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The present invention-relates to inspection systens and nethods sygfNsRe8l
and objects using aring illumnation 5 apparatus. BACKGROUND OF_THE

| NVENTI ONWOI 99138488 dat a and si gnal processing techniques and technol ogy
have trenendously advanced the ability to use 10 c

canput ers—as—data——
processing systens to acconplish sophisticated inspectionmmmmmmmMMHmm e
W thout human intervention. AGScT¥WRr ¥vEype of product from
| ow cost, high precision, high—speed inspection technol ogy dagieved from
these new digital data and signal 15 processing techniques. . For exanple,
in computers and ot her el ecttr@RbCors¥st enBieNT®Nel ectri cal  connecti ons
bet ween el ectronic conponents ("cnlps"% are critical to the operation of
the system ASPG PERIRAT o Yea e £FELRARDBT ot CHISPERFdREe8YSBEM2| ect r oni C
conponent snar fe tlR6d €asi Nthddt Snge oBfdct BCi€asd Y ring comphexitysn requiring
a larger nunber of electrical connections to be nade in a snaller area.
| nspect i oi®BRT2EWR" el ectronic conponents during a manufacturing process
hel ps assure that electrical contacts are properly formed 25 and prevents
failed electrical connectj 0 e T%Ee e ﬁ% ogomponents. Sem conduct or
chi ps, for exanple, mnust gg—g%g@ieaﬁﬂ}——aﬁé—egeegfﬁn|caIIy connected to
printed circui Dibbartls daisa ngarsbl dégnet fprpcdrstimgentekboiquesnl awnt acts on
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netal areas or pa the sem con
10 computers as data processing systems to accomplish

sophisticated inspection procedures without human

intervention. Almost every type of product can benefit

from low <cost, high precision, high speed inspection

technology derived from these new digital data and signal
15 processing techniqgues.

For example, in computers and other electronic
systems, the electrical connections between electronic
components (“chips”) are critical to the operation of the
system. As a result of recent technological advances,

20 electronic components are decreasing in size and increasing
in complexity, requiring a larger number of electrical
connections to be made in a smaller area. Inspection of
the electronic components during a manufacturing process
helps assure that electrical contacts are properly formed

25 and prevents failed electrical connections  between
electronic components.

Semiconductor chips, for example, must be physically
and electronically connected to printed circuit Dboards
using solder or flux between electrical contacts on the

30 chip and the circuit board. One type of electrical contact
includes metal areas or pads on the semiconductor chip that
must be electrically connected to corresponding metal areas

or pads on the printed circuit board. Typically, small
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must be electrically connected to corresponding netal areas or pads on the
printed circuit board. Typically, small 1

an
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deposits of solder and/or flux are placed on the pads, heated and.
re-fl onwedwoesBedd? i shing a nmechanical and electrical connection between the
correspondi ng pads. A common. soldering technique is to use prefornmed balls
5 of solder that are placed on the netal pads on the chip or substrate of

an el ectrogégoSOMPORENt 50 LMMOBAY/ KNOWILAS sxe bplicedi dnartiny ©B&S). Wth
the decrease in size of the. el S{gtroni c gor’q}gonents and Eéhe.i nfr ease in
Béts

conpl exi t yheaked mmaPdas T£06 18 for e °§5F A9 s Ausft 683t et sefY 10
posi ti onedei 8car pEedefdmir tiant eepwesan t e chinresposdbsyrpdds. t o
electrically copnect the chip to the,printed circuj rd. I t he
process of posi iSﬂ‘f“H%“'aﬁ%ma‘%Héﬂ r%gecthﬁéqu%ojr%leéo blg%% sp%)eg@%rﬁigd%ta%?gpads on
the chip obfsubstieat ehan anenbeiced aefot snegal cecisr Otnha;thevx,iCIhlip_ or

detri ment aLly RLLPEL 015 e el SGLEL 6alGBAREAL | OBoRRLYEP Ny COLP,and t he

printed crédrt board. “I'f & sol def ball does hot sufficiently adhere to
one of theapadgrid ernaycalBGect rftil tohndecrorsdethedhzehef &hep and

the printed 6hieuhlcboardorantd bad osle The-afhdi shl acaprakief, assol der
ball can al'so result in alled connection and/or an electrical short
circuit wi mangnotler 408dj aEenros®| dEtLdsal | et liet BPShadPe A RIGIDSESHal | t hat

is malfornpd,; t0Qehat§ea Opr£Q0: SIE lpteeld ahsensesnlp én subdtafeetive
el ectrical "connection even if properly positioned 25 at tge ‘gi:em,se
| ocati on orfa helgairiqaldyecEPorest the SOrBertdafPs RFNEFefOrE i ti cal

board. During the process of positioning and adhering the
solder balls to the metal pads on the chip or substrate, a
number of defects can occur that will detrimentally affect

15 the electrical connection between the chip and the printed
circuit board.

If a solder ball does not sufficiently adhere to one
of the pads, a critical electrical connection between the
chip and the printed circuit board could be lost. The

20 misplacement of a solder ball can also result in a failed
connection and/or an electrical short circuit with another
adjacent solder ball or metal pad. A solder ball that is
malformed, too large or too small could also result in a
defective electrical connection even if properly positioned

25 at the precise location on the pad.

Inspection of the solder balls 1is therefore critical
to assure proper size and shape of the solder balls as well
as precise placement and adherence of the solder balls to
the appropriate pads on the printed circuit board prior to

30 establishing connections between the electronic components.

Inspection is also required for other electronic
components requiring precise electrical connections.

One prior art method of inspection is to have a human
operator visually inspect each chip, printed circuit board
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to assure proper size and shape of the solder balls as well as precise

pl acement and adherence of the solder balls to the appropriate pads on the
printed circuit board prior to 30 establishing connections between 1thMAR 2007
el ectroni c conponents. Inspection is also required for other_electronic
conponent WOra8@84% i ng preci se el ectrical connections. One prior art nethod
of inspection is to have a human operator visually inspect each chip,
printed circuit board 2 1 3 MAR 2007 WD 98/38492 or other electronic
conponent tgxr detaetr defeettironin tbempedmer thaldesegrt odeh’éect&t echr i tad
contacts. ual  inspection, h er d1g, inac and a
strain on h%cfrtiaqﬁ |nsbpaec ors par qu\%%l a(ra' !f/é'lc#cfﬁg the 5 decggﬁaﬁg si ze
of the el ecmspuaj:m@npdrmfm@randls nb#l&@s@@hsqﬁl}@ﬁer deaq%lﬁﬁéétrl @msl a/i deo

systems have 2l so beeqHad ita knsect g%@@&’:ul@@uslar 19Ger gontRets or

features on el ectronic conpon nts syst ens g , such as a
ring |ight, ddOréddashi peresot héhsureflaééréﬂl‘t: héo@P@%‘%‘?%‘m gneonpergatet o be

i nspected. A r& deteetsithe.light reflected fromthe solder balls or
contacts on the electronic conponent and the reflected image is_displayed

on a nonitor. Th‘élq*qmgs}’ﬁ"gﬁrm% 388 PASPr iPELNartSSChsifectPoReSysEEREST 15 have
been unabl ey} p) proyirde AdRGUat & Addded nadd onfedtsedgler onbalelgcenoanc

el ectroni ¢ conponent. QOne probl em occurs the ri ng l'i ghts.do
provi de | i gRPMBRRGRL Of Isrhfsf"icé‘l ST eMit eﬁs¥m‘§‘%t o\fe S &git gﬁlg &f-9 PEE ar ea

bei ng llrwpeﬂlﬁdmﬁrﬂwtesihtltsefauffé&elbfunhaabeesamennf tbepsodrder tbabés bei ng
absencel pr oSBRRESHF poolt FORSGF PRECEB dBrebarEas ARSLREF S pESBT eiiexi st s
when a sol deplbat| baidlenlop pasritadtdsy on the electronlc component and
the reflected image is displayed on a monitor.
The ring lights used in prior art inspection systems

15  have been‘unable to provide adequate illumination of solder
balls on an electronic component. One problem occurs when
the ring lights do not provide light beams of sufficient
intensity at outer regions of the area being inspected and
thus fail to illuminate some of the solder balls being

20 inspected, resulting in inaccurate determinations of the
absence/presence or position of the solder balls. Another
problem exists when a solder ball 1is only partially
illuminated, preventing an accurate measurement of the true
diameter and circularity of the solder ball.

25 Other inspection devices direct the light beams at a
high angle with respect to the chip, causing the 1light
beams to reflect off the metalized pads, the substrate
surface, or other substantially flat reflective surfaces
that are not being inspected. 1In the resulting illuminated

30 image detected by the video camera, the solder balls are
difficult to discern from the metal pads and other
substantially flat reflective surfaces. This is a
particular problem where the illuminated image is to be
processed and analyzed by an image processor to detect the
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illum nated, preventing an accurate neasurenent of the true dianeter and
circularity of the solder ball. 25 O her inspection devices direct HW&R 7307
light beans at a high angle with respect to the chip, causing the 11 ght
beanms to MsF98884920ff the netalized pads, the substrate surface, or other
substanti-ally-f1at reflective surfaces that are not being inspected. In
the resulting illumnated 30 i mage detected by the video canera, the sol der
balls are difficult to discern fromthe netal pads and ot her

substanti al hyséhat /pefdacdd versuchbages. vlhils | sna P9 tidid@riphobbem where
the illum nated i mage |s to be rocessgd and anal yzed bé an i mage
processor téoaﬁ?éch?a]tin% (83 913 PRRT 20807 - A1 3WS *Gr 38882°4hS h?:lé]/tp‘&)e'sence of

sol der ball's andother congy tiojhtaf dl&elcdem@atlmzfﬂlgal ltec alieOBurdbaget er,
and circularity ring

. O he hts d llel to f
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around emchaghefittonve caﬂmxmientaatn oblexitironduf f compotent | W nabtennof t he

entire surface_of. the ectroni.c_cogpon [f. this of ri.ng. light is
not positi 8H§5 Ha hst M T hE T8 g? ﬁe coentolnllegnt %ﬁg i Répe&t'ed, the
conponent wie[Llecnobnbe suhpooernt | y IZ0 tlhlllsumyrmatezf pand | tudlar | ysahothe

edges of LNESOMPONERt.aq i { ¥RE OLuridk | Ight tﬂystc&n&&%ﬁe@%flgai sed

and | owere eac el ectronic conponent to equate
i | lumi nate éacheetedtrorile conpopemntandwdbés 1wt abPFow %lﬂfe%rcg@nﬁémrber of

el ectrogyc qqmﬁgﬁg{:édtoppﬁt}éuﬁaﬁqﬂﬁnéﬂ athy baspeched il cllyoduRiNg a

manuf acturing process. A further problemis that many prior art vision
i nspection §pécentyRei 9t r 6408 el BOHUNBRSEpetRRIGTAT§ be raised and

lowered for each individual electronic component to
adequately illuminate each electronic component and does
not allow a large number of electronic components to be

15 sequentially inspected quickly during a manufacturing
process.

A further problem is that many prior art vision
inspection systems still require a human operator to
examine the illuminated image of the electronic component

20 and detect defects such as missing, misplaced or malformed
solder balls. A visual inspection of the illuminated image
still does not enable an accurate measurement of the size
and shape of the solder balls.

Accordingly, a need exists for a system and method for

25 inspecting solder Dballs or other reflective objects,
surfaces or elements that adequately illuminates all of the
reflective elements being inspected, allowing accurate
measurements and inspection of the reflective elements
without illuminating other generally planar surfaces that

30 are not being inspected. There is also a need for a system
and method that quickly and accurately detects
absence/presence of the illuminated reflective elements,

determines their position, and measures the size and shape,



exam ne the illum nated i nage of the el ectronic conponent 20 and det ect

def ects such as m ssing, msplaced or mal forned solder balls. A visuaMAR 2007
i nspection of the illumnated inage still does not enable an accurate
measur enemo Bf3s49e si ze and shape of the solder balls. Accordingly, a need
exists for a systemand nethod for 25 inspecting solder balls or other
reflective objects, surfaces or elenents that adequately illum nates all

of the reflective elenments being inspected, allow ng accurate

nmeasur ement & gNdchBSPeahELSr Ofnd hei F&fil88kL Ve rehRPERESE r MNP Wy ect,
illum nating other generally planar surfaces that 30 are not™ bei'ng

i nspect ed. FHeF&St&Sdtso a need for a system ~and nethod that quickly and
accurately detects absence/presence of the illumnated reflective

el ements, determnes their position, and measures the size and shape, 4 1
3 MAR 2007 WD 98/38492 e.g. i £ IO arity of any protruding

object, if desimad SHAARY OhvehEidNVENEEGNeThes presgnt i 1 NuetdtQdn
features a ri ng i L:I um nat.i qn agﬁpar at ust.used i n.an i nspection.systemfor
i nspecting GRESTETEP W3PS rd¥ 1Lt VP Nty S tElic H s HIRE&E1BEI P9 Sor
ot her prbtruwt mpreefdefdeicteéveurianest®y objrecdss, saler daxlflac e rofothal

article di S%Or%%(ilu\y#‘hi nﬁg%fi |d of view of an,.illum nation deft ect ioc%n

. X ectlve surtitgces or oObjects oh, a surfa
device. The ring i am ron  apparatus corrprljses 4 Subst ant’i alcley

ri ng- shaped an grrti@lsourdieposed genshani ng afpkldal pty ofiebi gt beans. The
light bearms ;gnendihnectad &QM@&@E&EG fhilcgl e 1nrhpe hﬁgd P11 o BWslR @
range of angles of illumnation that provides a subst ntlaLfy even

i |l um nati oRPPRrEkESar GoEPEiEeshea | sEpeEaRELl Ak bssT e fhagled ofl igihéw such

that anygof §d@%ce, for generating a plurality of light beams. The

light beams are directed toward the article in the field of

view in a range of angles of illumination that provides a

substantially even illumination of the article to be

inspected across the field of view such that any of the

15 light beams striking the generally planar surfaces on the

article are not reflected to the illumination detection
device.

