;]”_"e3e/H, ,j(6TH- ~ ~oV 2002 M NI ATURE | NSPECTI ON SYSTEM The present
invention relates to a mounted camera used in conj unct}’on wi th argNen
illum nation source, and possibly 5 a field lens, to p OVI de a corrpact
i nspection systemwhich is extrenely small in size and f

within the small confines of seniconductor processing eqw prrent mmmmm“m“""
of the Invention There are aMINIZRBEfINGREGTION BW¥SEEM On source
illumnating a flat surface to be inspected such as a | aser-etched ar tiesvak

sem conductor | ead framework. However, nost of the known systens are of a
relatively |arge sithe BFeseNtolRYENEASH wtatewttcmanmeﬁeteérﬁwe@a ased

currently avaij - 5 ar,
known arrangenerﬁglc)ﬁgggf@ggﬁﬂwﬁiaﬂgﬁﬁ%%% to 'Elh:g%un ergl?]resllo#g/

rat her | arge amcﬁllaakikyemmsm@cprwi@qm pompactTJtrespécmgl@t slyEDsmi ghidntier ed
about the optlc 3@ ext ends _n rfra ]to t he |\{1?qu h urfac Thi s
i |lunination geéi) ?r? Y SMaddt i e ARG hEPTOR b7 o i o1l FLaser
of desired artcdfindd of ddiussidudedt q&ﬁéé@sé@ﬁ% Suipreee. I n the area
affected by the |aser, the dlffused surface fini is melted to convert
that surface area iBB@CFNRIR APdce finish. This specul ar
surface finish refl Io r I n 25
equi val ent | ow anglr@%c];eusa}qﬁeg |)t(y- letgpggr%%éw ﬁi*ﬁ%?@%%gﬁe&%ﬁo

di f fuse btankgrﬂtnndmtnamﬁrtgref IfodtS sanacé the barcidepecked anglte as a
illum nation the opti cal is into the cagera%ens anc}ihence t hat
area appears %f% %’E)Woﬁ PP CREEE T he S2hi T USRI i dPWavESer
nmark to appearnsit bf malkn@a%t sPStem® afte OF ACKeDAL BviiN 11819 £ BEE which
rendering it fairly easy to decipher by conventional machine vision

syst ens. y do not e8s1ipdZt pirhiphehe é?adlﬂlrrm?e0§u¢1ﬁa’é@1¢lma§l¢lll§bﬂleght y
specul ar, howey, eonetry described above.

wi |l cause the sur ace %%t}%)%iég%%iﬁ@ﬂﬂr#@%gnden ng invisible any - ..
"mrror mAting" arinwerkicelgr, &rdemkafraigenments aypgackllyaeffixrarringser
etching to be visible under a.dark .fie i.llum nation, uch hi th
specul ar surfa%%e,iEgﬁe %Lfg'fealfﬁdﬁﬁgf'dﬁe ‘tl)ﬁtaiti"ﬁlrni/arfﬁ%t?dhie}au % élpgtser
For exanple, tduiidce Ml rhegebehedDsoi @scé @ éPEM Svamhd tqt@fo@rtacen
pits. Under dark field illumnation, only the rim110 of the | aser EI'[S wil |

reflect |ight a3 Mhiihnerdanss sorhely 5Pl B8 HRSPAGE PR sSWFFace of MEAE t he
light to the Stttrmmdaﬁ%rﬁ eamzeteprte@hsefht f&elma gremfeeét rieyghy~-and

spaced cl osely '. enou t oget her they can 0 appear as a "solid"

feature. 3G tHw pilaser @fu @wme@ agfdwenk aangedilﬂrfowaﬂe/r refhegting metal
surface. In the area affected by the laser, the diffused

surface finish is melted to convert that surface area into a
highly specular surface finish. This specular surface finish
reflects the low-angle dark field illumination off at an
25 equivalent low-angle causing it to appear dark in the field of
view. The diffuse background finish reflects some of the
incident low-angle illumination along the optical axis into
the camera lens and hence that area appears bright. This
combination causes the “mirror melting” laser mark to appear
30 in high contrast, e.g. black on a white surface, rendering it
fairly easy to decipher by conventional machine vision

systems.
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15 appear as bright rings on a dark background, potentially causing
problens with the inspectiqgn algorithns currently used,in prior art?QNUvznz
systens. Summary of the Invention Werefore, it is an object of 'the presenq
invention to 20 overcone the aforenentioned probl ens and drawbacks
associated wth the prior art designs. In one enbodi nent, the present
invention relates to a design which provi-des a bright field illum nation
via a curved beamsplitter which is positioned between the canera | ens and
25 a penta-prism ki appl eall ¢ramshenerhbe ﬂhksheliggh!igﬁq?dspécu%%t,I vely
smal |, the bright field source does not have to be significantly larger in
si ze than t hehowewrea, aplee darg fiskd fillufhsat horrgaametryl deesriled aboneat ur e
i nspection syst. for observin n_object, the i ction_system.conpri sing
12030 caner &V (TRFERITRY GHEBBF BcE WP Tc A At BROPReFEEEROATS -
~n ~ 2002 i 43vieealkeoiny anf radbropel ezhgaxd st heirhy defl nedabrifmren bhe
canera and the qbject when | ocated at the object inspection |ocation; a
ring |ighf befngafFbchieddcofinticised PFCRing FeshecfisbPmddeng ek
optical axis, | 14 we t 5 e C ra
and the obj ectf,%tevl\,%enl ﬁg}éﬂgﬁéc?qgn'tﬁ{ehg%]lcggtﬁg@gg}r’v?ﬁge{%ggt Fg%;fggﬁél g ield
| ens bei ng | osarddcal ongtt be optiicall laxi*soaghad opédt byn thet Weeerxrt. heFoaner a
and the object, when placed at_the object observi,ng |ocation_. The present
i nvention al s@bﬁa&p‘j‘tees t[a}be & SR urF‘éérlOEieﬁgé%‘Ffio %Syt ehr f BPrersc'E‘iag' ng an
obj ect, the i rsReEHs08r PAHELM CLIPF IGHIHRIF i 818 AMEr it id¥SPeEL ynthaRi@bj ect
when | ocated at an inspection |ocation, and an optical axis bei n%&t\ﬁ.

e

defined Bétweek the kawef iksdwihé vof beet vhiah seatle @amere widjlect!
| nspection '0§%t1'1%ﬂis _?ﬁrﬂhl%g ki ghtshei-ng) capcait 'i'i%‘?lltl Xo%@bﬁ?%ﬁﬂd%ﬁgh_ 3
respect to and al ong-fhe op?l cal axis at a | ocafion between an entrance -

aperture of teaviameiranand Ifhehelpisst arehemalbeaicedaanthepadgdciloskdgr vi-g

| ocation; and _a penta-pri.smbeing |ocated al oang.the gptical axig_s c?,,thai
light reflect R (e i },“%él 5RY BRe 608 & R AT 88 of SEPRAE ed by
the penta-pri Feaghgeg titfethptgicd atiisdiewaidahderrirgad;chaperdtly ehef, t he
canera. Also, the present invention relates to a mniature ,
15 appear as bright rings on a dark background, potentially
causing problems with the inspection algorithms currently used
in prior art systems.

Summary of the Invention

Wherefore, it is an object of the present invention to
20 overcome the aforementioned problems and drawbacks associated
with the prior art designs.

In one embodiment, the present invention relates to a
degign which provides a bright field illumination via a curved
beam splitter which is positioned between the camera lens and

25 a penta-prism. In applications where the mark being imaged is
relatively small, the bright field source does not have to be
significantly larger in size than the camera aperture itself.

The invention relates to a miniature inspection system
for observing an object, the inspection system comprising: a

30 camera for inspecting an object when located at an inspection



i nspection systemfor observing an object, the inspection system
conprising: a canera for inspecting an object when 25 {ocated at 29 Np

i nspection |ocation, and an' optical axis being defined'between the ca#%mg
and the object when | ocated at the object inspection |ocation; a ring |light
bei ng concentrically disposed with respect to and along the optical axis at
a |location between an entrance aperture ef3-the canera and the 3 0 object
when | ocated at the object observing |location; anda ~ ~ ~ ~~ "~ 2?20 -4
fresnel |ens heidagibacadiet abedpetmal beisibwing dbfiasd bdtavar?] ehé caneen

pl aced at the object inspection_|location, for altering the Iight suypplied
to the object a\ﬂ‘#eﬁh?)l%gﬂ’ta‘t’h@ﬁéoﬁﬁj%étaq ﬁgﬁe‘&}?l?ﬁt %‘g’gﬁc&ﬁ?n%loﬂ‘?éup m
"diffuse”, as ugefyimdrt Be$RECIdLAd BBnaBHL L8 2PPENASH reLBEEE tdBRRS 2

| i ght source which™is dispersed over a broad range ©of incident angle of
azimuth and eledvaid dieniopt icedpecti o atthe  dlojcact dve bed wesse ave éntaaticehe

| i ght source apprgaches c | ete coverage over.the area ere the light is
10%01 rectdn. Prespurape PR BLGetS  ShaTE R L M oAt 4 e O

i nci dent |ightohbiERe® Io¥gBrvEeRtad)ed ' 1oms aiged ifi il 3 esiRe Gdiingatlicea tadd
appended cl ai ns, when referring to the -, r, diffuser and the object to be

i nspect ed, nmeai®nchibet ARt S0AL Bl eMt B AgCRRéoi Pehyean| thdtcanain eRe
diffuser is 1 ositicured (slch j b t] r f [ ffyser
can not direct h)% i%%k#t?(rznﬁriat e. tt%%%&%, eﬁrHetedB;%cf/ylénal re@tng} {T‘?J&n%i{llad#'on of
t he object by refl aitd gprefeht ghitiveht ithe dlesom splateer wr dheisiidéuwsl |

(s) of the housin r. supplyin i.ght thraugh _the. heam splitt.er _can.occur.
50 Br1 ef koS IS PRSI SS PRRE VAo RrT SRR RGlR HESABeE: Ofod,

by way of examystemMctimpir@fsdiryiCeat Sathbifa AEEH MDY X 10 A RESj ddt Whiegh:
Fig. 1 is a diagrammatic representation of a first enbodi ment of the

i nspecti on systEREEESF MG HPATE Pr €9EAE 198 i FREFET BRELFRY 231§ Pegng © ik
di agramati c representat|@8nafhd 36eeads sanol Bsgrecefwﬂm lRBReEL OB LY St Em

according to the present invention, Fig. 3 1s a diagrammatic representation
of a third 30 djlecdi eswpeof i¢mhd ccaspent i drisgst phtabedndi eoncenttticagiysent

i nventi on; Z,.~ ~0V z00z .-5 Fig. 4 is adiagrammatic representat.ion,of

af our t heribodi rgéﬁpooﬁedtz%]iztﬁéplé%ﬁq%%t s%/ostaerrlﬁ5 a%%%?%i %éet 8pfp’ﬁ86FeLe§écﬁFi A7eft | on;
Fig. 5 is a dilagisanmai betivepheasndit ¥ aicofapddthiidbethodeneatetd and the

t hei nspection system according to thepresentinvention;Fig. 6 is a

di agr ammat i ¢ reé’sten‘(”]&fpozho%‘?%egi% Egﬁtﬁﬁﬂ Fent ’W?&%gﬁ@é??i?ﬁfs"%q &m
according to thepLsatdd RPN EBERE: aToh§ Sk aGHAIRRL | £x1 £RIERERAL ON
of asevent henbodi ment of theinspection system according to, . .

t hepr esent i nvdritdhdn reifd ecg eids fxamaghampita &t +r égrasehbat PBRieR L axid ghish

" enbodi of. thei i ]| i 15| ien, Fig.
015 a di e e s o i, BYT ERAGKERILR] oife DRI (o roNEn
syst em accor dieng:- tamdeheqpreasnnte rmferntheomamara .10 i sa di agrammti c
representation ofa tenth20enbodi nent aqf th%i.nspecegison syﬁt em accar céi ng to

t hepr esenti nvent i on* %y, 14| BF§8FRGr dAMYEEE Fepres®mtat F8n FofM ety

el event henbodi ifRiie @fi drh@iiSRAE N HEEEMMRL e dbiedtd, the inspection

t hepresentinvention; 25Fig. 12 is adi agrammatic, representation of

at wel f t henbodiSHhed RS ifdmsst | Bncapsranf aEchrePegt 19 an object when

thepresendd nventd Aedhg. ad 3 dspadi 20 2BFRLL6n!, CRAGSEIbREI @R 104x s being

t hirteenthei ghth enbodi ment of the inspection systemaccording to

t he30pr esent idefEimadbeEiwvgenldhe sagdivggendithe obiegteskan didaatedf ata the

f ourt eent hembodi.nent .of {heinspectiqn_system accor di to .

t hepr esent | nve(%jieé:nq;; 1nspécglon9Locatcion, g r‘?Lng flghg b@ng concentrically
disposed with respect to and along the optical axis at a
location between an entrance aperture of the camera and the

30 object, when located at the object observing location; and a



Z 0 NO~! 2002 -6 Fig. 15 is a diagranmatic representation of a fifteenth
enbodi nent of the inspection systemaccording to the -present invention;

Fig. 16 is a diagranmatic Pepresentation of a sixteenth 5 enbodi%%NﬂVQmUthe
I nspection system according to the present invention; Fig. 17 is a

di agrammati c representati on of a seventeenth enbodi nent of the inspection
system according to the present inventionz-10 Fig. 18 is a diagrammtic
representation of an ei ghteenth enbodi mnent of the inspection system

according to thespeeselhsi BEeAYl 2BcatElIbet@ebs @hdi 29hgMBLHhe and the
representation of a nineteenth enbodi mnent of the inspection system

accordi ng to ehaepteswhen Blagg@mt dhe Phg.ecto inspeddiisyy deeatiien, for
representatio a iet h .enbadi t,_of_.t he.i.nspect.i a rdi ng
to"the presentLERveRei G e BR8P TBY R 8 pld SRR Bhe Bt e B,
twenty 20 firshjesbodhspattabnt lecaBspacti on system according to the

present invention; Fig. 22“i S a di,z,igramratic_ representation of a twenty
second enBodi nent Ehetgur?é"‘} nepéErFen: WSP%W&&BEH?@?%%H@%P@S%‘H the

i nventi on; 25a? 8ndéd d1% gl RELABMRYIGHLePEES 88 LA O 1 8f g Bafevaitly ol/Bir d
enbodi nent of e inspection systemaccording to the present invention; and
a broad range of incident angle of azimuth and elevation with
respect to the object being observed, and the light source
approaches complete coverage over the area where the light is
10 directed, i.e. greater than 25% of the possible angular range
of incident light. The term “concealed”, as used in this
Specifigﬁtion and appended claims, when referring to the {}%
diffuser and the object to be inspected, means that the
surface emitting the diffused light from the diffuser is
15 positioned such that the emitting surface of the diffuser can
not directly illuminate.the object, i.e. only indirect
illumination of the object by reflection of light off the beam
splitter or the side wall(s) of the housing or supplying light
through the beam splitter can occur.

