂgé 9%6

source and t ref‘ector an t transm ssibl'e mater
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opening thro Chth | i ght f th bl | ht f
i g ncyrd 4 by ok Plattodh 38 tor 18 Retsopesilon fo wiovida Rackioll I8t e cage
that i nt er paggschbien Ech 103 M8 dtls oFUECR, 09, { Dtk akeRile 50 t hat

an i mage o e I's re ected t canera to provi e ar ence for
i nspecti ngaCdm;re:ub;tthmfGrm Tyt sqpee Qﬁus nmedwdcﬂvmwancﬂo itthinaeiive postigui de

furth ' d ' f b ' d | | el l.
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lt Ihgh;u?gg biér BehRewingAWindbhs 17 hAteRttRER the GGkt UUrES 28RBS idchéd ough

to the pickup head 27 and hence move together with the pickup head 27. As
best illustrated in Figure 4b, when the IC 100 is moved to the location of the
viewing window 17, the IC 100 is located between the uniformly illuminating light
source 25 and the reflector 18, 19, 20, 21. This is a backlighting technique as
the reflectors 18, 19, 20, 21 obtain an image of the IC 100 and its leads 101 in
silhouette (e.g., see Figure. 8). The video camera 24 hence images the
silhouettes of the IC 100 and its leads 101 through the reflector 18, 19, 20, 21
and the lens 23.

It should be noted that each of the reflectors 18, 19, 20, 21 views the
leads 101 on the far side (i.e., the side edge remote from the corresponding
reflector of the IC 100) hence forming a cross-looking geometry (see Figure 5).
As illustrated in Figures 4a and 4b, the reflector 20 reflects the silhouettes,
created by light from light source part 25A, of the leads 101A through the optical
path 50 into the lens 23 and then into the video camera 24. Similarly, the optical
path 51 is a cross looking geometry where reflector 21 reflects light of light
source part 25B passing by the leads 101B into the lens 23 and the video
camera 24 as a silhouette. If the IC consists of leads 101 on all its four sides,
then all the four reflectors 18, 19, 20, 21 will reflect their respective far side
leads 101 into the lens 23 and the video camera 24. If the IC 100 consists of

leads 101 on only two opposing sides, then only two of the reflectors 18, 19,



14 Novenber 2002 17 4. The apparatus as in Caim2, wherein the guide is
. made of sapphire. 5. The apparatus as in Caim 2, V\here|£ the b%ugo%ﬁ]
coated with antireflection substances. 6. The apparatus Noye

wherein the guide further includes a surface that seats the object f or
di sposing the object in the apparatus. 7 The apparat us as |n G aim 2,

further co a taop UId t hat r at h, t tran SSIb|e
gui de for g@'s%ﬁgﬁﬁang'ﬁg cgg ?He'?tﬁgoﬁptﬁ de} a?g?\ﬁ%
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canera, an oblique |Iight source, and a cross-|ooking reflector, erein the
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the. track fragsd AACpERbden oM Brader. MR ol Bhale #ah e BaFT1EM the
oblique |igégrepgurce, and all ows such light to propagate through it; and a

second gui de that co-operates with the first guide to dispose the Obj ect in
the cross imagi A§ shpsirein Figure(5a: |ao$ﬁQO@dt|lg$lt@DurQw§5V|aj1¢Nestbar|6e1%m t he
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first guid
relative to the light from light source 25. In this case, in a backlighting

technique, the IC 100 interposes between the second light source 35V and the
video camera 24 such that the light passes the leads 101 of the IC to the
camera to form a silhouette type of image (see Figure 8). 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 video camera 24 and are sensed
simultaneously, such a sensing process by the video camera 24 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.

The technique for using the inspection datum 15 to measure the
mechanical dimensions of the leads 101 with respect to the inspection datum 15
is now described. As shown in Figure 5b, the lead 101 of the IC 100 is imaged
by light passing along the optical path 563 and the inspection datum 15 is imaged
by light passing along the optical path 55. These two optical paths are reflected
by the reflector 20 into the lens 23 and the video camera 24. The perpendicular
distance D between these two optical paths can then be determined from the
image form at the video camera 24. Note that the light that enables distance D

to be measured come from the oblique light source 25. When the top light 35V



14 Novenber 2002 18 pair of substantially planar and parallel opposing
surfaces, one of the pair of opposing surfaces receiving the radl at ed |light
and the other transmits the internally propagated radia VP'i“B?ft 042, The
apparatus as in Caim210, wherein the first guide is nade of sapphire. 13.
The apparatus as in Caim 10, wherein the first guide |s coated with

antireflecti on substanc 4. The appdPatus as .in Claim10 Wnerelnthe
first gui d® Y& HﬁiaPR@%‘t’iéé edG100adls t legds s diYls @’I‘Qé 66] &daer off dtheposi ng
t he obj ect r n i n the
second gui SePSL08 FRARLES VericHly it TE AR AReRr 24 HerREnire polATteL

co- oper at idigplacerhentef the fgadyddtidrdno thie spigeeoft inepedtjopctiatum t1Be which is

- 16. Th d 15, wh in th d
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the quality of an object having pl ane using a canera, a ref
| i ght sourtbe lmndachohldyltumﬂrﬁammeesietdrmmm der, conprising the steps of:

choPost i e O et g BbRb el SE s e Wigh v Wil RS 02,
v 8 AR Mg AR o i o
of the IC 100 are shown. 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 fo 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 10.

