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(57) Abstract: The present invention provides a light
source which jmproves the lighting for ebjects which
include a nontrivial bi-directional reflectance distribmion
function and a2 nominal illumination angle. A two
dimensional, lighl scurce is positioned at an angle which is
complementary to the nominal illumination angle such that
the object is illuminated at its nominal iNumination angle.



Abstract: The present invention provides a |ight
source which inproves the |ighting for objects which
include a nontrivial bi-directional reffectance
wogboujobaszz on  function and a nominal il lum nagdQfsionaises
angle. Atw dinensional, |ight source is positione
at an angle which is conplenentary to the nom na

il lum nation angle such that the object is
illTumnated at its nomnal illumnation angle. WO
2004/ 008022 PCT/ US2003/ 021809 1 a METHOD AND APPARATUS
FOR UNI FORM LI GHTI NG SOURCE CROSS- REFERENCE TO RELATED
APPLI CATION This application clains priority fromU.S:
Serial No. 60/395,499 for METHOD AND APPARATUS FOR
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way in I liaht. can vary from
perfectrgbgﬂgg , 6 x e ertian
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efficiency which is essentially independent of angle,
then the iIIuningi%gn 82 EUEE an._object is relatively
sinmple. In such ty of an inmage of
an ob[Tecjresent inv@bticarttivtes td PRmidatiy dyRbkor mty and
intensity of the incident illum nation. An exanple of
a Lanbertian object woul d be paper, which can be

adequat el y i | BACKGRIOXNIDOF TREINWBNEIGOI nt - | | ke source
of

i Emet way in which an object reflects light can vary from perfectly diffuse, known
in the art as Lambertian (after Lambert), to perfectly specular (after speculim, a mirror). |

if an object is substantially Lambertian in nature, in that the surfaces reflect light
with an efficiency which is essentially. independent of angle, then the llumination of suchan -
object is relatively simple. In such a case the uniformity of an image of an object relies only
upon the uniformity and intensity of the incident illumination. An example of 2 Lambertian
object would be paper, which can be adequately illuminated by.a single point-like source of light,

1f an object is substantially specular and the desired illumination is bright field
iltlumination, then the light source wilt be seen directly by the observer. This can be
accomplished by placing a camera at an off angle which is the same as the off angle of a light
~ source in 50 much as the angle of reflection on a specular object complements the angle of
incidence. In such a case the source itself must have the characteristics of a Lambertian emitter
and must encompass the projected field of view.

Betw’een substantially diffuse reflecting L;unbeztian 'objects and substantially
specular reflecting objects there exists a very large class of objects for which the surfaces are
neither substantially Lambertian nor substantially specular. For these objects, the amount of light
reflected from a light source to the observer or sensing device depends both on the intensity of

the incident illumination and the angle of incidence.




If an object is substantially specular and the desired
illumnation is bright field illumnation, then the
l'ight source wifl be seen directly by the observer,

Wt WoL@wsoMWe acconplished by placi ng a caner apei/uginez/o21809
off angle which is the sane as the off angle of a
light source in so nuch as the angle of reflection on
a specul ar object conplenments the angle of incidence.
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substantially dlffuse refFectlng Lanbertlan obj ect s
and s ects t here
oxi st 35 Py 38R OB G dien g S proved

. Opticag Bifitianre’s tcaﬂsaumle Héshrétes Sﬂlebﬁ:é a:mtcbnadnhdjmtmhdtﬁﬂ sy
obj ect s, .t he anount

.using %?dp‘?ﬂgn%ﬁé ng%1&'@¥§.1—2|§§ gfgu ﬁ I\Sé sgmq:q f%% letEeem{egs:ty Haé]dent ona
given girs é]huem/emron$e Mhiailigh 6teasinG eodﬂﬂﬁ@tﬂﬂ&o BRtubif?Rity BGhe angle of

I the incident illumnation and the angl e
‘“"‘de‘k&%‘ "Ei’é’r\'%?&‘mvv) 2004/ 008022 PCT/ US2003/ 021809 2 U. S.

