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FLEXI BLE LI GHTI NG ELEMENT Cl RCUI T AND METHOD OF
MANUFACTURI NG THE SAME 5 Field of the Invention Thi s

I nvent i onwioYsaksls t 0 a novel design for a coni cal or peregesigong | 1 ght
and a nethod of manufacturing t he sane. 10 Backaround of the
I nventi on Wen ﬂﬁﬁﬁﬂtnﬂmnﬁﬁ@ REEMENT WHRRHI P hnp SYSt ens,

i1l umnation geonetry pl aygzq-nlg@y orohenNUFLeter gl PEEL BRME quality of
the i mage and the appearance of the object bei ng observed. It is
particularly true of highly 15 specul ar objects and surfaces which
reflect the |ightingield ofdithetinventtiem observer. A machine

Vi si on engi neer select a ti tr isch  wi I I ca se the
features of inter es%hf'ﬁ petve ml'“gré aFeg gﬁ‘?{@a i %’o\t(\%é' cARE 3F 'a
field-of-view cBBmaateOQOdomg@cnim 1D§}1§cﬁ§d e frieddrod tofe maﬂuﬁ}h:t’timging

envi r onnent %dlng to their own particular geonetry, the selection
of the Ilghtlng geone ry for such applications is especially

critical. For exanpl e, some applications require lighting froma
"high.angle’, i e bheRireupal be0cRS Taventmi | angle relative to the
optical axis, mhll gg?lcatlon reqU|r ill.umnation froma "I ow
angl e", i e. Ilﬂthsupﬁ?$é 9a mMigfBgrEat ert 1%ﬂﬂ¥¥§§¥Qﬂl\M?X%Femslthe

ﬁpt i calh axis. J.lh.hmhﬁaﬁdﬁﬁn@éﬂﬂéﬁﬁyfplairhearrﬁélyl r®le 1:1\/&@1:@&1@.&&@%&0
ave the greatest ssi bl e variet | nat.ion _ge

avai | abl e so aguﬂ)?g | i 1 ch%%cg #ngﬁgﬁpfzﬁm#ﬁf’%ﬁ FRIREY y
for any particheang obseértveri nat iIan dppl |nmitmularly trudvammf highly

appllqatl Sr ' y [ L ght t S .tng;. e
features P I n %éé?a% F?%g{%f“ai %g%?iécéa ywk??ft&mr%gg gggr (%lgr %l SS lo'f‘;
their ori ent atfibnefhly tothefpbferverview. Currently, ring lights are

avai | abl e A machine vision engineer must select a lighting

geometry which will cause the features of interest to be

seen most clearly in the camera‘s field-of-view. Because

20 specular objects reflect the 1lighting environment

according to their own particular geometry, the selection

of the lighting geometry for such applications is

especially critical. For example, some applications

require lighting from a “high angle”, i.e. light supplied

25 at a small angle relative to the optical axis, while other

applications regquire illumination from a “low angle”,

i.e. light supplied at a much greater angle relative to

Ehe optical axis. It is advantageous for the machine

vision engineer to have the greatest possible variety of

30 illumination geometries available so as to be able to

choose the ideal illumination geometry for any particular
illumination application.

Many applications require a radially uniform lighting

geometry so that the features of interest will be

35 identically illuminated regardless of their orientation in

b the field-of-view. Currently, ring lights are available



- 2- inonly alimted variety of angles of incidence. For

exanple, a fiberoptic ring light offers a narrow band of I nt ense -
illumnation with the direction of illum nation typically being

paral | el X;@gggﬁgparly parallel to a 5 central axis of p&pusIsng7dsi ght .-

An angl ed reflector ring may be attached to the fiberoptic ring light °
source in order to redirect the illumnnation field at a different
angle.. For exanple, aring reflector wtha 45[err] inner reflecting

surface i medi ately under_the fiber ring 10 il lum nation aperture wll
redirect the |i5htNneg dlimited waxdeFvanef pargifdi obl dmaisenes centfian

axis ?f the ri @QampleH hOlt begb lldﬂ?nané oy»% It@fﬁwsk atilﬁagrowl b\r?bm@%ﬂ]c 025
geonetry. enmen in | n5|s S_ 0 ny r, O
o o ¢t ngiBreRse idipmaRaitR Nifh "Snel Yired joirgipation
typically in atgpicalay ahse:ayg amparel ke etio abr neaﬁp;rtpafameas tﬁﬁn ape
seen in Fig. 1, t acturin opstraint t he

l'i ghting e?emeﬁf'z ggggﬁugi{f QMﬁgnﬁbﬂgeg%gyt f#ﬁt aﬂ?iﬁﬁifegggf%b\gufﬁntghat
the illum natimay2®e attiashesd 'eacrtha)uﬁiqupginingngl dightt $surce in
perpendi cul ar oraer! 8ol BRaiUAC oL LRELGIHENS bnPeaE] o AT G PRI deRleritf

t he centra manuf act ur e

Al ternatively, aaglleng e efamRle, b@arking nﬁ?fh%ﬁ"éo%l Wlth rﬁ utaf | dyner

lighting el erreféﬂéetmgntﬁsirfaeéeommﬁaalh*&aayZSunaEE | eng tRiBe® I Hiinly
board 8, with a &iar of , opposed é&l ht Iateral ed es 12, .is bent

into a cyH’ndrf‘- pminatigq aﬁ@erz}'élrf?anwﬁ t hRWarRdY
l'i ghting ebeaeat Sndrpefpéhﬁﬁcullw&f d:csw:rsé e&&nﬁ*dly aneispe@ﬁll tHbkaf- ik
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be pl aced geopehdycul ar to the Ci rcw t board When the |ighting

el ements are requi rﬁd;ll_%ﬂ?tg#r?c% eecli%xﬁéxggtrfﬁ?agﬁ'ogar@@o QY or a hli#Ber of

substantlally Eer pen Clrcui
ight emitting diodes (LEDs) 2 located on a circuit

board 4, typically in a circular array around a central
aperture 6, as can be seen in Fig. 1. Due to autcomated
manufacturing constraints, the lighting elements 2 must be
mounted to a flat circuit board such that the illumination

20 axis, of each mounted lighting element, is perpendicular
to the surface of the circuit board 4 and parallel to the
central axis A of the manufactured <ring 1light.
Alternatively, a long thin circuit board 8 may have a
plurality of lighting elements 10 mounted thereon and then

25 the long thin circuit board 8, with a pair of opposad
straight lateral edges 12, 1is bent into a cylindrical
shape, as can be seen in Fig. 2, such that the lighting
elements are facing inward substantially perpendicular to
the central axis A of the ring light.

30 Automated assembly of 1lighting elements on circuit
boards requires that the 1lighting elements be placed
perpendicular to the circuit board. When the lighting

g elements are required to project light at any angle other
than substantially perpendicular to the circuit board, the



- 3- lighting elenents are individually bent to a desired

angle, relative to the circuit board, by |aborious hand g as;enbLy when
the |i ht|n elenents are assenbled in a fixture and a wiring harness
is bui Igt Lm B85%4hd to 5 connect the leads in a desired &IGTEL9%/09743
configuration. Such manual assenbly greatly increases the

manuf act uri ng costs and reduces the reljnabl lity of the finished

i |l umi nation product. It is desirable for the lighting elemen]t o

i1l um nation ci fghle ik bSlQﬁéhQ ed for ﬁéﬁy@ﬁa reliable
automatic positi oglhng gn % ne | n& %r‘} tIRE LS

li ghting el emenf89é&n B‘@latl"%rt@ntéé fizgwitidwiamtl, aby! ea\hdﬂi@ﬂs lnﬁr@u\se
r fqts n
hand | abor. assembly IHER ihg 1t %ﬂﬂ'\’cf Eié&ﬂexjrés are afa\(;!r]%%@ﬁf?‘gné‘

an object of th esent ipventiQ rcone t
pr obl Jems and drgavgggﬁ§ and éssUéF&P@d W’f”ﬁeﬁ\elﬁrlb\dl%ﬂ:t Ytesibynshand to

Furt her obj ECL obnhketi st |1@éag:§ lﬁ,ﬂ allta\gstlggd Clrﬂﬁﬁ‘? g%s&ﬂqs : at!scbg}nl on
f circuit bo carrying_a ural i o}

ooy Cof SUEns *8hén° antiald Tt ieat Ve lncednteg ohg RacersbEaring

t echni.ques cubéseb;mﬁhe reesudes ngtHe ght'elzsmmsi;mws gert Eﬁ'e' Yﬁ'}%iast ed
desired angle o a sired,_sal. n

25 Fgrt hejr' gﬁ ggﬁﬁn E’%ofar?\(/égcnt i O]ld'ltl gs t% é&a&l‘?'ean@r thef Jdahdding a
circuit board fﬁ%bﬂmﬁntl it lphmanatismcwEmstuit to M@&dl@ﬁgﬁEEgroras@elﬂﬁJyl ty
of rrenbers:.dwavusr;@ & Y rensﬂﬂs aa%Raﬂ%egd 2t petrg%?n%’fq@ﬁ?&%;ﬁy

letter "C', and . then nmount ting el
each 30 accurdl‘%‘i:]?/l%ﬁa%fécﬁ%rmann% t@'ra'%uﬁhmdtle'@fasmleﬂlepm can be

sol derjng, the &fiawtedyas h@zﬁ)?ddééiﬁé'at aﬁ@ﬁédwiﬁhaﬁenlntenggr HEAaChaBSRE
into a doned or conical section with

Summary of the Invention

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

Further object of the invention is to allow the
design and fabrication of a circuit board carrying a

20 . plurality of light sources, such as an array of LEDs,
using standard automated circuit board assembly techniques
whereby the resulting light source has virtually any
desired angle of incidence and a desired solid angle of
Aillumination.

25 7 Further object of the invention is to design and
fabricate a circuit board from a flat planar arcuately
shaped member, or plurality of members having a common
edge, each generally in the shape of the letter “c”, and
then mount the lighting elements perpendicular onto each

30 accurately shaped member. After automated assembly and
soldering, the arcuately-shaped circuit board is then
formed or bent into a domed or conical section with the

; lighting elements facing inwardly.

%



i ghting elenents facing inwardly.

