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VI SI ON APPARATUS ‘FI ELD OF THE | NVENTI ON The present
i nvention pertains to a lighting systemfor 5 use with a machine vision
apparatus, such as used in the i nspection of sem conductor packages,

wherein the |ighting

TITLE: ADAPTIVE LIGHTING SYSTEM AND METHOD FOR MACHINE
VISION APPARATUS

FIELD OF THE INVENTION
The present invention pertains to a lighting system for

5 use with a machine vision apparatus, such as used in the
inspection of semiconductor packages, wherein the lighting
system automatically adapts to the particular object being
inspected to p;evide an improved image of the object viewed

by the vision apparatus to improve the accuracy -of an

10 inspection process or to. carry out other processes.

BACKGROUND

In the manufacture ef semiconductor or microelectronic

circuits or so-called packages, severa_l proceeses .may be'
carried out by mach:.ne vision systems, includirig inspection

15 of the package electrlcal leads to determine if any leads are
out of place or damaged, or inspection of the package for

 certain mark:.ngs placed thereon. Machine vision systems have
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system automatical ly adapts to the particular object being I nspect ed
to provide an i tproved i mage of the object viewed
appar at us {’Hzldf Bve the accuracy of an 10 |nspect|onmﬁ5¥4§§/§8§? to.

carry out other processes. BACKGROUND In the manufacture of
seni conduct OlbeRin raéafe%pea redi 6arry oft’ %Hésé t¥sk30 1hakliesh %%C‘%%%e%eed
several processes may be carried out by nachine vision syst e

i ncl uding i n&_@ectdlﬁ@,mal;é afhd h%mmgag;e,rqh%ct prgalesgeaggrt o] gﬁ%

any |leads are out of place or danmaged, i nspection o? e pac age
for cer iidkageski RakiNAGetd RYHAGH %@Bhn%h\é' Sh ,ﬂﬁ;\é

VO 00/ 14517 RickagRs! ¢ <F PCT/ usgg PSHE il of

devel oped tow}péaﬁadéyesﬂiiﬁk&ré Np¥b&@UE&d. t hRoREEHer, mbfy AU GSBLE Jh1e
manuf act uri ng process for sem conductor
5 and marking systems for processing semiconductor packages are
adapted to handle various configurations of packages having
different shapes, lead configurations and light- reflecting
characteristics. |

In this last mentioned regard, a lighting system whieh

10 is set up for the proper contrast or image for one type of
package usualiy requires adjustment for a different type of
package. Still further, packages of essentially the same
type or coﬁfiguration may be fabricated of different
materials which have at least slightly different light

15 teflectivity characteristics. Therefore, a vision apparatus
adapted tot inspecting a particular type of semiconductor
package may not function properly ' if slight changes in
materials used for the packages or any changes in the light
reflectivity of ‘the' package occurs which will change the

20 contrast and the quality of the image captured by the
inspection or vision apparatus.

Accordingly, there has been a need for a lighting system
for machine wvision apparatus which is adaptable to vary the
-light intensity on various parts of an article or device:

25 - being inspected, such as various types of integrated circuit

or semiconductor packages, to enhance the image of the
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packages, taking into consideration the substantial nunber of h
packages whi chwQ®/¥hiduced. Moreover, nmany inspection 5 ancf%?ﬁ%?’ﬁ?}“

systens for processing senm conductor packages are adapted to handl e

various confi h d
conflguratlolng a%?a] éh%{s?g E@S&SanVa ”91 ion QEFBEE% S %%0"]&61 Lhere

ecting ar act I sStics. I'S

l'ast nentioned [g0alfs, ab%éghtaj r}gées(ysfo}f:n g:hl wlh%hS%h] up éﬁ’{crﬁé'l@lcally

proper contrast or 1 mage one type age usually reqU|res

adj ust ment for a?ﬂ%'sftf eggat ltl)éﬂ%lﬁf; dmp os%%Ck@rgedJ.ffg:éﬁﬂ éygé?ef abr| £t 5@%%5