One embodiment of the substantially ring-shaped light

source includes a plurality of 1light emitting elements,

20 such as light emitting diodes (LEDs). In this embodiment,

the light beams are directed in the range of angles of

illumination by mounting the 1light emitting elements so

that a center line of each of the plurality of 1light

emitting elements is disposed at a pre-defined angle,

25 preferably about 4°, with respect to the generally planar

surface of the article. 'One type of light emitting element

includes LEDs having a beam spread in the range of about 20°

to 40° and emitting light beams having a far red spectral

wavelength. This embodiment also preferably includes a

30 light reflecting surface, such as a white surface,

proximate to the plurality of light emitting elements.



15 light beans striking the generally planar surfaces on the arti %§4ﬁrﬁﬂ
not reflected to the illumnation detection device. One enbodi nen A ﬂ
substantially ring-shaped light source includes a plurality of Iight

em tting BOABAM98, 20 such as light emtting diodes (LEDs). In fhis

enbodi nent, the |ight beans are directed in the range of angles of
illumnation by nounting the light emtting elenments so that a center line
of each of the plurality of light emtting elenents is disposed at a

pre-defined angl @ne23 ighef @i@kkYngbeutndnt v i he respestadly thir@eeeral |y
pl anar surface of the artficle. One type of light emtting el enent
i ncl udes LEBB“ﬁ&@FﬁanmSQQﬁfsb?%%ﬁ?%WQQQ?euPQﬁ@e“8Fn5b%%tp 1qry 4§ &nd

em tting |ighidebewmthay n@praibar rehespactialh ofavielengiger Théwntwanigodi nent

al so preferag&y,includ_s ghBO | i ght reflectin% sgrfaceb such as a ite
surface, prSGTale €8% hERRI uPaFT t YO 94Ght PEMTE PR ng"2F entht s. 191 3 MAR
2997 W0Ds98/:334@2tThe Isuglitcem t Bi nggbtembAfss are pueferablan owat ét to a

nmount i ng nenper_incl uding an u, I nti_n t si de nounting
portion. Cngggpoﬁgghp5PX?ﬂ%Q%p%£§jﬁggﬁ |ﬁggmgg§%ééﬁ%g§$ n?ﬁé si de nounting
portion has the [Acghtrdsnpgeftectamygheur f avkodifndritght rdinBf usl hgmsnatfizee can

al so be di r.oxjmte to the.lig . Lti.ng. el e . ding to
anot her enb%ggﬁgﬁggsri#égzﬁﬁﬁfni%a?&&h g%ﬁgggﬁﬁgl?ﬁg Ugggkgirﬁéﬁgﬁgfyn
transmi ssi vidhffusiegh diffpesen rlickfimese, HPspdred sploskiprhieliy thag

subst angioa! '%cfrﬂe'&g 1ifhshaRedd, | dYr SOWe: nhofkndi N8GhiNGLRAG |inghthHeans
in the desired range of angles of illumnation with respect to the surface
of the arti desigrgchaanggpeét aa9b§s ampul Bruminagdabt BiFAgFEMReTs git B®ans

generated bysdhadd ghtr S@HECEart ASLOr didg B tiRispeeibadi BNt anddme A1iyght
source preferably . _
scattering the light beams generated by the light source.

According to this embodiment, the light source preferably

15 includes a plurality of light emitting elements having a
centerline substantially parallel to the generally planar
surface of the article. The high transmissivity, high
diffusion diffuser preferably includes a diffusing film
having a diffuse transmission of at least 85%.

20 The present invention also features an inspection
system comprising: an illumination detection device, such
as a camera, having a field of view; an article support
surface, disposed underneath the ring illumination
apparatus, for supporting the article at a predetermined

25 spacing from such that the one or more reflective elements
on the article are in the field of view; and a ring
illumination apparatus defining an aperture through which
the field of view extends to the article to be inspected.
The illumination detection device detects 1light beams

30 reflected from each illuminated reflective element and
forms a reflected image representing the illuminated
reflective element. The inspection system further includes
a display, for displaying the reflected image, and an image
processor, for processing the reflected image.
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15 includes a plurality of light emtting el enents having a centerline
substantially parallel to the generally planar surface of the artiic] AR T
high transm ssivity, high diffusion diffuser preferably includes- a

di f f-usi ng W9 P8884Ravi ng a diffuse transmi ssion of at |east 85% 20 The
present inventi-on also features an inspection system conprising: an

illum nation detection device, such as a canera, having a field of view,
an article support surface, disposed underneath the ring illum nation
apparatus, for supporting the article at a predeterm ned 25 spacing from

such that the one or nor g e |8§§&§/ ﬁlo%nggt% OgRA Gasrti cle are in the

field of view, and a ring—n—b—mfrﬁﬂﬁ—&h—aﬁpafas—tﬁ—@—m' ng an aperture

t hrough which tfeebkehddobtiveew exttuereds and eHeanrages eof otlize prespect ed.

The illum _”%'v%gt%be%'ﬁ'i deyi cg, detect %;fn'de%"to%a"ﬁ 30 1 %Td'iﬂgt edpkrom
edre f gct e§ i mage

each illum nat | ective el'ement and forns are
repr esenbi ngotlheviihpumetaided r deberipiiore| efrehen TiRgSthggection $Pst em

further inclydgsnga gheplay, for displaying the reflected i mage, and an
i mage processor, for processing the reflected inage. 6 1 3 MAR ?. 007 WO
98/ 38492 BRI EF DESERI PTEEON? OFCTHER DRAWINES O fhé8e 1BABC Bt HEP F¥htalr €9Tand

advant ages gfystherRhE§SERE of N¥EN i ANk tiidds Be BBY Eeks undessiard dy theadi ng
the 5 follow ng detailed description, taken together with the draw ngs
wherei n: FI GreFen$ AN¥eRBRARi c view of an inspection systemfor inspecting

one or fore surfages or i@bjaeclcp acear difng wanyhellpneseiion NusHras 10
FIG 2 is a top vi i [ 1 hation arggaratus seed.toill.un1nate

ew, a . ring illum
reflective &% fent? ilﬁ PREME R pé&??%ﬁt”e elements 1in the inspection

system and method according to one embodiment of the
present invention;

FIG. 3 1s a side cross-sectional view of the ring

15 illumination apparatus shown in FIG. 2 taken along line
ITIT-I1I;

FIG. 4 is a side cross-sectional view of the ring
illumination apparatus according to another embodiment of
the present invention;

20 FIG. 5 1is a schematic view of a reflected image
detected by the inspection system according to one
embodiment the present invention;

FIG. 6 is a schematic view of a single reflected image
element to be processed according to one embodiment of the

25 present invention;

FIG. 7 is a flow chart of a method for processing a
reflected image according to the present invention;

FIG. 8 is a flow chart of a method for locating an
edge of a reflected image element in a processed reflected

30 image according to the present invention; and

FIG. 9 is a flow chart of a method for determining a
number of reflected image elements in a reflected image

according to the present invention.



system and net hod according to one enbodi nent of the present invention;

FIG 3 is a side cross-sectional view of the ring 15 illumi nation 13 MAR 2007
apparatus shown in FIG 2 taken along line 1I11-11l1; FIG 4 is a side
Cross-secW@a84%2i ew of the ring illum nation apparatus FETASPHIAY t O

anot her enbodinment of the present invention; 20 FIG 5 is a schematic view
of a reflected inmage detected by the inspection system according to one
enbodi ment the present invention; FIG 6 is a schematic view of a single
reflected i mage gkeNentD tsk AR IPTAIORS 68 UT R CEPRREDOEOREpEMIOEi nent of the
25 present invention;, FTIG 7 1S a flow chart of _a mit hod Tor processing a
reflected i mage &CcordiSR§CtdPhe SYFEEBNt 1P nventFon: 1FI GSP8¥Ps 4Pf 1 6W chart
of a met hod dxalggeeaatingparspasgerof vaewef fect ediripeage ebenmesitadintyg,
processed refl ected 0 i mage according to the present invention; and FIG
9is a flowHertige Qnﬁg%oé’rFSF“Befﬁg?ﬁ“H% a’n rt O 88 | mage
el ement s5i n ;@ mefdeecieed darage ecdeaendsngstehthae presemdinqvesaficativé 1 3
MAR 2007 WD 98/38492 PCT/.US97/22077. DETAI LED DES °T] THE PREFERRED
ENBODI NENT A1 1 RS 8e Fron 35 SEamt 10, SERS o4 (Zhalh 1 41° idggeraced

per specti ve akagwleoer ther posegudiing| arflgdtiveacduraditsg 10 ate Pprassed
nventlon Iy el ord NPGHaANe R Hadlolg 1o S B eNPOE foc iiEh as
protruding reflective surfaces or objects 12, disposed on an article 14.

In one examiice, nave rsfdectdivag reepecti veTodj er¥S1ale ark! di sywised lvon a

general by plapangedr ace 8t hat lasRathgr edkecdiMe objects 12 made

of metal or other light reflective materials.

In the exemplary embodiment, the inspection system 10
is used to inspect an array of solder balls disposed on
metal pads on a chip or other substrate of an electronic

15 component, such as BGA or micro BGA semi-conductor
packages, chip scale packaging (CSP), or flex circuits.
The positioning, size and shape of solder balls are
inspected to facilitate ©proper electrical <connection
between the chip and other electronic components, such as

20 printed circuit boards. The present invention, however,
contemplates inspecting any type or shape of reflective
elements including, but not 1limited to, protrusions,
deviations, and other contoured surfaces or objects on an
article, arranged in any pattern on any type of article.

25 The present inspection system 10 includes a field of
view 16 that covers the protruding reflective objects 12
disposed on the article 14, and a ring illumination
apparatus 20 defining an aperture 22 through which the
field of view 16 extends. The ring illumination apparatus

30 20 includes a substantially ring-shaped light source 24
that generates light beams 26 and directs the light beams
26 into the field of view 16 on the article 14 such that
the protruding reflective objects 12 are illuminated. The
light beams 26 preferably provide a substantially even
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and non-reflective areas. The article 14 typically 10 includes an array of
protruding reflective objects 12 made of netal or other light reflldcMAR/H07
materials. In the exenplary enbodi nent, the inspection system10 is used
to i-nspectw@ps/a2ay of sol der balls di sposed on netal pads on a chip or

ot her substrate of an el ectronic 15 conponent, such as BGA or mcro BGA
sem -conductor packages, chip scale packaging (CSP), or flex circuits.

The positioning, size and shape of solder balls are inspected to

facilitate prpRelsielecdsi qalgneonneeddonchbetrmren the ¢hicp ang ghhene
el ectroni ¢ conponents, such as 20 pangid circuli boards. The present
i nvention, HoWever et HREANTdAECYi RYSAny tYPE D Thade 3L ©f
reflective wlenerdtsridiciqudid,edtitvenebikitbt @d tie, HeOtfikSIONSE view

devi ati ons, d ot her, ,contoured.sur,faces_or, objects.o n ariicle
arranged in g y apsat"flé‘rln'%c?n EEyLype of %‘??qtcﬂre.d%ggl‘i'hgeE%Sen%\iPh%%’cti on
system 16 | niawdessa o igdrebrefl 1l yvicéwedBa t hatng dvierhs: , t lréngr a8 i udi mgtion

o et v St A2 o SRPSPA O NG o0l bk o fnth ST UGl Ly et Lo
extends. Thesimingn |shamenat i on apparatus 30 20 includes a substantially

ring-shaped 1§ ghtysour e 24c 1hat gonecates i obt, beans 26andediregts the

light beans 26 into t reld of view 16 on the article 14 such that the
prot rudi ng reflweinard opbj eetectizrar@evidunthat sdchThes B P beansra6

preferably pipyidea suBstantial Iyngvem 1 &l tVBR 20042 r MR 98438492,y

intensity of light across the field of view 16 on the article 14 and a
subst ant i al | §¥&WNE i | fhiniakelitont ©f 1BFReHf aPPHE 6t r it hg hépmérd Fikn

obj ects 12 igpgdhendise! doof VW j1bumBsatidd -dbeedtassr i begidd geeatey

detail bel ow, Al though _ _
light beams 32 reflected from each protruding reflective
object 12 and creates a reflected image. One example of an
15 illumination detection device 30 is a CCD camera having a
resolution of about 640 X 480 pixels; although the present
invention contemplates other types of cameras and devices

capable of detecting an illuminated image.