Pat ent shlai ha fx&gﬂttﬂﬁgw@ﬁniin_ﬁﬂr@?d iEzwaﬂdaf B tided VS vRBh théGht
u roved .Optica I clency", to
accum?ﬁ’r%‘f???wslmo%lggé%%g? -devi ce for constructing an
illumnation system .using |light em-tting diodes
(LEDs) vvhich|§ ti,ally uniformin the intensity
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devices: I'II%E mnﬁcoln lg;ﬁor éﬁ‘@‘feé Inchple.a lﬂnama} bi- u'ectlonal reflectance distribution
functxon and includes a nominal 1[lummatmn angle. The inspection davices have a sensing
element and 2 lens arrangement. A two dimensionat light source is positioned at an angle

compiementary to the pominal ilumination angle,

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a cross section of an illumination device according to the prior art.

Figure 2 is 2 flow diagram illustrating the method of the present invention.

Figure 3 is a cross section of an illumisation device according to the present

invention.



source includes a plurality of discrete |ight sources
arranged in two di nensions and positioned at an angle
conpl enentary to the nomnal illumnation angle. The
Vo edesosoznvent i on al so provides a device for pCT/us2003/021809
I nspecti-ng sem conductor devices. The sem conduct or
devices include a nontrivial bi-directional
refl ectance distribution function and includes a
nom nal illum nation angle. The inspection devices
have a sensing elenment and a | ens arrangenent. A two
di mensi onal |ight source.,is positioned at an angle
conpl ementary to the nonfnal illum nation angl e. BRI EF
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semiconductors may have a pontrivial bi-directional reflectance distribution function thereby

presenting varying illumination propérties from Lambertian to specular. It is wel understood
that the time necessary to accurately inspect certain manufactured parts such as serm-.onductors is
limited with any error reducing the efficiency of the overall product:on rate. The present
invention reduces esrors in inspection associated with illumination and thereby contributes to the
overall efficiency of the manufacturing process.

Referring now to Figure 1, there is showa an illumination device of the prior art.
In particular there is generally shown an imaging device 10 which includes a sensing element 12,
a lens 13 and an annular illuminator 14, The annutar illaminator includes a Ang of LEDs 15

which are aimed symmetrically at an object 16. Flux 15' from LEDs 15 is incident on object 16



(BRDF) (i.e., sonewhere between Lanbertian and
specul ar.) Typically, although the present invention
is not so limted, the illum nation device of the
woeasanbsienvention will be enpl oyed for the auicaneszed/n2isoe
characterization and/or inspection of manufactured
parts. These manufactured parts include
sem conductors. Cl asses of sem conductors nmay have a
nontrivial bi-directional reflectance distribution
function thereby presenting varying illum nation
properties from Lanberti zin to specular. It is well
understood that the tine necessary to accuratel y
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Litti e effectlvely illum nates the object
eton ?qu&ndgrc}ﬁg? rlg%g It is wunderstood that the

nomi Méth cohtioued mesten@no Alegled thé lalgest dinyntRRE BRifBlg ofIOR.
(e, thetdnﬁoﬂwﬁln Eo%szf tge ﬁe‘icp (ﬁ' view is rectangular) is projected toward the nominal

fllumination angle which will provide the depth of the light source at 24, This ensures that when

the light is constructed it subtends the intended field of view. In particular, the light source has
sufficient dimensions and is of sufficient surface area to illuminate the selected area on the
object. Thus the light source is two dimensional and ali that is needed for the light source to be
two dimensional is depth to determine an angle compiemeniary to the nominal ilvmination

. angle. At 26 the light source is positioned at an angle which is complementary to the nomipal



obj ect being imaged. The nominal illum nation angle

may be determned enpirically to provide a preferred
illumination effect; it may be deternined by

wetewigizzal nodel i ng of the object, the |i gihtT/eszunmesos
and the sensing apparatus; or it may be restricted to

a particular nomnal value by the available space for

the illum nation system Enpirical determ nation may
involve trial and error over an object to determn ne
the optimum angle of illumnation. An exanple of a

mat hemati cal approach would be a Monte Carlo ray
tracing. A Monte Carlo ra§/ traci ng invol ves the use of
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uonstmﬂmo(‘agﬂ&qy%&é’ftfa subtencP the projected dimension. To subtend the projected
dimension of the object it is understood that hght source 38 has a sufficient surface area. Light
source 38 may be of circular symmetry, two-fold symmetry, four-foid symmetry, or be of any
other configuration which is best suited to the object and the available Spac:e. However, it is
understood that the most general case is circular symmetry.