of essentially t configuration

of different pej Mﬁ@éééede C@thé’ﬂyn?se A1 ed APy aswmtéry apbd i@ leo

dight 15 reflect|V| ty characteristics. Therefore,” a vision apparat us

adapt ed for gi NSRAGHIdN @hé)aé&é&fg@ éf’pﬁqoin§$&€%ﬂ%d¥ess or daifgor h
e

not function properly 1f slight™ changes 1in materi al s use€

-ggg{j?ge\?\h?gha\?\n rfi Chg%gh'ir@&e ha&ine visi®hl eskl VAd YaP'E:LéiJ@ p%‘ii@fgeas an
electronic circuit .or semiconductor package. Still further,
since the intensity and pattern of the lighting imposed on
differen_t articles being inspected .is important, it is also

10 i'mpor_tant to provide for monitoring the failure of any part
of the 1lighting system' so that improper 1lighting and
inspection of articles being illuminated by the system is not
expérienced. It is to accomplish the desiderata mentioned

above and overcome problems associated with prior art

15 apparatus that the present invention has been developed.

SUMMARY OF THE INVENTION
The present invention provides an improved 1lighting
system for use with machine vision apparatus for inspecting
or otherwise processing various types of articles including,
20 in particular, electronic semiconductof devices or packages
and the like. |
In accordance with one important aspect of the present
invention a lighting system is provided which is adapted to
_érovide a predetermined contrast or image quality of an

25 article being viewed by a machine vision apparatus so that an
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20 contrast and the quality of the imge captured by the
- inspection or vision _apparatus. Accordingly, there
need for a Iiwq"ﬂéﬂgystem for machi ne vision apparatus &%ﬁeﬁgf@z&
adaptable to vary the tight intensity on various parts of an article
or device 25acEQkaﬁelﬂﬁﬁ@§t661t&éCErﬁicYérbeﬂﬁgt?@?ﬁe&fib”&ﬁ%ﬁﬁk@g.c'bﬁ%‘t
e

or sem conduct or packages, to enhance the inage- o]

- 2- VenBB4iMeA¥ of the adaptive l%&?ting system f@ﬂﬁé$§¥yf§B§96

package, as viewed by a vision apparatus. reover, “there as al so

been a need fgiodig¥at @itwhaghavbdy SEtDIGHE Calitting P {fidhd), 9N
I nposed on different types of articles bei ng i nspected or otherw se

viewed by a VigeOna@pRAGAHUSihO m@lt HFIENCediid AGE Ursdihdft AN dSREG 0R
process or any process ' _

5 plurality of LEDs in one segment of the array may emit light
of a certain intensity while the 1light emitting elements
(LEDs) of other segments are adjusted to emit light of other
intensities to optimize the image of an article being
inspected, whic_:h image may be captured by a machine vision

10 apparatus. | |

In accordance fWith another aspect of the present
invention, .an adaptive lighting system is provided which
includes a programmable 1lighting array intensity control
circuit which is qperable to control a substantial number of

15 segments of an LED lighting array, in particular. Moreover,
the control circuiﬁ is- operable 'in cpnjuncfion with a

- microprocessor which is oberated with a program which
performs lighting segment selection, intensity control for
each segment energized and image intensity feedback.

20 | In parﬁicular, the programmable intensity cohﬁrol
circuit includes a plurality of digitally controlled
potentiometers, . all | arranged on a monolithic  CMOS
microcircuit. The compiete intensity control circuit, whén
'inferﬁaced-with a digital input/output circuit connected to a

25 1ﬁicro§roce$sor, will allow a vision appafatus to provide

automatic adjustment of the 1light intehsity on an article.
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Wwhich requires machine vision of an article, such as an el ectronic
circuit or senW»¥48t7or package. Still further, since tREI/US99/20206 t y
and pattern of the lighting inposed on different articles being