The substantially ring-shaped light source 24 directs
20 light beams 26 at angles of illumination with respect to
the article 14 that cause non-detected light beams 34 to
reflect from the flat or planar surfaces 18 on the article
14 outside of the field of view 16 or range of the
illumination detection device 30. The preferred angles of
25 illumination of the light beams 26 are in a range of less
than or equal to about 10° and are provided by different
embodiments of the substantially ring-shaped light source

24, as will Dbe described 1in greater detail below.
Accordingly, the detected light beams 32 reflecting from
30 the reflective objects 12 create the reflected image and
the non-detected light beams 34 reflecting from flat

surfaces 18 are not included in the reflected image.



5 shown as

may al so be in the shape of an oval or other simlar shape. The |nqp?ﬁm
urther includes an illumnation detection device 30, such as
CCD -carrer &0 981384%3i sposed above the ring illunination apparatus 20,

system 10 f

exanple at

illum nation detection device detects

pr ot rudi ng
of an 15 il
resol ution

cont enpl at e§°8t

20 light be
t hat cause
surfaces518
the illum
illTumnatio

a generally circular ring light, ring illumnation apparatus 20

for

il

about 14 inches above the ring illum nation apparatus 20. The

| i ght beans 32 reflected from each

reflective object 12 and creates a reflected i mage. One exanpl e

| um nakkonifdet emnhrﬁ)lrhwtﬁ\dncepaerhsm LCxaxanes andiatiedg ta a
of aﬁout 640 X 4 although Ene present. inven

no ed 15 eans
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romthe flat or planar

p@ﬁlthenartatl@w1mm dUKS|@etotlEhelﬂ|et@ ofe vidwprgedr 1oange of

%%%LQQRg8§e% kﬂntQSV&%%légtlJ@eoﬂﬁséﬁgrfﬂ @Hgkﬁé % e?d of

beans are 1n a range of |ess han or equal
about 10 and1&Me1¢%OV|69daﬂ$l§#ﬁféﬁ@ﬁprteﬁﬁééﬁﬁénﬁi dﬁfﬁﬁ@e§u5§¥ﬁﬁﬁhally

to

ri ng- shaped tlhlegf}tm%wﬁ%m%étlaﬁ whhlrbendeseri gy grRatar idetail, bel ow
Accordingly, the detected |ight beanms 32 reflecting from 30 the reflective

obj ects 12" &redteperé cfefileciedafadd antt f tord 16nSdefaceed fi GAe BBans 34

reflecting funemsilaty ourfiagesel8 aneonet exBfpudedehd &hei d16f |agirdti mage.
9 13 MAR 7007 WD 98/38492 The rin |Ilun1nat£ V\f‘{oparatus 20 can be

mount ed to &YLF8GAL g ISupIee 38, EF*eRahpfes

15

20

25

30

the field of view 16 for inspection during a manufacturing
process, as is well known in the art. Alternatively, the
ring illumination apparatus 20 and illumination detection
device 30 are indexed or moved over each article 14 being
inspected. When the articles 14 and/or ring illumination
apparatus 20 and illumination detection device 30 are moved
with respect to one another during inspection, the light
source 24 preferably uses a strobed power supply that
eliminates the effects of motion.

The inspection system 10 further includes an image
processor 38 that processes the reflected image and
determines inspection information including, but not
limited to, the absence/presence, location, pitch, size,
and shape of each protruding reflective surface 12, as will
be described in greater detail below.

The inspection system 10 optionally includes a monitor
36 that allows the reflected image to be viewed by an
operator. The monitor 36 facilitates the visual inspection
and alignment of the reflective objects 12 by the operator.

The present invention also contemplates other output or
peripheral devices including, but not limited to, a printer
or storage device. The image processor 38 can transmit the
inspection information to the monitor 36 (if provided) forx

10
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29. The mounting support 28 and mounting bracket 29 support the ring
il'lum nation apparatus 20 in the desired 5 position, allow ng the antj MM?ZUG?
14 to be disposed or positioned with the refl ective objects 12 in the

field of WOH4B. An article support surface 27 di sposed beneath the ring
i1 I'um nati on apparatus 20 supports the article to be inspected 14 so that
the reflective surfaces 12 are in 10 the field of view 16. In one exanple,
the article support surface 27 is noved to index articles 14 successively

into the fiekdind yyeﬂmé&;ﬁ@faﬂd}swttboatdaflpgrﬁprr&mm‘saqirurdewgce@r ocess,
as i s well knownlnEiph %{? Al ternativel the . ri illumnation
n

n
appar at us 26%§Ad 39 | g ldef 68t i div f)s?de?/‘?%leal?,oga?‘@u?hﬂ%%e‘ﬂ“ oPfnoved
over each aEthékﬂeﬂ.%@ﬁbd}g{J_dg"lSpeCt ed. Wen the-articles 14 and/or ring

illum nation gﬁr at us erregjd HL)U rﬂgrtr'c on ettgctl on devi cleum?i%a%r.enrmved
with respect to oR& anot ur FRG P nSpect iOn, “the Tight *solrdE 24
preferabty asesratssrdbed FaGwer2 ,suppctlyuctersata BOuretimg na¢miset héOefthect s of

ot | on. Thed%@%ﬁggt '%:RE %é%&gmcéo Q ' ’?ﬁ' E%da%bo%g%hepra%ﬁ%%r 38
t hat Pprocesses e reflected im ean eter Nes i1 nspection I nformtion
i ncl udi ng, bot bt inbbm‘:te@i tld,. thé"habsem'é/lmgesreewr I é@atpnﬁferpbtlah

si ze, 25 and,shapes of, n%acgfp@%eudﬂar&en%ﬁl eGddaug 1SYr facs o2, & }tl ybe

described in greater det al he 1 nspection sSystem 10 optl ona
i ncl udes a WOALLDE OBECEMAEWEEe s tiehé nBet P eBpelt ItA - ackese 2%-ewdlieby an

operatofg TREuARDhYOfheRBef agh! LEAL 8858 Nenyvi dUAlL ISRACTdI Y 3R QNG 1aki gnnent
of the reflective Objects 12 by the operator. The present invention also

cont enpl at egegtRBr 44utthat drecepERPpRePAvedeFPEEs CPﬁBFEH?‘ﬁgFObGt PRYEL! i mi t ed
to, a print@oburlk StHRIAYEnERY) C€ ol dWERARGPIaes305hB88 Gl clr ansm t the

| nspection %ﬂfggggﬁlqgugoe&ggpggﬁbtqgﬂiﬁl %ntprggaged) ngobg' power

supply that eliminates the effects of motion on the

15 illumination of articles 14, the present invention
contemplates any type of power source. _

The preferred embodiment of the substantially ring-
shaped light source 24 includes a plurality of light
emitting elements 50, such as light emitting diodes (LEDs),

20 mounted to the mounting member 40 in a substantially ring
shape. One example of each light emitting element 50
includes an LED that emits light beams having a far red
spectral wavelength (e.g. about 660 nanometers) and a beam
spread o of approximately 26° to 28°, such as a TLRA 155BP

25 LED made by Toshiba. CCD cameras respond well to far red
LED’s which allow the effect of ambient 1light to be
filtered out and substantially eliminated during the
inspection process. In the exemplary embodiment, about
sixty (60) of such LEDs 50 are mounted in a ring around the

30 mounting member 40. The present invention contemplates any
type and number of light emitting elements that provide the

desired even illumination across the field of view.

11



1 3 MAR 2007 WD 98/38492 viewi ng by the operator or to other peripherals

or devices, such as by digital 1/0O RS-232 serial conmunication or 135 MAR 2007
Et her net networking. The preferred enbodi ment of the ring illumnation 5
appar at us Wo9s/3492. 2, includes a nounting nmenber 40 that defines the
aperture 22 and is disposed above the article to be inspected 14. The
nmounti ng nenber 40 preferably includes one or nore fastener receiving
regions 42, for bolting or otherwise fastening to nounting bracket 29. The

10 nounting menbgrc404€R8 8 Sénd NGIBKA r@nROVWEN tRON SubSE/ VI y 8GIGoNn 44
that receives a power cord connected to a power saqurce (not shown), for
poweri ng t héhPPgHt Sdilitcesorrce aAbthoddh -t he ekBfpllddP tentiitiisent G<&s a

Slt lrobed pOV\@rirfeauaal ﬁltt hale %Iﬂthm'crlat ag tihe teff ertss refd rmtnig@nloqn drag e35
illumnation of articles 14, the present, i nvention . conte ates any type
of power so@fcel ?H‘é“BFé?arPﬁdeHEBh%eHBe ot*$He FUHHR ir%qnﬂ?niisnggs shaped
| i ght sosrceoc4chdic| adezna rplluradiist yoof ckhght lénet tSdngo el eaent digBt such
as light emtti nrg1 di oﬁes &JC_EE')@) 2 .m)untded é[O thae ”Peu:ﬁi ng .menber 40 in a
subst anti al INYFAE9 §hERE! &3 afpPROBIY eHe 't i Yt e tHi Y S%8E 50

i ncl udes an tlEFR thaineend 2 spdighte besirst avidge malflgr gletharspeatfaak 18

wavel ength (e.g. about 660 nanoneters) and a be pread a,of ,

appr oxi mat eldf %@et grescleuth ad ePrﬂfﬁﬁrfgS%?gg%aq?ﬁfsﬁﬁ)&é]tbg TREHIHES oD
canmeras respaRgWelelmko 2kakik8da LER snyhichrak b ounime: £6f ecd. £f 1amai ent
light to be filtered out and substantially elimnated during the

i nspect 18n precesE. 9 ahe exdrittar P entogdendhe, PARFGE Ssiskege(86) °5f such

LEDs 50 are gipuni,qd di @ Sidhg @ qundhd e 30 Mmuitdapg menbes; 4Qr The-present
i nvention contenplates any type and nunber of light emtti ngh el enent s t hat
provide t he reflective or reflective) will either not reflect the light

beams 26 or will reflect the light beams 26 as non-detected

light beams 34 that extend outside field of view 16 and are

15 therefore not detected by the illumination detection device

30. This embodiment preferably includes a light reflecting

surface 64, such as white paint or a reflective coating,

proximate to each light emitting element 50 and may also

include a light diffusing surface 66 generally in front of

20 the light emitting elements 50, for scattering light and
directing light more evenly across the article 14.

According to known light physics principles of

reflectivity, when 1light hits a reflective surface, the

angle of reflection 1s equal to the angle of incidence,

25 measured from the axis perpendicular to the tangent of the

reflective surface. If the angle 0 of the light emitting

element 50 is too large, the light emitting elements 50

will provide 1light beams 26 with a high angle of

illumination, causing the light beams 26 to reflect off the

30 planar surfaces 18 towards the illumination detection
device 30.

Lowering the mounting angle 6 of the light emitting

elements 50 therefore lowers the angle of illumination of

12



desired even illumnation across the field of view 11 1 3 MAR 2007

98/ 38492 According to one enbodi ment of the substantially ring- shapb&i MAR 2007
i ght source 24, FIG 3, the light beans 26 are directed at the article 14
in the ded¥Q 884 Rnge of angles of illumination by nounting the |ight
emtting elemerts 50 5 so that a central axis or center line 54 of each
light emtting element 50 is disposed at an angle O with respect to a

pl ane 52 parallel to the generally planar surface 18 of the article 14. A
preferred ar]nggﬂhtO b@famabQBt sdcpr oNa€lesigHy gietambeams raﬁlw';t hf orh oyl aatagl e of

illum nation % f? 10 than or_e uaIt .2 aetal 12 ont(g t he pI anar
surface 18 of" fta S cl 8UCBUAT t Fat T He S dPar ST ack®ds f&Ft S non-

reflective o:refrlefclt&&bi vfe)atvvi $br & ddwer armtarébWect anigeé el Icgfl”ltref)]saﬂ&oéiﬁ or

w il reflect theI| a 26 _as n-de t i ght h ext end
outside fi eIOOPtSfl Vi g%v]\% agg é’rléewlg}fhaége%‘ggeggg?é%%?e%?gg{rgf%téﬁé &2

i I'l'um nabi ortaet ectd omodedirtectdd. b¥hidstenbbel neavipe ePlr ablThe nclaides a
iont reflegldhg Ay {]r?acce B4 SHE L%Scrmahg péknécpfv@ sefdagt iy i ng,

proxi mate to each t emtting enment may al so |ncluea
di ffusi ng smﬁ%&tm @@r@éirrawwll neflerl fd‘fr%ht ﬁéel PBREt@R t44 ngP élh?rrent s

50, for scat{gnjnigalli ght &é%ctq'ohecaéﬂ@el | ght 2501R t@¥eBHY 13GHISSod Hes
article 14. According to known |ight ysi cs Erlnmples of reflect|V|ty,

when |ight hids a FBEI guqEAE Mt aé%fl?qfe‘-vean@ ee8FSr &f] eéfPonthersdiual to

the anghg of;iinglidenes rep m@,%&eﬂorﬁr@mﬂee @9@ Spper@endiveihkaest o d he
tangent of the reflective surface. If the an 0. of the%v: ght emtting

el enent 50 i$ato@Near§E, PERRI| TYTREGR Bfigh Feh%e%‘f%l“ﬁfe provi de |'ight

beans 26 with a hirghrangl &wdfdinehkyimcRat laQ@leCO-USEnghéh$1bhghémD@@m§g 26 to
reflect off the
elements 50 is also preferably greater than zero to allow

sufficient spacing S between the ring illumination
15 apparatus 20 and the article 14 being inspected while
ensuring an even illumination across the entire field of
view 16 on the article 14. The spacing S of the ring
illumination apparatus 20 from the surface 18 allows
articles 14 to be passed beneath the ring illumination
20 apparatus 20 into and out of the field of view 16, e.qg.,
when inspecting during a manufacturing process. The
preferred spacing S 1is as small as possible without
interfering with the article 14 passing beneath the ring
illumination apparatus 20 during the inspection process,
25 and typically in the range of about 1/4 to 1/2 in. The
light emitting elements 50 are also preferably positioned
as close as physically possible to the bottom region 56 of
the ring illumination apparatus 20.
The central 1light beam area 25 of light beam 26
30 directed along the center line 54 of each light emitting
element 50 typically has the highest power or intensity.