20 Brief Description of the Drawings

The invention will now be described, by way of example,
with reference to the accompanying drawings in which:

Fig. 1 is a diagrammatic representation of a first
embodiment of the inspection system according to the present

25 invention;

Fig. 2 is a diagrammatic representation of a second
embodiment of the inspection system according to the present
invention;

Fig. 3 is a diagrammatic representation of a third

30 embodiment of the inspection system according to the present

invention;



Fig. 24 is a diagranmatic representation of a twenty fourth enbodi nent of
the i nspection system according to the 30 present invention. Description of
the Preferred Enbodi nents) Wth reference to Fig. 1, a first enbo@@nﬁmtm
the present invention will now be described in detail . As can be ~ ~ ~
2002 seen is Fig. 1, the inspection systemgenerally conprises a
board-level mniature video canera 4, suchsas a CCD (charge Coupl ed device)
canmera, a CMOS (netal oxide sem conductor) canera or some other observation
or inspection devicgiyhi ghiisS a5 JMRIJriRWt d vdiie Adlcathh C@#BL arduteh
positioned for viewi ng an object 6 to be inspected and an optical axis 8 is
defined bet weedmbhpdivantref 4hgninshecobpratyBemacicrgdéhgl Epshedpreseant i xed
to the underside of the system2 ( a . g . to conventional framework 16 of
the system anhni%nFﬁ8n0ptical axis 8 extends through the center of the
ring of LEDs 14: Theiging afs LEDSiddraempener edpreisantkeibhi ¢ zerfif¥hring
18 by an approprijate power_source 20 to facilitate -. illum nation of the
top surface ofc¥peddbrBEtofh the bespecper & et AECPTAGNEtQ EDS RUSSERE i ng
use, the Iightiﬁg?gtﬁgnthe LEDs 14 is supplied toward the object 6 to be

i nspected. Sone of the fight supplied by the ring of LEDs 14 is reflected
by the surface 12 oFigheéobjseca éiagréammanspertpdesenthe isar cduradi sgxth
environment. The repmaining.light, supplied by the ring.of LEDs 14, is
el | ected of f THECSOTPAER S 5151 pAESSD: BF B A GRE St RE GpErear®skiat s
toward the canefivehensnaperture 5 . The light f finally enters the canera 4
, via the |lens entrance aperture 5, and is appropriately sensed by the

i nternal %@nsing neEhdni Enidfat ReagapBRat1c AePEaEANEaELaReCf s2 g Yekdwn

to those skill 1 8.1 b ; N it i i ng
the same i not BPauaes e orn R ELoE Ry taCooPRTRE ¢ ke, SesesRe I
machi ne vi si onisysheswd6 (only diagrammatically shown), via a conventionak:
cabl e 25, for deterginin? t he_sensed imageC e. . bg ﬁ Eongartson of thg ..
sensed i mage with pfidr Pnplt®f2afaras’ =30 iﬁ%@%%,s Bharacters, *Bpf ety
contours, shapeshbofibflefitaf ehe. ifBpect béndssiveadachardthgristhe, pfeadnt e,
etc., of the object (s) 6 to be observed or inspected is determ ned by the
system 2, Phe HBYBRELIPE) 6 can then be further nanipulated by g _ the
system a . g . thepghjeet jcan, bgiagreRhedier regheckedaredn e nackagenor
further conveyed, can be sorted by Size, shape, or type, etc., depending
upon the partieobedingptidfathenindpechbenisvws e peaosddneni@6he present s
connected to a, v%ﬁng er 27 via a conventional cable 28. The conputer 27
is typically et6Ctrrea 'y connected, by a cable 29, to a notor 30 which
drives a conveyor 3figr $0ngsotzhelidgransgaricatyepresecoatviey ngf devteethor
control li g further nagLQ%¥%%?on or mapuf act ringcof agggqgl%%kigfegégt for

i nspect i ofS embodime e lnspection system dccor
invention;

Fig. 11 is a diagrammatic representation of an eleventh
embodiment of the inspection system according to the present
iﬁvention;

25 Fig. 12 is a diagrammatic representation of a twelfth

embodiment of the inspection system according to the present
invention;
Fig. 13 is a diagrammatic representation of a thirteenth
eighth embodiment of the inspection system according to the
30 present invention;
Fig. 14 is a diagrammatic representation of a fourteenth
embodiment of the inspection system according to the present

invention;



10 transportation, processing, sorting, orientation, etc. As the
present-invention primarily relates to the inspection'fystentz ? @gther
detail ed description concerning the nachine vision system 26 and & V2007
associ ated conponents will not be provided. 15 Turning nowto Fig . 2, a
second enbodi nent of the present invention will now be described. As this
enbodinment is very simlar to the first e@bodinent, only the variations

bet ween this enbodi ment and the first enbodinent will be described in
detail. The primar ylgtfJf%liena:eiﬂa@tnmmttﬂaﬁrepreedneabmdhrmﬁta 2Ofesenthe
first enbodi nent |s t hat % %c amer a is positioned such that a first
portion 8A of eFReIGBEREAL & esl@s%‘i?%h% S LACCIF Py N 41518 PEBSERe t op
surface 12 of ;hhenebpgct 6 to be inspected. Secondly, a right angle mrror
32 is located along thée optical axis 8 to alter the path of the optical 25
axis 8B so that itFeégt elrﬁjsss@lldeta@rxtalrrmattyqoeepeadenuaanoncpf Ialesmpesmnrlﬁace
12 of the_obje e seen | ht mrror_ 32 has
2 refl ectPve SOPPALESSS o R RRRET T LYRE S SHPPRELBE, BLLTE PEREFEC t he
canera 4. Thelﬁeéhegbhye surface 33 is disposed at an angl e of
approximately 30 45 with respect to the optical axis 8 of the canera 4.
Lastly, a field | eB39137% $S5psipgsaBEr bl ©A§PERECEBPRT EQ Ofx Seyengeerth

| ocati on bet rae lens e

surface 12 O}"@{ﬁﬁ @éggt@% Bl 1§£‘5é@£‘§8%as%§§éétﬁt ‘ac%SgB_dtnanté R %Iré&é'nt

appr eci at ed thaVenheohl,eI d Iens 10 |s supported by t he system 21ina

conventlpe rranneg é glt sho gz% ield :hgns e{l(g) can
be readi § i nt er ch&hged %orSre Pa%amw Jnc 5?’?5??8? Jforbfaﬁe?nﬁ 1E1GeFR
having di fferefboliibeho@Sithg THasaEt £bh Hyistem §8cbPai nByt S &IRCHi88erh
appropriate power of fhe field I ens a wi de range of optical nagnifications

and/ or fiel dsiBVeREé@Béan be achi eved by the system 2 The i nt er changeabl-&

or repl aceabl e fi ehdgl o s Lealiibe.Bmurdescaddiddnals dd 6XiPhlhbyelchhe.

basi ¢ design of the %reserltt 10 1 ve‘r??ll on. en % l I'S supp%Llhede y the

LEDs |14 towar dmbhélmeatfcaﬁeh@mmpehelonjmtﬁn aocbedmgpte@tté@ pzesenof the

light - 1% 88 Ed by the ring of LEDs 14 is reflected by the surface 12
of the bj e 5°Bé i nspected to the surrounding 15 environment. The

remai ning light, seppl |za@I1b;yatdietgnamgnaﬁchEB@rééentatliehl ectedwehtittie

surface 12 of the ob ect 6 ong the optical axis 8 toward the field | ens
10. The ref| e€fRgd F’i“@ﬁt: Ofpégse HSSE’WB g‘ﬁ S 9 @FEIOFQﬁs‘gl'E)O the PEEEERY and
then is suppl igdeheidnd reflected off the reflective surface 33 of 20 the
right angle mrror 32 foward the |l ens entrance aperture 5 of the canera 4.
The focused |ight Figal B}y éaterdiegravapcia Yenresestapperoprfatelyestyised

by the ipgernal ré@”égﬂgdméﬁ?%ﬁrﬂﬁé'l‘i& ol et %ccBLHd'l'n Bgo%éo

Fig. 3, athird enbodinent o e present Invéntion wll

descri bed. Aspthbsnentostemedbni;s very sim I ar to the second errbodi ment, -

only the variationg;hetysen thig;enbodiet and the seeond epbodinent will
second embodiment of the inspection system according to the
present invention;

25 Fig. 23 is a diagrammatic representation of a twenty
third embodiment of the inspection system according to the
present invention; and

Fig. 24 is a diagrammatic representation of a twenty
fourth embodiment of the inspection system according to the

30 present invention.

Description of the Preferred Embodiment (g)

With reference to Fig. 1, a first embodiment of the

present invention will now be described in detail. As can be



detail. The primary difference between the third enbodi nent and the second
enbodi nent is that a pentayprism 34, rather 30 than a~ |ght anglf b,

32, is located along the optlcal axis a to alter the path of the %ﬁpYé@
axis 8. As can be seen in Fig. 3, the penta-prism 34 has five surfaces 35,
36, 37, 38 and 39. Only two of these surfaces are utilized for Z ~ NOU
2002 -lo reflecting light, e.g. the first7and second reflective surfaces 35
and 37, respectively, while two other surfaces are utilized for

transmtting Ide@ht iseF{y. tihe thier shspadt se608¢st eANGenH&sd VEy Hinfacese38 and
39, respectively. The first 5 reflective surface 35 is disposed at

appr oxi mat el y POATS-kievg 1 BEREBEUES YHECDFANAT2 i §u§hoﬁstal*1é3%rt€|h§r$evw | e
the second reflgefiie¥eqs UEE@?ec%zei:ﬁ déscq\Jld@e(gneaé_lahla%?{ glclén%%c?{o‘é‘ yth
é irst an

respect to the opti ca axi s caner a secon

transm ssi ve santzeesr 38manutiBX bbshriraeismlrat anspad:tyoﬂ.@iervmcreawmm gs lie

at an angl e of out 90,, re ectivej% W th r pect-to.the optical axis 8.
Wien WeTgREnP e Sgnhr & oy 1 CEEBEa1% MoRAPACERESS TR MREYANT) of

the obj ect 6 g BBjbBEPEGLde $Q8BOf el ind i@hbpeuRRli 861 BYs tie deirgeaf
LEDs 14 is reflected bi{qeohe surface 12 15 of the object 6 to be inspected

to the surroumgtifgednfincormasera Fhante fmlienioRy aqtglif suppl ied by the ring
of LEDs 14, is refly egﬁfﬁ% 8% Fg@ ﬂrﬂ%gf%%x%ﬁ %%et rde@sﬁ'd%n%ft R

optical axis 8 towar | éns ere Iec ght passi ng
through the fisglstielnenselq, tscbaveaedoand ﬁ:i‘mnevﬂﬂr}suppd)fadlet sy aneh eRnEr s

t he seco transms ive.surface 39 of the penta- sm 34, ch |s arranged
SUbst ant [ | v B RRE LPBL HE Bk PekpTER: CrEogh Tife GHARE Bhoses 71

substanti al | y rgipzeatd y tiher etifpuoh sk i 54 SQQSb@WEkéH| YVQEaEtl%IE:%@ﬂ%)élt he
second transm ssive sUrface 39.” The light then is refl ected of f the 25 -

second refl ech\Fénguﬁﬁach%noﬁpmlal%#@ DRBAL tIREEE t2e tO faciddtpéet i veé
surface 35 of i H%gﬁglgft%fow'af“ ehe -g?;‘rf: 'é@Pf then g e{ljheecbﬁ gkt tdhecdi pat

reflective sur ac t he penta-pri smand exits fough the first
transm ssi ve &mﬁfp@we%bpfthmemgnoﬁ -IFEDss dan dousi sy piglel, edhedwagm: tthreoml ens

entrance .30 a u 5 f.thec I T f oc sedlr ht .finall nters

Che ooeo i BRe B Ol o BEpERTeET duar S FHE SRt Fae s pnpectRd

characteri Stl comef of htecBiEhE s4.1pp11ed by the ring of LEDs 14 is reflected
by the surface 12 of the object 6 to be inspected to the

surrounding environment. The remaining light, supplied by the
ring of LEDs 14, is reflected off the surface 12 of the
20 object 6 along the optical axis 8 toward the camera lens
aperture 5. The light finally enters the camera 4, via the
lens entrance aperture 5, and is appropriately sensed by the
internal sensing mechanism of the camera 4. As such feature
is well known to those skilled in this art, a further detailed

25 description concerning the same is not provided herein.
The camera 4 is, in turn, coupled to a machine
vision system 26 (only diagrammatically shown), via a
conventional cable 25, for determining the sensed image, e.g.
by a comparison of the sensed image with prior input features,
30 images, characters, objects, contours, shapes, indicia, etc.
Once the desired characteristic, feature, etc., of the
object (s8) 6 to be observed or inspected is determined by the

system 2, the object(s) 6 can then be further manipulated by



_ 29 NOVZ2002 ,,?- _) -11 Turning nowto Fig . 4, a fourth

~enbodi nent of the present i) nvention wll now be described. As this

enbodi ment is very similar to the third embodi ment, only the variations
bet ween this enbodi ment and the third enbodinent will be described in 5
detail. The primary difference between the fourth enbodi nent and the third
enbodinent is the elimnation of the fiel-d-lens i0 in the fourth

enbodi ment. As can be seen in Fig. 4, when light is supplied by the LEDs 14
toward t he sutheasgsi@npfe .tde ttlej ckGecb d¢an e rosppceddor ke jsrmedf cthe

i ght supplied by the ring_of LEDs 14 is reflected by the .surface 12 of
the object 6 g& %%CM%%@& EUTEBeE P NS DUFPBI DS ise%—mﬂ Pyiirn, SheRg,
remai ni ng |ight., pki-ed ; i ared 4 Legte f f
the surface 1%3:0%%'&'&:@%%3 té}gylarllgoﬁgg)it’l%eg%#gg?u%%g ﬁg,i l{C g&érgg'tﬁ}e@
pent a- pri sm 3fachin€hevisidmctsombtianghk 6 entier st tthe, secondonnansaidsdivea

surface 39 of the penta-prism 34, which is arranged substantiall ormal to
The ooti of ChgPlByReR B RH S R BhnyklL Sonad SIARIOEE, SHRY Elindrey P18
t her et hrough. t¥hechl thte ltvdiriica116f beahedredf vha sasandor efd achéts: surf ace
37 of penta-prism34 toward the 20 first reflective surface 35 of the
penta-prism YR&Ch §RiVEReh FRIEVR¥PES i fOX oM CdheteiredisPes taGiPacer3s of

the penta-pri %@h@g«}iﬁg' e iileougl the {1851 44 aﬂéﬁtﬁﬁkvﬁaﬁﬁl?{;%‘éiéﬁ gt the
penta-prismtoward-t ' ens entrance aperture 5 of the canmera 4 . The
focused 1 fighenufhichaling entfer Sheheokaeet a &, 2% .and iforappneperatehy
sensed bgot he_internal_ sensi ng char acter i stti.cs of .tegrﬁ:t caner a 4. V)Sﬁt@
referencé® o EFgRSBOrR2¥i3 nPERGSEPMBR SSFERE e G et Ton 4% FFenow
be described pRe@ehndi|infentDbf QPR IEN} helwelky Stol ltdie t anbbectibat
enbodi ment, only the-30_variatjons between this enbodi ment and the fjrst--
enbodi nent wi EVsSh&Tdéscrad bbarfhededgitelilede da9GHakBt 101 f €PRACENBRIWEER f hé
fifth enbodi SN ' t ] Apdi g i i ens.
10 and a di 11 Gee Pl e P Soar e B8 157 4G R S autal ng
| i ght al ong t hetopei pabvades.8. The field lens 10 is positioned along the
opti cal g is 8, atTa | ocat.i on be{,vvee the canera | ens errl'grg%n e aperture 5
use”i

and the irspection REPFAGH L6 F Yo 2obf SHEOBT SHROGHT e RERREr Gy

source 50 is Snpesitioanedl almosg dhdeopikiball . ass that eambodahéent ixetreeen the
canmera | ens entrance aperture 5 and the field l.ens 10, to E,rovi de

i |l umi nation &FBRGAENE &S EArsh @l ingrt i ORdM REEI A Ruk e 5§EYesP

providing |ightial &Rgd it PPEneAtndX Srdh eRBSARMERE LAIIULAraHUSi gy 24, a
| ight source 54, a 10 light trap 56 and a beamsplitter 58, e.g. which can

be a curved bégwadpl.i Mherprimaey differgntedretprenmihscaarepdi imens
beatt ~-sply tter 5 ' . ' i Py
ot ween: 2out 26015 5HHE SRR S RHEY, PhetoRRLER NP Bbsifiled

8 toward t he ebjichcthétwhi feratspotbiahl 8ol tthalegitrierhlaroure Sokxkieghs,
e.g. about 20%to, 80%.a referably ahout 50% of th ight. refl ected by
the surface 1Y% ttaﬁlglggﬁé(g?aﬁaiieb)et? %&Ee&?@dg‘f#%%%?% ﬁ%oﬁ@‘ﬁ FHEDEm
splitter 58 ard be ivispard . tdr-GailBF,aadighte ahelsi iifr b GeNPE ilsesitadf i rst
pair of spaced _apart 20 parallel end walls_60, a_pair of spaced apart

paral | el si de 34&FEs “BRoPPERGRM) 2aHE & 0P LiEM t@% BAgha HasbenapPrisal an
aperture & i s LALNes dNcRQE N B& kRl Y@bde b4 ANd BePR%Ricular to the

top surface 12 of the object 6. As can be seen in Fig. 2, the
right angle mirror 32 has a reflective surface 33 for
reflecting light from the object 6 toward the camera 4. The
reflective surface 33 is disposed at an angle of approximately

30 45° with respect to the optical axis 8 of the camera 4.
Lastly, a field lens 10 is positioned along the optical
axis 8, at a location between a camera lens entrance

aperture 5 and an inspection surface 12 of the object 6. It



wal | 64 and the apertures 66 are concentric with respect to one ZW@@ and
| ocated al ong the optical axis 8 . The housing 25 52 *iupports th 002
source 54 which is |located adjacent the roof wall 62 and positioned to
supply light to a diffuser 68, accommbdated within the housing 52, through
a further opening 70 provided in the housing 52. The beamsplitter 58 is

| ocated renote fromthe |ight source 54 agd positioned 30 obliquely
relative to and along the optical axis 8. The light diffuser 68 is |ocated
between the |ighf,SQurLs,nde fded %&e%@ﬁesﬁhbtlheieﬁé 18N the éidx@étd byap 56
is supported by an 1 nner surtface of the end wal | ocat ed adj acent fhe
beam 2 q N~-h2062sted %pimtat e:pnsgntmnaddm@nmr énmcskmww@r detktid) 72

%Scfglsi)hi/g:]egl F’? g\gtt QE cé?gée aftg?etng%adj acen Jt 1’lt':{[e(?:r ﬁEé?‘ r%GQrand

ext ends paral keblheed \@itﬂﬁl% detieed dFyot her ¥ iitd ¢ahsaxhsving Hi€ferent
m crol ouver filter 72 generally has a thickness of fromabout 0.010 to
about 0.080 i AER1SiBE terifmtd of cPeltoWnePY 154 aq 11 A8 FRRROPAEA e

ot herw se sec | i nal
manner. 10 Thégﬁggrcg? gﬁﬁegggi??gg%gﬁlg{&%?ggg ggé?éﬂ I&%}} gﬁ \égquggrmnce
plastic film 3aaddomnt dirldg afpriewlcdn tbe~aehaiavte|dobgl yhepaycseuerarai The
parallelly arran crol ouvers t sho in specific detail,)