With reference to Fi gures 3-3, light source 38 includes an emitter generally
referenced as 40. Emitter 40 may be any of a wide variety of types. For example an emitter may-

be a bulk emitter such as an electro luminescent surface or a formed polymer light emitting diode



exanpl e, lens arrangenment 36 may have a di verging
principle of rays or may be telecentric. Light source
38 is positioned to illumnate all points of an object
W6 206s008bst anti al |y the sanme angl e as shown ptrvkdeodndises
46. As illustrated light rays or flux 42 from

di screte sources 4S5, which are incident on object 16,
are all incident with substantially the sane angle
44, 46, on object 16 regardless of the |ocation at

whi ch the angle is neasured. Thus the angle neasured
at the nearside, angle 44, and the angle neasured on
the far side, angle 46, are the sane. Providing
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space. However, it is understood that the nost
general case is circular synmetry. Wth reference to
Figures 3-5, light source 39 includes an emtter
generally referenced as 40. Emtter 40 may be any of
a wde variety of types. For exanple an emtter may
be a bulk emitter such as an electro | um nescent
surface or a formed polyner light emtting di ode WD
2004/ 008022 PCT/ US2003/ 021809 6 surface. In the first
preferred enbodi nent emtter 40 may be. fabricated
froma plurality of smaller discrete sources 43.
Preferably, discrete sources 48 are prepackaged LEDs.
Wth specific reference to Figure 4 discrete sources
49 are preferably prepackaged



LEDs on a flexible printed wire board fornmed into a

cone 50. Cone: 50 has full symetry and a depth d
sufficient to;subtend the intended porti.en of object

w6 .20040bd022 ef erence to Figure 5 a plurality afcrius2003/021809
di screte light sources 48 could be packaged on a
plurality of rigid printed wire boards 52 which can

be tiled into an array, which is illustrated as

two-fold symretry. Rigid boards 53 have a depth d and

a wdth wsufficient to subtend an i ntended portion of

object 16. It is wunderstood that tiled |ight sources
52 coul d be arranged intd any geonetry. Wile the
' “mmigcﬁﬁﬂﬂéon has been described in connection wth what
“—‘—“fs—préSently considered to be the nost practical and
pref.erred enbodinent, it-is to be understood that the
invention js not to be limted to the disclosed
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of the object. 2. A method as in claiml wherein the
nom nal illumnation angle is enpirically determ ned,
3. A2e{ haEbdas i dlid | 3iheleh th1RFBbINIL:BPMRAS empiricall
determjl.llumnatl_on angle is mathematically determ ned. 4.
Bt hod as in claiml wherein the light source is
positioned to subtend less that the entire object. 5.
A light source.for a nuf acturi ng i.nspectiqn system
t he |%r GHEetRqg s ebC?%ﬂ w ‘leiﬂd‘?ﬁ%ﬁ‘tnﬁld@ma?ﬁﬂa"b?‘@&’? wher ei n
mathembtiailyoRRjeqtibednas a nontrivial bi-directional reflectance
distribution function and-includes a nom na
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|'i ghtd. S0tkERIS:s & i J Shereld 1R MRLtALETENS bOWtEned @ subtend less
thai the 2 D5e biSh &4 &t
pect.

5. A light source for a manufacturing inspection syster, the light source for
illuminating an object, wherein the object has a nontrivial bi-directional reflectance distribution
function and includes a nominal iHlumination angle comprising:

a plurality of discrete light sources arranged in two dimensions and positioned at

an angle complementary to the nominal itlumination angle.
6. Alight source as in claim 5 wherein the discrete light sources are LEDs.
7. A light source as in claim 6 wherein the LEDs are mounted to a flexible

printed circuit board, and the circuit board is in the shape of a cone such that the plane of the

cone is positioned an angle complementary to the nominal angle.
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a two dimensional light source positioned at an angle complementary to the

norninal jllumination angle.

10. A device as in claim 9 wherein the light source is a two dimensional
-collection of LEDs,

11, A device as in claim 10 wherein the collection of LEDs is arranged as a cone.
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