An angle 0 of approximately zero (0) degrees will result in

the central light beam area 25 being directed substantially

13



30 planar surfaces 18 towards the illum nation detection device 30.
Lowering the nmounting angle O of the light emtting elenents 50 thqr Ngﬁgm7
| owers the angle of illumnation of 12 1 3 MAR 2007 WD 98/38492 |lig

beans 26 WecI$3849at | i ght beans 26 reflect from planar surfaces 18, such as
reflective netalized pads and non- reflective flat surfaces, at a | ower
angle of reflection outside field of view 16 as non-detected |ight beans
34 5 that are not detected by detection device 30. The light beans 26 that

hiht thﬁ pLObEBthglerd egﬁévar@&blelet81412, cmleéqt henot Barahaad, qwnklranef | ect
t hrough the _aperture 22 to e, illumpnation detectjon device 30 as

det ected |i ghB beBRg™ 3%°2 T#]g Jp?osthﬁdngrP%‘f BTSRRI g]c‘%’s t%f &F8%ther eby
10 il um natied dfor thasgeetidomwhvier t he phanare saurtfiades 18 whibat cang not

bei ng i nspected. are i_ll'um nat ed. In.%@is enbod'imsh , Ege angleng of the

ot nt
light enmittirAgS &Pene S 50 Y4 so”bref BF8BT Y gr eat &F - t haR 220 £8°al | ow

sufficient gpatirndiSgbetfidentihe pbihgets | UA Aathoed 1brappaaat uso2@hand t he
article 14 i inspect i SUtLng-an en J.l Lym i ross the
a8gad HoRACi At VAL SRSULEN1BMABYS R UM NBLL QN AN G

entire fiel Vi ew 16 on rticl The spaci ng the ri
illum nationldppanates.20 fromthe surface 18 allows articles 14 to be

passed beneath the rclif}%a'%gmﬁ@i@&@[%la 1B USeP LPLQ amd «Quf, .k the
field of view 16, "e.g., MeEn |nspect|n% urlng a manufacturing process.
The prefertég paeispgeSsisess osnaldoeas lpossi bhe wiehduet VaeErférioRg with

the artigleld passidg bepeath thesviddalilyl Widiat i ehedPday abes 13Q¢nduri ng
t he i nspection process, 25 and typically in the range of about 1/4 to 1/2
in. The |ieemenitsihyoelwentsisds aFBarssipreffdranl Wwiposte ohéd to

provide a substantially even illumination of every
protruding reflective object 12 located in the field of
view 16. The angle 6 of light emitting elements 50 1is
15 therefore defined so that an imaginary line extending from
the center line 54 generally intersects or overlaps the
opposite edges or sides 17 of the field of view 16, but
without directing 1light beams 26 at an angle of
illumination high enough to cause detection of light beams
20 reflected from the planar surfaces 18.

The substantially ring-shaped light source 24
preferably forms a diameter d, e.g., measured from the
front portion of the 1light emitting elements 50, of
approxXimately 2.5 to 3 times a dimension or width of the

25 field of view 16 on the article 14. This preferred
diameter d allows the center light beam area 25 to be
directed to the edges 17 with a low angle of illumination
while maintaining sufficient spacing S between the ring
illumination apparatus 20 and the article 14. In one

30 example, a diameter of approximately 5.5 inches is used to
evenly illuminate a field of view 16 on an article 14 of
approximately 2 in. by 2 in. Accordingly, the diameter d
of the ring-shaped light source 24 as well as the angle 0

14



as close as physically possible to the bottomregion 56 of the ring
illum nation apparatus 20. The central |ight beam area 25 of |ight beam 26
30 directed along the center Iine 54 of each light emtting elenent
typi.cal | ywme/3sé hi ghest power or intensity. An angle O of approxi
zero (0) degrees will result in the central |ight beamarea 25 bein
directed substantially 13 13 MAR 2007 WO 98/38492 parallel to the article
14. When the parallel central |ight beamarea 25 is spaced fromthe

article 14,
only recei
reflective

ofhenedgegnt 1émotcihe Lighchdf o0 w18 @het heghkt behRsldes
ve | ower power or_intensity |ight beans and g rotrudlng
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t he fﬁng %ﬁe ‘ﬁfl@mL?ﬁémgngle g ||8h?ge %fwﬁﬁaeﬁ frents 50
is 15 theretpperdefis ned $sorthat amclumigd rer yupgpeare reunghidigngofrtaom the

i ew hout dlrectln ans
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reflectgg fr
source
portion of

15
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rg}ng'rﬂgﬁg o&ﬂﬁérﬂ:ces - Eﬁmy?@& ang# al § ¥ ¥ fe NG SRaRe

rms a di'ameter d, g., measure romthe
teﬂ@mlenght 5@mﬂ¢ ngoerep@nts E}Ule ofide mounting portion 62

which is shaped as a ring and is welded or otherwise
secured to the upper mounting portion 60. Either the light
emitting elements 50 or the side mounting portion 62 can be
angled to provide the angle 0.

The light diffusing surface 66 can be formed as a
light diffusing member or ring mounted to the upper
mounting portion 60. The present invention contemplates
other types pof surfaces that diffuse or scatter the light
from the light source, such as a light diffusing surface
directly disposed on each individual light emitting element
50.

The light reflecting surface 64, such as white paint
or other light reflecting colors, can be provided on the
side mounting portion 62 and upper mounting portion 60. 1In
one embodiment, the diameter of the aperture 22 1is
approximately 70 to 80 percent the diameter d of the
substantially ring-shaped 1light source 24 such that a
portion 65 of the upper mounting portion 60 extends beyond
the light emitting elements 50 and has a light-reflecting
surface 64.

In accordance with another embodiment of the ring

illumination apparatus 20a, FIG. 4, the light beams 26 are

15

i ght
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approximately 2.5 to 3 tines a dinmension or wdth of the 25 field of
16 on the article 14. This preferred dianmeter d allows the center |

beam area 25 to be directed to the edges 17 with a | ow angl e of
i 11 um nat Y6h98/38#i2] e mai ntai ning sufficient spacing S between the ring
illum nation apparatus 20 and the article 14. In one 30 exanple, a dianeter

of approximately 5.5 inches is used to

16 on an ar

ticle 14 of approximately 2 in. by 2 in. Accordingly, the

14
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evenly illumnate a field of view

di anmeter d dofetbhedrangtabapedibight4saur cee2decasres| kaaget hé anglles0 14 1

3 MAR 2007
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um ndatl on appar at us

20 further PAeluddheamngpper Lyowseitigrpdr Liioht 60earsr APAg PrRE1dpethare 22
@9HQE£HG%£¥H§'99e§21n€§$§ﬂﬂ}ngff[9€EEh§cﬂ@§§rtﬂ@uﬁﬁbﬂg Bertion
a

and a side
60. In the
el enents 50

10 exenpl ary enbodi nment, the_flura ity of Ij%ht-enltting
vaee ABuRhedheo arfhd capdeéd niliat  nBrPuRttidH 62k

UWHiNéF P8 Shaped as

a ring and icpewed dgd oL OLheryd S6urBLEH ednbio dihewipRert HPUBpAAhPOLL i ON
60. Either the |I%ht enlttlngﬁelenents 50 or the side nounti_ng portion 62

can be 15 &r§led

P8 proPidet

BnapRt P, APEIRCYAt dPRf usi ng surfade 66

can be {grmedadifent | ghtndi Bhuseng NREbeEnor Jfi NgneOUNt gEl t Qertilte iugper
rtion 60. The present invention contenplates other types of
surfaces thateaentaseOoragchet efinkeateymMnPo§ i isebllivght Sodrrdge such

as a light djif fusingesurface

nounti ng po
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When the high transmissivity, high diffusion diffuser
66a is used, a light reflecting surface 64 is not provided
on the portion 65a of the upper mounting portion 60a that
extends beyond the diffuser 66. This portion of the upper
mounting portion 65a can have a black or other non-
reflective surface or can be eliminated entirely.

The high transmissivity, high diffusion diffuser 66a
has a diffuse transmission of about 85% or more and
preferably in the range of about 88% to 90%. One type of
high transmissivity, high diffusion diffuser 66a 1is an
acrylic Diffusing Film Alternative (DFA) manufactured by
3M™, The ©present invention also contemplates other
suitable high transmissivity, high diffusion films that
provide the desired diffuse transmission and the desired
angular scattering of the light beams.

A larger ring light apparatus can be used for larger
fields of view. For tighter applications, a smaller ring
light can be used with conical mirrors that fold the
optical path to preserve the internal light path and direct
the light beams at the article in the desired angle of

illumination range.

16



directly disposed on each individual light emtting elenment 50. The |ight
reflecting surface 64, such as white paint or other light reflecting3 mar 2007
colors, can be provided on the 25 side nmounting portion 62 and upper
mount i ng PEYBBE260. I n one enbodi nent, the diameter of the aperture 22 is
approximately-70 to 80 percent the dianeter d of the substantially
ri ng-shaped |ight source 24 such that a portion 65 of the upper nounting
portion 60 extends beyond 30 the light emtting elenents 50 and has a |ight
reflecting surface GdetHod aedor dansg wilieh dmepkerienbosiysrent afb the ring
il lum nati on agga{ at us cgOa ° Fl Ge A}L,ect h%el |e h&lerll)tesarrssuz are re]ﬁe%:t:l)’ Q/AR 2007
VO 98/ 38492 1 8PPREY B @t O HECHT 150 €14 VPn St RES ey ratf T aivgd - °ahgles  of
i Il um nati onbweths alhj ghi $pesstrigsithiet pyrthegh of f fusioies gidsfitdenifga t hat
di sperses and_an Igf%y c%ttehrs dight sbeans as they. are entted omthe
| i ght em'ttitna %?gﬁen s’ug a. e1'héleangfjfar ?y scatter eﬁl gaht “peans 26a
provi de $hearsiubseantiakky evanennizhli tpassied ightirgdemess thireufhekdeof
view 16 on tf@sfxargk%fe%rm&?eaoa eVt iRg gl kh vk nald O ofppdentl 8h
reflective surfaces and allowing the spacing S fromthe ring illumnation
apparatus 20a. the rhns 10lenbbalhemtIPRIE @Tgl%® O Sofindexegf oVRE FRght
emtting el,epepis 3Q canpbe igly rdnai ggh@ndehds pref arablyrddtay rangg of 0
to 8. Wen the high transm SSIVIti/, hi gh diffusion diffuser 66a is used, a
light refl e€EPAGeSUrTaRIE 6285 saRSteDr G det W Ut Yhe FpBFL i O 65478F t he
upper mynt iiNgup®hbt 0n 6@pph Aatuext@ndswdey otk t hetf th dfiugere lementhis$
portion of the upper,  munting portion Gga can e 2 black,ar,okher non-
substantially even intensity of 1light beams across the
field of view 16 without illuminating planar surfaces 18 on
the article 14.
15 The system and method of the present invention detects
light beams reflected from the illuminated reflective
elements, such as protruding reflective objects 12, to form
a reflected image 70, FIG. 5, of the illuminated reflective
elements. The reflected image includes reflected image
20 elements 72 representing the illuminated reflective
elements, such as reflective objects 12. The reflected
image 70 is acquired by converting the analog output signal
of the 1illumination detection device (camera) 30 into a
plurality of digital signals, each representing a small
25 picture element or pixel of the image. The digital signals
forming the reflected image 70 can then be converted to
analog signals for display on the monitor 36 and/or
processed by the image processor 38 (see FIG. 1).
The reflected image 70 1is processed to determine
30 inspection information ihcluding, but not limited to,
absence/presence, location, size, and shape of the
reflective elements. In the exemplary system and method,
which is not intended to limit the present invention, the
inspection system 10 is used to inspect an array of solder
17



reflective surface or can be elimnated entirely.
hi gh diffusion diffuser 66a 20 has a diffuse transm ssion of about 85

The high transm ssivit

AR 2007

nore and preferably in the range of about 88%to 90% One type of high

transm ssWQ B84Ri gh di ffusion diffuser 66a is an

Al ternative

(DRA) manufactured by 3M TM The present invention also

acrylic Diffusing Film

contenpl ates other 25 suitable high transmssivity, high diffusion filns

that provide the desired diffuse transm ssion and the desired

angul ar

scattering ofaltilse diisghlsebears.sAdear geids idtg 4 galeappatiiat USoridhdie ,used

for |arger

fields of view For tighter ap i ons

i cat a
light can b&'ed it h° ToHi THUSHFr 614 Pr ha?ﬂ“f oIt tHe Stieal " E4eh .
preserve theacht erdlalerl ikghtl patdeaand adi reecte f tdwe dd ghtageearirme@ntt e, arti cl e
in the desi rﬁ%.a%gl of. 1l luym na;lingg,,rgpg%bn 161 3 MAR.2007 _\\O 98/ 38492

The met hod of "usiTtg aﬁ’él'nfgns?pec ordn syst em

? shape. inspection
O 1 nspect one or nore

refl ecti be elndmenesiosucheasaiefb@ctive tiobj extmayl2, ofdi spostEd orpalies

article 14 i

Either a series of 5 articles 14 are sequentia

ehudes pesitianing (headicle 4Tér{1:et/*£>e:ef e8kd Qfe QY

16.

smal ler ring 30
0

y passed or indexed through

the field cfoldiegwbadlbéneabh eheayi npddtioni rat FaAhapphdet U0 the the
ring illum natden gppasat Uso2let S JadexednOVirmRAChso Bidd chg114; A ng of

| ight beans 26 is directed in a desired range of angles of i1llum nation

fromthe rirfgargter] of madrorsdpisar ald 2@ ovidrd FHeEwemiddt idfe 18 ment ( s)
£1¢1Qf pyhew 16 containing, to provide a substantially even

light beanms across the field of view 16 without illum nating
pl anar surfaces &< oRreFRBCatPVePelay also features a method 100, FIG.