-4- Still another object of the invention is be able to
select the width of the circuit board and the encl osed angl e of the
arcuat el ¥y § gg@egg circuit board prior to final bendi ?9T/%§§§/J99£3m ng,- s
that a desired angl e of illunination and a desired solid angl e

i 1lum nation, relatlve to the central axis of the ring light, is
att ai ned. Yet anot her object of ~ghe invention is to provide a -

met hod and an apparatus in which flexible arcuately shaped 10 circuits, of
di fferent w dths anstihhpadofhetrapbjsedtt ichshe invezmtyldae ﬂesbgnadlando

fabricated froffesingh V@K Yor cnellEAHLL;DOREG MN-clh caRTho haxe

desired illumnation sources place ereon an

or folded amqﬂeoofor‘ma mmrsbopsdstqmg:m abnalrtiu,plpmduy ub 15
integral |y B¥hiaAdy C&ha FRhAHy, a§@'/ RhatCy g@Lure aﬁ%?

The pl urallty o arcuate ections. can power e ingte povver
source vi @ a cobMyminakiomaang a de(%é-'%]r &%P—Graﬁﬂg}eof lbé%@#-n§§mpnes
or, if desi re%emftﬁre to Phinel centehlseprist coPOoViie SQUMES 1idBt, is
Anot her object_of fhe invention is to integrate other el ectri cal
conponents, sut wHaedr obe ci rcuitry, an inmage anal ysis, or

boar d- Ilevel hcanera Ywnimﬁ'ghe:ﬁdobgabltobf the Ln.ln’\xdnt!mmz :ﬁécto prohidgea
t t t
ol cmonts. and. TErIeO SN an, aprRyS o0 BRsE ELs R ahfrerat SHaned ons

may Bed perdioramwiksy diheififfarferdt wisths hodi sheped spauake sections, A
still further e 0, v o] £ lita ure
of corrpl ex |i dﬁﬂ ngege%?réebgl %@ “did b)r%at%)ti]ﬁ | ;:gtdl on?8 % % ?f%

ci rcuit boar d @FcHksehbRYdt dEHIFRjUE3NaTd Tt Vs tdI$§r1€t§3¢1 fal;lumaatngnl ow
manuf act uri ng gAstSeAPh {bah PRELLEH AR ¢n&bidfE¥r, be bent or folded

up to form a dome member consisting of a multiplicity of

i5 integrally Jjoined cylindrical, planar and/or conical
sections. The pluralify of arcuate sections can be
powered by a single power source via a common bus, having
one or a plurality of power sources, or, if desired, by a
plurality of separate power sources;

20 - Another object of the invention is to integrate other
electrical components, such as strobe circuitry, an image
analysis, or board-level camera mounting and control
functions, etc., with the arcuately shaped circuit
board(s), in addition to the lighting elements and their

25 éccompanying resistors, so that additional functions may
be performed by the manufactured illumination source. |

A still further object of the invention 1is to
facilitate the manufacture of complex lighting geometries
by utilization of standard automated circuit board

30 assembly technigues and methods thereby facilitating low
manufacturing costs and high production reliability.

The present invention relates to a circuit board for
¥ forming a conlcal-shaped rlng light, said circuit board
compr131ng a flexible, elongate member having opposed



The present invention relates to a circuit board for formng a
coni cal -shaped ring light, said circuit board conprising a flexible,

el ongat e avi ng opposed first and rior
surfaces“@ﬁ%%ég‘rd circuit board having a pair of opg’g?g%gse/n E‘gurfaces
and a pair of | ateral side surfaces; said first surface of said
flexible circuit board supporting a plguwality of individual light 5
sources thereon; and said circuit board supporting an el ectrical bus,

having at | eastiost podesesondcextabiolb sarfacesgoanacsgiat@iséul easdayme
of said plural |t f |nd|V|duaI t re facilitate connection
of at |east oné%’fl% < IR pPar a‘?‘???/s%$ |ersﬂi#jv §%§|a SSghend o cB81F,

power 10 soule&ersliesdde aurfeaes,oaeldffsasu purfact Ofitsabd Rideible
surfaces of saj 56U E%ﬁﬁr u ] LA
formation of sglqﬁ@ﬁ exF{ﬁ e CI rcut tgﬂ“f i g?.ﬁrﬁl.ﬁ@.? tc%onmcdla J]?H;‘{r?g Iflgﬁ}
conf igurafi onsaMreeshathereens r And Salépmr@lh‘s‘(t &andy supperhingghan 15
The present 'néﬁa@t%&c%lls%ugel AbOEnbCat I TBhBedoRb powerfgamaa Yhich is

coni cal -shaped ring i froma fléxib circult board, Sa
conpri si ng t heCoNBES t° at dggstngng &ﬂwﬁﬂ#@lﬂ%ﬂﬁ?k%@ﬂanfﬂﬂQ@Wﬂdﬁal

el ?ngate ”enb](?!l.n.ght so&@c@sctbcwablmractéﬂ@um&ﬁmestfw Stes3d &f?&%d 20
exterior surfacé aopRased sur f aces
onda e rof  PaLB: slErabity B andBrlaugl) J3EE Soutfigs it aRd RaHeE of
| ateral side ssofizces oheseiith aitr deast one lafarsd ihpaaine afﬂ:uaatﬁeﬁanamd@
facilitate for of aal lexi bl.e circuit, board int oni.c

ring light 25 n&%g%{n:l gura‘t o) galdplc %Fné‘ta bp F é\l ﬁ%%/ i i?lla?\}?gﬁaﬁ FP&ht °
sources on sai Gaftilddtaser facmadfiogaiaf f$akd bf tegibiei circuitbdmadd 1nto
connecting an gl eeifical b NAYHRO Qe Aul£esbn wunidhROVET to

said circuit boa |ntercon ecti'ng east one of sard plura |ty of
i ndi vidual |i gAPeBabecextending, therethrematical bus to facilitate

connecti ofisof at The present invention also relates to a method of

forming a conical-shaped ring 1light from a flexible
circuit board, said method comprising the steps of:

cutting a circuit board from a flexible, elongate member,

said circuit board having opposed first and second

20 exterior surfaces and having a pair of opposed end

surfaces and a pair of lateral side surfaces, and at least

one of said pair of lateral side surfaces of said circuit

board has an arcuate shape to facilitate formation of said

flexible circuit board into a <conical ring 1light

25 é’onfiguration; placing a plurality of individual 1light

sources on said first surface of said flexible circuit

board; connecting an electrical bus, having one at least

one power source, to said circuit board; interconnecting

at least one of said plurality of individual light sources

30 to said electrical bus to facilitate connection of at

least one of said plurality of individual light sources to

said at least one power source; and forming said flexible

circuit into a conical ring light configuration with said
plurality of individual light sources facing inward.



| east one of said plurality of individual |ight sources to said at

| east one power source; and formng said flexible circuit into a
conical ring light configuration with said plurality of individual
light so i ng i nward. /US98/09743 - G-
Bri ef De;\grB:;g/ts%%?\ of the Draw ngs The inventi onpvc\:nfrl | now be
descri bed, by way of exanple, with reference to the acconpanyi ng
drawi ngs in which: 5 Fig. 1 is-e diagrammatic plan view of &
flat prior art ring light having an array of |ighting el enents

| ocat ed about a cenBtabfapestuietion of the Mrawihdss a di agrammtic
perspective view of prior .oart.yin Lght. foroed.frgm el ate.’
circuit board, 10 Fﬁ%i n:lg’%ée%:h?al i‘%JyﬁOf g’?#%h%%f%%ﬁéﬁ?@'p?ﬁ%eﬁ er°e%n,
and bent into exapbledr with steference to the gcnpany diqgduawings tiop

plan view of ap,apguate flexible circuit used to manufacture.a coni cal
or doned ring [ight according.to one enbodi nent of the present 15

i nvention;5 Figg. 14 iiss & diagrapmatic OAadsVvéam icha (lak AWy
section line 4adeofrfiid. 13gnt havindi &n Satkfag WAINAGHRLIg PRISARGH/ e
vi ew showi ng the asselibl ed coni cal or doned shape of the flexible
circuit 20 of 1pFgted; about a ceptgalgaperturieigr anmatic partial cross
secti onal Vi ew, FagOng £€Cii @babranmétd cobekkgectkivel vibe ber BPGrior

Gomed 1109, 1190 rine, 1 ightOarhad Srn hATEIbbGRBLLIL Bl 8 serond
| i ght accbedi ngavinghe plesexititynvefit ldghting elemdrity Blaced ¢thagremmymtic
bo“om Plan vigwsofefifeinto 4! &Y RRArTIaGUidhaple;Fi 9- 7:

; Fig. 3 is a diagfammatic top plan view of an arcuate
flexible circuit used to manufacture a conical or domed
ring light according to one embodiment of the present

15 invention;

Fig. 4 is a diagrammatic cross-sectional view along
section line 4-4 of Fig. 3;

Fig. 5 is a diagrammatic perspective view showing the
assembled conical or domed shape of the flexible circuit

20 ' of Fig. 3;

Fig. 6 is a diagrammatic partial cross sectional
view, along section line 6-6 of Fig. 5, of the formed
domed ring light;

L, Fig. 7 is a diagrammatic plan view of a second
25 embodiment of a flexible circuit used to manufacture a
domed ring light according to the present invention; '

Fig. 8 is a diagrammatic bottom plan view of the
flexible circuit of Fig. 7;

Fig. 9 is a diagrammatic cross-~sectional view, along

30 section line 9-9 of Fig. 8, of the flexible circuit;

Fig. 10 is a diagrammatic perspective view showing

the assembled state of the domed ring light of Fig. 7;
: Fig. 11 is a diagrammatic partial cross-sectional .