Pherei . ThesdiERERhANGIeaG GLsTRALACESPRE LHaraciaie dadisog DEpqycbs
venetian 15 bhiads iwhiagh fhleaGhp iqutt yurwakhed varhice dle dilggh o rarthel pekkiehat e
control of the illumnation direction of the diffused light which is

suppl i ed 10 omiNendilPfuser 68 to the beamsplitter 58, e.g. the

m crol ouvers of th%P@xﬁ@lé’Ht‘!erlsf'éd 17@df89' ldy thbEel uppLy ?fcﬁ lthght in

a nore parallel iLon~and prev |ght supp |ed e diffuser
fromindirect Isgarlflalc&ni'aamf redpet bbeeobj@(tlo Betnmsmﬁcm,e@toe@ ofHehe 11ght ‘_ JE

m crol ouvers Lie ne which .an of  a ut 45 to
preferably abgblppgéeg\/ﬁ%ﬁ:hr “eEpBEL° {gﬁags fgﬁts ??Sﬁgﬁ‘f“g 0 tEGr TG é 85 16f the
m crol ouver folft eehd2, oBPetre.ct hry Bt enflspetpeadiwsl athd 0 stiteclinghhg

transm ssion surface 76. It is to be appreciated that the thickness of the
ni crol ouver fRRVAroPIeRtst BBestePprentne thohhat syl 1eH X ditt TR PEnds

or microl Ouvemnarfzyeqts 2By18bc LS EEES&&M&@M defdsedibyctdhaidngf user
68, fromdirectly ilfumnating 3 0 the obj ect to be inspécted

Accordi ngly, the gpaccné akish® tawaus @lh@efseﬂdohﬁ@ﬁelﬁnot% retfﬁécéﬁgll e of
I f 74 '
m o ol ouver's nelatl ve,Lgs bhc gl LECEEVLDG 13 g0 10 ARdSLheAd OBkn

transm ssi on Su ness o & ™ Erol ouver

2002 -14 filt dr g@pphhvedtio laadtﬁkﬂeumdaocfdntsh@le:reiﬂjem,mmenrﬁabeclj pd an
appropri te m_crol puver filter revent diirect illumnatio

di f f user (98 of h’élfg}BT &9iE F‘br’ﬁ@rl:‘r?sﬁgﬁ’ﬁgg the AeDS GRELBPECRRS rkr'b%(ﬁ/ter’
filter 72 is afl gl eameral 4f.i | Mmps odyetisgBNUfi’gicur ethdyl M aAesskatMeni ng
and Manufacturing Conpa Paul M nnesota and sold by their 3M

Safety and Se€@fery Sy%@%ﬁg BESJtPFépéhaEﬁgiErSQW%ed@M Eh@h%n%?ﬁ?%lseﬁsllﬁﬂ
cel Ul ooe. acetRie A e nd ooy a0 ag a t hi ckness. of about 0. 030

i nches, or so. , THewarimengewetw Fifg. thesethomioserémélrn@m:@éhtbdzlmetsmt

25 invention will now be described. As this embodiment is very

similar to the second embodiment, only the variations between

this embodiment and the second embodiment will be described in

detail. The primary difference between the third embodiment

and the second embodiment is that a penta-prism 34, rather

30 than a right angle mirror 32, is located along the optical

axis 8 to alter the path of the optical axis 8. As can be

seen in Fig. 3, the penta-prism 34 has five surfaces 35, 36,

37, 38 and 39. Only two of these surfaces are utilized for



li ght source S4 casts light upon the diffuser 68 which, in w turZisNOYV 2007

. diffuses the light fromthe light source 54 and casts~]5 the diffused |ight
upon the light receiving surface of the mcrolouver fifter 72 which, in
turns, casts the diffused light fromthe |ight source 54 upon the beam
splatter 58. The beam splatter 58 has a partially reflective first surface
78. A desired portion of the light, e.qg.-approximately one half of 20 the
light fromthe mcrolouver filter 72 inpacting upon the reflective first
surface 78 of ﬁdﬁatématmgsp]tagher B8qi.s ttef | €ced tawhr detbrdohjeddiech,ivahi | e

the remai nder of the I|] g, approxi teI ne hal f of the light from
t he m crol ouvet" 'aicte§r3g?ndpégsé%esg’ﬁf35&§ﬁ rb@af-’m‘:g’ﬁl‘?al‘:t}te‘é’fr SHELaREs 259 s

absorbed by tRg i1 Gug tfr@spt%nskt&%%gehaheorél@n Ohe the-dd ghig Rideet ed

back by the object 6, along the optical axXis 8, Ts transmtted through the
beam spl atter tﬂ&nsmw\t&tesw{ﬁam 3£X|asﬂd8 39t,ow&Sd>etdteWIeé-r}s eftheafgest

aperture of t r\j ew e, a,remai nder- of. .t bgh |s 30
TEF1 ect ed ack et (eng Rt ar eI s e 55 HLBOSE Nt B, £nda

bet ween the fidddperroditmnbpandalhexis vstfertwdanent, 4 whitlkathé hdondg of
LEDs 14, affixed to the underside of the system2 via the conventional
framework 16, reflpctige,surface 33 15 83SFE0apT AtgRBPEPXHIR LRGN & 2wP t Witdspect
to the optical @éﬂe%@toathe%ptlté‘aet LEDs gach (def chRera 4 onghtudi nal d s LA
which [ies at an"angl e of about 45 or so wth respect to the optical axis
8. The ring ofsddemsl t_manhmweseve snsrf@tqelsl 3gemeBédutit his swepwolt ited liyhe

opti cal {s 8 The rin hIS e% Rt , co rises ci,rcuit
whi ch i saft;dent TH %I gja coﬁF 1%[ g‘g ﬁl%?l)fhé‘”t%
installed LEDsrdddegtitti |t-_rtg @{eer@tﬁﬁalf ating g nwardl y toward the object 6. Al
the LEDs are preferably_ supgl ied with electrical power via a 10 common bus

havi ng one power sdlite 2098F &5l SRS obYpditd 5EBFce4 t@Wa’é@pt‘ﬂl”;ﬂ ng=
power to the L&sta@é 19168 e oBkBE ¢ 2B dbbel e ddhif BECSENLigh
invention. This doned ~ configuration of the LEDs facilitates rg

direct illunm reupminiest byhehebjiost of LEPshe4i s pedliedtby RhéheEdsrfdde Ddr i ng
use, the Jdght_fr th Z suppl i d e e

i nspect edlé In agdd:‘Z Sbbl ght |éls t S(Ej)esu%)ﬁgt:%g%ﬁon%gt htgpéo t%lg“lcrgrlotuaéél% Vi a
the illum nat |env:smmmsmt50 Thher rpmatzhdihgglltfggbt atlppglédiebppme:ahrsg(wef 8.

Some of the |ight suppjled the t i ght sources 4 50.i.s refl ected by
20 the surfacet‘ 61"" tHe T teg oht h ﬁEEEEF@dl%B t Hae ﬁﬂjre(?ﬁnﬁilaﬁt‘?
environment. dylngxlllsgbttomldr@ 18 chwo1 bi ghins etk S0,

is reflected off t e surface 12 of the object 6 along the optical axis 8
toward the f| dlchhten§a§@1ngh@hr@#gfeéhédft¢39dmtle@m &5 1 fpruseduiandddier of

the 25 figl

char acter| sti &I%lﬁ%]&@% ﬁ%a%r%t%ﬁ%ﬁgﬁ%@?%%&% |gﬁ%’ﬁqt%h§%rg>%|ctes3%hog rear
surface 24 of tthaepéneladpream 34, whdchsisapphngddt aves thnthie lchyr nedmbeam
splitter 58 de5| red ano unt of

o ween about DABElaa SRy S RS iR SRREES St sy i ectad

m crol ouver 72;wétﬁnﬁdthgmengd ai glesibadhranidiity afndlefdeet e, ldightsecor@
about 20%to 80% and preferably about 50% reflected by the object 6 _to be
i nspected to paRNI WLV SHghagRd entBre thightehlen is reflected off the

25 second reflective surface 37 of penta-prism 34 toward the
first reflective surface 35 of the penta-prism 34. The light
then reflects off the first reflective surface 35 of the
penta-prism and exits through the first transmissive surface
38 of the penta-prism and is supplied toward the lens entrance

30 aperture 5 of the camera 4. The focused light finally enters
the camera 4 and is appropriately sensed by the internal

sensing characteristics of the camera 4.



.-, ~~~ ~p~ 200? -1s entrance aperture 5 of the canera 4. The fogtgsl@g nght
finally enters the canera 4 and is appropriately sensed by the interna
sensing characteristics of {he canera 4. Turning nowtd Fig. 6, a sixth
enbodi ment of the present 5 invention will now be described. As this

enbodi nent is very simlar to the second enbodi nent, only the variations
bet ween this enbodi nent and the second enbpginment will be described in
detail. The primary difference between the sixth enbodi nrent and the second

embodi ment s thal afrklibyMadieOR SOUl e RirctefBoaPhoXE U Bnkisdiond
the optical axis 8, is poSitioned along tl~e .optical axis 8 at ocation
bet ween t he | ensvemtriorcetiperowte Bestribedcarfsy 4hd saaubotiénenghis areglye

mrror -_ 32 tq.pr.qvide il um nation alon he optical axis 8. Iln -'

Rddi ti o, the PETMAaEP oS Etnes SoraRLidnte b bt Wik r robateen
between the refhget énsodihéms emdbBhanthileefbdodefleheam FPIHe 88&chBnéd tin S
not required in this enbodinent? . Athird difference is fthat each LED of

the ring off LESStedli.s The prgearadififanagice hetnerr ddwe fousth rahgstiment
axis 8, a . g nd L[Jg:_R%_. fi l.engi i . AXI ' |4 at
an 20 angl e of aadogft?e4 Or&g@ﬁ\%ﬂtﬁ hleggs%ect?‘ %t%i#ﬂieﬂgg%%ﬁ% lﬁ@le\;\p%g{}tl %ée %EDS
are very siml an tia the fouvantdgereioddesert.bed with respect to Fig. 5).

During use, the light fromthe LEDs 14 is supplied toward the. object to

be inspected. In addit FSHT%?ngﬁﬁn g éllg_o %5 "@fﬁd’bﬁﬁ@%’%ﬁ&n@@ﬂ%?%ﬁﬁ%& Caxi s
8 via the illumenationseHLCendGuriized 1ghdf sHRPbbedctromd be iddgadteat,i on
source 50 is directed by the beamsplitter 58 toward the right angle mrror

32 which, 4% t§ame pefihect dohRes Rl oY FiAtring PRLFRR G farre _
supplying illu %Heo_%@ﬁrlﬁ];ﬁguﬁtﬂl‘?@l %ﬁ%(% ¢ 8¢ ggl e i%l's?e%tlean%olc&’he' n

turn, focuses the |ight _at ace 1 the obj ect 0 be i nspected:.
Some of the |i ghrreupgingcenvirthaehto Thghtersounices 1idht 50upplriefd by ttéed” by

the surface 12 aof th j.ect to be i.nspect.ed t.he surrounding Z.9. .NO
V12002 57 enFirBniEn bl f ond? nER LFRLRE. ARl TR BUERRE Lago: GHE
sources 14, 50pbiectet|admf okl opthecsliahkaees 12 dfatdenebpacta 6p2d SR 4t.he
optical axis 8 toward the field lens 10. The light enters a first surface

22 of the )i el dNPeR3T IR 1S9NS entdredheySerend fransalsedegsewgtace 39
characteristicgofnd %(;%nft!aekagil%ﬁlﬁél 7 i chhes facused d baBEt hheRa exf ey hba

rear surface 24 of t fie ens 10 and is supplied toward the Tight angle
mrror 32. The tcefthectamt ildaghtaxirer r efd ethe ofifhthpasekkesubas anifeddey 33

of the right ar&q_lr%c@il&r %é%ck%’%{;ﬁ.t hﬁ'le light then is reflected off the

second reflective surface 37 of penta-prism 34 toward the

20 first reflective surface 35 of the penta-prism. The light
then reflects off the first reflective surface 35 of the
penta-prism and exits through the first transmissive surface
38 of the penta-prism toward the lens entrance aperture 5 of
the camera 4. The focused light finally enters the camera 4

25 and is appropriately sensed by the internal sensing
characteristics of the camera 4.

With reference to Fig. 5, a fifth embodiment  of the
present invention will how be described in detail. As this
embodiment is very similar to the first embodiment, only the

30 variations between this embodiment and the first embodiment
will be described in detail. The primary difference between
the fifth embodiment and the first embodiment is the addition

of a field lens 10 and a diffuse illumination source 50, for



10 curved beamsplitter 58. The beamsplitter 58 reflects a desired anount
of light, e.g. between about 20%to 80% and prefera3~Fy' about 50% back
toward the diffuser 68 while -_ allowing a desired anount of r ef21 SNV H0?
light, e.g. about 20% -~ to 80% and preferably about 50% reflected by the
object 6 to 15 be inspected to pass therethrough and enter the | ens
entrance aperture 5 of the camera 4. The-ipeused light finally enters the
canera 4 and is appropriately sensed by the internal sensing ‘

characteristi groafidiiey ¢aghtaatond Whe ReptiWlt axFkos. 7The se¥eatlens 10
enbodi mrent of the 20 present_invention will now be described. As this

enbodi nent i s ifePYSIEAPPER dPnhELePREH b adlreht atol Yo el abesiesns

bet ween the s n I ]_ag}q,i i i W ri.bed
in detail. Thg;%%r%gn%%?g%?gg%%ce %?&g%gh{fﬁeseggg?nﬁeg%g%ﬁgﬁt an CItehe

t hird enbodi n8i2t ofs thieabbanc256i | | Tiné ndit f s s duirloeni5st far grumdeldisg iksi ght
al ong the _optical, axis IS pasitiogned.along the optical axis 8 at

| ocat'i on l?eft V\Eé)rflttﬁé’_nceé’ﬁé}gnﬁe = gl?t%rl_ eaﬁbgrt‘{h’ & gogﬁ lf’ﬁé”b"é"ﬁ?%be?’§m 34
to provide il ldameial ilehAleongadnte eRldrdUredd Sndl thieh faddid i1@hs the to

il lum nation source 50 has a microlouver 72 30 |ocated to conpletely cover
the aperture GEPHSE dédliminaséipaseah@ny 64hef cifid ddl uaxasgt | Bn sodbee 50.
Athird differ, N .hat D N of . i rr at
an' angi e wi th raopise i8R sER: P Rttt it Rahd BRI T
each define aaxdrgist,udceab axtsambnithr| hessahgase angllei gt admitced $49Qr aso

with respect tq the optical axjs substantially the sane as the LED
arrange ofL'Llﬁ s.tr%par%% (‘Ssm))8 a %eéwbl?ﬁrlﬁdjtl%e,sxét'h§'ﬁ'g%lf°§blﬁaf‘h °LEBDs 14
is 'supplied touaied bBamaecics +acheridisneat £rht bl adddi bb R sd1ii8hb .S

al so supplied along the optical axis 8 via the i|llum nation source 50. The
li ght suppliedber BRAFMEPLRFERTNEE | BAL 500F € StRTirefl oy &f syeplied - 2

pent a- pri sm 34 :whi. C in r 9 ) i j f @f—irét
and the seconélyg‘?rgeéi Vg%g&rg gc%s&g‘gfz%%gtgoajv\%r aﬁ{iﬁ%ef%%é%éﬁ%%géﬁ%% of

f ocussi ng and adumgl yilgopt iced nakxisnsaltongricheloptolspdctaxbswlil8omd sof t he
i ght su ied.hy the t |ight sources_14, 50 is reflected by- . the
suttace BB of SRt Cas et aTRHEECRE dh i 1 ReS ST cAbaERGiOS and

envi ronnent . PiefeeaBily Akbdd gbt, SRRkl BEAgRy dfe ebved bghthessur£8se 14, 50,

is reflected off the surface 12 of the object 6 along the optical axis 8
toward the fi&fd theneLbiectnife 19 dif ErtRectads FPsPaghr Fhxeugh shet Reap el d

lens 10 and i gAlitel8d Sy e dtaiddla IRe U G4 har acteristics of the
field l ens 10. "The focused light then exi'ts the rear surface 24 of the

field lens 10 and iTheslopisiag Pewapdprrhecsesohirst et sxf wpanad aper89 of

the penta-pri , i J ranged n. i |10t ical
axi s 8, ?(SP t hg{g rt%éel i Sﬁ‘tla %ga%gésé@’ugasp %#?.ls %?I %%%%%cﬁ%%? 7 aelrlregt%hr%g}}Sh.
The |ight thewalds dhbectskdwnf faride secdndaldf é2cnd e dbaskaeald7cof An

penta-prism 34 toward the first reflective surface 35 of the penta-prism
The |ight theRDEHUE& & off LPRBef 18 PPER| BRE TR L}Frsléce‘s%?fﬁf e Pase

pentapri sm ang,z8Xi 63 LAROMED da-thired olsr anrantsstdLr suefRcen 3& Hecd0tbhe
penta-prismtoward the mcrol ouver 72. The |ight passes through the

m crol ouver 72gndnPRRar @it decatefa lang e prierd 58Thahieusdam
splitter r ef| | |4 ght ' ) ; ~ to
30% and o er 2ol aRasr 1o (oAl 4f Bhhen g3 cERreRtdafane TR 1
di f fuser. 68 wdidfewal Lo rgdapdest i edednoustupef yr bigktttedal dghfysex §8,about
20% to 80% and preferabl y abaut 31% reflecé«ad th thel?obigecéhG to be

i nspected to scéDW(ﬁg‘teﬁr%h TRANFCNT R i e <l est BT St BYBRGhSREESS of
the canera 4. 7thed@eiked 1hgbhef hBakliygenter s e weamr apdiagdri 58 is
appropriately sensed. by the internal sensigg characteristics of the canera