12 in the fi
intensity of

15

20

25

30

7, of processing a reflected image 70 including a pattern
of reflected image elements 72. The method of processing
the reflected image includes locating the pattern of
reflected image elements 72 in the reflected image 70, step
110; fitting an outline to each reflected image element 72
in the pattern of reflected image elements, step 120; and
determining inspection information pertaining to the
reflective elements represented by the reflected image 70,
step 130.

One way of locating the pattern of reflected image
elements 72, step 110, 1is by identifying a group of
reflected image elements 72, for example, by creating a
window 75 (FIG. 5) around an outside row or group of
reflected image elements 72. The outside edge 76 of each
reflected image element 72 in the group is then located.
One or more lines 74 are fit to the outside edges 76 of the
reflected image elements 72 (see FIG. 5) to locate the
pattern and determine the ‘“expected” location of each
reflected image element 72 in the pattern. Although the
exemplary embodiment shows a rectangular grid of image
elements 72, the present invention also contemplates
locating a circular or other pattern of reflected image
elements. In a circular pattern, the outside edges of the

18



15 The system and nethod of the present invention detects |ight bea
reflected fromthe illumnated reflective elenents, such as protrud?ZQMR7mw
reflective objects 12, to form a reflected image 70, FIG 5, of the

i1 1um nat &xD 98B4%ctive elenents. The reflected i nage includes reflected

i mage 20 el ements 72 representing the illuminated reflective elenents,
such as reflective objects 12. The reflected inmage 70 is acquired by
converting the anal og output signal of the illum nation detection device

(canmera) 30inALe aleRLMFal Fo¥mod i gitalrSignalss.1 RAGRJr epeseRtiregea smal |
25 picture el enment or pixel of the image. The digital signals formng the
refl ected i fa§e@#@°EARMEheh Bée%oﬁ@ef%%dﬁt%lmﬁﬁhqﬁh Gt ids <698p1 ay on

the nonitor 236 apdietatProcessededy.t he i mage processor 38 (see FIG 1).

The reflected i 70 is processed to determne_ . 30 inspection information
i ncl udi ng, but gggonﬁfté@yto §6§€%&Bﬂpr§§enﬁgfl?%%% ofi29si 7&° &Hd shape
of the 5efueebtv3geleaﬁmtsncdr1mdh&sexemplanyusyslanlﬂujdmﬁguméd which is
not intended t imt_the esent i nyenti 10 is
Used to | nepactegRrhrpey KRS, 5" P Raed 260 S G 5L ks

di sposed onesemdetspadsnm1theeﬁeiﬂqqnwi:m@mpoﬁ@ht Asfiohthsraway of

sem conduct gociliRy et {}%ﬁ%fckggt qﬁgbgﬂ% 8 cadllatehder haldoiapgears as

a reflected |nage havi n oughnu rlng shape.
The i nspect mnm@dehf @f n@tkrmwrpmatté;lerlmngltb e raarfrléyttéfi s@ﬁ@@r bal | s

includegy but isonab Lhgi hedcd oy @@W%&&@%@@&eﬂé isoldarebal I in
the array, |ocation of each sol der gltc %etmeen sol der bal | s,

mal f or med séihgerubains, 7{hés & ankt efracdf r@ééﬁc Bf dEPadl ¢ Lo t Héep
circul arity ;ofy each éu%M$QEge%beh@atlng a window 78 (FIG. 6) around

each reflected image element 72 at each expected location
and locating points 76a-76d on the edge 76 of the reflected

15 image element 72. For a reflected image element 72 having
a circular or ring shape, at least three of the points 76a-
76d are needed to fit the circular outline 77 and four
points 76a-76d are needed to determine the circularity of
the outline 77 and corresponding reflective element. The

20 points 76a-76d are used to fit or define the circular
outline 77. 1In the preferred embodiment, eight (8) or more
points are located, and the locations of the points are fed
to a circle fit algorithm which accurately determines the
size and circularity of the reflective elements.

25 The preferred method 200, FIG. 8, of locating the
outside edge 76 or four points 76a-76d, for example, on an
edge of each reflected image element 72 includes dividing
the reflected image 70 into a plurality of pixels having a
gray scale value corresponding to an intensity level of

30 reflected light in the reflected image 70, step 210. In
one example, each pixel 1is represented by eight (8) bits
with a gray scale value of zero (0) being the darkest pixel

and a gray scale value of 255 being the brightest pixel. A

19



The present invention also features a nethod 100, FIG 7, of processing a .
reflected image 70 including a pattern of reflected inage el enents ZSWWE%%7
met hod of processing the reflected inmage includes |ocating the patt f

15 refl ect993¥83e el ements 72 in the reflected image 70, step 110;
fitting an outline to each reflected inmage elenment 72 in the pattern of
refl ected i mage el enments, step 120; and determ ning inspection information
pertaining to the reflective elenents represented by the reflected i mage
70, 20 stepel3@s e wAkedfs | osatdghiniee padt erdachf reflected iimage

el enments 72, step. 1 i s by .identifying.a group of reflected inage

el ements 72° lFBFREXingbthB§TH}e§F|Hé 95\Mndow75 (FIG 5) around an

out si de row or gwaupoeé 25am9die@f@du$emagtea ef iefee i nk2. 7THae 76dt Si deeedge 76
of each reflected ggge enent 72, {n g%ougtls t hen ocated éhe or
nore |ines 74° Pésflt Fhe® But BP e ﬂﬂb PhasCtef scf3ﬁmcﬁ§
eIenent55721©@ae15hGof5khbolhe@atelbhentpaﬁtermland debepmmheoﬁheach
"expect ed" Ioc tio h r.ef l.e t 7 h ttern.

Al t hough the gglérrm%aryﬁggacrfboggrren é %%’tl\/\g aé?“g% glngu gr eg‘—:‘r%l % (laelma%e

el enent s 72demhempneSenﬁtenv@ﬂ@hodnal@xfﬁﬂn@ménptanesbetaeanlmgeagaﬁwcular
or other paldenp ohinell a3t ¢ Jmage, digheal s abnod chbhulakepaltany the
out si de edges o he 18 1 MAR 7007 WD 98/ 38492 i mage €l enments formed in
acircle aréxﬁééaﬂéﬂ Badinuei gepdient t (Al gor thAmMSteeRSEH ©©OF fgteatesitrcle to

the outghde gdggs r20d Rrkesat ect BeigrELSsr rblﬁﬁt)h%rs was @by la@eatisng the

reflected inage’is by 5 locating reference . or fiducials 73 dlsposed
in predeteﬁﬁsﬁééeﬁodé{lSﬁ§rﬁFPﬁ“?e§ﬁeC@“%oeF%% ﬂéfl%%té&e|Mﬁﬁ§eCte
image element 72, step 230. The preferred method includes

taking the highest intensity gradients for each reflected
image element 72 and fitting an ellipse to the highest

15 intensity gradients. The peak of the ellipse corresponds
to the edge to be located with sub-pixel accuracy, thereby
allowing a more accurate calculation of the dimensions and
shape of the reflective surfaces represented by each
reflected image element 72. '

20 Since the method above processes the reflected image
elements 72 according to their expected 1locations as
determined by fitting the lines 74 along the edges 76 (FIG.
5), an extra or additional reflected image element 72a
corresponding to an added solder ball or other reflective

25 surface may not be detected. The present image processing
method further includes a method 300, FIG. 9, of
determining the number of reflected image elements 72.
Determining the number of reflected image elements 72 in
the entire reflected image 70, not just at the expected

30 locations, allows the absence/presence of solder balls or
other reflective surfaces to be easily determined.

The number of reflected 1image elements 72 is

determined by dividing the reflected image 70 into a

20



elements 72 in the reflected image 70. A further way of |ocating the
reflected image is by correlating a tenplate or nodel of a known pat Geuap 2007
with the reflected image. 10 Once the pattern of the reflected image 70 is

| ocat ed, WOR8/38492line 77 is fit to each reflected i mage el enent, step 120,
for exanple, by creating a window 78 (FIG 6) around each reflected inage
el ement 72 at each expected |ocation and |locating points 76a-76d on the
edge 76 of the reflected 15 inmage el enent 72. For a reflected i mage el enent

72 having g1GHALHProOrpidls $hakeg at gkeastcd Iy egfe thig RELBLEIA§a- 76d
are needed to fit the circular outline 77 and f&ur oints 76a-76d are
needed to dEPeFRfnéltRBSEFY cAFartifftof™ £RE SGELPREST71BAR cdPreShBRdi ng

reflective ghenmentcrolipe 2F poixdls Harifed aArgrdisesedre frales dedvaeat he
circular outline 77. In the preferred enbodi nent i ght ( or re
points are Fb’é%%l%%ll,gaﬁaﬂﬂ%ea?%c@ﬁrbnlsocc?fetetdhe sﬁce)PnPsZ%ar Snfdeg)net 8ugggfr cle
fit algaithm wirehpaccaf atelyeldet dreornespdidingi ze antheci mambari t gfof t he

reflective el nts. 25 The preferred th 20 8,..0f | ting the
out si de edgéeggg%tre? our o ntesle?gré£§6d%f o%qeexa?rg\lg%g%’n asntepedgéaéf each
refl ected i Pagermimbhmnt tZ2 | nohbdes of vimifdgctede imd¢ectadctniemiige 70 into a

plurality o Lxel s, hayj . scal e .val. co {n o]
it ensi ty | Svar o 30 FTTOerad  laret i et ha Cer | Borod rho 70  S5F3p 210.
In one exampféecebch pekehenlsrepsesientasl byokight P8}1ditser wethea gray

scal e vphue gk, z2ef 0,4 Qppeing the darkest pixel and a gray scale value of
255 being the brightest pixel. A 19 1 3 MAR 7007 WD 98/38492 -- series of

pi xel s i s exani n€Bef MagacRTOEFFEEPRATPRARGE O8I ERENIPTEZ SRt HiNTSRkeORi ndow
75. Vectors,798- 19d1ahesUsedtd1apfbRdopOpRbse It K8€E. cdR€be performed

to allow the inspection information measurements to be
expressed in conventional units and to <correct for
15 magnification, perspective errors, and other effects. The
calibration procedure involves measuring a target of known
dimensions, for example, an array of dots having known
sizes and known locations on the target. The relationship
between the coordinates of the target image as determined
20 by the image processor and the known location of the dots
on the target are calculated to determine the correlation
between pixels and conventional units. The present method
also contemplates height correction of the part being
inspected relative to the calibration target to account for

25 errors caused by optical magnification.
The present method for processing the reflected image
70 used together with the ring illumination apparatus 20
described above provides a more accurate determination of
the diameter and <circularity of solder balls on an
30 electronic component or other article. Directing the light
beams in the desired range of angles of illumination, e.g.
by angling the light source 24 at an angle 0, by using a

high diffusion diffuser, or by using conical mirrors,
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vectors 79a-79d are positioned to intersect the expected 5 |location of the
i mage el enent 72. Along the path of each vector 79a-79d, an intensityJj MR 1007
gradient at each pixel is determ ned, step 220, by differentiating between
the gray Ys@/38432al ues of pixels on either side of each pixel. The point

of maximumgradient (i.e. the steepest or greatest 10 change from darkest

to brightest pixels) is located and is assigned to correspond to the edge
76 of the reflected inmmge elenent 72, step 230. The preferred nethod

i ncludes takinghihBeebi ghesdri MensEt yhar adipenssr fie €3£ dhehl egdiedr | mage
element 72 and fitti ng an ellipse tg t he hi ghest 15 |nten5|t%algrad| ents.
The peak of Btd &C (*p&§é EB?ngg’%d‘% R 3§81 68T bECT BB ittoh 2

sub- pi xel agGWwaCpetReraby oFl 0w ng @ rirstheeeUuiodt echeal eallcrid ariaf, the
di rensi ons and sha of .the reflective surfaces represented by each
reflected i fade eﬁbéjp nO7f 2§ Hed % ﬁtélenejtl‘r?gjg A5V rocds e HiE

refl ected | megee elfereniies72fadtdbudimgtian,t lkdiso expeehed ibratireatsioms
determ ned hy. fitting the Lines, 74 0 t-he G_.5 extra
or additiona £ rseoflldéagt é’agfnaéeo‘g &he %n élycé’ﬁggggo%gf%&% oa%engsa ed sol der
bal | or ot heémtegffleedchgvei2b shefdeeermynatdionbefdéhecmedinhegprdisarit. | mage

processing neth ur r..kncl d ., +Qf 1 ni ng
t he nunber of re%eefgt etE |ﬁ£%£&e#g§n§ﬁ?gggg&p %ggg??rﬁll&nagt ﬁglenu%gées%rrg:‘

reflected i agerdlioments 7mdch tpRetedti re thef Feet F93v@ge TOthedt Jiust at
the expegt edpéﬁés%q%g oRse akbevsctLe ahsepce/ phesencgsffesobder hald s or

other reflective surfaces to be easily determ ned. The nunber of ref|ected
i mge el emerd&ripg jghe JERERPIFHR bYW vi ditRght HESFer| &&t &FURege A9 nto a
20 13 MAR 2QQ%@5WQbQ&&3§492 The present invention, however,

contemplates using the ring illumination apparatus with
other methods for processing the reflected image as well as

15 using this method of processing the reflected image with
another type of illumination apparatus.