. dis i I .. [t : ; . torin
the fai & ur 'esgé BRdrlet arLdinatel o the bﬁﬁﬁgﬁ%@%ﬁffgﬁ%ogﬁl};eﬁﬁg&%‘?%rg
i ghti s ' : e i ].l um.nat.e e. system
ot 0 ek ok fadH WteidaRy, Febkihgs PO i dlBOLEL SVad apRbee Lo

i s not experie acconplis €si

above and over .obl e Ci .t h ' appatatus that -
the present in\(;lglgiugr? h%s%%gggﬁ gvﬁ%%gyt. sgﬁfgéu%kmel@.rﬂégﬁq BRTI3F2Y

The present i nueiien® FHrEH/i£'9§];‘.§§1é E):(N%g lgfcﬁhtﬂaggh sFﬁogg.staenerfor use

-wi th machi ne vi si"on appar at us I nspectin or otherw se _r%%%’ssstirr?&e

various types G§f13hinghk8sni gﬁgygl{{%s. 20 in particular, electronic
sem conduct or devi ces or packages and the |ike.

In accordance with still another aspect of the present
invéntion, an adaptive lighting system is provided which
includes a circuit for real time monitoring of light failure
and' providing -a signal indicating at. least one of the light

10 segments of the lighting system has experienced a failure.
The ' light failure monitoring circuit is included in a module
provided for monitbring a failure of any of the lighting
segxhents of the array or sysi:em and which includes an LED
indicator for each light segment to indicate.w_hich segment

15 has experienced .a failure. The 1light failure monitoring
circuit detects a discontinuity in or an opén lighting
ciréuit, reverse éonnections and LED failures resulting in
either an open circuit or a short circuit.

In accordance with another aspect of the present
20 invention, a -lighting system is pro.vided for use with machine
'~ vision apparatus which gtilizeé flaéh .lamps and an array of
fiber .optic elements forming multiple light segments which
may be used J.n place of or in addition to LED type lighting
arrays to further increase the inténsity of lighting for use

25 :'i-n' applications ‘wherein the imaging system i.s required to

- : 'capt.ure an image of a _movirig object at very high “.shutter”
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I n accordance with one inportant aspect of the present I nvention a
l'ighting systemis provided which is adapted to provi de
pr edet er m 'ned’vga?fﬁsg'ét or image quality of an 25 article berﬁgvﬁ%\%)a by

a machi ne vision apparatus so that an

- 3- ~ Wpéddsl451X 1lighting array including multiéale bunB&lsUsP O 20206
accurate inmage of the article being viewed is produced. One enbodi nment

of the adaptépeic! egbiengs S¥$t eBupledPraf®r ah Y arrayP i §8gn Wik ReAD

array of light emtting diodes (LEDs), which are arranged”in nmu tlﬁF%
geonmetri C Segipd¥ls Skampil growidifigir @lhid ¥ 195htEDSohRcONe Seumaih Al §hfp
arrdy may emt |ight of a certain intensity while-the 1|ight
enitting el en@piver/tridddPs) efraiter Spgnmerigerdrdadj whpdelo embt | Lgbt
of - ot her intensities to optim ze the imge of an article being

5 programmable light intensity controllers through DC to AC

inverters. The flash lamps may be energized by a continuous
high frequency signal -or by a single pulse type signal to
provide muitiple modes of operation.

The invention also provides a method for adjusting the

10 intensity of a lighting array for 1lighting semiconductor
- packages and the like, which may be carried out by computing
the median gray value of an image of an article or 6bject,
readjusting the lighting intensity and recomputing the median
gray value until an optimum setting is reached..

15 | The adaptive lighting system of the present invention
eliminates the need for miéréprocessor based digital to
analog converter circuits of types commercially available at
the time of development of the invention and which types have
been sufficient to provide for only a very limited number of

20 segments of a liéhting array to be controlled.

Those skilled in the art will further appreciate the
- advantages and superior features of the invention together
with other impoftant aspects. thereof on reading the detailed

de-sc.ri_pti-(:_n which follows in conjunction with the drawing.