4. Turning nowaSeHsY. TeMOEH EFGRt H RahbEPENEOTE CEhe pr 8BENPISHFEREeeh
wi T now e d%‘fﬁ.ri'ch%q.y £S1508ve %@QHH@@ng the optical axis 8. The light

diffuser 68 is located between the light source 54 and the
beam splitter 58, and the light trap 56 is supported by an

inner surface of the end wall 60 located adjacent the beam



10 is very simlar to the seventh enbodi nent, only the variations between
_~.his enbodi ment and the seventh enbodinment will be -~ describs~i | Ql
detail. The primary difference between the ~. _ eight h enmbodi ment  And!Ehil
seventh enbodiment is the ' elimnation of the field lens 10 in this
enbodinment. |5 During use, the light fromthe LEDs 14 is supplied toward
the object 6 to be inspected. In additioni3tight is also supplied along the
optical axis 8 via the illum nation source 50. The light supplied fromthe
illum nation spriceel0 ts. di regt addatibhe penka@cpblstiyéd Whilader i M2t YgN,
reflects the 20 supplied Iight off the first and second reflective surfaces
35, 37 towar d Rase tdignest betweensupp Qliffgsan 6fiand itde Bremger kit gk iSéal
axi s 8. Sone t i [ 1 h i.ght r 4 [
reflected by t héa ‘Eﬁ?#géﬂe&’l%u%? llit %g o] jltseg?é%&?% l%@%dﬁgggg%%&%%c%%% the
surroundi ng emififormeent 8. ahbdee2bendaaparalel ghd, a suipple etk hinddidyt whel i ght
sources 1 50, s reflected off the surface 12 of the opject al.ong the
optical axis SRGREHAE Fent ﬁ’ﬁr’?%ﬂ?%il‘?u‘ﬁ‘l’é %%b%%re%&& ?w%%éﬁﬁda
transm ssive sWildkeRs30 of ERSMPYAHANPId SIN B4toWRibdud So a§6@NYREL, for
substantially normal to the optical axis 8, so the 30 |ight passes

subst anti al | y eiamedts -y TheerdcricdggiyerThelteghi2 disefapsened| @ oslieai sehe
second reflecty rface f -Rri 0 .the first
reflective suréfe\aéfgler%?S g§ t%g gLenn ere%?prg:ﬁgrkngcghegﬂ Scﬁ}fettﬁ%%grle Ie%%s ot f %t he
first reflecticomventionady neoner.20 surface 35 of the penta-prismand exits

through the first transm,ssive surfage 38 of _the penta-prismtoward_the
mcrol ouvet 72. Li dghe p5‘%§€§\iﬂ’1‘r"@69h%f'i]15€ﬁi cfol rlﬁzg%nd‘?‘ i SEDGFALILEd

toward then thggurved FeamasRld tt ¢1a28.1cThe feam 5 7apl i et a38iikef | egts a

desired amount of 1igh', e.g. between about 20%to 80% and preferably about
50% back towdldneHdtdi f ofseclesadlyi | eraiceswi Rgda Bespddeldnpusrrehged - %

reflected |ight,..e u % v r-ef e b % flected
by the object ctr%l%gvi%%%pggtggdgl{‘%mggs%%?%g?éftqﬁr é%ghﬁg ‘gklr):%ir%%t{'er &ﬁﬁggl ens
entrance aper tmire 3 cofvelrize s¢ amd ra edthéd hehd veaisedi $& Hhs 44 naldy venkeeiant he

canera 4 d i§.appropri ly.. sensed ~y-the_internal. sensi o

char act erjiqsgt i @3- l@%‘c’t“ legﬁg%cﬁpw\ﬁ‘f%w%%leéﬁ e Eiﬁhg Q?n‘%r%%’lcﬁllﬁtate
enbodi ment of ddme b3 pEesieati linweid ibivdlirekewobeodesies idiefkidedietight. As
this enbodiment is very simlar to the first enbodinment, only the
variations betthd&h t hfs wBRYifdntizem the f AidEuspBodfRento withe pbeam

described in dehaitherTheg prideyy ghEf efence AfAReNcEhe i nth ‘r%%‘?%'kr@?”t
and the first enbodferl;ent |Ps t he adlai ti oln 20 of a Frgsngff ri ngc ens 80,
whi ch is posi tfliidted Bet fwehlibateitlye cfudrlls of4laglitt he et péredlbe

i nspecte Pr ef_erabl e Er | k] i,S..l.gcat osel diacent
the ri ngcboof LEBS h%%“%’%%r ngﬁgﬂgi %Ee'éggi %‘?ﬁér%‘%%gl%% tg}e tq‘f?'(e]E 0 E'jere(:G%é gr‘ng) any
of the LEDs 14nddxebrliynd ldsenirahte g glife folgadthes IdeDdbeldinspesatpgd i ed to a
rear surface of the Fresnel ring lens 8Q and iis emtted froma front
surface 82 thereof ijtht?\/\/HP(i’rtor]ré’"B(%ré"c 6 {8 FePlADSeMEER SorESofn: RBILRght
supplied by thke Ebeapeis? itrg doenspBOrésab ey | Gsdad oyt Recauréasecd 2Pk the
object 6 to be 30 inspected to the surroundi nggenw ronnment. The remai ning

light, suppliéddy trenpmésadpnrsugfarens’ 8oL Fhereicweieuver fiitendrtace

12 of th bj 6 | i t t
12 of thosobl aot © AN OR ol aKe & | 8Ok fle! BEgheNE rARhARES on

surface 76. It is to be appreciated that the thickness of the
microlouver filter 72 must be sufficient so that the tiny
venetian blinds or microlouvers prevent any of the diffused
light, diffused by the diffuser 68, from directly illuminating
30 the object 6 to be inspected. Accordingly, the spacing of the
microlouvers from one another, the angle of microlouvers
relative to the light receiving surface 74 and the light

transmission surface 76 and the thickness of the microlouver



_.,~ ~ S ~0!~ zooz -21 light enters the canera 4 and is appropriately
sensed by the internal sen§ing characteristics of the~canera 4. Wth
reference to Fig. 10, a tenth enbodi ment of the presen’t i nvent i drd My boppow
be described in detail. As this r 5 enbodinent is very simlar to the Plfth
enbodi ment, only the variations between this enbodi ment and the fifth
enbodi nrent w Il be described in detail. -i¥we- primary difference between the
tenth enbodi ment and the fifth enbodinment is the elimnation of the field
lens 10 in thifs1eebork Rl tdbel Qarddi irit cohBedeat®iang vwisel gedtefing
sonmewhat closer to the object ~ to be inspected. -- Di ni ng use, the |ight
fromthe LEDs?24 JRPEQPHACE ToweeHOUVe¥ heldbpEcl’26 th bRreYvepectdlectn

addi tion, |ight4is.-al pli,ed gl e Opt.icC XLE iat

i I | uni nati on 2&&@&%@988. %égrrghgf gl ie%tsés)uglgl ?éel%? b?ﬁP Egyt\%&) 'Trl?eglﬁ?
sources 14, 50nispecékldected by the surface 12 of the object 6 to be

I nspected_to the surrounding.environment. The remaining ligh suppl i ed by
Lhe to. | Bght sour D€ PHLaRL S WAFEPTRRYEn BT ehe o ol 188torohREoEh ot
6 along the ogtingal prdduct 20mé1@M@é@|tﬁP@dC!JbXEd Miggiasld tteinb& Thggbeam
splitter 58 reflects a desired anount of |ight, e.g. between about 20%to

80% and pr ef eMabhfagbehing savkof Gvar BBthe Minaestsavanrd seldhy ehaitowi ng
desired fleet ' , - 20% %.and bl
e Eas, oA sREGERARE ALY 58 bnco OVl 20 104 B0 AL B ElShe0! Y

t her et hrough a@wchtenfleFiihne beasd emmeancEhapeituodobver fheteamer aaé. bdhe
focused Light finall entgrs tEg canera 4 gTd I S agpros&iakely sensed by
the interfal ZBRS AFOPhRPAXCEIPSIPES BF Chc!BAREFa2FStWFEnPHEYERERCR o
Fig. 11, an elevwerth1§nhed EeRhieknldd® of about 0.030 inches, or so.

Thé;a'rrangement of these components is such that the - %

-

light source 54 casts light upon the diffuser 68 which, in
turns, diffuses the light from the light source 54 and casts
15 the diffused light upon the light receiving surface of the
microlouver filter 72 which, in turns, castsgs the diffused
light from the light source 54 upon the beam splitter 58. The
beam gplitter 58 has a partially reflective first surface 78.
A desired portion of the light, e.g. approximately one half of
20 the light from the microlouver filter 72 impacting upon the
reflective first surface 78 of the beam splitter 58 is
reflected toward the object 6, while the remainder of the
light, e.g. approximately one half of the light from the
microlouver filter 72, passes through the beam splitter 58 and
25 is absorbed by the light trap 56. Likewise, a portion of the
light reflected back by the object 6, along the optical axis
8, is transmitted through the beam splitter 58, along the
optical axis 8, toward the lens entrance aperture 5 of the
camera 4 for viewing while a remainder of the light is

30 reflected back toward the microlouver filter 72.
A second difference, between the fifth embodiment and the
first embodiment, is that the ring of LEDs 14, affixed to the

underside of the system 2 via the conventional framework 16,



30 present invention will now be described in detail. As this enbodinent is
very simlar to the sixth enbodinent, only the variat+ons between this
enbodi ment and the sixth enbodi nent will be described in detail . T8digy 2007
primary difference between [/ ~ ~ NO ~ 2002 -22 the el eventh enbodi nment
and the sixth enbodinment is the location of the diffuse illum nation source
50 provided along the optical axis 8. Accpgding to this enbodinent, the
illumnation source 50 is positioned, along the optical axis, 5 at a

| ocation bet n bR ggﬂ fi l.ens, 10 0 i :

il lum nati onmgﬁoﬁg?tgﬁgbgptgfic%% a sé gﬁtgfe?g%&e%tﬁ F%et%l%%ﬁg%?gdﬁusso&r'ce 50
does not cont &.g.athé dRlsoeueh dafdindhe ongiigedier] akisheA wWhiign haes @t
source 50 is Lightly different, fromthe enbodi.ment of Fig. In__.
bartscular t RO €0 TOPPREESTr B Ehe LIt FERTS CouRDE Gptical

iIlum nates aam@rasurxmcﬁin%czif e sdi 4 ysafed WAlsl gt a1 i renicsred age rof
the . diffuser’' 68 emts the diffused light to the curved beam ~.

splitter 58. TREPESAMLspItie OPtEgalefdet § a Jos reMmaSuMEDRSt s pitied
light, e.g. b ut %, 09 ; rabl 5009 | QRg t he
optical axis %%%P%%%Hecéﬁ}%%?eg a\{;lcﬁ{}guéﬁsgﬁg{:ﬁo%r%rg:bgggfrgﬁogﬁoc%gt of
light, e.g. abautd@ndd Y%ctomflghr¥tamh pweth eldblgfalibiet Hnot&dled LHDze 1

fight reflected by the surface 12 of the object 6 to pass through t beam
SplTttor 56 and BRI GuEtrBITeRb Tagarn AT GLh £ o bERE O Late . A <
enbodi ment i s t$leEpE 41 b&%f%iré%'lyegbgﬁlHEHtwit'ﬁ’@!eSle%ftrﬁQ%”FBbe%' VO use

of a small sized illum nation source 50 but also increases slightly the
hei ght ofl% he comspEchPReM &y ONR, Dewgr SRNEdfd0 F 4 Pépraditywwhingyarow to

Fig. 12, a twel j . th pLes i nt | Wl 1100
described in gﬁ“lyiale%%?t glﬁgbé%ggl ﬁgﬁgri égvtgl?%/ ﬂ's}?qngi aérgt%wilké:ﬂs%egglit%ﬁ
enbodi nent, ommpadigmardrs ataonstivet ieeeséeht s tnbedtrent and Thhie sevamich” %
enbodi mrent will he described jn ail_ ...The .primar i fference between the
Ewel £ enbod CHERLSHRRCLHS Ctebin DB A T 4o MERE S et L TG S

di ffuse il umogfatchen ci3Wcte oG Py iidgbadteny Bheraptigmd . axi s 8. Accordi ng
to this enbodinent, the illumnation source 50 i s positioned, along the

optical &8s, at aDEdad efebdhebighhdrpanthe Mﬂéé%ﬁﬂpp%ée‘#itél‘@?d .
~~'~ Z~9 NO-! %@Oétbﬁ%%_tl Nt olBe LALLM 1 ITumiRali i aliang d tJgal

he
axis 8. Secon e iIllumnation source 50 1s simlar to tthe enbodi ment
of Fig. 11. | supbliedheionedpecoptibad semizndinentthesisluminationtdmigmeent h

enmbodi nrent. This arrangenent all.o use.of a small si.zed il.l.um nati.on
Soor o620, but 2 <hoF MRS 11 B SIARE cRe SpelBd RUECH. | EHE SR
e.g. by about 136At etppsdiediihtheftadentght ssdugred 34 ,a50 hig reébebted by
enbodi megt of Itll{ée é)re ent iLnvention \MH now be descriped in detail

5 i HE

.. As
this 10 éfbodiTEntcHeIeF y L€ MY afbPe 0OPHECE dht FoelFodtHERECE BRI Ot e

vari ati ons- betg(@eauhik fgedhetdRintaNdH SeBh i nf TR GAL Mo ¥ildd by the
be_~scribed in detail. The primary difference between ~. . the thirteenth
enbodi nent andwehéighghspueadsdise O i sstreflected of bthenhsugfprgsk2e of

illum nation rc rgvi I opt. i:cal i orgi to
Lhi o bpodi mettt SRRTePL8) sdBhh! G0 d8c 1681 SBER e SHodafy, SRECIAEdN
Qotical axi s, lansalbocaheore bb¢ared ltihtpentarpra $ird34 sudfaca@200f lifas 14,

e AL S E R TE P N e g L
characteristics of the field lens 10. The focused light then
exits the rear surface 24 of the field lens 10 and is supplied
toward the curved beam splitter 58. The beam splitter
reflects a desired amount of light, e.g. between about 20% to

30 80% and preferably about 50%, back toward the microlouver 72
while allowing a desired amount of reflected light, e.g. about
20% to 80% and preferably about 50%, reflected by the object

6 to be inspected to pass therethrough and enter the lens



20 Fig. 11. In all other respect, this enbodinent is simlar to %ge ei ghth
enbodi nent . This arrangenent allows use of a small stzed illum WﬂVJrﬁﬂoz
source 50 but al so ihcrease)s slightly the height of thé inspection system?2
, & . g . by about 3 /4" or so. Wth reference to Fig. 14, a fourteenth

enbodi nent of the 25 present invention will now be described in detail. As
this enbodinent is very simlar to the segend enbodi nent, only the _
vari ations between this enbodi nent and the second enbodi nent will be

described in dgitidncelhgpoFtaBe ysdokf ehancarkataeen t haef guchgent Nighte
embodi ment and the second enbodi ment is 30 replacenent of the field Iens 10

with a diffus€inaldyi eateon sureeesd 4 AbddriPRgropTERtsl Brasnsiadehy thehe
illum nation r Ois t alo the p XIS, at a location
SRS A D R SISy o 2

bet ween the mirror rin NO1 Q002

-24 illum nation al’mngnirfgen@pﬁ t@allgaxs$ 8851§eh0¢’tﬁﬂ>cyd1rﬁétﬁ: olfl um: atels@mt
-source 50 is simlar to the enbadi nent of Fig. In all other respect,

this enbod merfVientsion Wil 1t BoVIRE sessxd @ﬁlbod‘}%ktls emﬁpélaﬁparpg%w@w
al l ows use of ApsMald +8 ©iZed cbhhWHERL IS OYATH 32 baha&eng HERRES

slightly the height of the inspection system?2 , a . g by about /4" or
so . Wth ref étdscembodgnt s5d the |SEpeedt¢rrm:bvo@ﬁntemlbfbet desprels@c&ntm

i nvention WI|| ow-be .descri.bed i tail, As Odl LS .ver
simlar to th&S r%our eefﬁl % Ferb i ngg %Pcell?)e‘ivﬁ es%g:r%i% eﬂgt% hi s

enmbodi nent  anéridhehbosk ¢ &ed tdmeytiodine k- tl\M& |arbel(ﬂ&ﬁ\(ihlabednl sowletaislo., The
primary di fferei ~e-hetween the fjfteenth enbodinent and the fourt eent h b
enbodi ment® i s fFePES¥IGing sipkhi *1oRy Ghe oPbdrl AKd Sat cori ERs i cassed

configuration Jinhi ol add 9f a1 hgxh Bskalded, 1@&5@%&' betewega %h@m%%tn%)

face inwardly toward-1he object 6, as with the enbodi ment o
i nstead of a mramnqa-ﬁgentum&omtheasamerh 4 lpenck bhetr@@hmaagbemmw

all ot her resgezct ;ﬂlévecﬁ@()d i@rﬁlné rﬁ”éi ggr&eenth gl meni

r .t
Thi's arrangenent 5 IBW Use o# a smalflrgy ze n%ogr‘% iFof*s8u J but

al so incr easeadﬂntghiri,y it e henginlinahbhecbnwectsmrd@q§tﬁﬁt2coﬁtglnb3a
about 3/4" or O&:oth reference to Fi gl 16, a si xt eent h enbodj nent of the
pr esent |lr'§/ent“il§r7 HVeho RP&eFESERS BE4 LPRTISEAH LIRS AP SnehbBaIFHETES s

very simlar tRddepsiixilre5800i iR no@Ntdgh Ne@Siry @hiiat £ABSADRENEEN BNi s
enbodi ment and the sixth enbodi nent
third difference is that each LED of the ring of LEDs 14 is
arranged at an angle with respect to the optical axis 8, e.g.
the LEDs each define a longitudinal axis LA which lies at an
20 angle of about 45° or so with respect to the optical axis 8
(the LEDs are very similar to the arrangement described with
respect to Fig. 5).
During use, the light from the LEDs 14 is supplied toward
the object 6 to be inspected. 1In addition, light is also
25 supplied along the optical axis 8 via the illumination source
50. The light supplied from the illumination source 50 is
directed by the beam splitter 58 toward the right angle mirror
32 which, in turn, reflects the supplied light at the field
lens 10 for supplying illumination along the optical axis 8.
30 The field lens 10, in turn, focuses the light at the
surface 12 of the object 6 to be inspected. Some of the light
supplied by the two light sources 14, 50 is reflected by the

surface 12 of the object 6 to be inspected to the surrounding



wi Il be described in detail. The primary difference between the sixteenth
enbodi ment and the sixth enbodinent is the eIininatioD of the fgg%@ %zﬁs 10
provi ded along the optical axis 8. In all other respect, this enbt Q 7 is
simlar to 30 the sixth enbodinent. Wth reference to Flg. 17, a

sevent eent h enbodi nent of the present invention will now be described in
detail. As this enbodinent is very siml-a740 the el eventh enbodi nent,