Accordingly, the present invention provides an
inspection system and method that accurately inspects and
measures one or more surfaces or objects, such as solder

20 balls, protrusions, intrusions, deviations, concavities,
and other reflective elements on an article. The
inspection system and method evenly illuminates all of the
surfaces or objects to be inspected without concern for
illuminating flat or unwanted surfaces on the article or

25 electronic component. The inspection method also includes
an image processing method that more accurately measures
the size and shape of individual reflective elements or
solder balls.

Modifications and substitutions by one of ordinary

30 skill in the art are considered to be within the scope of
the present invention which is not to be limited except by
the claims which follow.

What is claimed is:
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plurality of pixels having a gray scale value corresponding to the
intensity of light in the reflected inage 70, step 310. G oups of pixel S?ﬂﬂ']
having a gray scal e val ue above a threshold value are then | ocat ed,! ff"!é&)

320, and th umber .5 of groups of pixels (corresponding to the nunber of
refl ect ed i_ﬁ%@gmpm?ﬁg. 72) are counted, step 330. Deternining the number

of reflected inmage elenents 72 allows a determ nation of m ssing,

m spl aced or extra reflective elenents, such as solder balls or other 10
reflective objAecngillifiieationeappaphscies diumgnatatghopluntity dfrefleeisent i nventi on
al so incl ude i rocess that can be performed to allowthe

lLib '
i nspecti on iﬂ?ﬁ?ﬁgfii%ﬁr‘ﬁ%gg . B‘?Fé_ plapgy %Héfacee%m@é%%tqw BERP¢EAL i onal units
and to corregld diQfosdPwitRigRh b B 6f3Rew BELS BRGHANE Eifefe%{ié%g&ﬁ%o%her effects.

The calibration procedure |nvgqt ves neasuring a Car ge

di mensi ons, $aod riex divpliegtioarappamay cofmpdsing: havi ng known si zes and known

| ocations on the target. The relationship between the coordi nates of the
target inmage as determi ned 20 by the i mage processor and the known | ocation

of the dots , %sfﬁﬁall%&hag%(gligﬁls_%h'xlc@th nk 9 pAERRLH (ﬂ?ﬁ%@?, Sg@g:‘)el ation

bet ween pi xel s and conventi | “units. T eég esent ne _
cont enpl at essubsfagtiallycing-shepédiighifsotice gpraratingei plaralitynasfiidt behmisel ati ve to the
calibration target to account for 25 errors caused by optical

magni fi cati on. The present nethod for processing the reflected inage 70

used t 0get hemedis!iBr &if1ink 661d plirlfty BAVEAN-ARRBERE] BP sailescri bed above
provi des a nore accurate determnation of the dianmeter and circul-arity of

sol der bal | sSubstagiialboring-shepedlight sourep coveard said adidhein said fiddd of vibvrect i ng’ t he
andli ng e 11 R BEeAiFRls S LPRRR Gl PRAGR I d RS GR o P o
di ffuser, orsurfacesf suid axticie¢@her@in add Bght beams directed in said range of

angles of illumination provide a substanﬁally eve‘n illumination of said

plurality of reflective elements on said article to be inspected across said

field of view such that any of said plurality of light beams striking said

generally planar surface of said article to be inspected are not reflected to

said illumination detection device.

2. The ring illumination apparatus of claim 1 whereiﬁ said substantially ring-
shaped light source includes a plurality of light emitting elements, and
wherein said means for directing said plurality of light beams in said range of
angles of illumination includes said plurality of light emitting elements
mounted at a predefined angle with respect to a plane parallel to said
generally planar surface of said article such that a centerline of each of said
plurality of light emitting elements is disposed at said predefined angle with

respect to said generally planar surface of said article to be inspected.
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21 13 MAR 2007 WD 98/38492 illum nates a portion of the top surface of
each solder ball so that the point of maxi mum gradi ent corresponds to a
known percentage of the true dianmeter of the solder ball, e.g. about! 3 MARAMT

Directing th i ght .heams .in the desjired range of angles of illum nation,
al so plregentg"#}’:e?mgil wpigHon Wp%%F%%érCl?JHHzﬁH&egt“ﬁ@rdm@éﬁéﬁ’él_l y planar
surface ar eagftsag su}fﬁé@ﬁr@)ﬁﬁﬁdﬂ&to@aﬂblﬁﬁﬁtﬂ@ﬂl%‘f’%ﬂﬁ%ﬂ#@&eﬂfen{shf?)r maxi mm

gradient. Wen the ring illum nation apparat preseht invention is
-used t oget hereflpgting at keasirogeerfsaideightbeants gehlramddyasidilight tinétingf | ect ed

i mge, the ngasur enments made during the inspection have a high degree of
accur acy and® el?‘%‘B?—J‘at ability. The present invention, however, contenplates
using the ring illumnation apparatus with other nmethods for processing
the reflected image as well as 15 using this nethod of processing the

refl ected i nhgdhewinghillumimatioe appayges of clainl 3indhesdin oind Hglpaedaisg Accor di ngly,
the present inventi P@ﬁgro i.des .an inspection _sgxg}stem.and nmet hod t hat

accur atel y i WP a white sprface pgoremgte tRspid light eritiag gemspect s, such as

sol der 20 balls, protrusions, intrusions, deviations, concavities, and
other reflective elenments on an article. The inspection system and nethod
evenly il | undndeatngillimifatioh@ppasatn$ efelsino? faitee dtchuding Hmountmect ed wi t hout
concern for _illumnating.flat. or unwanted surfaces on the article or 25
el ectronic coOmp ﬁréﬁ?lapllﬂ{gm?'r?gbggtﬁnb‘ﬁl% ‘HBE‘“%[’%‘Bg meupsddesaidn i nage
processi ng nibbifthg MambiiinQ sabfMtRAIG IhgBRASUr es the size and shape of

i ndi vidual reflective elenents or solder balls. Mdifications and

substitutions by one of ordinary 30 skill in the art are considered to be
within the S&0Rfe rﬂIg 1llumination apparatus of claim 5 wherein said mounting member

includes an upper mounting portion and a side mounting portion, said
plurality of light emitting elements being mounted to at least one of said

upper. mounting portion and said side mounting portion, at least one of said

upper portion and said side portion having a light reflecting surface.

7. The ring illumination apparatus of claim 2 wherein said plurality of light
emitting elements are light emitting diodes (LEDs).

8. The ring illumination apparatus of claim 7 wherein each of said plurality

- :" of LEDs generates a light beam which spreads in a range of about 20° to 40°.

9. The ring illumination apparatus of claim 7 wherein each of said plurality

of LEDs emits light beams having a far red spectral wavelength.
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the present invention which is not to be [imted except by the clains
which follow. Wat is clainmed is: 22 13-{SCR 197 Wat is clained is: 31MM?‘ZUU7
ring illumnation apparatus, for illumnating a plurality of reflectil/e i

el ements di spo Jolgt r r.syrface of..an article to be
i nspect ed a?d?gﬁfi%‘%%lgﬁﬂ%ﬂﬁﬁ%hb?‘%&g%F ?1311%Ec‘)"fhe\r/eiué&\?lgpregﬁﬁ?qdl W&iehat i on
detecti on defisgié lightssmicting elgments srbbat4°on appar atus conprising: a

substantially ring-shaped |ight source having a predefined dianeter, said
substantially ring-shaped |ight source generating a plurality of |ight

beans; nea ol . sai I it f l.ight, b enerated by said
subst anti al Irl;i ?ﬁ‘{rﬁ%g@%{égﬂ&ngﬁpgsa%ﬁﬁiga%&ﬁq}?%‘ggﬂdﬂﬁ%ﬁﬁ@gi n said field of
view, in a dianger oifsaidrgbesntDilyirnlglhpallighdsoirkdishif s PRGE of fhovdi d general Iy
planar surface of said article, wherein said |ight beans directed in said
range of arfdl%!® imes 3 dimension of said Sieldnf vievs atssidiarticlaltd Ye even i | | umi nati on
of said pl q{lﬁnle{:tg&' of reflective elenents on said article to be inspected
across said el'd 'of view such that any of said plurality of |ight beans :
striking said generally planar surface of said article to be inspected are
not reflected to .said illumnation detection device. 2. The ring

i |1 uni nat i ont2appafing Hlmipatiqnaapparetusied claim 2dartherdngudiagrilight y ring- shaped

card moans. rar oy ceeeaprihde it bl #b ARG BRSNS o Tange of |

angles of illumnation includes said plurality of light emtting elenents
nount ed at predefined angle wwth respect to a plane parallel to said
general |y planaf®8i# ﬁ*&!@nm%%npaf%qf& agmd whereimgaidmeansfetr | i neof each of

sai d  pl ural difeéigy said Sdtalyibt fistie SRR Srabse G iRimiSatgh predefined
angle with r es%ﬁegct _t% saai?%_bge%ergﬁ‘y@anﬁﬁ%ﬁ#@?@%ﬁ%@@%ﬂi cle to be
i nspect ed. 28clndey aNhigh pa@smisgyityt highr diffgsiph Hiffriseq tisposed ppasimttago of ¢l ai m 2
e ve i OB Mg SELEFHEN LS B SRIDNY Bl SGing 23 @ PIUral ity of
plurality of light beams generated by said substantially ring-shaped light “

source.

14. The ring illumination apparatus of claim 13 wherein said substantially
ring-shaped light source includes a plurality of light emitting elements, and
wherein a centerline of said light emitting elements is substantially parallel to

said generally planar surface of said article to be inspected.

15. The ring illumination apparatus of claim 14 wherein said high
transmissivity, high diffusion diffuser includes a diffusing film having a

diffuse transmission of at least 85%.



reflecting at | east sonme of said |ight beans generated by said |ight
emtting elenents. 4. The ring illum nation apparatus of claim3 \/\h%r@@wl
said light reflecting surface includes a white surface proxinate t ¢ 3¢ °
light emtti .5 The ring il.lumnation. appar.atus of claim?2
further incI%i@é?ﬁ‘é%ﬁfﬁ%ﬂ?fﬁ%n apﬁg%“esr‘,% Cgaérin ‘ﬁ?ﬂ?lglsﬁ’t@ﬁgﬁﬁ{l& ht emitting

el enents bei refecurdaitntinslaic anwfiof BEdEEINNS HispBsed crufisdiatbhal |y ring
shape. 6. The ring illum nation apparatus of claimb5 wherein said nounting
menber i ncl $R¥RPNERL. upper nounting portion and a side nounting portion,
said plurality of light emtting el enments being nmounted to at |east one of
said wupper. nounting portion and said side nounting portion, at |east one

of said uppgr. ApﬂﬁgHMiammsﬁ@Fgaﬁlis%r ARMlihAMheNAYdB0oR hgdiver ef | ecting

surface. 7. The ring illum nation apparatus of claim?2 erein said
plurality ofelpmgnitdispeadd an agenetablymiamar suréack of t ariclet tbibegnapectedds ( LEDs) . 8.

The ring illumnatio ara of .claim 7 wherein each of said plurality
of LEDs geneé{{agéelgpogmpwgﬁﬁ 1B§§#fqﬁﬁ%ﬁw§t?lé5]d’§“flﬂ“ﬁl Jefsren devighout 200 to
400. . 9. Thesaid ﬂggilldnuﬁitm_tépﬁﬁkaa,@[@aﬁ@ﬁg@gpf claim 7 wherein each of said

plurality of LEDs emts |ight beans having a far red spectral wavel ength.
24 1 3 MAR 2007 10. The ring illum nation apparatus of claim2 wherein

sai d predefi sal dght emtting elenents. is about 4. 11. The
ring illum ngtg‘lﬂ) gﬁgg%%aﬁﬂa% us pg‘? h% I;Slo il hmgggipﬁecggigaé aﬁag’d’éefrﬁ? di aneter of
sai d subst antubatahially rige-stpeElightisglice SRR 4 Blurdlitd of PR mAftigbout  21/2 to
3 tinmes a dinension of said field of view at said article to be inspected.
12. The ri ng®FPERs: fongsnsrming gmlwreliy offlight beams2andir t her i ncl uding a |i ght
di ffusing surface proximate to said plurality of light em.tting el enents.
13. The ring illum nation apparatus of claim1l wherein said neans for
di recting sad Highltranamnissiyitpsf high diffustvmatiffusen dsgpoded gengemllgfin dogt €5 of
illum nation_j.ncludes a..high.transm ssivyity, high diffusiqn diffuser,
di sposed pr o%@rﬁiu_é ﬁ%og_g&t%ngmtegﬁﬂqnéﬁ’ ¥‘§f_ ENGLIE seasterngisgidt sour ce, for
angul arly scplutaity BgligiaibdamPhatiepdied vy &fid b]ugmty ggﬁgﬁt %ﬂﬁ{gat ed by said
substanti al | Z ri ntg-shatped, light _ .

lements, and for directing said plurality of light beams toward said article in
said field of view in a range of angles of illumination with respect to said
generally planar surface of said article such that any of said plurality of light
beams striking said generally planar surface of said article to be inspected are

not reflected to said illumination detection device.