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 plané. " 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 material so that high
precision and flatness can be maintained. For the purpose of describing the
calibration procedure, reference is made to Figures 8 and 8. Figure 8 shows an
image 60 acquired by the video camera 24, i.e., as seen from a position under
the IC 100, whereas Figure 9 is a part of this image showing specifically a sub-
image 61 reflected from the reflector 20, through the lens 23 and onto the video
camera 24. As can be seen, the dynamic reference point 28 is imaged onto
point 62, whereas the dynamic point 29 is imaged onto point 63. The physical

distance between the two dynamic reference points 28 and 29 is of a known



hol der; positioning the canera having an optical axis to view the object
for sensing an inmage such that the optical axis is substanti all grmal to
the plane of the 14 Novermber 2002 object; and 19 di re&‘“"ﬂﬁ?”?tﬁeé?@ fromthe
l'i ght source past a portion of the object obliquely relative to the plane
of the object to inpinge on the reflector that is positioned on the

opposite si e of ,the tic xi s rel ath to the Ilght source such that
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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 sehée the position
of the IC 100 V\;hen it is moved over the inspection datum 15 (see arrow R in
Figure 3) and trigger the image acquisition module 12 to acquire the image of
the [C 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.

The central processing module 13 processes the digital image 60
received from the image acquisition module 12. A task of the central processing

module 13 is search and locate the positions of all leads 101 in the digital image
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28, 29 and 30. Using a pair of adjacent reflected sub-images, it further
determines the lateral positiop regarding the X dimension of the IC 100. The
compensation factors which involve X scale and Y scale are then computed.
Using the compensation factors, the central processing module 13 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 14 further provides signals to control the
movement of the light source platform 26. If required when the IC 100 is moving
over the inspection datum 15, 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 over the inspection datum 15, the
control module 14 will signal the light source platform 26 to move up to
iluminate 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 away from the inspection
datum 15.

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 10 shows an embodiment of such an

apparatus. In this embodiment, the light source 35U illuminates the IC 100 from
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camera 24 can show the defects even on the surface of the leads or the
underside surface of the IC 100. The light source 35U can have a square
shape similar to the light source 25 to provide an even illumination on the leads
101 and the underside of the IC 100. Using this technique, whereby two light
sources illuminate the IC leads 101 so that light from the two sources illuminate
the same lead 101 at a substantial angle to one another, a defect on a lead 101
or a portion of a lead 101 that is bent and twisted in a manner which is difficult to
detect using one light source can be easily detected using the other.
llluminating the underside of the object with front light, details (e.g., defects on
the IC 100 package) not previously observable can be seen. This provides an
additional safeguard against allowing a defective IC 100 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 Z even without
moving the object between two imaging steps. It should be noted that in this
embodiment, the light source 35U is used instead of the light source 35V.
In yet another embodiment, if preferred, all three kinds of light sources
25, 35U, 35V can be used together.
To enable the inspection system 10 to perform three-dimensional
inspection of dual-sided ICs transported on tracks, in a further embodiment, a
transparent guide that forms part of a track is provided. As shown in Figures
11 and 12, the viewing optical module 11 now includes only two opposing
reflectors 20, 21 and their corresponding light source parts 25A, 25B. A dual-
sided IC 71, with leads 73 only on two of its opposing sides, will traverse on
the track 74 and move into a position on the transparent guide 77, as shown in
Figures 11 and 12, for inspection. The viewing optical module 11 also
includes an inspection datum 72 adapted with an opening to allow the dual-

sided IC 71 to traverse on the track and onto the transparent guide 77 without
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&10%& () - YMPK@'H@@%, while being positioned on the transparent guide 77, the seating
plane of the dual-sided IC 71 is parallel to the inspection datum 72 and the
same small spacing is maintained between them. During inspection, each of
the reflectors 20, 21 views the leads 73 on the respective far side of the dual-
sided IC 71, thereby forming cross-looking geometries. The reflectors 20, 21
then reflect the silhouettes of the leads 73 through the respective optical paths
50, 51 into the lens 23, and then into the video camera 24, as previously
described. It should be noted that although the transparent guide 77
interposes between the light source parts 25A, 25B and the reflectors 20, 21,
the angle of the light in the optical paths 50, 51 incident at the reflectors 20, 21
is not affected. This is because the transparent guide 77 has a pair of planar
and parallel opposing surfaces, and therefore light propagating through the
transparent guide 77 and leaving one surface, or outbound light, will remain in
parallel with the light entering the other surface, or inbound light. Preferably,
the transparent guide 77 is made of hard glass, fused silica, Sapphire or
plastic that are grounded and polished using known optical components
processing methods. Furthermore, these surfaces are coated with known anti-
reflection substances to prevent the straying of the light, thereby reducing light
loss and maintainihgj the integrity of the image of the silhouettes at the
reflectors 20, 21.