Fig. 9 is a diagrammatic cross-sectional view, along 30 section line 9-9

of Fig. 8, of the flexible circuit; Fig. 10 is a diagrammtic

per spect show ng t he assenbled state of the d i ght of
Fig. 7; h%ﬁn%hﬁw Fig. 11 is a diagranmatic partial cross- gé@&?%%%ﬁd

-7- view, along section line 11-11 of Fig. 10, of the forned

conpl ex conical or donmed ring light; -7- Fig. 12 shows one use of the
coni'cal or doned ring | i ght according to the present invention; 5

Fig. 13A is a iagr,amRinge setic Iiﬁéslﬁemlleﬁa@lg 10V QYF St PGrhdE

over | apped engagenent betwee s of aflexible circuit;

Fig. 13Bis a §i E‘gﬁ-gﬁﬁﬁ%cﬁi [ong o&r}e&snsré%t ’o‘i(ré?’ vi ew showi ng an

over | apped engageneftighetieeshdw®d omer hsp WY tioet condcall arf |dudd ering

cireuit; tFhoobdihy adag G (R Bl apoylew of a third
Nufac

enbodi rrent of alpP exibl'e crrcuit used Ur é-a coni cal or
dored ring5li ght ac@‘égdl AgA ois ha &J@@n‘ﬂmatlci pagttiadncrxosks4f$ectionaFi g.

15 is a di agr agygl, csmﬁgf%h}ée K&t ngalggagen;é}?c apaeplkqd é‘;?&ﬁﬁ@é or

domed shaped of the fle Circul
Descri ption of ePpA& Pf-eﬁeﬁﬂé&léﬁﬁod’lmlstfzo Turni ng now to Figs.

3-6, a detailed degggi pmn is a aq@@&ramm&fpa&lamb%d@ﬁsé&ié}?al
present inventiogn rovided. As can he seen in those

Figures, a Vl&%ﬁ&"?’ﬁﬂg PPgHYe§6gPE%PR§&9ﬁ%ﬂ% hetiesn &Y IVeskani t
board 22 bavi ngozgiansuateasfiapgivlieckrireudapi cted in 25 Fig. 3.

The flat flexible cLk ui 22 has i er _radi us 24 and an _out er. radi us
26, rreasured from cgﬁ§ oF‘ﬁt a35§fag thatie "éop plan view of eth ‘9
embodlment of a flexible circuit used to manufacture a

: conical or domed ring light according to the present
invention; and '

15 Fig. 15 is a diagrammatic perspective view showing

the assembled conical or domed shaped of the flexible

circuit of Fig. 14.

Description of the Preferred Embodiments
20 Turning now to Figs. 3-6, a detailed description

concerning a first embodiment of the present invention
will now be provided. As can be seen in those Figures, a
domed ring light 20 is formed from a flat flexible circuit
board 22 having an arcuate shape which is depicted in
25  Fig. 3.
The flat flexible circuit 22 has an inner radius 24
and an outer radius 26, measured from center point 35,
with the difference between those two radii defining a
width of the flexible circuit or a segment width 28.
30 The flexible circuit 22 has a pair of opposed ends
comprising a first end surface 30 and a second end
surface 32. Each surface has a width which is equal to
the segment width of the flexible circuit 22. A flat arc
solid angle 34, measured in degrees from the first end

£
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with the difference between those two radii defining a wi dth of the
flexible circuit or a segnent width 28. 30 The flexible circuit 22 has
a pair of opposed ends conprising a first end surface 30 and a
second englo ogssa384r face 32. Each surface has a width whi clecrassesesahs t o

the segnment width of the flexible circuit 22. Aflat arc solid angle
34, nmeasured in degrees fromthe first end

-8- " . surface 30 to the second end surT&tce 32 about a center poi nt

35, is defined te flexibl t
w dth 28 of |t nEUTRaRI 1 cFpodite sherend R GTase AanabRsF @ deerren

nunber of LEDs paririti g!ﬁ,i ng definsdnby e @rcokiter fdesiitded idirenieat2ng

nenbers, can be eggg?%ﬁgﬁidrtﬂezgh(%p &Icfetflfe fféblgir%p'%mztz 22

whil e t he | engtTr%1 such SITed numnb
l i ghting el errerﬂeslasﬁedarﬁlbé’l sphatd aaldnwinede numkph of LEDs or Iightime

circuit 225 Th%ﬂég@msn%sel %@Bﬁ:ﬁe@ﬁdééir@auﬁﬁgmiﬂati)ﬂ‘?pﬁ&#&f% caﬂfbét

sone ot her “desired orientdtion, Wth respect

circuit 22, byPaCE} @FEOSTICHe Widkh phitRe ML%@%@%@@ |w¥glle

techni ques, pritde tPengtn fily t BeNepte@esSshoN Qhahzh&afld@slliie@ Chumbel %9f
Fig. 4 depicts _the installed position o&_) t he el enrents 36 on

| i n
a second extiting pLements) 3§g,can he spa°98|% ? ‘F ]?:?r]c‘iﬂqt??fcﬁ%
all of the instfaJelxaobllel glitcndt 22. emhﬁemtgheﬁn@rﬂ@ﬁmttslwldzye Gynesli t o

a common ne rces. | ocated
on a llpl r sESEREE, |J‘%?l r’fz% e a%g %fpéc;gr’]@eér# ?éoe%a cé-tlr l'e:zfl . with
circuitry, not reilspecti ntdet &ile fbexibleit stizcpdter? ng by conwieianall |

o e 1 ant | NGuRCRARALS %%&&%%&é”%ﬁ RY¥fering SOMEEndLs TULEIRLE BpveT

sour ces or CIrCUItS circuit r eally rbendi ng
or fornming int§urther presessing forkhe c%lfﬁﬁélﬂr%tqle?rﬁ‘-sg‘- (Fqg. 5). 25

As can be seen ipig, FiOdepPctstBBe {hata1ib&@pMfion of the lighting
15 elements 36 on a second exterior surface 21 of the
flexible circuit 22. Once all of the installed lighting
elements 36 are electrically coupled to a common bus 37,
having one or a plurality of power sources, located on a
first exterior surface 23 by conventional electrical

20 . circuitry, not shown in detail, to facilitate powering of
some or all of the lighting elements 36 by a single power
source or multiple power sources or circuits, the flexible
circuit 22 is then ready for bending or forming into a
conical or domed configuration 39 (Fig. 5).

25 As can be seen in Fig. 5, the flat flexible
circuit 22 of Fig. 3 is bent into a conical or domed
configuration 39 with all of the installed 1lighting
elements 36 facing inward and the common bus 37, having
one or a plurality of power sources, typically facing

30 outward. Although the remainder of this patent
application depicts and refers to the common bus 37 as
facing outward in the finally assembled configuration, it

G is to be appreciated that the common bus may be located in
a variety of different orlentatlons For example, common.



circuit 22 of Fig. 3 is bent into a conical or doned configuration 39

wi.th all of the installed lighting el enrents 36 facing inward and the
comon b Vi ng one or a plurality of power so cally
faci ng 336’,039%’ ?gmigrd Al though the remainder of thi Lﬁ%ﬁé? 89(%694
application depicts and refers to the common bus 37 as faC| ng outward
inthe finally assenbl ed configuration, it-9- Is to be appreciated that
t he conmon bus nmay be located in a variety of different orientations.

For exanple, cdi®n37 may face inward, i.e. be located on tBe inwardlys

37 ™y face | nding: Sutidncapsy ofe! NoddVEd ldony . ah?cldge SUi{ Ai5ie

may be | ocated al ong an edge of exible circuit or
| ocat ed bet weerf $lRY® circudk ePForPGEFﬂEéé’s dPcpheds I@@Wﬁ%ﬂ cMhRu tewo

e.g. the Commréxﬁerlc@@rmﬁeﬁé&ew ked eaababiy SHRa ed, %. nelﬁe copmon

I nt er medi ate % ormgg {: xible circuit, Accor ough
t he common 2bus %‘T’?e % e PBe ﬁa Bt OF SfUBRATIPD by ?’bch?ﬁﬁrﬁﬁdtlﬁée

outwardly faci figaysy fﬁi:txeuuﬁ}m:hner ¢lexéble cdrcuit.al Aecbﬂaﬁ f thEH&ﬁ@h

posi ti oni ng of e nb ere Qr W t exib
circuit, i.e. cgrll&an%%mT% %gfdl‘fllﬁ;m egr%ﬁfgﬁ e, b%n dRy f EF-HQ
sur f ace, diagrafeth s dbeoputierlyx fhlcd ng surifiacer, sncanreference ls

ntermediate | ayero f grakAgCbeS | Rthhlie gl ‘tbcml of the 'BohlcH BAS

surface 30 of the flexible circuit 2 rou
al i gned wiOh t REYSESFRI On Ooreth Wit a%@eS’Sl@fXthﬂ@ fEbxebie, ciireui toR2an

Once the flrm:bil CtdSind ddriscéD bR P wﬂq @P’Hit 8
surfaces 30, 32l f.yhe eil blr circuit 22%can le?}hfa rﬁ&;ﬁeﬁgl’ey
secured to onemerarby %ﬂg%dhe& véhgr shhexdblegt ﬁérceéﬁve@m ot ah

attachi ng or sdmﬂemdﬁmﬁwmmxorformmqm@ﬂé fléRibhbscassgipl ed state,

the conical or domeq, rati 39_define n_upper. edge di aneter

40 and a | ower &fgefltﬁ%rﬁﬁ %i‘?ﬁ a0c&f v o@eﬁ?&r@-%&’e&?‘éﬁalﬁﬁ

t her ebet w88n. is brought into abutment with and aligned with the second
end surface 32 of the flexible circuit 22. Once the
flexible circuit 22 is in this position, the abutted end
surfaces 30, 32 of the flexible circuit 22 can be
permanently secured to one another by an adhesive or sone

20 other conventional attaching or securing mechanism or
means. In this assembled state, the conical or domed
configuration 39 defines an upper edge diameter 40 and a
lower edge diameter 42 with a central opening 44 extending
therebetween.