L 18. The ring illumination apparatus of claim 17, wherein said plurality of -
- light emitting elements includes a plurality of light emitting diodes (LEDY), .
and wherein a centerline of each of said LED's forms an angle with a plane

parallel to said generally planar surface in a range of about 0 to 8°.
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source. 14. The ring illum nation apparatus of claim 13 wherein said
substantially ring-shaped light source includes a plurality of I|i gh% o 7007
emtting elenents, and wherein a centerline of said |light emtt! hg‘“ MAR 1

el ements is nthal l.y parallel t sai neral | y .pl anar surface of
said articl eﬁt:lgg%gmé Hgl&%?tgodl.apf%@ I‘?gc?}lﬁégi ‘95"(}?&?‘&3@1}5 apparatus of claim
14 wher ei n Sainemisighy, KipRAFsfonl Nifdskr inI&hﬂBsQHffﬁx‘éﬁigff{lnfjﬁafvfdggﬁr includes a
diffusing filmhaving a diffuse transmi ssion of at [|east 85% ~5 13 MAR
2007 16. Thihffeserdmpopiissionmd et loast appuBafaus of claim 1 wherein said plurality
of reflective elenents includes an array of solder balls disposed on an

el ectronic conponent. 17. Aring illum nation apparatus, for illumnating

at | east onex; Ahligebich syRleRIRA tnspl RS PhARDIENRLA birRh@nar surface of
an article to be inspected and disposed within-in a fie of view of an

i |1 um nat i ordighesedten ogenteallycdanar surfate of ayaiticleunibeanspectedyspalr at us :
conpri si ng: A sy stan%i alcll:{{\{ ti.ng-shaped |ight source having a predefined
di ameter, salrd o eUb¥tEM ¢ Il’rﬂlsu? ‘'ng- shaped |ight source including a
plurality of light emtting elenents, for generating a plurality of |ight
beans; and a high transm ssivity, high diffusion diffuser, disposed
general |y i rd ippiumanationgipgarptug defining an fipdrivgh tsaidming illngiretionent s, f or

angul arly sc i sai d lurality of 1ight beans generated by said .
plurality ofa?’ﬁ’?féh‘[sq%c#%f‘%ﬁs&% “gﬁié%f/‘gjg's ?P&g#‘&PPﬁ%“FCeec?‘?‘ﬁ@“%‘éﬁ% Hlurality of
l'i ght beanms ploratitydofdiphtdbédnts dite@tedowad@aidi 2ficle &f ba/ingpéctdd, ¥hédpoe of angles
of illumnati Qcﬂg\m th respect to said generally planar surface of said

articl e suckihplpralifyofdight heamsprayide atsybssantiallyeven Blamisationof gaidg sai d
general 'y pl apalinSeftASRivefelesifth rii ] ected are not reflected
to said ill ulrﬁn' nalgyisonr etlé,ctﬁl1 on ed\%%ie(férﬁgwc’l'ﬁgu{rsﬁﬁgeaﬁl | um nati on appar at us
of claim17, wherein said plurality of [light emtting elenments includes a
‘and_wherein a centerline of

plurality of light enmitting diodes (LED S),..
each of sai Gaq_aé%cg S?Qﬂ%s“éﬁc%tr%ﬁ%s%b@ﬁ“éﬁ Stid mioe lumination apparatys.d general |y
planar surf afeesuppotidgadParfitleaP PedbtekRinBd spfing from said ring

illumination apparatus such that said plurality of reflective elements on said

article is in said field of view; and

an illumination detection device disposed proximate to said aperture of said
ring illumination apparatus and having a field of view, said illumination
detection device detecting light beams reflected from said plurality of
reflective elements in said field of view, and foﬁhing a reflected image of
said plurality of reflective elements, such that light beams reflecting off said
plurality of reflective elements toward said illumination detection device are
detected by said illumination detection device and light beams striking said
generally planar surface of said article to be inspected are not detected by

said illumination detection device.

21. The inspection system of claim 20 wherein said article support surface

sequentially moves a plurality of said articles beneath said ring illumination

apparatus.

22. The inspection system of claim 20 further including a display, for
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13 MAR 2007 19. The ring illum nation apparatus of claim 18, wherein said
high transm ssivity, high diffusion diffuser includes a diffusing film
having a diffuse transm ssion of at |east about 85% 20. An inspectjijowR 7007

systemfor ig 21 d BRY .o t] . n di sposed on a
general ly pl aﬁg&é%%%gggg : glrlléégr%fi%%\deoq %ljgﬁ e f;{eﬁlseg{écggla%n%%%i d inspection
systemconprising: a ring illumnation apparatus defining an aperture, said
ring illum n%ti on_ apparatus includi nfgma substantially ring-shaped |ight

source, for <fehBf HSPedion sysiern ohFlaiy 28futheg inclusingan image prasgssoowar d sai d
ticle t i . i kd . i f light b id
Subst ant o 117 LIOSASEERG LAEEA oot BE iR bR bYreflleimaie s el enent &

on said article to be inspected; an article support 'surface, disposed
beneath said ring illum nation apparatus, @ for supporting said article at a
pr edet er mi nedt- dpadsnertiopshstemiod claim @O whersinfaid plussitappeaflscies such t hat sai d

I it f i {d..article i,s.in.said field of view,
gngr gnl i ?/I 8n?l£nrg%4tgﬁh \eﬁﬁsegli %Wﬁ\??déégﬁ}ssdﬁs ?86 odlr%&ffl?‘%foémt o said aperture of

said ring idomponedtti on apparatus and having a field of view, said
illumnation detection device detecting |light beans reflected fromsaid
plurality of reflective elenents in said field of view, and formng a

reflected i ngQgne S]pééioﬂé%t%ﬁ]%fi# tgj4 »?fe];réeiﬁﬁaih\fﬁur&ln {{g]paa%cstsuch that |ight

beans reflecting o sal urali o) ective elenents toward said
i 1'lum nat i ondevéteaietectsrat thastiome ofinbsend@pesdred obgackdbidet bdilBdagsn on det ection

device and light, b triking said nerally planar surface of said
article to b aﬁ%ﬁ‘gg‘{}g’d o lﬁr‘n’&?wf&é‘tsé’lﬁegg?@ymakf%di ﬂol%bﬂé%i on detection
device. 21. dib@elePsP&fchisOlRerDAll 8 Sfcutdrfty B &2n Eﬁ!,;ﬁﬂ_sald article support
surface sequentially noves a plurality of saird articles beneath said ring

illumnation apparatus. 22. The inspection systemof claim20 further

i ncluding a i spl r 7.1 MAR 2007 . di spl.ayi ng said reflected i nage
of said pl urgq'isf%%%spe%tg S@%‘F Ilnvoet:%%%l%lrp?éozn‘f" P?re‘?fﬁf’h‘é‘%ﬂ"i‘g%gft%twnsyst em of
cl ai m 20 f ur ddvice inclalesdi videcadamermge processor,

27. The inspection system of claim 20, wherein said substantially ring
shaped light source includes a plurality of light emitting elements mounted at
a predéfined angle with respect to a plane parallel to said generally planar
surface of said article such that a centerline of each of said plurality of light
emitting elements is disposed at said predefined angle with respect to said

generally planar surface of said article to be inspected.
28. The inspection system of claim 27 further including:

a light reflecting surface disposed generally behind each of said plurality of -
light emitting elements, for reflecting at least some of said light beams

generated by said light emitting elements; ahd,

a light diffusing surface disposed generally in front of each of said plurality
of light emitting elements, for diffusing at least some of said plurality of light

beams as said plurality of light beams are directed toward said article within

said field of use.
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for processing said reflected image of said plurality of reflective

el ements. 24. The inspection system of claim20 wherein said plural |n.ﬂ/4 o;
reflective elenents includes an array of solder balls disposed on aln MAR /007
el ectronic conponent. 25. The inspection systemof claim24 wherein said
illumnation detection device detects at | east one of absence/ presence of
each sol der BalThe inspectionaystemfofemih 20pwiereirbaid rin@ilkehindRhween sol der

balls, malfornmed sal der balls di.aneter of each solder ball, and

circularity SIS BAGse high frpnsmigsivity, bighrdifasien diffussrs dispesefl cl ai m 20
wher ei n sai dyd I; | t ' i inclhudes a_.vide anera. 27.
The i nspecti %ér?le}sagl}g]t@%%g?&c %%1856@{}\%%2?%Sﬁ(g%eéilqbghgﬁ%‘gfearq?riaggil ﬁyi ng shaped
li ght sour cesdattaringail gluplity &l lighy bedind gegibiated Bt daidehbeha SRt gngrount ed at  a
pr edef i ned ag}gl e, wmth respect to a plane parallel to said generally planar
surface of sHPBEAY¥ghtEPWC_uch that a centerline of each of said plurality of
light emtting elenents is disposed at said predefined angle wth respect
to said generally planar surface of said article to be inspected. 28. The
i nspect i on s {Tminspectioni systeih dfuldine9, wheteutliai@high thah@hissivRy lgat i ng surface

di sposed general | hi nd each of said plurality of [light emiting

el ement s, &‘ﬁé‘?ﬁgtﬁisﬁbm&lﬁ“%%% iffusiggdilerhayingp diffyse transmissiongdner at ed by
sai d |ight egftdst goppel enents; and, a light diffusing surface disposed
generalty in front of each of said plurality of light emtting el enents,
for diffusing at | east sonme of said plurality of Iight beans as said

plurality of,]i.ght beans are disect toward said article within said

field of use?i'é‘g‘eiﬁgpﬁﬁﬁ“ﬁ&?m %fmf?& Wﬁ"s“f?é%fq%ﬁreg?%@eémnsk of|saidm 20,

wher ei n sai dliglitRehiiting WTEnitdtd i9AbARAAEAE Whetelted48l Ebstnlluigrijd.ansm ssivi ty,
S

hi gh diffusiaon diffuser, disposed ger_ler ally in front of id substantially
ring shaped $heged lighiisperse hasp predefineddiameteciata mngnof abantc pRuoal i ty of |i ght

‘mapection cunrenrstsirttHAR & i ok SR RRERC e RV (Y, mian
diffusion diffuser includes a diffusing filmhaving a diffuse transm ssion
of 32. A ring illumination apparatus, for illuminating a plurality of reflective

elements disposed on a generally planar surface of an article to be inspected

and disposed w1thm in a field of view of an illumination detection device,

said ring illumination apparatus comprising:

- asubstantially ring-shaped light source having a predefined diameter, said
g R substantially ring-shaped light source including a plurality of light emitting
elements, for geperating a plurality of light beams, wherein each of said
plurality of light emitting elements are mounted at a predefined angle with
respect to a plane parallel to said generally planar sﬁrface of said article, such
that a centerline of each of said plurality of light emitting elements is
disposed at said predefined angle with respect to said generally planar

surface of said article to be inspected;

a light reflecting surface disposed generally' behind each of said plurality of
light emitting elements, for reflecting at least some of said light beams

generated by said light emitting elements;
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at least 85% } 31. The inspection systemof claim28, wherein said
predefined angle of said light emtting elenents is about 4 and whengimp 2007
said substantially ring- shaped |light source has a predefined dianeter in a

f ab 1L 2. I di i f said field of vi id
R R R A
i1 umi nat i nfdight defidtirigl dlerRént§, ¥61 RELEIME at 16ALERALE St &h&@g&?ﬁy Qﬂj%%ﬁgener ally

pl anar surface of an article to be inspected and disposed wthinin a .
field of vidramsapsrid pluatitnaf light beaneat idoactedtovaerd said aititlerwitigini | | umi nati on

apparatus conmprd sing.. a supstantially ring-shaped |ight source having a

pr edef i ned osﬁn@rﬁﬁ?%??“%‘éﬁ ?JmPsubst antially ring-shaped |ight source including
a plurality of light emtting elenents, for generating a plurality of

| i ght beanms, wherein each of said plurality of light emtting elements are
nmount ed at avierein edid phuality gif Hghi behms restiected towardpharetigairddiél to said

general ly pl r.surface of said arfjcle, such that a centerline of each
of said pl ur%i](??glv"_a‘?’ I?Fémgeé’?rﬂgF%‘bf_[le‘@WéH?%W@ regpesii8sad at said _
predefined angbmlyblafiar RSRECH Rl FALE sGANREAL]VpIREBRASE reﬁwtigace of said
article to be inspected; a light reflecting surface "di sposed generally

behi nd each e¢mess on sAidipwicletage dfumihatghsimeltaneously aadameof said f or refl ecti ng

at | east so . sai.d. |Jght ans _.generated by said |light emtting

el enent s; 2? T%gtyl\ﬁllx"gg%‘gf]msasgﬁflﬁ%falg5?966@5&88%%@ xE Oéisggégté‘ée general ly in
front of eaabbefinspadted euobtdfleyte@to sdidiuntfMiichi REcBLEABAES, for diffusing

at least sonme of said plurality of light beans as said plurality of Iight

beans are directed toward said article within said field of viéw and

wherei n sai Lt - 4 irect.ed t.oward said article in
said fiel d%oj?ﬁylégh ?ﬂnurgifn?déén[g@pgg %gs%lcgaéﬁ 5’19' vflfelrﬂﬂisﬁlgtp:ﬁ%ﬁ%(jc’?h respect to

sai d gener aeflgctive alemrensaintladeamirrsaofbohiet ballsalispoedd bhad els@tchip! ural ity of
reflective elenents on said article are illum nated sinultaneously and any
of said pl UPHRPRf | ght beams striking said generally planar surface of
said article to be inspected are not reflected to said illum nation )

detection device. 33. The ring illum nation apparatus of claim 32 wherein
said plural Q%, THe ring illumination apparatus of claim 32 wherein said predefined S

diameter and said predefined angle are defined such that a central light beam
area of each of said plurality of light beams is directed across said field of

view toward an opposite edge of said field of view on said article to be

inspected.