In addition to the transparent guide 77, the viewing optical module 11 is
also provided with a top guide 76. The top guide 76, as shown in Figure 11, is
profiled such that a portion of it follows the upper surfaces of the dual-sided IC
71 so that it can co-operate with the transparent guide 77 to hold the dual-sided
IC 71 in place for inspection. The top guide 76 also co-operates with the
transparent guide 77 to provide a channel for the dual-sided IC 71 to traverse.
In addition, the top guide 76 serves as a backlight means for providing a
sithouette image of the dual-sided IC 71 package to the video camera 24
through the lens 23, as described previously. By making the top guide 76 from

diffused material, for example white Deldrin, and providing it with internally
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conducted light, the backlight means1scan be achieved.

There are many other variations to the specific embodiments of the
present invention. For example, as illustrated in Figures 13a and 13b, 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 video 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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We claim:

1. 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 substantially normal to the plane of the
object;

an oblique light source for radiating light on the object obliquely to the
plane of the object to create an image of a portion of the object, the oblique light
source having 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 the image of the
abject portion is reflected to the camera; and

a guide for disposing the object in the apparatus in relation to the oblique
light source and the reflector, wherein the guide is interposed between the
portion of the oblique light source and the reflector and made of light
transmissible material.

2. The apparatus as in Claim 1, further comprising a planar datum having
an opening through which the light from the oblique light source passes for
imaging the shape of the portion of the object on the camera, and an edge that
interposes between the oblique light source and the reflector so that an image of
the edge is reflected to the camera to provide a reference for inspecting the
object.

3. The apparatus as in Claim 2, wherein the guide further includes a pair of
substantially planar and parallel opposing surfaces where one of the pair of
opposing surfaces receives the radiated light and the other transmits the
radiated light which propagated through the guide.
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4, The apparatus as in Claim 2, wherein the guide is made of sapphire.

5. The apparatus as in Claim 2, wherein the guide is coated with anti-
reflection substances.

6. The apparatus as in Claim 2, wherein the guide further includes a surface
that seats the object for disposing the object in the apparatus.

7. The apparatus as in Claim 2, further comprising a top guide that co-
operates with the light transmissible guide for disposing the object in the
apparatus.

8. The apparatus as in Claim 7, wherein the top guide is profiled to follow
the upper surface of the object for co-operating with the light transmissible guide
fo dispose the object in the apparatus.

9. The apparatus as in Claim 7, wherein the top guide is made of a diffused
material so that it forms lighting means when it is provided with internally
conducted light.

10.  An apparatus for disposing an object having a plane in a cross imaging
system having a camera, an oblique light source, and a cross-looking reflector,
wherein the object is transported by a track, the apparatus comprising:

a first guide made of light transmissible material, wherein the first guide
forms part of the track that transports the object, receives the light radiated from
the oblique light source, and allows such light to propagate through it; and

a second guide that co-operates with the first guide to dispose the object
in the cross imaging system in relation to the oblique light source and the cross-
looking reflector.

11.  The apparatus as in Claim 10, wherein the first guide further includes a
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12.  The apparatus as in Claim 10, wherein the first guide is made of sapphire.

13. The apparatus as in Claim 10, wherein the first guide is coated with anti-
reflection substances.

14. The apparatus as in Claim 10, wherein the first guide further includes a
surface that seats the object for disposing the object in the apparatus.

156. The apparatus as in Claim 10, wherein the second guide is profiled to
follow the upper surface of the object for co-operating with the first guide to
dispose the object in the cross-imaging system.

16. The apparatus as in Claim 15, wherein the second guide is made of a
diffused material so that it forms lighting means when it is provided with internally
conducted light.

17. A method of inspecting the quality of an object having a plane using a
camera, a reflector, a light source and a light transmissible holder, comprising the
steps of:

disposing the object relative to the reflector and the light source using the
light transmissible holder;

interposing the light transmissible holder between the light source and the
reflector;

propagating the light from the light source through the light transmissible
holder;

positioning the camera having an optical axis to view the object for sensing
an image such that the optical axis is substantially normal to the plane of the
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relative to the plane of the object to impinge on the reflector that is positioned on
the opposite side of the optical axis relative to the light source such that the light
is reflected from the reflector to image the shape of the portion of the object on the
camera, the shape indicating the quality of the object.