.. ) 7 ~ Nn"'~ 2D02 -25 only the variations between this enbodi nent and the

el event h enbodhresbnweht . batdegenbbadngrl dstin) lsupPla «at byetlye divid &ighee
bet ween t he sevent eent.h enbodi nment and t he el eventh enbodi nent_ is_the use
of a planar rPRYYEESLENs 120 assSwirehlerses Gifodthgnfustageg 12 of nkhgad of

a circuit whi sta bétbgnémﬂggagﬁ Eﬁ;& tQ%)l g&lgog%&m'&&g i Wehls 341 of

the installed ightinh acing rnwardly toward the object 6
as with the ewheehighemmm firkh shtfather2 pésplaetflehdslsam)d@l gedt is

simlar to the si odi This 1Q arrangenent al l.ows use of srrall
Sl 2ed 111 8 NP DAL CBRT O BNt ] Ao MEasy STPGRE R 18 Gt BB h

i nspection sygtemi~le®s 4.0.byriab@utudkd’ 1 B§h6®hen exiVbtihe efirengerheeFi g
18, an eighteenth_ enbodinent of ' the present invention wll now be

descri bed in dét@f theafiebdilfans dAtaRA AentupRl iRq Fosiagd BRe g dfeangle
f t th t | h h th
ourteen em@gkg‘fn 32 0N )i‘hte gré@ié éc@nilg;‘?x ‘th‘ﬁrﬂe LS reRed ’E;.ﬁ f apd the

fourteenth e ment wll escribed in he primary erence
bet ween t he eirgtﬁﬂeenuheeamoﬂamrm aﬁd:heheflghwaleghe lmiemood B Brertiwa sl the

elimnatiqgn of the . diffuse | | um na our ce osiLtion the

optical &8s carvEd) Beath SRIDEERGoR®r ne THEr PRFNSSPLALERe P RECoF CEEDS

In all other gespeed, aﬁmbuﬁteﬁboﬁi@l@tﬂl é Sg Sivddwert aBAhR sem.ortd; @m%oah&rent

Wth reference to Fi g.l 19, a nineteenth enbodi nent of the 25 present
d

i nventi on wi | PrRSGTBE YesBqUWed Q% derdr| towarahitheebidivrat §8 Vbi}e 3
simlar to th &eu,a%lg %@f@&moﬁﬂkymfr}%f\i%{ft@d 208 éet atﬂzausc
t he urt | be descri 5\ in

enbodi ment an enmbodi nment . etail.
primary diffekent®s eidnprafehabhy mi@enth senbefll eeheddnd tthl¢eolbm¢tl6 to

enbodi ne is,.the 30 addition_ of dlf us l'lu tio rce 50_along the
opti cal a%i s B ST SEOPE Rt L AR R, AP RGN UR R al T0h B0 AEE L0 | <
positioned, ahgegtule ®prif eBk Ethera at TIHegatuspdbEigiet it I3eshaepsi sm

34 and ring of LEDs 14, to provide ~I ~ 9 NO ~ 200Z_ - 26 |IIum nati on
al ong the opt £&8l C&%ﬁe§a84 §é@on‘(ﬁ )Pppdf‘?ﬁ’f:’r%q%lcﬁ(/e?eﬁ%e@nbﬁo? ?eﬁHFFEBaﬂ-n

this enbodi mregkngifb 'E:@llla)facttg?cl'sltll%@ B3l k@R Qe 20 is simlar to the
enbodi ment of Fig. . In all other respect, this enbodinent is simlar to

5 the fourth enbodiThié‘ﬁtlnngOéV &Fq aﬂg@rreﬂt al lseventh webedimeraPf sheed

11U natioon souEeseS0 buke 2L 0 CEEASES 14 Ao ! hes el A Lndbalen:

i nspectl on sy tem
is very 31mllar to the th:er embodiment, only the variations

between the seventh embodiment and the third embodiment will
be described in detail. The primary difference between the
seventh embodiment and the third embodiment is that an
25 illumination source 50, for providing light along the optical
axis 8, is positioned along the optical axis 8 at a location
between the camera lens entrance aperture 5 and the penta-
prism 34 to provide illumination along the optical axis 8. In
addition, the illumination source 50 has a microlouver 72
30 located to completely cover the aperture 66 provided in the
base wall 64 of the illumination source 50. A third
difference is that each LED of the ring of LEDs 14 is arranged
at an angle with respect to the optical axis 8, e.g. the LEDs



Wth reference to Fig. 20, a twentieth enbodi nent of the present invention
w Il now be described in detail. As this 10 enbodi nent-,is very sinh%ﬁr to

t he ni neteenth enbodi nent, only the variations between'this enbodi Nﬂﬁﬂﬂv
t he ni neteenth enbodi m~~t will be described in detail. The primary

di fference between the twentieth enbodi nent and the nineteent henbodi nent is
the addition of a field | ens 10 al ong thel85 optical axis 8. According to
this enbodinment, the field lens 10 is positioned, along the optical axis,
at a | ocat i on erathwesiaf ittee a |Yanditatdigre s arice WG cind itate ati 1 enalEDSL14,

to provide illymnation along the.gptical _axis 8 .. ln al { her respect,
this enmbodi meft°9 & sﬁ% | 75t &9 hglﬁﬁneY%%%?%t Zd:oen‘sic} i n%é't-‘gcal’ﬁi saXlsD 8
arrangenent al sttt 16f1 18, Y |sse &b idHdnEmbeasemst 2F pugsal $o
increases slightly the height of the inspection system2, e.g. by about
3/4" or so. W"’tf}ﬁl r5éf-erence to Fig. 21, a twenty first enbodiment of the
present Tmvention Wi aoucbe dieseiihed:idh Babalips A8 Z>sbBbe: aedpant 1s
very similar to the ninth enbodi nent, only the variations tween this
enbodi nent andhehehlientth éerdvodiaremspadtiedbe desedidiédam deghitl isThédso
primry differencgt.téﬁt\/\@en the twenty.first Benbo%' rreni and tthe ni_nt h

enbodi nent i s AR e BRErH 4P lgéécaé’&lsa F{Td (¢ Js'tugjnré% %Ewcﬁrom
the object 6 aud theecaddyghtosupplaecdi fiogeché | 1M umalnomn soWaRe- R0 sal eeg the
optical axis 8. According to this enbodinent, the illum nation source 50 is

posi ti oned, alBmEqars ot Fhalpenta-Brign 3 MHdah ohlbetvRerraiHectanths 4

y Z9 NO+ 2 =27, ang. ring LQ!:}E§4 0 .provi i 1, NaL.i l.ong the
opti cal alxdls %pnl%'éafg g%%lgr ngfpec i %H%Eer?g‘gdienﬁté%égfg?m}}eg(rigtcglgﬁe

ni nt h enbodi nentrfacHy 853r Bangewamntl ahkofiseldel ais dl Gt aeding and

illumnation source .50 b al so_increases, slightl he .5 hei ght of e -
i nspecti on syss["’é?ﬂﬁilﬁ? gﬂ'ﬁ?}lﬁﬁibﬁ?nﬁﬁfn%Fﬁgo‘gp%%# PREE Bnc 8Os ¢ ﬁjtﬁ.e 22%,
a twenty second gihedppenéd ¥y the twegenhti smeridHnawisd irove Predtest biybed.
in detail. As this enbodinent is very simlar to the twenty first

enbodi nent, oMBe tFerFare atPorRf behGeORICREs enbBdPReMMSRRFURS the thénty
first e i ki1 Re desigd in =V R Poar=1g i fs

bet vveenn?%g {r\?\éq/e&nﬁy sgégﬁd ent%{)d?%glﬁf aT(rfll% ﬁr{éalfr\l/\}eh% ?E?liq?'s%/s&eﬁrgt}é%iﬁﬁgﬁt?hies t he
addi tion of atvWeldghénsoudeces 14l &g therobiectdd lifstde purbrck i@ o6 this
enbodi nent, t ' field lens .10 | 0Si Lo , .along t ical axis .8, at
a 15 locati onr{glee[ v%]%%ecftﬁegi Iallﬁ%gn}}?%noé%ﬁ?%g %&%n% t cgwagr)fé]ggg? %éﬁédm.
In all ot hex rlespeato. tiThe 2abhdi erberesasfhrsarsuofdde a2 dih wdrbddietent .
This arrangenent allows u' se of a %3%” ized illum nationﬁTsLource 5Q but

al so increases &9 gty #Re héfgh@ideaate iMEpethfoniBySTRAT2, foCysiRy

about 3/ 4o or dihratdekiighiiRe 8OPWHO fikdd. 1&ds 108 tMRNEY LB BffOdhpnt of
the present invention will now be described. As can be seen is Fig. 23, the

i nspection sysifigEReresdy seaifndssed of bbar el epent drmdel gisyepldarer a
4, such as a %4@@1‘18%&2@% €9 98160 AR fa c@ FVBF tﬁl‘i‘@?t%!nt%x-g sm

sem conduct or) canera or sone ot her observation or inspe on devi ce
which is well 3dnowhiagh tike samandite sidreramt4idld yposinniadnde frdve wpdvicad an

object 6 to be .inspected d.,an.optjcal axis 8 is. defined tween th
camera 4 and ﬁ’?‘élsob?tac?oa%ﬁﬂtf R’Qeg irjlif'?’la}ét 18%%%0%%‘%%%85183311{\3%%&0&3% cal
axis 8, aisa lweatdtrdieimeere 0 aireleed ens yilcanee] aff ttiee Secaid an

i nspection surface 12 of the object 6. It is to be appreciated_ that, the

field | ens 10 Feflafipore 5k 3% n31 hef sPSheaT BrifMadohPeREtokle rivdr

(not shown in specidd Gdelgifdcsupd dhathd eddflfhist. ~ Thed 11 HROZ 1e?B

|l ens 10 can be readily interchanged or replaced with a variety of other
field | ens, hawfipalid fafifesthef Séositnyefhachdver purface 3% ehdthepasdlaect i ng

an appropriate power _of the field lens _a-w of ..Qpt i £
magni ficat i onsplglnsd? glp.%{ exifs througl'? Lhe f%gg trraaf}%i?MQ_JlePé sﬁ?&ace 38 0
30 the penta-prism toward the microlouver 72. The light passes

through the microlouver 72 and then contacts the curved beam

splitter 58. The beam splitter 58 reflects a desired amount

of light, e.g. between about 20% to 80% and preferably about



5 fields of view can be achieved by the system 2. Additionally, a
penta-prism 34 is |l ocated-along the optical axis 8 between the cansgr, j and
the field lens 10 to alter 'the path of the optical axis 8. The peg?gﬂWiZﬂM
34 is supported conventionally within the system2 in the sane 10 manner as
the field |l ens 10. The penta-prism 34 has five surfaced 35, 36, 37, 38 and
39. Only two of these surfaces are uti~zzegl for reflecting light, e.g. the
first and second reflective surfaces 35 and 37, respectively, while two

other surfacegqqrepybkl ifté@grhoghter g@%gb&%&n%e' Wit e 8190wl fl G legand
second transm ssive surfaces 38 and 39, respectively. Aring of LEDs 14 is
af fi xed i nt er pabuntt cof heedfystormd?, 1eght, t @ .tche ahouki 2 0%f ta cdhveandonal

framework 16 of the syste nd_t he optical_ axis 8 extends through the
center of th_ep_rrF:ﬁSrB'?ﬁﬁEﬁigoﬂit. '?hé’_ri ]tﬁcq_eégs?’?ﬂti epB&éFE , #itéoz ¢
el ectrical W FhBged8edbyoaPadBPfROFe BhLoRENRINS UHICEr ZhaN@dNenRewRkel S
controll ed by a rheostat to facilitate desired illum nation of the top

surface of thepebtece B afothe ¢amperied Wie fheusedgl sght Eoknall wengetrter ent

i ght intensities, ri_n i.ffuser ' | xed e, ynder si. f the
conventi onal %b%rrg\?@reﬁjaof t neé ?y%t%ﬁ%ér%rf%%%ﬁds%g?égeﬁ%}t %gler ilglgec%?‘agEDs
14 and the topessihgcehatatherdbjtdets 6ft ahee danspect4ed such that the

optical axis 8 additionally extends,thrugh the center of .the ring diffuser
25. 30 During use, THRETGHOH r'ch F18- LEDs *04 SRR TeoC HrBhgR L hES

di ffuser 23 t?\fo@rs@nrthﬁn@@h@%nﬁvith Bew Ps RRE QG HLeP At KN vt newpp! | ed
by the ring of LEDs 14 through the diffuser 23 is reflected by the surface

12 of théOobj éetvery §imiay tapthezpientipepbofigpeti anlyothheasimtdond ng

envi ronment . remaining_ 14 ppl i V. ' 0 11t Ar.ough
the diffuser %g%wleggﬁgghgc Jé‘iaggweﬁﬁegé%r a%ese}%q%#ﬂgﬁ“é}o%@ é’dia%llo%éa t-he
optical axis 8Setewdbddt He fdetdad Ul .ensTHd). pdhwearef dEfedehtghbebwerhettea f. =

first surface 22 _of the f field leng 10 and is alteredq by, the internal - .
focusi ng char §¢8BFFst PRRCGLMERE ff"Ead thts SRVeRHL f ?I?t'ghtlsexit?‘? t he

rear surface 24iefinkech elfdthengitld scandrichan iis T idatbdDimekt enters the
second transm ssive surface 39 of the penta-prism 34, which is 10 arranged

subst ant i'&l |y nor mBRTESStHER oshEck Shik £¥oB, Ly LERS 14 dift SpaRLEed toward
substantial |y @l gebikyt Be%g; B0yl aRdelsS - 1a QHgitl:@.!&H,allli?éHt”@st ened by

the second transm s3ive surface 39. ~ Tﬁe light then is refl’ected off the
second refl ecsiuppliedfaben@thef opehtal priisnd 34l ¢ oher tlihwihat son mefureet i ve

surface 35 of .15t pent a- prism 34 he li.ght,.then reflects off the.first

reflective suf ace&‘g% gi‘g%ﬁesjﬁ%%nila?%r =i atr% é&]t%nltrharetoju%rh TNE T st *°

transm ssive sukkated38tofhé ieemeiim-jHmh I aRdchs SHpphied tfldctd Reel ens

entrance aperture_5 of %he canera The focused |jight final lrly nters the
|

camera 42%i aStRELEERs 24904t ré’lfr(geélgﬁért Gress,  aRd | $e59%p QF 1¥énsed
by the internabir$gpesnt MBehas s ehetd®) LATEr B supbe vy AREL Bl dhiirfat iidh
turn, coupled to a nmachine vision system 26 (only di agr ammat i cally shown),
via a along the optical axis 8. Some of the light supplied by the
two light sources 14, 50 is reflected by the surface 12 of the
object 6 to be inspected to the surrounding environment. The
25 remaining light, supplied by the two light sources 14, 50, is
reflected off the surface 12 of the object 6 along the optical
axlis 8 toward the penta-prism 34. The light enters the second
transmissive surface 39 of the penta-prism 34, which is
arranged substantially normal to the optical axis 8, so the
30 light passes substantially directly therethrough. The light
then is reflected off the second reflective surface 37 of the

penta-prism 34 toward the first reflective surface 35 of the

penta-prism. The light then reflects off the first reflective



conventional cable 25, for determining the sensed inmage, e.g. 25 by a
conparison of the sensed inmage with prior input features, inmages,
characters, objects, contours, shapes, indicia, etc. ce the desi AENOY 2007
characteristic, feature, etc., of the object (s) 6 to be observed or