25
BRIEF DESCRIPTION OF THE DRAWING
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j nspected, which |ma?e may be captured by a machine vision 10 ar at us

In  accordancOYOMM4IT anot her aspect of the present |ﬁ 9959206,
adaptive lighting systemis provided which i ncl udes a programuabl e I
lighting array intepgtpxgcont 5gl h% Ei’bt | S PPer Lo contr
a substantial nunber-of 15 segr?\\a\ntssc 0 LE%{H%QAH‘[I ng ar%&’rrhe vis

particul ar. “@;{Bﬁé’i‘fius inclb8€ng COREQ4p t%él gﬁic_}htln ggetr APl WlatcHorgance

conj uncti on m Cr oprocessor ted

program whichyith tRer{iRvaBtid@hti ng segnment sel ecti on intensity control
for - each segnent energized ‘and | mage intensity feedback 20 In

particular, -the pppggRETRDLE a ;;Jl"a?znsv'lte)k Y Tfme- halp(ék:lr (ili htlil'iac'la&lgg§

-a pIuraIity of digitally con potentionete

arranged 9N jndaccdBddhéé Wifth A %mbodin®nt @¢ 'E&H' 5.1& l?f?rgorrpl ete

intensity control circuit, when Interfaced wt | nput / out put
‘circuit connected FPI@UR§5 3M £§0P§0CE$8GFam V‘iiius@éét@.‘ﬂg A theS! Qlmber of

apparatus to provide -
segments of the lighting array shown in FIGURES 1 and 2 which
are independently controllable in accordance with one
embodimeﬁt of the invention;

10 FIGURE 4 is a plan view of an alternate embodiment of a
lighting array in accordance with the invention:

FIGURE 5 is a section view taken along the line 5-5 of
FIGURE 4 showing further details of the alternate lighting
array:

15 . FIGURES 6A through 6G comprise a circuit diagram for a
programmable light intensity control .c'ircuit. in accordance
with the invention:

'FIGURES 7A and 7B illustrate respective . integrated
circuit or semiconductor packages having package ‘identifying

20 indicia thereon; |

FIGUP;E_ 8 is a flow chart showing certain steps in a
r_nethod of operation of _tﬁe adaptive lighting system of the
invention;

| FIGUlRE 9 is a logic table;
25 © E‘IGUkE 10 is an address assignment table for components

- . of the circuit shown in FIGURES 6A through 6G;
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automati c adj ustrrent of the Iight |nten5|ty on an article

-4- VO @ 7 PCT/ bS8942072
being illum na‘t e % the provision of a substantial number o’? ?%l g%@
intensity settings. The circuit is alsd adapted to i ncl ude a const ant

current source for EHEURES gAdAncard r ayB conq:a:g.rmntaamﬁx@,ﬁ_ltngagagféﬂ{eroff og
both strobe and non-strobe 5 illunination operati.ons.

accordance wi tpostidn afioahdightpfailofe thedylestst the 1ighenkd 0§'ysté’rﬁ' ‘of
adaptive lighting system is provided which includes a circuit for
real _tinme nonitheiimyerftidonght failure and providing a signal
indicating at. |east .one of the light 10 segnments of the |ighting system
has experienced a fEIGURE:. 12 is @nheikigyhin bfi lan e Iwvrnatd nemsddiGede iSf a
i ncluded in a nodul e provided for nonitoring a failure of any of the
lighting 9 1lighting array in accordance with the invention;
FIGURE 13 is a block -diagram of the major components of
the lighting array of the embodiment shown in FIGURE 12;:
FIGURE 14 is a detail schematic diagram of the switching
and timing circuit for generating a signal to energize one of
10 the flash lamps; and
FIGURE 15 is a detail schematic of a flash lamp_-driver

and trigger circuit for the embodiment- of FIGURES 12 and 13.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS
15 o In the description which follows like parts are marked
throughout the specification and drawing with the same
reference numerals, respectively. The drawing figures. may
not be to scale and certain components . may be shown in
generalized or schematic form and identified by commercial
20 .designai:ions in the interest of clarity and conciseness.
Referring to FIGURE 1, there is illustrated a
‘generalized schematic ldiagram of  a port;.ion of a machine
vision apparatus 18, including an adaptive lighting system
20, in accordance with the presenf invention. The llght;mg
25 system 20 is adapted to be used in conjunction with machlne
vision apparatus 18, which may be one of the general types
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.segnents of the array or system and which includes an LED Wafell
for each |ighWoMdA8At to indicate which segment 15 has exsgﬂgh@%%