25 Alternatively, it is to be appreciated that the two
opposed ends of the flexible circuit 22 can overlap one
another. For example, as can be seen in Fig. 134, one
lighting element 36 can be supported on a surface adjacent
one end 30 of the flexible circuit 22 by an elongate

30 lead 41 extending through the surface. The elongate
lead 41 has a length that is approximately twice the
thickness of the flexible circuit 22. Accordingly, the
elongate lead 41 allows the second opposed end 28 of the
elongate circuit, which is ﬁéovided witr; an aperture 43



25 Alternatively, it is to be appreciated that the two opposed

ends of the flexible circuit 22 can overlap one anot her. For exanpl e,
as can be seen in Fig. 13A, one lighting el ement 36 can be supported
on a surfvgtgg ?ﬂh gcent one end 30 of the flexible cirggiriysdgoddys an

el ongat e ad 41 extending through the surface. The el ongate

| ead 41 has a length that is approxinately tw ce the t hi ckness of the
flexible circuit 22. Accordingly, the -1l6tongate | ead 41 allows the
second opposed end 28 of the el ongate circuit, which is provided with

an aperture 43 therein, to receive the 1lead 41 'and maiigrtain thehetwon,

to receive the&tpg,z@% efl @RdsMgbNt abn bhe ¢ye flexﬂﬂﬁpSE‘i %ﬁ(ip]i 35 ﬁfa 0fnt he

fl exible circui in an over |l apped, abuttlng rel ations
desired, the eRYeTrlaPrPgg 3R BING h&qledd opshig chlﬁas%%%llfﬁ‘?ouéwet hend

second 5 oppgoetiend oFf tﬁh@ ikaai hhe ahmﬂﬁt;ea@é@throu@ﬁnﬁlﬁ -second
provi ded \Msthamech nls nular, lip whi ch readily

al | ows t he®apePPEPESE3 ?'?) pé’sfs Fﬂ?r efiu?gbéﬁe elongafe, iEithe @B be
over | apped endprd@idad fwith Reimeg-hanisumi 66pneegt ed tagmr@ﬁe airad e . llp

Such I nd 32

abutting o Phish Seddipl it Or8, ehe “anbtlir €L R0 e, R e Hhipston,
coni cal or donsg¢ cprévent atihen. two overlappgd 18@ishdds a2sefvad belng
enbodi ment,  si %é@&nh@c’c@?t from Und notfbr,i N ‘ﬁ’ﬂbﬁhe%t'Pgﬁé?ﬁgnE \"’}ga‘?][

pass through a 1 air ting apertures 43 provid
portion of9%t hemPP-é%PE)Pe EF?CUFVOZZOV@rrl@IP&i%ﬁi t lg@dsnd 0, 32 ovigy | a?tpéztlng

portions of theehbhexbRkRipl rAadt drevwh@bwindeddred afi8haLERABIN PofNGne

t her eby prevent undeilred dlsassenbly of the fornmed conical or doned
confi duration. hPE 9emederBBEiLRA G rery similar to the previous
enbodi nent of Fig. 138 saolg tahaegeckendi éleldoaiirs@mlsSI 8img&oagerdy Rthdthe
same i s not pr8¥| g,§d 13, in whfcrgone%aci%nfgfguir C{on 39pglsgo %folun%s a

first upper
15 pair of mating apertures 43 provided in the overlap

portion of the flexible circuit 22 to retain the two
overlapped portions of the flexible circuit in an abutting
relationship and thereby prevent undesired disassembly of
the formed conical or domed configuration. As this

20 embodiment is very similar to the previous embodiment of
Fig. 133, a further detailed discussion concerning the
same is not provided.

The domed configuration 39 also deFlnes a first upper
lateral edge circumference 46 and a second lower lateral

25 édge circumference 48, The central opening 44 of the
domed configuration 39 is positioned, during use, near or
along an optical axis 50 extending between an observation
device 56 and an object to be observed 57 to provide the

' desired illumination effect.

30 An acute segment angle 52 (Fig. 6) is defined by a
horizontal plane 51, extending coincident with and
parallel to the second lateral edge circumference 48 of

b the domed configuration, and a side surface 53 of the
domed configuration 39. An angle of incidence 54, of the



| at eral edge circunference 46 and a second |lower |ateral 25 edge
circunference 48. The central opening 44 of the doned configuration

39 is posjtioned. during use, near or al ong an optica
ext endi nng (7B an observation devi ce 56 and an obj g‘c‘?}é]tsgs’%ga
observed 57 to provide the desired illum nation effect. An
acute segnent angle 52 (Fig. 6) is definedy-a hori zont aI pl ane 51,
extending coincident wth and parallel to the second | ateral edge
circunference 4Bigit to YdesWspEiedopfi gHeaEbeRedanEmaaskds Sq&igﬁ%e 3% &f
t he doned conf uration 39. An “H%Ie of 1nci den%e 54, Tg
-11- i gHft HReRtAEY | BRILG K othedSggRER rﬁﬂ?lﬁ g"-?ﬁ %—sea the
conpl i mentary azrgﬂmmtibm hef egmetuten glegmient Iare_;lé %2 and te@Tangald ef of
t he acute seg ﬁﬂgl e e ident 54 of the light
M € é? @f}dtﬁé] 1 t?lqlc e&Lals 90 g%g&eeﬁéeds the ability

equal s 90 degr ees. né VIrSTon éngl

to pr 8sel ect t Hfeheecgaching thsizenarﬂﬁqimee;legmeﬁsan'ghe EaZnshty toas
to achieve he dylaal1ddd WHA BdcARHEARIY IPariEne seghBht %Hé&f
iIlum nation application. IS to_be

i |l umination |i&ht t?o&"ébl%"se léhecricﬁ%}al lhwmlé@lﬁlé\ﬂ ngeom@rydémr eénY

width of thepartiddldsi PBihRinatishd a@%l\&%étl%% therdegigr % %‘Q' Rotba
i nci dence 54 relative to t eotlcal |t
appr eci at ed t hd*&the Xyl & GPe of ﬁgﬁdeﬁ&éuﬂénégﬁ%r}lgh‘ém ﬁBBFPéat L8n

to applicabi oncrlikiday apy glma@pﬂxgcatﬂw, tegiwaahi neiatsi OB rengiRger

first determ’nﬁlthe. wre%lll mnatlo condlt%gns and, a th Edemgns
an appropriate as Ser PE§ 5P q88F ! Bns Ot
Accur at e i nput am:miama; |5c4alre]rat1ve ’d@t'elneri ophijcabeakliat 5arc solid angle

34 so‘as to obtain t d r an lyde Iatlvetoth
opti cal axis 5 Ajsjgvm I'e‘ bgzqea Q#E gt:flra(%(r% t h(raﬁg%scr §?| on rfgr‘}zﬁ of
follows, it isipedsiance (5 reani IVSaIabt drAma aRpl¥eat oyl o application.

15 For any given application, the machine vision engineer
first determines the required illumination conditions and
then designs an appropriate illumination source by using
a series of eguations. Accurate inputs are critical in
determining the flat arc solid angle 34 so as to obtain

20  the desired angle of incidence 54 relative to the optical
axis 50. As will be apparent from the description that
follows, it is possible to readily obtain a desired angle
of incident 54 for a variety of illumination applications
while still using conventional automated manufacturing

25 %echniques to mount the 1light sources, e.g. 1lighting
elements, to the flexible circuit 22.

By using appropriate inputs, representing the
desired conditions for the segment width 28 and the
segment angle 52, one can design a conical or domed ring

30 light 20 which achieves the desired lighting affect. The
necessary inputs are the: 1) segment width 28 (typically
in inches or millimeters), 2) the segment angle 52
(typically in degrees), and 3) the lower edge diameter 42
(typically in inches or millimeters). From these



of incident 54 for a variety of illum nation applications while stil

usi ng conventional automated manufacturing 25 techniques to nount the

| ight sources, e.g. lighting el enents, to the flexible circuit 22.
By using wosspissat e i nputs, representing the desi r ed g@ERgdsdsisong for .
the segnent width 28 and the segnent angle 52, one can design a conical -
or doned ring 30 Il i ght 20 whi ch achi eves the deS|red | i ghting affect.

The " necessary inputs are the 1) segneﬂt Wdth 28 (typically in -
inches or milli ). 32) e 52 typically in degrees),
and 3) the |omé?§%§%% d%gne 8r ﬁggg?gi Tty ?caFF}C“#ﬁgeynéﬁéé %5per lat

nillineters) Radiwsn (THBke24, the Outer Flat Radius (OFR) 26 and thd2-

Uhe Ot er Fl ot "eeay hFe (Zpeftkhale (BRSAINSE. DR o T Angl o (FASA)
34, The fofRewified ising afoamulasecare uslecul ibe ddlulate/atheus
di mensi ons g or JaFrieug alﬁeﬁ's%hsorfdion?érﬁxiﬂg cohiQQi i sy %g’.ﬂtgjgg
e Ey (o) (oWl agedrding €5 the pPigent tnyencion: LD equals
the lower diangt)er Asdenbedonpper Edge Diage@B&rguration; B

equal s the segnent a ., and SWis the segnent width of the
flat flexible [Eﬁﬁig reuf ¥Phokt H(SHL(Cos gV;Fhe assenbl ed upper and
| ower edge circunf ervéreass, are calculated as follows:

Assenbl ed wer Edge leﬁﬁﬁ
LD equalslkﬁe | ower edge rngagi Q@h &55%8[281L%eter c8§f|5ﬁgat$%medand
(3) Assenbled UppeﬁqaﬁﬁgulatimnErence (c) = (AUED)([err])

B equals the segment angle; and

SW is the segment width of the flat flexible
circuit board.