I nspected is determ ned by the system 2, the object (s) 6 can then be
further mani pul ated by 30 the system The26achine vision system 26, in
turn, is connected to a conputer 27 via a conventional cable 28. The

conputer 27 i sunfaeallsy o etg ipAiday- prdsie el exbc A ttalluwh2thet & iaskot or
30 which drives a conveyor 31 qor sone % - ~~~NO,~ 2002 -30_ot her
transport ati orfF TAPEYRFENS1gSHEYAEE 1] ConttRT | PEIEPUTPIHEM ned¥ Pt att'én or

manuf act uri ng nofe 11 RRILEH 6., A BEsBEESEREoh N HHd A cPBLBRYELY7 S 8ldt es
to the inspection system?2, a further detailed description concerning the 5

machi ne vi si orisspepphieé tawhnd shasddw atieteddrmpnepilsd tielk] Shot Tive beam

provi ded. Wth, _referen to.Fig. 24, a.twenty fourth.e di ment . of the
present i @entﬁp&ﬁ%qq gﬁoﬂ?%gegréicar PSSar\‘rQﬁ %‘i?%l?"f .oﬁglgﬁﬁs %r%o&e&%’ﬁFni S
very simlar tghdute 2iowemrby sbir shdlfrefdsdbieniboet| 50% hebaks itadwaids thet ween
t his enbodi nent and the twenty first enbodinent will be described in detail

. The -: maj oHiduses dfcethbet vebhovhed t aefAe§irsdr BROUAG Ohe TOkRCHRRr st
enbodi ment s 'Slfrggft,adéi!él onpafed JPLOSE 359%9 ghtrf?i COPLESLS ébéeLJ[ )%;%%2,0 and

facilitate cont over“the il Tumnation aracter an nt ensi
suppl i ed by thefiliecgedfby EDe ddjeand thdeaaddsprohedft@psesariterdidostugh 79
to contr

char act ertnd 3 BRGPFy CERpH 1oy T QPPPISeq FITLMaErBR=8otr carg0,
The |ight supmdcegedylidiec rﬂi&*@ley diitidrel éhescatidfdiaeshdy s appropriately.
sensai?by?the internal sensing characteristics of the ;ié
camera 4.
With reference to Fig. 9, a ninth embodiment of the

15 present invention will now be described in detail. As this
embodiment is very similar to the first embodiment, only the
variations between this embodiment and the first embodiment
will be described in detail. The primary difference between
the ninth embodiment and the first embodiment is the addition

20 of a Fresnel ring lens 80, which is positioned between the
ring of LEDs 14 and the object 6 to be inspected. Preferably
the Fresnel ring lens 80 is located closely adjacent the ring
of LEDs 14 to prevent direct illumination of the object 6 by
any of the LEDs 14.

25 During use, the light from the LEDs 14 is supplied to a
rear surface of the Fresnel ring lens 80 and is emitted from
a front surface 82 thereof toward the object 6 to be
inspected. Some of the light supplied by the Fresnel ring
lens 80 is reflected by the surface 12 of the object 6 to be

30 inspected to the surrounding environment. The remaining
light, supplied by the Fresnel ring lens 80, is reflected off
the surface 12 of the object 6 along the optical axis 8 toward

the lens entrance aperture 5 of the camera 4. The focused



20 a frenel lens 80, or sonme other diffuser, to provide only diffuse
off-axis illumnation of the surface 12 of the object.6. In addition, the

di ffused illum nation sourée 50°is positioned along the optical aX'QQWUWﬁmz
a location of between the camera |l ens entrance aperture 5 and the ring of
LEDs 14 , 25 to provide diffuse illum nation along the optical axis 8. If
desired, the frenel Iens 80 may be elinip€%§d so that the ring of LEDs 14
supplies direct off-axis illumnation of e surface 12 of the object 6. By

t he di scl osed . arran the two rheostats 79 _allqw, 3 urces
20 10 be act VA SBFeR o RE AT 1 FO8 b B et PSR S6n

the optical axirftedms Widsiasy plactd At s MY aowd ecangre 4 ¢l ative to
the optical axis 8, i.e. supply light "off-axis". Wen both illum nation

sources 120 ~0letc¥bsfefﬁ-’e]ﬂpe 5@ e erhﬂ:ofed:eftqlfé ehadidtesit &fd the
intensity of tﬂ}%ste‘?ﬁ i }nl\)é‘ilﬂtri%% 99%2%&96}% o] ?LegeEglEe As phis o
I"um na 1

substantially“Identical to one an one | I on source
can be cors r oldméebdiomeray ¢ savelt§ feeimelritan tbwheaa‘tnfmh embedsmbyn: Sorely, thb:e
ei ther brighter aor dar keb]ett han t he ot i1l um nation rce 0 or

Al ternati vel y,V3mHaF 1HE BEEPRET WRLF IS q-i‘a{‘ffirtﬁ] Fee JEL @éirjr“l?élt

enpl oyed to S%ﬂ'ﬂbé'&é@cﬁi%@@&rﬁh@ﬁgﬂheT@@?Qﬁha%?'élﬁfeﬁén@é LRI v €
angle relative thereto, and the rheostats 79 facilitate control of the 10

character and thst eﬁ@ﬂtﬁi} ofmberiment r éadi | thei fdtitdh spbeddmesy 14sakdietrr
50. _ It-~is tg;hg (SC1 ¢ e\ﬂx% hel.{he pent ax p&hs%% e?nbod&ment gt

I nt erchangeable wth a pair Mrrors be - | Sposed

angl es oflGappragddirdice )y the 5ceamlr£24 51 g lhcaBedespeaeWhha ichesept itealthaxi s 8
of the camera 4, or ot her conpi nati ons of angles which have the effect of
redirecting tIPIGRG &IFES FSRYESmera at approxi mately a ri ght angl-e

for view ng the sur;j‘@ﬁ@lglasgo e 1N§REGLRMh thBe. Y PASEs @lipplied toward - -+
the object 6 to be inspected. 1In addition, light is also
supplied along the optical axis 8 via the illumination source
15 50. Some of the light supplied by the two light sources 14,
50 is reflected by the surface 12 of the object 6 to be
inspected to the surrounding environment. The remaining
light, supplied by the two light sources 14, 50, is reflected
off the surface 12 of the object 6 along the optical axis 8
20 toward the curved beam splitter 58. The beam splitter 58
reflects a desired amount of light, e.g. between about 20% to
80% and preferably about 50%, back toward the microlouver 72
while allowing a desired amount of reflected light, e.g. about
20% to 80% and preferably about 50%, reflected by the object
25 6 to be inspected to pass therethrough and enter the lens
entrance aperture 5 of the camera 4. The focused light
finally enters the camera 4 and is appropriately sensed by the
internal sensing characteristics of the camera 4.
With reference to Fig. 11, an eleventh embodiment of the
30 present invention will now be described in detail. As this
embodiment is very similar to the sixth embodiment, only the
variations between this embodiment and the sixth embodiment

will be described in detail. The primary difference between



the penta-prismor the pair of flat mrror surfaces is to 20 twi ce invert
the image of the object to be inspected so it is perceived by the canera 4
in aright side up fashion rather than in an inverted tashion. It 29Ny ine
appreciated that both |ight sources 14, 50 can be each coupled to a
rheostat 79 (Fig. 10) or sone other 25 control device to facilitate control
of the intensity and character of the |lighb-supplied by the ring of LEDs 14
and the illum nation source 50 for providing |ight along the optical axis.

This allows grgat eéléﬁ@éﬁ@ﬁ' Leh%d&raehhe Systan a@&e@saﬁeedm@htt fi% 'e(;&lﬂ

provided by one of the two Iight 30 sources will not dom nate or
effective ill udoettion Odftheeilcﬂipeetlﬂurﬂimmmrosouheecﬁ%plros'edeérﬁim'_:nent S

of the present |nven Lon, the system,is refer bl y,.cont ai thin smal |
%) 135 Exrert oiteySRLIRRbL NS H T RoRRE R Ao EE G RRBRH LY, " i

16, 18 and 23, 1I1Qrmm<aamﬁresohb@e$@t1er@ds@i@cﬂgec80an@&gatkheb@htlcauramss on of
no nore than about 3 1/4 inches, and preferabI% a hei ght,of between 5 and

2.0 inchess a &k d*t ROSaHi RBNRT BYE S tél@omrros Ihemesthe iefehdppsal i d:tCh
di mensi on of h%ﬁax %\ﬁ%o ‘Eﬁe dﬁg&g@ gi ”Eaébﬁal?f @hout 5
era ept

i nches, and pre i nche
enbodi nment s oflﬂmlnaﬁ;ldrﬂsb&xcéﬁmd@eb%@? ,cdmualelxamp]ce:oltdwaysnémhe

housi ng 80 has_a hei nsi opn of, 10 .no nore than hes
brofersbly o MAHOR e heor L kTR PRuhee Stal AdeRt Y T e

about 1.5 _ inghes t‘l‘rdJre@Md&lﬂ{eh‘ltaow did. & rensi parei chebveethd . slﬁ;}_ﬂrl%cﬂ- 75
~. i nches, and a depth dinension of about 4 inches, and ' preferably a

depth of HetwebSlt sEEAM Bhe iheHBENALEORhEOHERRabEr LAdNdRasess Paldead ze
of the system 18988, REC Y ¢irngeho stahekaJ‘;f‘éeé‘t fkeﬁentsh%acfeaed Il es

pl acenent of the systemw thinthe snall I nes of conventi onal
sem conduct or ¢wﬁﬁmssrng8eqmupsemMe'waﬁgﬂﬂdyﬂighﬁlhg Sﬁeha&raedléﬁsmlone

aperture 87 20 provide se surface thereof_.and all conpanent s
e e me LAY Ea. " ATt Hb1 A8 e O] SULAN S 40hi 108 RRROCT

in the systemdpusgil gg)l&‘édsoli@% “éegOptbé@Jveélﬂl %b%uextgoels ddr gogh drlie at

| east one aperture of the st em housi n Aring light, or sone_other

known or Y5 cdtRRRTHPEY 4@4"&%51%!4 Ghlr GREIEGF] g B thRwasd dhtor  of
the system ho%%:f@:rt %dhhili@nélé@%lqtodﬁ'@fta @@Ql@@@ratﬂgﬁ@gf lﬁgﬁit o\ ded

for supplying il nation at an angle wth respect to the optica axrs
about 20% to 80% and preferably about 50%, of the light
refleeted by the surface 12 of the object 6 to pass through
the beam splitter 58 and be viewed by the camera 4. In all
20 other respect, this embodiment is similar to the sixth
embodiment. This arrangement allows use of a small sized
illumination source 50 but also increases slightly the height

of the inspection system 2, e.g. by about 3/4" or so.
Turning now to Fig. 12, a twelfth embodiment of the
25 present invention will now be described in detail. As this
embodiment is very similar to the seventh embodiment, only the
variations between this embodiment and the seventh embodiment
will be described in detail. The primary difference between
the twelfth embodiment and the seventh embodiment is the
30 location of the diffuse illumination source 50 provided along
the optical axis 8. According to this embodiment, the
illumination source 50 is positioned, along the optical axis,

at a location between the penta-prism 34 and the field



A cylindrical shield or ferrule 83, secured to and 30 extending fromthe
base of the framework- 16, serves a nunber of functions, First, thzgf@?/rﬂbe
83 is preferably painted bl'ack on the inside to prev‘eni "bl ow back’ !
light froman LED of the ring of LEDs 14 back to the penta-prismand the
Q ~l~~~ 2002 -33 5 10 15 20 25 30 canera lens, i . a . to absorb light
supplied directly by any one of the LEDs.o3Second, the ferrule 83 is
painted white on the outside to help disperse and diffuse light within the

LED-ring circyighChgnbes 9fobh&e i Mouki +—LE£§ torddidite dhe d&T ral & §3
hel ps positi onethﬁe o;')tleca}? %x?seB properr1 y V\?t]ﬁ ?e pect to the LEII% circuit.
That is, the Basendgflyt helmuslhgm8fahasnatsdueast Dheisi reihbkahoke dhe

aperture 87 provided therein and the ferrule 83 is the sane size ar
SPTaht1y ©ar pERoPRITEoE ThEHothE: o TP GRS TapRIPPE S iF SBOSERSt e
formof the ingesihirar theclkamesanth enbdbiddeht evili's aarahgemBhemllows
particularly small _in size. The smal|l si~e of the camera is crucial to

the utili®y aNgetdlea-small miged bhlWrinaelomBguagendUlYE aéeor ERFREASESt he
present ' inveRtion. ' ciat. ; a-pris '
preferred ove%ﬂ%gglgilf %Pé?nh%?%}?‘?gpgﬁ% %F’f'ggft—'?naéa%gﬁﬁéhtgb 'PPI?%A&HO%t
penta-prism @i/ghi mrasamounting slot, will still facilitate an accurate

reflection of the Li.ght fromthe ohject _at an angle of 9Q. Secondly, .the
penta-prismis eas&’_lgg ’ET‘ZE%’FFIE%’CSB 9b'ot1ﬁ_'t‘? é'(H%ﬁE@EPFI}é ngérﬁé“ta?é Eeposed
(face out war d'p)!:)es‘éﬁ‘ﬂt' envbhtiwa wepaate HE Gy ide Q_HDH@MQQ;L Ahes this
reflective surfaces of the two separate mrrors face inwardly and are nuch

more di f fli%ul embedAmEALal ;i Vieryas énehar donhei rghtasrbpdimeatmenivithg of
the mounting %’P&l%rtiﬂi?)s-faQEwéEHpcq{% ’é?nbto*&n%‘?ﬂ;t oAl L0 d Sfl Taitia
manuf act uri ng a nountd ng arrangenent tor nounting two ~sep%rate mrrors, -
e.g. cylindri edllbbeeadrsand vedjin- dagh el cuTheaprinagyidietf e adhee Hetamwemar r.Gw

| ots at odd | es., f d f f the j ti th Nt a-pri si
ond the t i ot hd ERarkBeReR ERBPATRenlL AR i R I it atrenbyF Eifher
t han by bei ng 1basitesadst @ Heh@i PPuSE NG 1vind nARYBhi 6156 B\WSpasdl &d raiczigni ng

rings. Such attachnent sinplifies the machini n% of the aglgarat us and
reduces tife nifSercrRfical. axip-~82007Ac82resRPokENt 1 hefBRPIL HERker the

i ni i 2ing. t e 194aaces; oh SANRAI B9 {418cARLEALACOIMNERSR Bt Ng) ASSEID! ¥

or at the inspection site. Preferably, the field lensTis an off-the-shelf
25 mmr 5 "li ps$t dcdiccdtaimn betweent thdeeapm aviiaeds wodeviarg ofhBEDS Het ,use

o a0 " 2o L CLSLS LNl A LO-R DRRL ISP LGS 1 Rt
pent a- pri sm anthet helbnghttionr eeudc8e3 ) Ans sikdlareto the embvedinsst keave
determ nezdo t h%‘tig. 11. In all other respect, this embodiment is similar to
the eighth embodiment. This arrangement allows use of a small
gized illumination source 50 but also increases slightly the
height of the inspection system 2, e.g. by about 3/4" or so.