35. The ring illumination apparatus of claim 32 wherein said light reflecting

surface includes a white surface proximate to said light emitting elements. |

36. The ring illumination apparatus of claim 32 further including a mounting
member, said plurality of light emitting elements being mounted to said

mounting member in a substantially ring shépe.

37. The ring illumination apparatus of claim 36 wherein said-mounting
member includes an upper mounting portion and a side mounting portion,
said plurality of light emitting elements being mounted to at least one of said
upper mounting portion and said side mdunting portion, at least one of said

upper portion and said side portion having a light reflecting surface.
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reflective elenents include an array of solder balls disposed on an

el ectronic conponent. 34. The ring illumnation apparatus of claim 3ié MAR 2007
wherein said predefined dianeter and said predefined angle are defin
such that a central |ight beam area of each of said plurality of |ight

beans is directed across said field of view toward an opposite edge of

said field ofg. Th@%?ﬂhﬁﬁh&i(ﬁﬁﬂpgﬂaﬁxst& Rfn 3b wagaﬁf I?ag%?ﬁ?%l%t?_ B ring

illum nation apparatus of claim 32 wherein sal ht T ecting surface
i ncl udes a vifght emiting elemepis axd light emitting dioded (L@iis).enmi tting el ements.  36.
The ring illum nation apparatus of claim32 further including a nounting

menber, said plurality of light emtting el ements being mounted to said
nounting mMemgerhé fn ilﬁh&%&@dﬂi@h#aﬁls@f'&&hﬁ@%%er eacht shigng 111 um nation
apparatus of cl ai m%‘G wherein said nounting nenmber includes an upper
nmount i ng porplumhtyarfd EDssgetterapasariighn beqpowhichspreadsind mhgy ofl abbyt of | i ght
emtting el nti peing mounted to at |east one of said upper mounting
portion and L% de mount i ng portion, at |east one of said wupper portion
and said side portion having a |light reflecting surface. 30 1 3 MAR 7007
38. The ring illum nation apparatus of claim32 wherein said plurality of

| i ght emnitti4lyTbe enpgillwniantiorn appatateniftcldim@8dieokes :édlﬁﬂssd)iid I39. ;I'h;a ri PgLEDs
illum nation_a rgt.ys.of claim 38 er.ei n_each of sai plurality o
generates a H‘P‘%ﬁs %&@Wﬁ%ﬁgﬁ%g&\é\mvﬁn&a faéﬁﬁﬂs%?traéb’%ﬂ?len@‘% to 40. 40.
The ring illum nation apparatus of claim 38 wherein each of said plurality
of LEDs emts |ight beans having a far red spectral wavelength. 41. The
ring illum rit The ragiuminadonipparainef3aint i whercis shid ppq:clb?ﬂiaéd ned- angle of
said light emtting: LS | g.abaut. 4. 42, The ring illumnation

appar at 85 ofméeaéﬂr%g@k%nqgr?lgﬁﬂéggfn n%r‘%%)equit ed dianmeter of said
substantially ring-shaped |ight source is in‘adrange Ff abogt 2 1/2 Eod3
times a-dinmepsion of said field of view at said article to be inspected.
43. A ring iﬁt}ﬁw&gi FOIgHAR apRsEatus of claim I wheteinsgidpredafingdi ty of

reflective diameter of said substantially ring-shaped light source is in a range of about

2 1/2 to 3 times a dimension of said field of view at said article to be

inspected.

43. A ring illumination apparatus, for illuminating a plurality of reflective
elements disposed on a generally planar surface of an article to be inspected
and disposed within in a field of view of an illumination detection device,

\ said ring illumination apparatus comprising:

a substantially ring-shaped light source having a predefined diameter, said
i substantially ring-shaped light source generating a plurality of light beams,

said substantially ring-shaped light source including:

a plurality of light emitting elements, mounted at a predefined angle with
respect to a plane parallel to said generally planar surface of said article, for -
directing said plurality of light beams generated by said substantially ring-
shaped light source toward said article in said field of view, wherein said
predefined diameter and said predefined angle are defined such that a central

light beam area of each of said plurality of light beams is directed across said
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el enments di sposed on a generally planar surface of an article to be
i nspected and disposed withinin a field of view of an illunination?13 MAR 2007
detection device, said ring illumnation apparatus conprising:. a

bstanti al | i Ag- |i ght . hayi. defi. . di ter, id
ubst anti al | JeoRGeFNERER an abs BCHeE Be G bR F SRR 80T 11 e

beans, sai dbsusdcratshé fhyt §aid11§lu§a|1ﬁ?06ﬂiéﬂt%§m§}f9:%ﬁ% aisﬂﬁéth&ﬁian?i a plurality
of light emtti n? el enents, nounted at a predefined angle wih respect to

a pl ane par a¢vealillymingagriofpage phsdid phuraditnef wlleftacelohesaindarrfidle!l e, for
directing sajd.plural.ity.of light beans generated by said substantially
ri ng- shapedoﬁlg‘ﬁton%lﬂl%té&? mgﬂs%egge “QPJ?)PE @ng W%ﬁ%éé?ﬁopbﬁaby of view,

wher ei n sai dgerRf B idnaeshreica (P iIRRAnSAIndicRAgRbiNed angl e are defined
such that a central |ight beam area of each of said plurality of |ight

beans is directed across said 31 1 3 MAR '007 field of view toward an

opposi te edg said.field of viewon.said article.to . inspected such
that said pl %}';ﬁﬁetr?gdlllurf"ln@ﬁ?n%& “Sp‘?fg‘i}?lﬁ’e&wé‘ifﬁ@tséféﬁ’rﬁ&% edeyen
i1 1um nati onagfle Raebutaf. said plurality of reflective elements in said field

of view on said article to be inspected wthout being reflected fromsaid
generally planar surface to said illum nation detection device. 44. The

ring illumngti paratus of claim wherein said predefined angle is
Shout 4 a5, HrAR AREA Ao R bt H S e b AR o1 n oo
predefined diagmes &y abiofit 2L 32indés?a ditnedsibh BB Said fididBFVEwhn §figsai d fiel d of
view on said article to be inspected. 46. The ring illum nation apparatus
of clai m 43 fuicledabeinspeciedng a |ight reflecting surface di sposed
general ly behind each of said plurality of light emtting elenments, for
reflecting at | east sonme of said |light beans generated by said |ight
em tting el ederifte.ringAllumhimation apparathsiof clain 43 fafeaimlddingdd ligtai m 46 further
including a Light diffusin urface disposed generally in front of each of
sai d plural i {678 ?“tﬁ?fz 3@?{?%%%“@&%% ?acp-&g sgfphuaitigt Heht east sone of
sai d pl ural i eitfihg blefiRhtsPRAMSIechSy Akt BbHE B {4y 1iQht Uch@ObeRERDF 2re
directed towards said article w t%’n n said field of view

by said light emitting elements.

47. The ring illumination apparatus of claim 46 further including a light
diffusing surface disposed generally in front of each of said plurality of light
emitting elements, for diffusing at least some of said plurality of light beams

as said plurality of light beams are directed towards said article within said |

field of view.

48. The ring illumination apparatus of claim 47 wherein said light reflecting

surface includes a white surface proximate said light emitting elements.

49. The ring illumination apparatus of claim 43 wherein said plurality of

- light emitting elements are light emitting diodes (LEDs).

50. The ring illumination apparatus of claim 49 wherein each of said

plurality of LEDs generates a light beam which spreads in a range of about
20° to 40°.
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48. The ring illum nation apparatus of claim47 wherein said |ight
reflecting surface includes a white surface proximate said |ight en‘i@tm‘gmm
el enents. 49. The ring illum nation apparatus of claim43 wherein sai

lurality ofs; ki itting el e i ght .enj tting di odes (LEDs). 50.
e ring’i | I hanre SUhOR LETRGR PAR 2 MR SRR °Sar a i ur ity

of LEDs genelatis ¢f IEDNEmigeah: bhirehhSpiea s rddspactiaRgeeRhgbout 20 to 40.
32 13 MAR 2007 51. The ring 1llum nation apparatus of claim50 wherein

each of said plurality of LEDs emts |ight beans having a far red spectral
wavel engt h. - j i lum nat i aratus, for illum.nating at |east
one refl ect isvzg% %%%%n%]iogﬁ aé%“%’%géﬁglg‘ﬂgﬁ%lEit/leﬁfta%ﬁrretie(ﬁnfl%ce of an

article to hgerh@ipRpossd ona\ebndia8p Psadr Wirtdk Bf @ frtieledo BF inkpeMed! an
illumnation detection device, said rin | um nati on appar at us

il
conpri si ng: adgligposehwithiniafield phjviswaied ﬂfuxgimati@odmwonm@vmisa@ a plurality

of 1ight em‘lliﬁ-iﬂ‘l -di.odes f.or generating a plurality of |ight beans

| EDs
each havi ng a%)ea%mastlﬁ)rneagaérla Sﬁglpgrﬁsdgg'of about 20 to 40 and having a far
red spectral wavel ength, wherein each of said plurality of LEDs are

mounted at a predefined angle of about 4.degree. with respect to a plane
paral | el to a@ibgtantelherieg shapesd light sourge inctuding a plarality of lightemitigef or i ng a

ri ng having r i i r . .h tq ti es di mensi on of
said 1ol d ofodsdE 3?1@2%%‘“%@%% le‘ﬁ%‘%@%g%%‘r‘fg"ﬁé‘%“tséa‘?i‘ léa"ll‘u‘gg%?ea%“ef | ecting
surface di spopsed iganetg! dfyabbelP0OR 46fcthddtavigiakapledrspédtiay of LEDs, for
reflecting at I?ast sone .of said | ié)ght _bearrsﬁpqenerat ed by said LEDs; and a
I} ght diffusthC%‘l&‘#’a%@fwgifgééaa'& wirhly of GEDs are movgted@aah of <ai d

plurality ofrcbdtied adhple d%iag(glﬂ_%i.dlgre%:[ with 3e&0Y gne?@@aﬂeﬂ'oghal ity.of light
beans as said pluralrty of |ight beans are Prected towards said article
within said ginsrallygfianay sweface 88 saidartislchad fofminlglaumigtatvingge an articl e havi ng
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-on said article to be inspected;

a light reflecting surface disposed generally behind each of said plurality of

LEDs, for reflecting at least some of said light beams generated by said
LEDs; and

a light diffusing surface disposed generally in front of each of said plurality
of LEDs, for diffusing at least some of said plurality of light beams as said

plurality of light beams are directed towards said article within said field of

view.

53. A method of illuminating an article having a plurality of reflective

elements disposed on a generally planar surface, said method comprising the

steps of:

placing said article with said plurality of reflective elements within a field of
view of an illumination detection device and beneath a ring illumination

apparatus; and
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placing said article with said plurality of reflective elenents within a
field of viewof an illumnation detection device and beneath a ring3 map /il7
illumnation apparatus; and 33 1 3 MAR 1"007 directing a plurality of
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said generally  planar surface away fromsaid illumnation detection
devi ce. 54. HH@ingEemyihaespertip srigarigiebeing inspealedisuchshat said dighdes a

substrat e hayj I e I anar .surface and a urality of rounded
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a diameter of said_ring illumnation apparatus is about” 2.5 to 3 tines a
di mensi on ofPlangr quifaceafyay drops said dlemyiastipn detectien devige.ne i nspected. 57. The
met hod of cl aim53 wherein each of said plurality of |ight beans have a
beam spread of 20 to 40. 58. The nmethod of claim53 wherein each of said
plurality of54. Thhmebdedn cldim\ss whdrein saiddriiqe aichales wamatardiahing34

-; said generally planar surface and a plurality of rounded reflective elements -

disposed thereon.

55. The method of claim 53 wherein said angle of illumination is about 4°.
56. The method of claim 55 wherein a diameter of said ring illumination

apparatus is about 2.5 to 3 times a dimension of said field of view on said

article to be inspected.

57. The method of claim 53 wherein each of said plurality of light beams
have a beam spread of 20° to 40°.

58. The method of claim 53 wherein each of said plurality of light beams

have a far red spectral wavelength.
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