15 The assembled upper and lower edge circumferences are
calculated as follows:
(2) Assembled Lower Edge Circumference (C) = (LD) (m)
where,

LD equals the lower edge diameter of the domed
20 . configuration; and
(3) Assembled Upper Edge Circumference (c) = (AUED) (m)
where,
AUED equals the assembled upper edge diameter of
f the domed configuration.
25 °© The Inner Flat Radius (IFR) is calculated as follows:

(4) Inner Flat Radius (IFR) = (c) (SW)/(C-c)
where,

C is the assembled lower edge circumference of
the domed ring light;
30 c is the assembled upper edge circumference of
the domed ring light; and
SW is the segment width of the flat flexible
[ circuit board.
The Outer Flat Radius (OFR) is calculated as follows:



wher e, AUED equal s the assenbl ed upper edge di ameter of
the doned configuration. 25 The Ilnner Fljat R?ﬂ:lé)s (IPFR) is c o)
cal cul at | 1 ows: 4) I nner Flat Radius = (¢ - C
wher e, (3‘90%/5{33 Cis t§1e assenbl ed | ower edge ci rcurﬁéﬁ’égfgé\%

the doned ring light; 30 c is the assenbl ed upper edge _
circunference of the doned ring-hbght; and SWis
the segnent width of the flat flexible circuit board. The
Quter Flat Radi(&3 (OER)ari Flaél Raldded (amFRpI*ov\stR) + (SW)

- 13- (5) CQutg F Lat Radius (OFR) (IFR) + (SW wher e,

| FR equal s the inner F at radius of the f | at flexible
circuit board; and 5 IFR equalss\the timneegfitat wadtiusofofhald aflat

flexible ﬂéﬁﬁb‘ieb?ﬁ‘rqiult boar‘?, z-égi calculate the flat arc

solid angle, the follow IS utl (6) Flat. Arc
Solid 10 3 Angl e (FASH) is (the eﬁ%&%n@%ﬁ’)ﬁh(@@[f&e] )?ZL@Z[ efXéXxipTER)
this fornula sinplifies &_Qrcult pbéka.Flat Arc Solid Angle (FASA) = (IFR

(c)/(2) ([err]) whe IFR is inner flat radlus of
the f .lat f |exibl eT‘iSC"“lm"la‘te the; flgt argFolid angle, the €qklawing
assenbl ed uppefoemdgkaciscuwvikieaqe of t he doned

configuration. c be inner flat radius (IFR), the outer flat
radi us (COFR) afl thel?T' r%oibgi d angle (FASA) are 20 determ ned, these

di mensi ord0 can be nangle (FASK)idbedOuter Arc Length) (360°)/(27) (OFR)
this formula simplifies to:

(7) Flat Arc Solid Angle (FASA) = (IFR)(c)/(2) (m)

where,
IFR 1is inner flat radius of the flat flexible
15 circuit; and

¢ is the assembled upper edge circumference of

the domed configuration.
Once the inner flat radius (IFR), the outer flat
radius (OFR) and the flat arc solid angle (FASA) are
20  determined, these dimensions can be marked or scribed on
a surface of a suitable flexible circuit or entered into
the control program used by the automatic assembly machine
to fabricate the circuit. Thereafter, the flexible
circuit is cut out along the marked or scribed dimensions
25 é’o form the arcuate section shown in Fig. 3. ©Next, the
lighting elements 36 are applied to a first surface 21 of
the flexible circuit 22 and the common bus 37, having one
or a plurality of power sources, is attached to the second
opposite surface 23. All the lighting elements 36 are
30 then connected to the common bus 37, having one or a
plurality of power sources, by electrical circuitry.
Finally, the fully populated circuit is formed or bent
into the conical or domed configuration shown in Fig. 5.



a surface of a suitable flexible circuit or entered into t he control
program used by the automatic assenbly machi ne to fabricate the
circuit. Thereafter, the flexible circuit is cut out along the

mar ked orywgogksbrd dimensions 25 to formthe arcuate secticafysshoyasin Fig.
3. Next, the lighting elenents 36 are applied to a first surface 21
of the flexible circuit 22 and the connDn bus 37, having one or a
plurality of power sources i s attached tol¥he second opposite surface

23. Al'l the |ight ggg e:rre 36 are, 39 V\tgeg ggnne ted to the common
bus 37, having one B:f%ra&??lt?cb? B olirEe8PONE LPEEHlas, can
circuitry. b&i nakllytot peoﬁubleyapmamllattqdotﬂ ddfiferientf eonrd giratdins.
into the conic or co rat W,

-14- ?LF e;& detfe g%pr%leém at ed tse% Jf’#‘tngﬁovesﬁ‘ oF]ﬁﬁ?'égh At 14 pe
used to producang \Iénl soppdfex]i corical oonfdepadit configuratibos, ehavilng, as
can be seeg | nchyds (Bt Dorglbdde ddamene Wibiks, P! £ ARG dored

configurations avi ng ree % | Tferent segnent angle can
manuf actured and Hhe Pﬁedﬁp*éaaetp thesendesigasi yid lwnow #@wdsécerébm bed

in further detahl further deta&@. can be seen in Fig. 7, a fIat flexible
circuit 60 circguit thr (3). arcuate 10

sections 62, 64, GGAMNEEH Q?esﬁﬁf‘ P'Ht Edfal Iy éorfn]régt é&enblewceﬁcaﬁ& 60
anot her al ong ascoenphoged.surf gt 68. c1rcu1t haé'hetlﬁréét i(Bmer a&b&d&be
section has b r rad S nd er, radius, 72 with

di fferenc sg%%é'%gnaghese t vv%gr aczi1 C% %Ltl Js‘é q’fﬁﬁlw df:ﬁmfﬁc&eat he
15 first arcwitk emetanntBer alhogf ar stonmocuami sagtfiage @ has an

opposed end surfacerds wiclt | $rhatal g9 ARRESidfeifon c2 REsCANI RS

surfacde 68. The fi rst arcuate sectio ines a f arc solid
angl e 73, neaskR@iusn 70 ande@eesutesm ¥adiesmien whthsdifeac8iégerenche

opposed end 20petwdbhacigedd BROWadi LAY LInDM N sxtion width 74 of the
15 first arcuate section 62. The first arcuate section 62
has an opposed end surface 76 which is located oppesite to
the common end surface 68. The first arcuate section 62
also defines a flat arc solid angle 73, measured in
degrees from the common end surface 68 to the opposed end
20 . surface 76 about a center point 75.

The second intermediate arcuate section 64 has an
inner radius 78 and an outer radius 80 with the difference
between these two radii defining a section width 82 of the
second intermediate arcuate section 64. The second

25 ihtermediate arcuate section 64 has an opposed end
surface 84 which is located opposite to the common end
surface 68. The second intermediate arcuate section 64
also defines a £flat arc solid angle 83, measured in
degrees from the common end surface 68 to the opposed end

30 surface 84 about a center point 85.

The third outer arcuate section 66 has an inner
radius 86 and an outer radius 88 with the difference

i between these two radii defining a section width 90 of the
third outer arcuate section 66. The third outer arcuate



The second internedi ate arcuate section 64 has an i nner radius 78 and

an outer radius 80 with the difference bet ween these two radii

defi ni ng Eﬁﬁ% ion width 82 of the second internedia cuat e
section g’. %ﬁ@ second 25 internedi ate arcuate sect gﬁn%éﬁmn%%s
opposed end surface 84 which is | ocated opposite to the common end
surface 68. The second internedi ate arcuaflé-secti on 64 al so defines a
flat arc solid_an asured in degrees fromthe comon end

surface 68 to Fﬁggéﬁﬁ‘ gédggﬁda%°p°§ﬁdaceé‘%@%ﬁe SZerhbehpbsnlocested
The third out eopposiate teeatHoONcHindAS ed isitface 68 adi 4§, S6. 2\ 28, 0dL.e"
o .

radius 88 with i fference et ween .t hese radii definin
section width ﬁ%gs?gﬁhiec loph?ﬁdagﬁ?mgegﬁBﬁﬁté gioPi%ﬁ°6%°1iﬁéaﬂgiﬁd9éuter

arcuat e measured in degrees from the commorn knd surfad€Céh O0fs66phas
an opposedgend e 1S al,0 osite to the common end
surface 68. ﬁéﬂ&%éﬁ ega Eﬂ&%gce 92cua e sectt é&i%ﬁ%%tdgfrnes a flat

arc solid angl e 94, The n@qmbleddln degdsbs froﬁ1thethenﬂbntnﬁdesurfaﬁg 68
tothe 5 oppgﬁgg ggg rfage ept.er.,poi nt
a SH! §f§ 9% Q@%q@af gE tH Vﬁq@lgegf7é:h%4co%ops

conbi ned wi d sur
equal to the mﬁﬂ@h %Hrﬁﬁﬁecdﬁhoﬁnd aléﬁﬁ §Hﬂﬁécet68 tine atevakqusdgment he

total segnent w1dthw9dtbf96h@fcéh@léﬁ”ﬁbﬁédﬂ%ﬁ%& %%%@ ‘Hﬁ“"ﬂk #¥%HM%ﬂbthe
10 preV|fys enbodlmanté ﬂ% section width 74 ect ed
such tha PHRYIPRY STRAGLPENts SRFBhERGGion Wl@[‘:@nﬂr‘&rsaﬁ)oé(ﬂﬂgw 8)s can
be spaced acrosslédieeti dishichf thateatah Oﬂesﬂfeﬁher{fum ar ggat e {at{pns
62, 64, 66. ntsC¥€§ g%k ?he | i tlng ments 100 are posi t1 ohed
15 on a first eLehente Fhe® IéﬁQﬂ FPEGRE FSHPHethe wigih of
electrically c©m®¢e@n%ooa.b@anbhrbasat&mathasemgumms 62, &1, aplurality of
power sources, |oc r d e fl |bIe C|rcu|t 58 |s
aéﬁ@qulir@foﬁﬁg lﬁ%Ptlﬁ gleﬁ?nts Rea 2P0 §§1

t hen bent or formed i nt oni ca
(Fig. 10)thrpn a first surface 102 of the flexible circuit board 58

and electrically coupled to a common bus 104, having one

or a plurality of power sources, located on the other
side, the flexible circuit 58 is then bent or formed into

the complex conical or domed configuration (Fig. 10) with

20 all of the installed lighting elements 100 facing inwardly
"~ and the common bus, having one or a plurality of power
sources, 104 facing outward. As can be seen in Fig. 10,

the flexible circuit 58 is bent into the complex conical

or domed configuration so that the common end surface &8

25 is brought into engagement with and aligned with the three
opposed longitudinal edges 76, 84 and 92. Once in this
position, the abutted edges 68 and 76, 84, 92 and the
adjacent lateral edges can be permanently secured to one
another by an adhesive or some other conventional

30 attachment or securing mechanism or means, e.g. see
Figs. 13A and 13B for example. The formed domed
configuration defines an upper diameter 106 and a lower

edge diameter 108 with a central opening 110 extending
therethrough. As with the previous embodiment, the