With reference to Fig. 14, a fourteenth embodiment of the

25 present invention will now be described in detail. As this
embodiment is very similar to the second embodiment, only the
variations between this embodiment and the second embodiment

will be described in detail. The primary difference between

the fourteenth embodiment and the second embodiment is

30 replacement of the field lens 10 with a diffuse illumination

source 50. According to this embodiment, the illumination

source 50 is positioned, along the optical axis, at a location

between the mirror 32 and the ring of LEDs 14, to provide



10 placing the f field I ens between the canera | ens and the pentaprism

gat her than placing the fleLd | ens between the penta- - prismai: §§Wh§2m2
obj ect, generally does not provide satisfactory - optla_l results.  Since
certain changes nay be nade in the above descri bed 15 observation system

wi t hout departing fromthe spirit and scope of the invention herein
involved, it is intended that all of the -subj ect matter of the above
description or shown in the acconpanying draw ngs shall be interpreted

nerely as exanpi egmihitsbhatdighd henk i cg;qg;gptg her %*e'@:o%@ldyShQJHe 20
not be construed as limting the invention. - a ~ Nov 200z 1. A conpact

m ni ature i nspetlimhnaysermsooircebset viag Sa-rmldt&]recto the iemhsedment fstem
compri Sing: o boysig haYia apyohseLYAdOn ARSI LUESAIIEEEILL (3nboaE (] eve

canera) | ocated W t & “hous| ng, i i Ag an eh’|'dcat ed

at an i nspect i ohe Iseecaindoanbedinait OpThidlarasingehenngldeiwanedehel weenmaidn
entrance aperture |ens of the board | evel carrera and the. |ns ecti

| ocati on and e%%%%‘éhlﬂg}”ﬂ’?fr&}b‘-}?r’c ReurpertUPat Al PR THIRASRS S4iph ﬁgqu%t

supported by tfe; housingyef QﬁsBéevhgh"%yé&&htz Le Hhepphissic BY4heor so.
i nspected, the ring |ight being [ocated concentrically with respect to and

..~ 10 al ong the d@ithaﬂef@n@ceﬁtoaﬂg}caﬁbo&]fbéttweerahtﬂéodxénmrdf of hghe

canera and the ~~' inspection (.oe~tian; a ferrul e,, su d . the
el o ot oRFREEAF GG G S Hof e BEs8r IBRE Y g G LR R4 1O
observati on apefibedEnéit tikeveoysifg landeotilee ffaurrulaenbnlea@ddqa@he heimeen
the ring light and the op tlcal axis to separate the ring |jight from 15 t he

optical akPs, &nd %r%%%@a% bebreay ks a%‘éb%@l‘f‘ﬁ’étf%? ufF e pepigr eenth

non- ref | ecti Ve fy eecemtlo 88y éé@@fi@éid' 1Nt gbpaf ¥NCti @ReaSHA Jd.ght
trap and absorb any siray ght . The conpact mniature inspection system

accordi ng to clibfferghce between the fifteenth embodiment and the fourteenth - =
embodiment is the use of a circuit which is bent into a
conical or domed configuration in which all of the installed
15 LEDs (lighting elements) face inwardly toward the object 6, as
with the embodiment of Fig. 5, instead of a planar ring of
LEDs 14, as with the fourteenth embodiment. In all other
respect, this embodiment is similar to the fourteenth
embodiment. This arrangement allows use of a small sized
20 illumination source 50 but also increases slightly the height
of the inspection system 2, e.g. by about 3/4" or so.
With reference to Fig. 16, a sixteenth embodiment of the
present invention will now be described in detail. As this
embodiment is very similar to the sixth embodiment, only the
25 variations between this embodiment and the sixth embodiment
will be described in detail. The primary difference between
the sixteenth embodiment and the sixth embodiment is the
elimination of the field lens 10 provided along the optical
axis 8. In all other respect, this embodiment is similar to
30 the sixth embodiment.
With reference to Fig. 17, a seventeenth embodiment of

the present invention will now be described in detail. As

this embodiment is very similar to the eleventh embodiment,



characterized in that a field lens is located along the optical axis at a

| ocation 20 between the |l-ens of the board | evel canera.and the ob&eﬁg, when
pl aced at the object obsérvlng | ocation. 3. The conpacﬂ mi ni at ure? NOY 7002

i nspection system according to claim?2, further characterized by one or
nore of the following: a mrror being |located along the optical axis,
between the | ens of the 25 board level caywra and the field lens, and |ight
reflected by the object along the optical axis being reflected by the
mrror toward .1 3 n | |

| ocat ed aIongcihg'%%???%ﬁagggggpgé?mégﬁq?ﬁgg%gﬁgdégﬁﬁﬁéggggﬁg§?gegkﬂggnera
and the fiel demoslirend | wijhl rkef | debedibedm ime deltjeddt. AVENREDpSHEETY

-36~ 9 NOV Z0Q7? _.along the optical axis is reflected by the na-pris
Loward the | ons EaFCEHES BEEPRerouer SeNparRenEn STECOHTRYE 1 Eo0/ S Everph
providing il emdaatinental 8ithe 18Pt iaCB1 aRXt &16fg biEermbAilat, Us 8 witgPegki on

system being provided at a |ocation between the 5 | ens of the board |evel
camera ané t hempiogligergnal B Lhelnstemd wdt f ont soUF e arhiled) Ladernt basm

splitter located alang bhieqgnthcaly Abontolof SHLARTIND Id Lyl BaLE 2d; Lhom

the illum nation source al on e optic I's and al I'owi hg a portion
of the light nEDse¢leghbynghe aprent) facheag nspecd by tHowapas shehslojgit Ehe
beam splitter and,enter the |l ens of the board |ev canmera; and ,..y0 a

di ffuser) sup@sr AL é%&a&%swbpélmsest e&fbéib\e%ﬂ?%ef%%ﬂ?@ﬁr- _‘:¥11F‘i ght
and the inspeehinaikRert i 08 tDindiffusect hend | gtkesupeki-6diR¥nthe rirRggl i ght

to the object when | ocated at the inspection |ocation.
10 arrangement allows use of a small sized illumination source 50

but also. increases slightly the height of the inspection _

¥ "].'\.

system 23 E.g. by about 3/4" or so.
With reference to Fig. 18, an eighteenth embodiment of
the present invention will now be described in detail. As
15 this embodiment is very similar to the fourteenth embodiment,
only the variations between this embodiment and the fourteenth
embodiment will be described in detail. The primary
difference between the eighteenth embodiment and the
fourteenth embodiment is elimination of the diffuse
20 illumination source 50, positioned along the optical axis, at
a location between the mirror 32 and the ring of LEDs 14. In
all other respect, this embodiment is similar to the second
embodiment.
With reference to Fig. 19, a nineteenth embodiment of the
25 present invention will now be described in detail. As this
embodiment is very similar to the fourth embodiment, only the
variations between this embodiment and the fourth embodiment
will be described in detail. The primary difference between
the nineteenth embodiment and the fourth embodiment is the
30 addition of a diffuse illumination source 50 along the optical
axis 8. According to this embodiment, the illumination source
50 is positioned, along the optical axis, at a location

between the penta-prism 34 and ring of LEDs 14, to provide



4. The conpact m niature inspection systemaccording to claim1,
characterized in that a pent a-prismis |located al ong the optical axis,

bet ween the 15 |l ens of the-‘board | evel canera and the sbbj ect when pg ced at
t he obj ect observing location, and light reflected fromthe object gcﬂﬂ@ 2007
the optical axis being reflected by the penta-prismtoward the |ens of the
board |l evel canera. 5. The conpact nini at2€e i nspection system according to
claim4, characterized by one or nore of the following: a field | ens being
| ocat ed al ong ilHendpidtciadn axileongt Bhéocgitiiotebetawden Bhe | ecaidlyhe board

| evel camera and the object, when placed at, t he ,object _.observi . ocation;
o T o Al bl 1Mk BelteRead!sn Bon b rBhaSRanE  t AbiaRiTen)

axi s of the MuNeALUN@iNSREUH @BuI¥el €0) 1 H6s N8 PiPU dathdlendbd QGRS
between the 25 Il ens of the board | evel canmera and the object when placed at

t he obj ect ob$dgi hy-| deatlbrothew respect! uphatemediment he $imikBINEC on

source al @ng L.cal i far.al ' | Ight
refl ected by 'EtLil% g%};déﬁ@?et 0 dgm%%g’peg :eLg %%%%ﬁ%&g%wﬁﬁs%ggn%sp |1tlt er
and enter thediersl dlltthénhodod d@wsde 6aneua.al@Go Thereanpactl igin B whe

I nspection system accordjng to claim1, 30 characte I n that

i |1 unination - Of o DB RFRE Flgt G IBYFCRHY ?orFa‘-Fmr?IQ’zggé’uﬁ@é‘FllﬁEa%sngET
-37 2 9 NO V 2002 yith reference to Fig. 20, a twentieth embodiment of the
present invention will now be described in detail. As this
10 embodiment is very similar to the nineteenth embodiment, only
the variations between this embodiment and the nineteenth

embodimE__nt" will be described in detail. The primary :lz
difference between the twentieth embodiment and the nineteenth’
embodiment is the addition of a field lens 10 along the
15 optical axis 8. According to this embodiment, the field lens
10 is positioned, along the optical axis, at a location
between the illumination source 50 and the ring of LEDs 14, to
provide illumination along the optical axis 8. In all other
respect, this embodiment is similar to the nineteenth
20 embodiment. This arrangement allows use of a small sized
illumination source 50 but also increases slightly the height

of the inspection system 2, e.g. by about 3/4" or so.

With reference to Fig. 21, a twenty first embodiment of
the present invention will now be described in detail. As
25 this embodiment is very similar to the ninth embodiment, only
the variations between this embodiment and the ninth
embodiment will be described in detail. The primary
difference between the twenty first embodiment and the ninth
embodiment is that the camera 4 is spaced a further distance
30 away from the object 6 and the addition of a diffuse
illumination source 50 along the optical axis 8. According to
this embodiment, the illumination source 50 is positioned,

along the optical axis 8, at a location between the camera 4



optical axis of the mniature inspection system being provided at a
| ocati on between the | ens OI the board | evel canera and the obj eglg Nlﬁeﬁoz
d )

" placed at the object observing location, and the illum’nation sour
includes a beamsplitter |ocated along the optical axis for reflecting
illumnation fromthe illum nation source 5 along the optical axis and for

allowing a portion of the light reflecteddmy- the object to be inspected to
pass through the beamsplitter and enter the |l ens of the board |evel

canera. 7. Theafianpa® ofi IEMR Wi e Hppecien Siatemwicnoadong tite ebaidad,
further characterized by one or nore of the follow ng:. a mrror being
| ocat ed al ong BK&Sodti &l ahkietheetwededthethéfsevpodphment: is sdaid greel

carrie~a and t j : ed..at _t i i | ocat | nd
Tht oot et e iBa it SHBERRERECC e SEr M BRLLP BRI AL hILER Baad e
mrror . towardikbd iEnsnifat hen koarrde By &dutcalepal narpesta-qrigrolbechg

| ocat ed al ong hhe ogti al  axi,s, between the |ens 15 of .the _board e"vel
canera and>t heP8BPBEL OhhERSPLREBECELOPhEYSHEEL L 0fs&r-vitiYg ARG iSdit " &d So-

light reflected fromtherotiRgicatantid he20pkiGalndxkecbaindmysideatedsby
the Pena-prismtoward the |l ens of the board | evel canera; a field lens is

| ocat ed al ong the ppesedar dxvenwion wikhtion dretdesaribrd |iehsesaitlhe Bsard
| | th j ) d at_t bj [ | Lon;
evel canmera apg;he, Jé%th?/nﬁ,’mhgﬁshplv%% 8l 1§,00f §CT é)s%l;ﬂ\%n%g/ Eﬁgg}:?ght

and a diffuser, ‘'Suppor ousing, is Tocated between rin
and the inspectmbadimeati conlyp tdid rageathienki pbtwsappths dmpddienarithgnbi ght

to the object en | ocated at the ipspecti, ocation, 8, The conpact
m ni at ure{lpnsp\ggﬁiWF%S/%?&IE%C@&PWH@QI%_“H%% L??l,e%rjc@%é act @¢taRl- i hPehat
a nrror is |ogatgdrgl %ngéf@n@@tﬂe%%e%tﬁe @ﬁéﬂﬁ?%é&%& bR indig Baard

| evel canera and theobject when placed at the cc)@]éleqt observyn% | ocati on;"
and |ight refl ehedivdnty Fargbjdrodinany thetlpEidgdit ipn ef reifagldcientied - by

the mrror towgsd the,d et jQait 8% RORT dale¥eli16A™BE & his embodiment, the -
. field lens 10 ig positioned, along the optical axis 8, at a
15 location between the illumination source 50 and the ring of
LEDs 14. In all other respect, this embodiment is similar to
the ninth embodiment. This arrangement allows use of a small
sized illumination source 50 but also increases slightly the

height of the inspection system 2, e.g. by about 3/4" or so.
20 Turning now to Fig. 23, a twenty third embodiment of the
present invention will now be described. As can be seen is
Fig. 23, the inspection system generally comprises a board-
level miniature video camera 4, such as a CCD (charge coupled
device) camera, a CMOS (metal oxide semiconductor) camera or
25 gsome other observation or inspection device which is well
known in the art. The camera 4 is positioned for viewing an
object 6 to be inspected and an optical axis 8 is defined
between the camera 4 and the object 6. A field lens 10 is
positioned along the optical axis 8, at a location between a
30 camera lens entrance aperture 5 and an inspection surface 12
of the object 6. It is to be appreciated that the field
lens 10 is supported within the system 2 in a conventional

manner (not shown in specific detail) such that the field



9. The conpact mniature inspection systemaccording to claim®6, further 30
characterized by one or m)rtg of the follow ng: p~~IOL~~~t'~E~T - g ~.q
~~ny L~~2 an illum nation-séurce) for providing illuninhtion al ong? NGY 2002
optical axis of the mniature inspection system being provided at a

| ocati on between the |lens of the board | evel canmera and the object when

pl aced at the object observing | ocation, -asd the illum nation source

i ncludes a beamsplitter located along the 5 optical axis for reflecting
illum nation fy«s tbecdd bemdwdi BN iseei-eBanbea® hepdatedari X hSvarid thor
allowng a portion of the light reflected by the ob(ji,ect to be inspected to
pass through tHe b&fRexput £éfland éBnEr t hBaVERS ofdihkereald TS id%er a;

a penta- prismdelng daaatod.al 00g hecontd cal. i s Agtusen dhieobeas af Lhe

board | evel canera and the object aced at™ t rving " 1 o
| ocati on, and dhiglfitielef Lexns ed widenrahege aiff ept- iakdngaghef bpat tahs axidy drei ng

reflected ~'' by the Pena-prisr~C~ toward the |lens of the board | evel
canera; a Ti e|€1§1é£% c?lésa Y'ocht & %n@gﬁh%v%%?l%a? %x?%s%i%‘_“agr ocation
between the . , |enmd®ftidiaPO@s dal pegtacareba 8adikhe RBjRE 219N thleaced
at the object observing location; and 15 a diffuser, supported by the

housi ng, is | codtictrbeise paevepRgthe giameansd 4t ded | txpddilehlpoeatl &9 to

di f f he | | Led,.b g I9ht 3105 t gy bl ' 8
i ffuse the 'anlhéexSlﬁ%% bggagfﬁ]&?@ IS"&%gc 41905 1105 t gy @ %ggi:laa ggf}!’g%‘?nl% at

t he i nspection Tocation: ec mni at ure i ns
accordi ng to cdwpodyed wohesnchanatlerwiedihytbheesgstror @ dh tthe same

followng: ~i7 a diffuser, supported by the housing, is |ocated between the
Fing 11 ghtO and HHED BB AISWIOHE [ At 20 t he b RCH BT mif I tTe. 1 o

diffuse the lightrsunpliseday Bhe sengndiod! aihewebbecthawn dagaled at
the inspection | ocati-on; the rlgﬁ%llght i s conneCted to a power source ~--

whi ch cont r ol % utdddizégnEosfrainl ¢ i w3 ilthghinde ad e Haraddastopnd recond - =
iI1uni nation synpldead ri.ng-ki n 25, r el1]187S+ 4 ed.
adj acent the ring % g \?%Is%%?\?ecee% t eaq{;tli ﬁg’l ng eg%%vt ! gg%lgc%ttmﬁéﬁqﬁ%%iat ed
at the object sbsfrasmgreocatl daedffor drbesmigtihg ligit, sugpl tled fiostthe

obj ect pl aced at the object inspection |ocation preventin i rect
PPl it nath bn’ G e bai EAAEED SroLERoe S0 | S a0 P ey o
i nspection system greandi &8 HEDLhal 1 affixed 200krahal gcierieedysveh kgt the

ring fight is conical in shape, tapering froma w der dinmensjon to a
narrower di nersi%n takdesdpiertieorachl ar aPRVenbionaEpsramacrkel Ik diety of
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the ring of LEDs 14. The ring of LEDs 14 is powered, via

20 electrical wiring 18, by an appropriate power source 20 and
the power is controlled by a rheostat 79 to facilitate desired
illumination of the top surface of the object 6 to be
inspected by ﬁhe ring of LEDs 14 at different 1light
intensities. A ring diffuser 23 is affixed to the underside

25 of the conventional framework of the system and located
between the ring of LEDs 14 and the top surface of the
object 6 to be inspected such that the optical axis 8
additionally extends through the center of the ring diffuser
23.