20 all of the installed Iighting elenments 100 facing i nwardly and
the comon bus, having one or a plurality of power sources, 104 facing-
outward. As can be seen in Fig. 10, the flexible circuit 58 is bent

i nt o t hewavegragss coni cal or doned configuration so tRaT/USYEAIC4MON "end
surface 68 25 is brought into engagenment with and aligned with the three -
opposed | ongi tudi nal edges 76, 84 and 92. Once in this position, the
abut'ted edges 68 and 76, 84, 92 and the “16'adjacent | at eral edges can be
permanent|ly secured to one_. t her, by_,an adhesive_or,_sonme other
convent i onal SﬁentﬁfiacﬁRgﬁﬁngbr%ﬂgécd?qngth%ecﬁgﬁF§ﬁPagﬁ°ﬁeaﬁ§Prc§.g}s see
Figs. 13A anddSBtiény; dunminye.use, albimgy tbenedptdoadd axis 112 to’

configurationdggé?fgé @ﬂeq&€§£rgaafff@ﬁiﬁgéiéﬂdeff%ﬁﬁeﬁo an égggéﬁﬂqugger

108 with a ce openi ng ext endi ng t heret hrough. t he
previous enboebservYed.t he . -16-

central opening 11019fiéh€o!béuﬁgﬁﬁé&QQtEQUEﬁﬁti§he £1eR9P1k %&Fcu§£r569
use, along the optical axjs 112°to rovide the desired illum nation
effect .to an d#g¥ctbe o BPvided gekklyef Dhurther |gegmenty pellppfdci ated

that the flexihSp&dtLoht &dvice JdRYsohe EGtR¥idedesit-E8 bmddHdher or
segnent 111 for, an sone other desired ¢ onent

I nspection_degvice o
or TombeBERREF nPBo=BH LRE Phr LREr TUBGREAL SETESRSE didnds elther
attached or i Hegichéd for nddtwigaldy | foemedadiviishd 40 ipotdd oradfiusba
first in ar. e sect.i 62 1 e. osite end 3. 0f,th
further gggneﬁ%ﬁ%ﬂ??sgﬁngﬁf%éﬁg%é 1£HSEhgch%§ I%éﬁ%ﬁ%?c cﬁgflfngﬁlly
popul at ed and Qpres fedtend 113 mb thee fyorhblesx segmecd! 1drl denedattached.
configuration, f SHEY 4 i j 1.0 i on
shown ‘15 in g‘%@f&eaf&ﬁ%g% e%, ungtlé%#g&aéﬁ?b%%l%%é %ﬁcﬁgggh Beft
segnent 111 i ssifivedh® GERELRXseCRBifRAeY y deMakefand iguratdenyupptheedge
of the coni calp@ferlonesde§RBALINLAL iGN YRR into ©OOVEBhEQGALatabhachBRAL

mechani sm . Thereafter, _the

15 in Fig. 10 and the free, unattached end 113 of further
segment 111 is glued or otherwise permanently affixed to

an upper edge of the conical or domed configuration by a
conventional attachment mechanism. Thereafter, the
further segment 111 can be used to support an observation

20 = device 115, for example, or any other desired component.
Although not specifically shown in the drawings, the

further segment 111 1is provided with one or more
electrical wires or leads which are either coupled to the
common bus 37, to facilitate powering of the optical or

25 éiectrical component or device supported by the flexible
segment 111, or directly coupled to a completely separate -
power source, if desired. Further, it 1is to be
appreciated that the further segment or segments 111 can
have a variety of different shapes and/or configuration so

30 that a plurality of desired components and/or devices can
be supported thereon, e.g. any desired optical or
electrical device or component, a camera, an illumination

b element(s), etc. As the shape and/or configuration of the
further segment 111 can vary from application to



further segnent 111 can be used to support an observation 20 device 115,
for exanple, or any other desired conponent. Al t hough not

specifically shown in the draw ngs, the further segnent '

provi ded Wgﬂsﬁﬁ‘é or nore electrical wires or | eads%@#ﬁ@%ﬁéi t her
coupled to the common bus 37, to facilitate powering of the optical or
25 electrical conponent or device supportad-by the flexible segnent

111, or directly coupled to a conpletely separate power source, if
desired. Fueppdiicatiion iand twoulsk be reagpilgcisgppedentattd hind uskbkled
segnent or segmgent 1 an det | e S or
configuration sqgl 3%‘%%%?' a’) |5‘%‘5ﬁ?‘¥§ (?fe%lsll r%ﬁgégg %%gﬁt s%&.an%f%?&sdgglgées
can be supponcEFNimSr S9sh FaFiafhonrsis caebpprenided. el ectrical

device or conponent asd &AEhE. sder | {NMFIRLI O, eatheBHY (S} t8lef thhSet Ne
shape and/ or COﬂfI%L'JCI’atIOI’l of the further gegnent 111 can vary from

applicatioﬁ t p@rcuate sections 62, 64, 66 efines anjjacute sSegment

?ppl ihcat idon alndn\go.ud dige naagi Id;zlappa_fe@ﬁedﬁ\m@,s kbéteden ah Horizeneal, a
urt her detai escri on _or_ _di.scussion cponcernj ng _such . variatipns is
not provided. pi&ne f)ﬁé'Ase gﬁ"ﬁlé'n?eeﬁafﬁlﬁ‘ie&. %.’L, aé’?thg%ﬁcb?ef‘ﬁg t't 5
arcuate secti osecédd l68erabbedgéi ciscunfarencesegoeaf the canglex lddined 16,
114, respectlvgloylfi%s%\gﬁgn? h%rddzon%al side maé.goh%_g%tenglz%gngfél el

to and coi nci dence : second Tatéral edge citcunferénc he
conpl ex ddfed respectaviedyrabfohle complax dpued configeratidn. 126 witis,
10 respective d MehB¥9RERE CORLI UHALd O A W dke t
previ ous enbod:drfrlgn'fgr adr;foalﬁéél e{“of d?n%?‘ encgao% t%e 8t ﬁl%f%lr\?térn;to Bg fﬂ?e
suppl i.ed by théigBEmeddipl ERPRAEE Pngthe fqmmad cemplexorpreferting

angle'to the fosgRe,Seeat complaidh€Sry 1anghtd, td1&nelSrormea AfegMddt t he
previ ous enbodi megt, the required i nput data are: (1) the segnent
wi dth 90 of thBRE&EEr LafeudtBs 118-section 66 (typically in inches or

mllinmeters), (2) the with the previous embodiment, the required input
data are: (1) the segment width 90 of the outer arcuate
section 66 (typically in inches or millimeters), (2) the
segment angle 114 of the outer arcuate section 66, and
. (3) the lower edge diameter 108 of the outér arcuate
20 section 66 (typically in inches or millimeters). From
" these inputs, the Inner Flat Radius 86 of the outer
arcuate section 66, the Outer Flat Radius 88 of the outer
arcuate section 66 and the Flat Solid Angle 94 of the
outer arcuate section 66 are then calculated by

25 formulas (1) through (5) and (7) above.

After these calculations are performed, the dimension
of the 1Inner Flat Radius 86 of the outer arcuate
section 66 is then doubled and used as the lower diameter
(LD) of the intermediate arcuate section 64. This input

30 is utilized with the segment angle 116 of the intermediate
arcuate section 64 (typically in degrees) and the segment
width 82 of the intermediate arcuate section 64 (typically
in inches or millimeters) to calculate the remaining
dimensions of <the intermediate arcuate section 64.



segnent angle 114 of the outer arcuate section 66, and (3) the |ower
edge dianeter 108 of the outer arcuate 20 section 66 (typically in

inches or mllineters). From these inputs, the Inner Flat Radius 86
of the oumaros/s23g4 arcuate section 66, the Quter Flat Radi upcB@sedpdile outer
arcuate section 66 and the Flat Solid Angl e 94 of the outer arcuate

section 66 are then calculated by 25 gmjl as (1) through (5) and (7)

above. - After these calcul ations are®perforned, the di nension
section 66 is then

Fl f t C
gl;ut)lhgdl gzgrusegaggag S gw&zo Eil;lgﬁ% 4, Sts§! %@é 1) t H@PPREerdeti diedr it e
section 64. Thisalapdatsoultiimageillyl Adwe vame:t hElstgRadtivanglsg Ihfe (D‘uﬁéle
intermediate  FlatCuaid e 09n§4t(1'1teypt"§§{:| dﬂ' Qgﬂigeﬁgpgalnd ﬁ: P%e

width 82 of the,internmedi ate arcuate section (typ cal
mllineters) torREPERPGiatenarFuatrnEagtion (§|4rren5| ons of the

i nt er medi at® arcuatmﬁs?ﬁhégé cégculatlza?s argvgegf‘grl:\segd the dimension

- 18- Formul a rou ab

cal cul ate ul tin® ?9% r’r@nl%neﬁ]# %a%éﬂﬁug 78T thhe @Psﬁrmedlataatamms
80 and the Fl atsgeticnli6l4Anike ESRenf abable? aﬁgergﬁ@aglt %esgr %a_»tl O el%%tr' on
64. t s;.are_perforne £

t he |nner flat fad’f‘us }?8%{?? +|€ #Iﬁ err?rned]faa{ CUGLS AtFETLoN &gy |T6’H~564“P§t

t hen doubl ed anks usddldgeatevwlisherthe sefimemt eangll cmst hefi rares ah@,@ﬁte
section 624¢ Thigrdid secti 6? gﬁ't gc%%ig ined§§9 tﬁgglgaéégﬁgkegte

inner 10 arcuate_section egrees
width 74 of thdidHer?4r €§attélesekml%ﬁ BT ASS c%t¢¢‘9113n 62 (tyrheslby in

mllineters) toimetedll abe thﬁ.l’l@i@t@r@) to dbﬁ&'&%‘l%"t?;?()ft ge k@ﬂgan%eg to

ol ool it SR {9 chrmen  SHAURER SBotife Ghe o PPYRRLRACLLY 15

and t he through (5) and (7) above are used to calculate ultimately
15 the Inner Flat Radius 70, the Outer Flat Radius 72 and the

Flat Arc Solid Angle 73 of the inner arcuate section 62.

The above calculation procedure, from the outer most

arcuate section to the inner most arcuate section,

continues until the dimensions for each one of the arcuate

20  sections is calculated.

One possible application of the domed ring light 20,

according to the present invention, can be seen in

Fig. 12. As shown in this Figure, the ring light 20 has

a desired angle of incident with respect to the object to

25 be observed 130 by an observation device 132, such as a
camera along observation axis 134. The sensed image is

then used to control further processing of the object to

be observed 130 or other component being inspected or

imaged by the observation device 132. For example, the

30 sensed 1image may be conveyed to a computing means or
mechanism 136 where the sensed image is used in
combination with a known algorithm to determine a desired

' feature or attribute of the object to be observed 130.
' The computing means or mechanism 136 then sends an



Flat Arc Solid Angle 73 of the inner arcuate section 62. The
above cal cul ati on procedure, fromthe outer nost arcuate section to

t he i nner t..arcuate section, continues until the dj ' for
each one ‘Hggg’ﬁ%”ér cuate 20 sections is calcul ated. %@@%%Szgy bl e
application of the doned ring |ight 20, according to the present

I nvention, can be seen in Fig. 12. Asi®9kown in this Figure, the ring

| i ght 20 has a desired angle of incident with respect to the object to
25 be observedpmmaale olszartzrl onsdgnide t82, asuctPnieyor meaaSEr ar

al ong obser val p@Rraflisnl Sdsg TUR1SANSEANEBAS | Furtner! ilinisRdskaoHONbLO

further processing o t he observe conponent
bei ng i nspect e@rocessing n%’ejed:b@y Pﬁ’ée@é'—seﬁ’*ﬂ?atheon°ﬁé9¥88dl3123° Ber ekheyl e,

the 30 sensedchipapetty b@lﬁ@“vﬁ’!@ﬁeé@eé c&npg}nlaggdrreangag)r the ﬁ?é@éﬁtsm
136 where_ the sensed éggg:reédl i onmhi natjion wt known
al gorithm fo déP¥emtAona ¥ mere %af'ﬁr ghﬁr et qg ?‘Hér%%j e®Bdt o
be observed 13Qoes rét cepry imﬂcaﬁieaps QfeXedhanitsm 1Bﬁet hed$b§@fld§tﬁ6n
-19- app r| at iP%ont Lﬁh si gnal Q;8,C0Nve nmechani sm
138 whi ch cont PaVESRuLRRer reRFpul dEPBHEIRS  MeARE E98 nShr (FRATRYLRE 1o
be observed 13ﬁeansotmer, a furothponelstadidi ngisospeited condermgedy th@sethe

present 5 i ”iéﬁp%g?ieé%h% S of® ceclx&béxﬁeﬁ@ id '}&5‘% %695':1&8“&8%1?1

does not specCi ate obser 132, the
conput i ngl@neans 13g‘urngng DOW 82 nigs. lfeand 158 aahm;rqﬂweiewaptmn

di scussi on CO”E%BEEQQ&\BOS&? thlrdkr&%bcﬁfﬁéh'ﬁe%fortﬁémgg‘@%@h% '§m’ﬂé>ﬁtlon

provi ded herein Turning now to Fi brj ef

descri ption "’ll&oﬁ‘e&‘r HFn@lﬁcuﬂsﬁeldd elﬁﬁﬁﬂrr%‘iﬂg io il sramkadinenent tam

wi Il riow be di ﬁés:aaqle ACQ:Q&Q:'\!‘!Q: tx g hi Sc@xﬁb@ﬂsagnt at he first fl exthgte
circuit 140 co I rst ar cuat ment 142, a secpnd

arcuate segment® gn n&"‘a tiﬁr&%nd aPEGHe se@?@f‘ﬁn 454 hhiH afe HITd

connect ediso oaecaateheégment 146 which are all connected to one another
and integrally formed with a common end portion 148. The
first arcuate segment 142 has an opposed end 150, the
second arcuate segment 144 has an opposed end 152 and the
third arcuate segment 146 has an opposed end 154.

20 The width of the first and the second arcuate
segments 142, 144 vary along the length of those two
arcuate segments while the width of the third arcuate
section 146 is constant along its length. As a result of
the varying widths, the aperture 156 which is formed in

25 the resulting domed configuration 158 is located
off-center from a central axis.

It is to be appreciated that a variety of different
arrangements and configurations can be utilized employing
the teaching of the present invention. Further, the

30 flexible circuits can include tabs, holes, connectors and
other mechanical and electrical features to facilitate
fabrication and assembly of  the formed  domed
configuration. Typically, the plurality of individual



and integrally forned with a cormmon end portion 148. The first arcuate
segnent 142 has an opposed end 150, the second arcuate segnent 144 has.
an opposed end 152 and the third arcuate segnent 146 has an opposed
end 154. wi¥osgs2384 The width of the first and the seponbsoswoeasat e
segnents 142, 144 vary along the length of those two arcuate segnents -
while the width of the third arcuate section 146 is constant along its
|l ength. As a result of the varying widfths, the aperture 156 which i
formed in 25 h resultin confi.qurati.on . | ocat ed

of f-center fr @’Eéﬁﬂ‘?lﬁﬁ’ %x‘?%lfqnave an 31’19]1%5 o 1hE tECI 3ty FRFReSE
variety of di ftersd optical angene s bartdveenn&bgurtalzi 6fstc aabdet 187 J5%ed
enpl oyi ng the t of_1 e bN urt he

flexible circuits c@ﬁgﬁl%?ude Q a% éf{Qé c%ﬁ%gé or’sa‘s Hseg Betretll?l a%g
mechani cal andim| ethei ca[LaMa&t,ur @@atn@ f &i |ISurface ofabepshihstioandof
Sfﬁ?g}jl %/y O]9fl nj\%/;@ra%l%?i?edarr%@& sur fals Oh2EhON0 T%@tcaﬁ.!dé iﬁ"e

| i ght sour ces SHNIleRERDP-. arfhat ds i réved SANg LR EHTEaSSc Ot sequep§1g|3,éy

opt i Ca' axis, éﬁr&ﬁié@e%\ﬂlﬁ&ei aker rduﬁwﬁétﬁboﬁbn&7 Seer rdtherw:.se nohhe
term "arcuate shape” surface u

as. used here
means a surf albrtc’ EABLhAERER gﬁmagwgeﬁﬁeﬁt?%PF%aaFFQi&XdCQGF-FééeS
whi ch do not Id:® démed configgretpbane. That is, the single surface or

sequent i artanged surfaces re curved gent r ofher 0
| i near t(a)14 acilitat “?cg? mTTore b & sanfnﬁgl I coxﬂ?cg?il in ° ng\?
configurati on.édd€kribed Spnnea&ecradmc@angeg haghbeanddsethndt hwisthoue

described coniggl, alii ,Q%pe : “the' 120d Wogcog&t hOH! the %9@5’:&89

from the spirit "a the invention n 1 nvol ved,
i ntended t hat hereint inwodupfectit is rntendest thataBdie afesthe pﬁlbﬂeﬁt

shown in the Ipt@GCONRaANY ik HWISa8E@E 1 pREohNt BLPT &IRAMTEr 8hY tRE
15 accompanying drawings shall be interpreted merely as
examples illustrating the inventive concept herein and

shall not be construed as limiting the invention.



exanples illustrating the inventive conggbt herei n and shal | not be

?ggsuued °° limﬁiepgffa?: '?/Vﬁgtummﬂn|||"”|l||“||l 1. Aci rcullyt board for

forming a Qo Al - shaped rind Iitght, Said circuit bBEFYSHIATA sing a
flexible, el ongat e nmenber havi ng opposed first and second exterior 5
surfaces, and said circuit board having a-pa+r of opposed end surfaces
and a pair of lateral side surfaces; said first exterior
surface of said fleWherefore, Tyweurctladomard supporting a plurality of

I ndi vi dual |ight r e nd said. ciyrcuit board
supporting an el ectr] caIH %‘3}&&1@1{ ﬁgar@i f%pl fEPinge Pomsn iRt cshansdch

i s connected tBLB¥ llgh’q:eagﬁldnecuf‘:lsatd handl coppoising vadulekighé,
sources to eléﬁ@ététﬁéﬂbEQHHSQﬁh%”dﬁpége&ef§fsen§n8fs%%ﬁ%dﬂégégfié

I ndi vi dual _11i ght gources to a power “source
one of sail paTPrEACPSt A4 sald gimeudd PRaEd baviagdacpedy ohmppbsed an

arcuate shape end supfdessanats ﬁ@iﬁabfoaa@éﬁim(iﬂaé”§d¥féééécu't board
into a conical ring |ight cé)nf % uration which has_a central opening
ext endi ng t her et hr ough. St exReripriSUnRsd 2&coFatdg flexibilen 1,

wherein eani'r:mit smdrcpasuppbrtahgr a plvea Bl a@ﬁslﬁﬁlﬁéﬁﬁafl' NG U% t
board has an eén élltate formati on of said

circuit boar I'n o coni ca ring |ight conflguratlon 25

3. Aciffit board acccﬁaild\g:mmﬂtalhnalrd \mmz.mntlng ars alléctirdeiall gals bus,

havi ng at | ea RAVG, u 0 trlcal us, whi ¢
connected to giaac\ﬁnggne of east Eﬁ% Eb%lelfr SIQI%C% rr%rl u&F”F’i éﬁ?ﬁ ds&.?rcagrs
facilitate  leashd& Pénsé#deﬁé—ﬁréfll&éﬁ @fpllmial\fl@_\}dadf il gty ischwadcds gt 30

sources to saifhdill IteAsed ONARINYN THIRE.1east one of‘lsa’f‘d(:{:)'fl.ﬁﬁﬂJ lJ.tl’:(gz‘E‘rcq_r
according to mﬁglVldu£¥“ilgﬂ% sources to a power source;
’

15 wherein at least one of said pair of lateral
side surfaces of said circuit board has an arcuate shape
to facilitate formation of said flexible circuit board
into a conical ring light configuration which has a
central opening extending therethrough.

20 2. A circuit board according to claim 1, wherein
each of said pair of lateral side surfaces of said circuit
board has an arcuate shape to facilitate formation of said
flexible circuit board into a conical ring 1light
configuration.

25 ? 3. A circuit board according to claim 1, wherein
said electrical bus, having at least one power source, is
a common electrical bus which is connected to each one of
said plurality of individual light scurces to facilitate
connection of each of said plurality of individual light

30 sources to said at least one power source.