30 During use, the light from the LEDs 14 is supplied
through the diffuser 23 toward the object 6 to be inspected.
Some of the light supplied by the ring of LEDs 14 through the

diffuser 23 is reflected by the surface 12 of the object 6 to



12. A conpact mniature inspection systemaccording to one of clains 3, 5,
6, or 9 characterized in that both of the ring light and the illum nation
source, for providing illurination-along the optical aXis, are each Qprqweggﬁf
by a power source and a mechanismis provided for controlling both the
intensity and character of the r..y0 light supplied by the ring |ight and
the illum nation source for providing il I_ggi_nati on al ong the optical -axis.
13. The miniature inspection systemaccording to claim1l, in conbination

ith i Si t [ | ectricall.) l.ed t id t, .
i atur e | nepit OO R AT N S AN SRy | SA81 Bt iniad y

iC
coupl ed to saighidi Vitigl i85 LMt hand iy 6@NMENE Mo MRERJUSTEWE| EHF fhiiser
el ectrically coupled to_said conputing nmechanism and said vision system
suppl i es a sens®d lisntigélertedeobbjtdst susfpeei Wy pdcthe elject ¢ sbapattihg
mechani sm whi c e i.nes h ristic and a_f f. sai d
obj ect and out 1tdlséagi %%’a??%w%%? %h%oﬁéggéﬁlgennéegﬁan@n% ,S%géﬁgggﬁ%ﬂ}aﬁt her

mani pul at i ®n ofntsatd 20bfi eet surFaes 20f obNchoff itlehel Tendet ®ramdned altered
characteristic or feature. 14. A miniature inspection_ systemfor observing
an b ect .t hePY KESeLts Tl SPEH COmATIAIG T BEOGS, T CHavE e rens 10-
observation apgid Ufchdedellghd eaRBEarhkosahed sWidthide the Joutdd i 1M
i nspecting an object when 25 | ocated at an inspection |ocation, and an

optics( axis bty defiansl beeneds =urmsiest the agwhesdtend the igrgaextion
ocat o0 200 SR HOUALLUR eI L LiEsIBUELAY3. SIS o
i nspect ed1 0t heastarigemdulgddghialler ngrinadat ed-toraganida Caldiy 8, tdo the
P, PITEND-D SHFI:':(_:];ht passes substantially directly therethrough and is -
substariifiaily unaltered by the second transmissive SL;rface 39. - =
The light then is reflected off the second reflective surface-
37 of penta-prism 34 toward the first reflective surface 35 of
15 the penta-prism 34. The light then reflects off the first
reflective surface 35 of the penta-prism and exits through the
first transmissive surface 38 of the penta-prism and is
supplied toward the lens entrance aperture 5 of the camera 4.
The focused light finally enters the camera 4, via the lens
20 entrance aperture 5, and is appropriately sensed by the
internal sensing mechanism of the camera 4.
The camera 4 is, 1in turn, coupled to a machine
vision system 26 (only diagrammatically shown), via a
conventional cable 25, for determining the sensed image, e.g.
25 by a comparison of the sensed image with prior input features,
images, characters, objects, contours, shapes, indicia, etc.
Once the desired characteristic, feature, etc., of the
object (8) 6 to be observed or inspected is determined by the
system 2, the object(s) 6 can then be further manipulated by
30 the system. The machine vision system 26, in turn, is
connected to a computer 27 via a conventional cable 28. The
computer 27 is typically electrically connected, by a

cable 29, to a motor 30 which drives a conveyor 31 or some



-40 respect to and along the optical axis, at a |location between an
entrance aperture ~ ~~~i ~ 2002 of the canera and the iﬂspectionl&ﬂ%ﬂﬁgmz a
field lens, located within khe housi ng) being | ocated élong t he opti cal
axi s, between the lens of the canera and the field lens; 5 at |east one
reflective surface, located wthin the housing, being |ocated al ong the
optical axis, between the lens of the camgina and the field |lens; aferruie,
supported by the housing, extending along the optical axis, the ferrule

defni ng the obsenyat teanspertitecal orhednResiing aes)iddher derddierdel gy
| ocat ed between the surrqunding light and the optical axis to separate the
surroundi ng | i §RFCRBREPABUSBELeRICTERRUTaREURRNY Ria FORYCPRIRGNE - shST R of

the ._ ' ferrulg.beipo hlack 9 fURCLLERD18S Bl L ptﬁdﬂix%?é
stray light ft%orr?tﬁe sulrround]idr%lg P?% th?gégd lgedél!fg%]%serf su%port d {))Cy the
housi ng, bei ngsystaned,bet weerthdre detadledi dgskirgbt iend ddrednmsiperttlon

l ocation to diff the, | ght |ied by the 15 ding fight tath
obj ect wheh | GBATRIPS(Y TN HFCER of FOLAGDASSLEITRE fiPHratres will

i nspection sysht&m BECHFE-Nges0 claim 14, further characterized by one or
more of the follow ng: said at |east one reflective surface is formed by a
penta-prism the suffouddierancghtoifica Bt arfabwsnEy olridlHy ebgRtngre of
contains a plu i | ggq: i plur akit ; e Lghed W th
the diffuser t%ﬁ%r%%?gen%iﬁf%%e ﬁﬁ"ul%lné%“ghleo etg%]ef![g ] eg%l ?%Uﬁgf' A%

i nspect ed; thetusr canubdignéntghtis svpoyperetnbyara powethsoutwenwhi chidss a

hani trolling bath i nt ensi t h t, f the |jght
Suppl 1 ed byt HETSOT T BT G SHE YOF Py LURETHF 195 AErie: POROS I8 h P Hehrrer a
is a board-| evehe cavitd; £ibst fdldliidits ®011MBd geabrashbuoimigdalid I8ns;

and the inspection ;if-_étem i ncl udes a system housi ng which has a height "~
di mensi on of nBriPEAEFerercedirtveen Fhentheatyalapgth andehlie diwesttwmbotit

1.5 inches, ang; IENs oW e p— ~E iy et BN
-41 ~ NO~ 2002931%?9 e r%ﬂnl at urggi%%%??#gﬁ%gyggréljlm]%gggglr:%?#gg ?88%?%%%01]14,

i n combi nati orpeweh spurics 20 @y tfamidhitalt el sort ect veal titeddliplreithdtol sai d
m ni ature, Lnspection_system, conputin chani which i ectrically
coupl ed t]oésai %%%?%?gse%‘in ﬁﬁ%egﬁg%é’ %Bﬁ@g??%}ynﬁﬁaﬁ%%%ﬁf@#ﬁ i‘l' hd

el ectrically copleddio saidck \d Sicdrid shsbefhtand 8oCOONEYHNOL & GedthEdNn
which is electrically coupled to said conputi ng mechani sm and said vision

syst em suppl i RO%EE EREEFS HAGEIOFRe TP BPBEFCL Fhsel F HEpAte @™t BRIERYESH si on

system suppl i egn@ 1328984 cl, RGP 1%%ked bE ol &ctriPe1iNaPest £6h Busakdo .
conmput i ng nmechani sm whi ch” determ nes” one of a characteristic and a feature

of said object and Bueputchtassbghakdtly sdiedr toavaly LE§snkt Hands AEueeddrit r ol
further n@@i puéaffgﬁeffléﬁl.é d86),bj gysérﬁe VA%Pfde]ﬁlgér;sati,g provide only
diffuse off-axis illumination of the surface 12 of the object
6. In addition, the diffused illumination source 50 is
positioned along the optical axis 8, at a location of between
the camera lens entrance aperture 5 and the ring of LEDs 14,
25 to provide diffuse illumination along the optical axis 8. If
desired, the frenel lens 80 may be eliminated so that the ring
of LEDs 14 supplies direct off-axis illumination of the
surface 12 of the object 6.
By the disclosed arrangement, the two rheostats 79 allow
30 both power scurces 20 to be activated, at the same time, to
provide illumination both along the optical axis 8 as'well as
supply light at an acute angle relative to the optical axis 8,

i.e. supply light “off-axis”. When both illumination sources
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L <O>>D?7?277{ Vqudjtﬂ%%%ﬁ]céﬂ%%afea]léé]%]%}ﬂ a].léjgg]r@tlon source 14 or 50

a] cal cal cal cralgatealoal col cal eal ealed] asteakent aaralaladkesheal sy,

i—U H]C]—lBi | M\ﬂ\lCPIQ Lﬂ)kba\e/!]uim]ma]:cg]mat@a] da]:hatca;]k@at)}ba]qiaiqxca]. tahtadciajca) ca

caJca]calcalcalca
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_Z] c] ca] ca] c&ajalgination sources 14, 50 can be employed to supply light

a] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca ca] calca]c

a] ca] ca] ca! j nrfHitdEZpppERE IS PRYXFRY -2X1REBs-PT BRB Ay Pedl e e chita] ca

] ol cal Lo~r (SN0 1 e RV P e Ea e oy o oy ot Cof ca oy agy &0 leal ea
a] ca] ca] ¢y ca]dem(cajecakond] odtjera] ida] ofi]|tdea] deftagdal ldalmialadalarr aderad et o4l N
pI J3n_}xsnid 21]4] ]aé'ac]/c%]] c%(] ta] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] C
a] ca] ca] ca] ca] ca] calca] saleapealagahet]icalet {14037 keAblenta-prism 34 is " .:Z&
interchangeable with a pair of flat mirrors which may be
disposed at angles of approximately 67.5° and 22.5° with
15 respect to the optical axis 8 of the camera 4, or other
combinations of angles which have the effect of redirecting
the optical axis of the camera at approximately a right angle
for viewing the surface 12 to be inspected. The purpose of
the penta-prism or the pair of flat mirror surfaces is to
20 twice invert the image of the object to be inspected so it is
perceived by the camera 4 in a right side up fashion rather
than in an inverted fashion.
It is to be appreciated that both light sources 14, 50
can be each coupled to a rheostat 79 (Fig. 10) or some other
25 control device to facilitate control of the intensity and
character of the light supplied by the ring of LEDs 14 and the
illumination source 50 for providing light along the optical
axis. This allows greater versatility to the system and
ensures that the light provided by one of the two light
30 sources will not dominate or hinder effective illumination of
the object 6.
In all of the disclosed embodiments of the present

invention, the system is preferably contained within a small
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no more than about 2.5 inches, and preferably a helgh of

between-1.5 and 2.0 inches, a width dimension of about 1.5

inches,'ip'réferably a width dimension of between 1.25 and 1.75

D

inches, and a depth dimension of about 4 inches, and
preferably a depth of between 3.5 and 4.5 inches.
15 The miniaturization or small size of the system housing 80,
according to the present invention, facilitates placement of
the system within the small confines of conventional
semiconductor processing equipment.
The system housing 80 has at least one aperture 87
20 provided in a base surface thereof and all of the components
which define or alter the optical axis 8 of the system 2 are
arranged with in the system housing 80 so that the optical
axis 8 extends through the at least one aperture 87 of the
system housing. A ring light, or some other known or
25 conventional illumination source, is affixed to the exterior
of the system housing, adjacent the at least one aperture 87,
and provided for supplying illumination at an angle with
respect to the optical axis.
A cylindrical shield or ferrule 83, secured to and
30 extending from the base of the framework 16, serves a number
of functions. First, the ferrule 83 is preferably painted
black on the inside to prevent “blow-back” of light from an

LED of the ring of LEDs 14 back to the penta-prism and the
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outside to help disperse and diffuse light within the LED-ring
circuit chamber of the ring of LEDs 14. Third, the ferrule 83
5 helps position the optical axis 8 properly with respect to the
LED circuit. That is, the base of the housing 80 has at least
one circular hole or aperture 87 provided therein and the
ferrule 83 is the same size or slightly larger in size than
the at least cne aperture 87.
10 In a preferred form of the invention, the camera is a

“board-level” camera which is particularly small in size. The .

Yo

small s'i%e-:of the camera is crucial to the utility and the
function of the imaging module according to the present
invention.

15 It is to be appreciated that a penta-prism 34 is
preferred over a pair of mirror as any slight misalignment of
the penta-prism, within a mounting slot, will still facilitate
an accurate reflection of the light from the object at an
angle of 90°. Secondly, the penta-prism ig easy to clean

20 because both transmissive surfaces are exposed (face
outwardly) while, if two separate mirrors are employed, the
reflective surfaces of the two separate mirrors face inwardly
and are much more difficult to maintain in a clean condition.
Lastly, the machining of the mounting member (s) for supporting

25 the penta-prism is simpler than manufacturing a mounting
arrangement for mounting two separate mirrors, e.g.
cylindrical bores and right-angle cuts are required rather
than narrow slots at odd angles.

In a preferred form of the invention, the penta-prism and

30 the field lens are glued in place with optical UV-cured epoxy
rather than by being fastened to the housing via mounting
screws and/or retaining rings. Such attachment simplifies the

machining of the apparatus and reduces the number of
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to be inspected, the ring light being located concentrically with respect to and
~ 10 along the optical axis, at a location between the lens of the camera and the

et inspection location; and

PIR

aferrule, supported by the housing, extending along the optical axis,
the ferrule defining the observation aperture of the housing and, the ferrule being
locate between the ring light and the optical axis to separate the ring light from
15 the optical axis, and an inwardly facing surface of the ferrule being non-reflective
with respect to any supplied light to function as a light trap and absorb any stray
light.
2. The compact miniature inspection system according to claim 1,
characterized in that a field lens is located along the optical axis at a location
C 5 20 between the lens of the board level camera and the object, when placed at the
object observing location.
3. The compact miniature inspection system according to claim 2, further
characterized by one or more of the following:
a mirror being located along the optical axis, between the lens of the
25 board level camera and the field lens, and light reflected by the object along the
optical axis being reflected by the mirror toward the lens of the board level
camera;
a penta-prism being located along the optical axis, between the lens
of the board level camera and the field lens, and light reflected from the object

AMENDED SHEET
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an illumination source, for providing illumination along the optical
axis of the miniature inspection system, being provided at a location between the
5 lens of the board level camera and the field lens, and the illumination source
includes a beam splitter located along the optical axis for reflecting illumination
from the illumination source along the optical axis and for allowing a portion of the
light reflected by the object to be inspected to pass through the beam splitter and
enter the lens of the board level camera; and
0 a diffus_er, supported by the housing, is located between the ring
light and the ins;’)‘éctien location to diffuse the light supplied by the ring light to the L
object when located at the inspection [ocation.
4. The compact miniature inspection system according to claim 1,
characterized in that a penta-prism is located along the optical axis, between the
15 lens of the board level camera and the object when placed at the object observing
location, and light reflected from the object along the optical axis being reflected
by the penta-prism toward the lens of the board level camera.
5. The compact miniature inspection system according to claim 4,
characterized by one or more of the following:
afield lens being located along the optical axis at a location between
the lens of the board level camera and the object, when placed at the object
observing location; and
an illumination source, for providing illumination along the optical
axis of the miniature inspection system, being provided at a location between the
25 lens of the board level camera and the object when placed at the object observing
location, and the illumination from the illumination source along the optical axis
and for allowing a portion of the light reflected by the object to be inspected to
pass through the beam splitter and enter the lens of the board level camera.
6. The compact miniature inspection system according to claim 1,

30 characterized in that an illumination source, for providing illumination along the

AMENDED SHEET
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a penta-prism being located along the optical axis, between the lens
15 of the board level camera and the object when placed at the object observing
location, and light reflected from the object along the optical axis being reflected
by the Pena-prism toward the lens of the board level camera;
a field lens is located along the optical axis at a location between the
lens of the board level camera and the object, when placed at the object

)

observing location; and
a diffuser, supported by the housing, is located between the ring
light and the inspection location to diffuse the light supplied by the ring light to the
object when located at the inspection location.
8. The compact miniature inspection system according to claim 1,
25 characterized in that a mirror is located along the optical axis, between the lens
of the board level camera and the object when placed at the object observing
location, and light reflected by the object along the optical axis being reflected by
the mirror toward the lens of the board level camera.
9. The compact miniature inspection system according to claim 6, further
30 characterized by one or more of the following:
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a drffuser supported by the housing, is located between the ring

y

light and the inspection location to diffuse the light supplied by the ring light to the
object when located at the inspection location.

10. The compact miniature inspection system according to claim 1,
further characterized by one or more of the following:

D a diffuser, supported by the housing, is located between the ring
light and the object when placed at the object observing location, to diffuse the
light supplied by the ring light to the object wen located at the inspection location;

the ring light is connected to a power source which controls ta least
one of an intensity and a character of the illumination supplied by the ring light;
25 and
afresnellens is located adjacent the ring light, between the ring light
and the object when located at the object observing location, for altering the light
supplied to the object when placed at the object inspection location and
preventing direct illumination of the object.
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plurality of LEDs of the ring light are aligned to provide direct illumination of the

5 object to be inspected.
12. A compact miniature inspection system according to one of claims 3,
5, 6, or 9 characterized in that both of the ring light and the illumination source, for
providing illumination along the optical axis, are each powered by a power source
and a mechanismi is provided for controlling both the intensity and character of the
/{0 light supplied by t:_r;e ring light and the illumination source for providing illumination
along the optical-axis.

13. The miniature inspection system according to claim 1, in combination
with a vision system which is electrically coupled to said compact miniature
inspection system, a computing mechanism which is electrically coupled to said

15 vision system, and a conveying mechanism which is electrically coupled to said
computing mechanism, and said vision system supplies a sensed image of the
object to be inspected to said computing mechanism which determines one of a
characteristic and a feature of said object and outputs a signal to said conveying
mechanism to control further manipulation of said object in view of one of the
A determined characteristic or feature.
14. A miniature inspection system for observing an object, the inspection
system comprising:
a housing having an observation aperture therein;
a camera, located within the housing, for inspecting an object when
25 located at an inspection location, and an optical axis being defined between alens
of the camera and the inspection location and extending through the aperture in
the housing;
a surrounding light, supported by the housing, for providing light to
the object to be inspected, the surrounding light being located concentrically with
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surrounding light and the inspection location to diffuse the light supplied by the

15 surrounding light to the object when located at the inspection location.

15. The miniature inspection system according to claim 14, further
characterized by one or more of the following:
said at least one reflective surface is formed by a penta-prism;
the surrounding light is a planar surrounding light and contains a
A plurality of LEDs, and said plurality of LEDs are aligned with the diffuser to provide
diffused illumination of the object to be inspected;
the surrounding light is powered by a power source which has a
mechanism for controlling both an intensity and character of the light supplied by
the surrounding light for providing illumination;

25 the camera is a board-level camera;

the field lens 50 mm is an achromat field lens; and

the inspection system includes a system housing which has a height
dimension of no greater than about 3 1/4 inches, a width dimension of about
1.5 inches, and a depth dimension of about 5 inches.
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16. The miniature inspection system according to claim 14, in combination

with a vision system which is electrically coupled to said miniature inspection
system, a computing mechanism which is electrically coupled to said vision
system, and a conveying mechanism which is electrically coupled to said vision
5 system, and a conveying mechanism which is electrically coupled to said
computing mechanism, and said vision system supplies a sensed image of the
object to be inspected to said vision system supplies a sensed image of the object
to be inspected to said computing mechanism which determines one of a

characteristic and a feature of said object and outputs a signal to said conveying

~10 mechanism to control further manipulation of said object in view of one of said
~ characteristic and-feature. =
-
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