4. A circuit board according to claim 3, wherein
a lead of at least one of said plurality of individual
light sources maintains said opposed end surfaces of said



a lead of at |east one of said plurality of individual | i ght sources

B " ST otre circurt | IMTBMAloarcict 1y overt ap

rel ati onsiweosisasgs one anot her. L nb5s circuit bopprfiyRegsrss Ng to
claim1l1, wherein said circuit board has a pI urality of arcuate
sections and 5 each of said plurality of arcuate sections are int egrally
formed-with said cormon end surface. ~22- 5. Acircuit board

according to cl B dhersgi ach_of s Iura ity .of arcuate
sections has a%jl'é% erent cq“%uﬁtatugrcgsnoll g‘éﬁﬁ d jpartially;  oxegxilagyi t
board accor di nFeeRElenship whthepneaanotherangl e of incident of each of-

said plurality of ind) V' C!AJal:J.rcultl 'Mr&OH&ESf‘gEﬁQ\g%% fc{]]?atmbbg,r dw§858rlﬂl ng

degrees to about , 5 degrees.
to claimil, whétE%h °E3’°°slé? PARFHIEE @ P Lwailddys off axghdtel sechlionsi andi t

one of 5 abt&ad&gajmﬁaﬁ\(bliﬁfélﬂ:&YO?VQH:@Qth@e@‘Qi%HQrafgdbﬁﬁﬁgrallal ¢

secured to one ’%mf iﬁ%i’ian t achnent chani_sm
board accordi ndé'aq af r&PHmen ends sUr £aG@mmti on of said flexible
circui.t board into a&0 ZXooirebitr uw;ard | §btor& DRy | ﬁb!r %tllaCi'?n 5 ,83GHer 80K

f d ht
Bor tsfil)n of an ﬁ%r%lmoﬁ% Fi onI El‘dLg%&qﬁyt Ré 85]0210& L‘fggsﬁlc’ns hﬁggg‘r;‘%%%f*"?%Es
inward. flati@rc goldid mngleboard according to claim1, when 25
formed ingo a conixal p E:'J.%ulﬁ] %'afar&%@o%&%y 98 c}%ﬁmt%} %%%%S?%On

with an i magi ng device which ectri
nmechani sm and 289d6n ¢yiimgident rﬁfcrﬁ?fﬂf‘srﬁf/\/rﬁédd |Eslte:1a31c:1ttry o= Imd:xmhiwlt 0

sai d gonputinglight ngsﬂaeé§rHra?}%’e§a'ﬂ—dz{mgbBQtdeé"§ed%‘é%%' ! est% ghsed 30
| mage,” of the gbj g to be imaged, to said conputing mechanr s %h
deternmines a d& ®HE&CSre of said

8. A circuit board according to claim 1, wherein

15 said opposed end surfaces of said flexible circuit one of

abut against and partially overlap one another and are
secured to one another by an attachment mechanism.

9. A circuit board according to claim 1, wherein

after formation of said flexible circuit board into a

20 . conical ring 1light configuration, each one of said

plurality of individual 1light sources, which forms a

portion of an illumination field of the object to be

observed, faces inward.

s 10. A circuit board according to claim 1, when

25 formed into a conical ring 1light configuration, in

combination with an imaging device which is electrically

coupled to a computing mechanism, and a conveying

mechanism which is electrically coupled to said computing

mechanism, and said imaging device supplies a sensed

30 image, of the object to be imaged, to said computing

mechanism which determines a desired feature of said

object to be observed and outputs a signal to said

f conveying mechanism to control further manipulation of



object to be observed and outputs nal to said conveyi ng nmechani sm
to control further manipul ation of jul"@ u'"mu)mm

-23- wo s di9pl ect to be obser he detergbq.

feature. 11. A nmethod of form ng . coni*cal - shape |ng |g t
froma flexible circuit board, said nmethod conprising the steps of:
cutting a circuit board froma flexible, =23-elongate rrenber said circuit
board havi ng opposed first and second exterior surfaces and havi ng a
pair of opposedsaid BIESur FaceRe aPseqAdG  BRSEd: erBPns| the s wefteoasineghd
at 10 |east onmHtusaj d pair of lateral side surfaces of said circuit

board has an arcuate shape to Ilitate formation of said flexible
circuit board into aljct)nf)%d?e?rilﬂé ¢f ghprming BofiPngararsdaped ring light
pl acing a pl urafrdy offiedivieuairtugbtbsaracesald methdadl eolnprSis it kaee
of said flex |b|sec%c§ ccyft boar d; _ connecting an el ectrical
bus, having one | east one power source, to said circuit board;

i nterconnecting at | east Qnietmgsaad pliercaliitt y board of fxroudi v'adu&llebdlg»hb

sources (o <ot Geinied alnble, |20 LS B SPATLLE" Bbolkl 8750

of sai.d pl urallty ht sources to sai

power sourdsd sgafend em’—el‘-‘lc’l‘ sur%acneﬁgam| havingi 8 padir ofi bpposeda
coni cal i |dhtasanidgur &t panrMieh 15tied Wl té’uP%abQQ' Vhfiahe2s
l'i ght sour ces faC| i nwar d accor

11, furth& ?‘,‘gr&}?ﬁ" sPhgSaRe Pady d'-ff ptateBRAhgsdden Sﬁris%ﬁ%ls pafr safid

lateral si de s wifrangk (Hoa&@ Hael BAUsFchagedswhbB 89 Facildkaat ?o?ﬂﬂ@?o
facilitate forﬁ.tlom(_:pff ex:L flexible, 30 ci rcu|t board into a conical ring

| i ght ;confi gur liBCIr‘AulFrBPHBH 3OEer & RPRIGRL cranegn 1ight
further compnifdiguratierst ep of permanently securing at | east sone

placing a plurality of individual light sources
15 on said first surface of said flexible circuit board;
connecting an electrical bus, having one at
least one power source, to said circuit board;
interconnecting at least one of said plurality
of individual light sources to said electrical bus to
20 facilitate connection of at least one of said plurality of
 individual light sources to said at least one power
source; and
forming said flexible circuit into a conical
ring light configuration with said plurality of individual
25 )light sources facing inward.

12. A method according to claim 11, further
comprising the step of providing each of said pair of
lateral side surfaces of said circuit board with an
arcuate shape to facilitate formation of said flexible

30 circuit board into a conical ring light configuration.

13. A method according to claim 11, further
comprising the step of permanently securing at least some
adjacent and overlapped end surfaces and side surfaces to
maintain said at least some adjacent and overlapped



adj acent and overl apped end surfaces and side surfaces to mai ntai n said
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coni cal rwogoshseggat confi gurati on. t hodpcaossigdyag to

claim 11, further conprising the step of providing a plurality of
arcuate 5 sections and integrally form ng , each of said plurality of
arcuate sections with a cormon end surface. 15. A nmethod ’
according to s@ﬁa@e]sl 'in QUH@%%:ed 1059@? L sEg9 Egﬁaﬁte?ﬁ #)r gyidin
common el ectrical .bus I'S connecte to ehch ohe o sa cF"bIﬁ?Ja |ty
of 10 indivi dlﬁ’&’lnllc’la&htr’é’&u]é@'% FenEigprratioronnecti on of each of -
said plurality of | r1d| Vi d\ual mbtﬁbﬁ Soaléggﬁdlﬁgsaltd) atclaim I;Lgast ﬂ%eup&z\er
sour ce. accor di ng claim 11,

conprising t hecgf“?ffl&flnﬁr &’}f%“ f5eBaOF cﬁr%‘é’r‘?:i“‘pﬂ \# aPlRyasditys °far4:1€Fa%%te

sections whth sed:lth.basealndf liit eryrea 10} | KbrARENE . each ohf Sild—@ll%ﬁl%@{w
according to 1 4 conpri si t steps of selecting a
desired segrrent WI é@ﬁ ;Ecm g’r ggic ar i rée%’f‘f%ﬁu g%%m red segnent

angl e .for each 18ai d2ar cmathodectacrordiny a desi redaimwel , edgiurkiteset er
20 for a | oveechBelsdhgUehe SR 0bs g gvi&kﬁa ?t EBAnAR 'erl% rical ];b;n%t_l

radi us for each said arcuate sectl on,
sai d arcuate s¥BEFBn, isinFonngaked @%o?ﬁ&h One avdl eshdd e@b\hrshldyaraﬁjat e

section. 10  indivi8ualAli &ﬁﬁ:h@.@urc@&@dj'%ntlQat%l ¥dinkbtio TII W el S,
Conprising the steps  of u5| said conical ring ght con guratlon I n
conbi nati on wi ??1 E finﬁ&uﬁa i &F whidhvid uall %1%1I1ECFPP€§PFyt@o§}941éd ato a

conputii ng nechaeastn oaadpower eloae-tcra cally coupling a conveyi ng mechani sm

to said conput j pg chani and su |ng sensed, i ma of the 30
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15 arcuate sections with a different flat arc solid angle.

17. A method according to claim 11, further
comprising the steps of selecting a desired segment width
for each arcuate section, a desired segment angle for each
said arcuate section, and.a desired lower edge""diameter

20  for a lower most arcuate section, and calculating an inner
flat radius for each said arcuate section, an outer flat
radius for each said arcuate section, and a flat arc solid
angle for each said arcuate section.

18. A method according to claim 11, further

25 c::mprls;mg the steps of using said conical ring light
configuration in combination with an imaging device which
is electrically coupled to a computing mechanism, and
electrically coupling a conveying mechanism to said
computing mechanism, and supplying a sensed image, of the

30 object to be imaged, from said imaging device to said
computing mechanism to determine a desired feature of said
object to be observed and outputting a signal to said
conveying mechanism to control further manipulation of



object to be observed and outputt| na to said conveyi ng

mechani smto control further manl gﬂﬂi’@ mu u“I l :

- 25- sai d_object to be obser she dete&;&wm 743
to urther

feature. WO9BSZ84 " 19 A npthod according claim 11,

conprising the steps of utilizing a |lead of at |east one 5 of said
plurality of individual |ight sources to n&Pnt ai n sai d opposed end
surfaces of said erX|bIe circujt in a abutting partially overlap
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20. accordlng to claim 11, further
comprising the steps of using said conical ring light
10 configuration, in combination with an imaging device;
electrically coupling said imaging device to a
computing mechanism;
electrically coupling said computing mechanism
to a conveying mechanism; and
15 supplying a sensed image, of the object to be
imaged, via said. imaging device to said computing
mechanism which determines a desired feature of an object
to be observed and outputs a signal to said conveying
mechanism to control further manipulation of said object

20 to be observed based upon the determined feature.