failure. The light failure nonitoring circuit detects a

di scontinuity4elepined QRCW.ls), gfl*ak:@ﬁt Applicheibhs ER¥EHEC NORINGH /gy sdnd
LED failures resulting in her an open circult or a short circdit.

I n accordanceg gnméwwsm‘éd Obnt BA1Rr €SN 1989 sV e o, 28, | 19y, ng
systemis prOV| for use with machine . Vi sion appar at'us Whl ch
utilizes flashekpaps;aadyan aﬁ’fd aﬂsé’igned tbi hale 09§é§g§1&@m?ﬁt scher gﬂcfr&ent
mul ti-pl e i ght segnents i ch nay be used in plaCe of or 1n additli

to LED type |ijghkhBYon. TR’ ad8ptPvd WL i FRdehm e INtHRASIihi¥ed to
- lighting for use 25 in applica ?IOI’]S wherein the i maging systemis
fggw red 19 use CAREN etRE iaFRALaChs 2 dEBCETULLD EAl @Beveéﬁ’o@\-&fhe i1
patent applications and thé lighting system may be operated
to illuminate various devices. However, the system 20 is
part'icularly adapted for illuminating electronic circuit or
semiconductor devices or “packages”, such as the package 22
10 shown in FIGURE 1. The package 22 may be one of many typés
known to those skilled J'_.n the art of machine vision apparatus
used in semiconductor device manufa.cturing.

The package 22‘ may be disposed on a table, 'a transport
belt or in a tray or other mechanism, all not shown, for
15 moving the package 22 relatlj.ve to the lighting system 20 into
range to be illuminated by. a 1ighting array 24. The lighting
array 2_4 includes a suitable-sﬁpport housing 26 in the form
of a generally rectangular boxlike shell, having a top wall
28 with a central, generally -cyl'ind_.rica.l aperture 30 formed
20. therein, fqr viewing the package 22 by a suitable camera 32.
The camera 32 maQ be of a type commonly used in machine
vi.sion systems including. a charge coupled devige (CCD) tYpe

c;amerai. . | |
| Referring also to FIGURE: 2, the 1lighting array 24
25 includes a suj.table, somewhat dome-shaped annular support

member 34 -disposed within the housing 26 and operable to
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WO 00/ 14517 - PCT/ US99/ 20206 speeds. A
lighting arr | el uding multiple bundles of fiber optic '
o Bt HATERaE

coupled with an array -of high intensity . flash |anps provi
| i ght source. A flash Ilanmp driver/trigger circuit S

operably  cospppdrt threetbirchblapragragsudte 381 gl 4MtEAS]{ghe WK il S
t hrough DC to AC " inverters. The flash |anps.may be energl zed by a

continuous elemenbsjreyedecpbiygialghy ayiet Jidobtodes SELEPRE L19Nalhilh
provi de nultiple nodes of operation. The invention al so provides

a nethod for adpuarraggedecoifentnieaklyyabofit & tegtdaNCaxsd rey, didich is
| i ghting sem conduct or packages and the |ike, which may be carried

out by conputehgo the tdemtmadi axigr ayf voheeapéraoréngge OfTha) tHide | £ lys
obj ect, readjusting the lighting intensity and reconputing the medi an
gray val uésungel &8 ophdmd seft LEDs smagacaelh. bdSsubdividé® a@ap! ipiiral

l'ighting system of the present invention
segments of one or more LEDs 41, as indicated by the diagram
of FIGURE 3. The inner ring array 40 is divided, by way of
example, into segments 1 through' 4, the intermediate ring
array 38 is di’vided. into segments 5 through 8 and the outer
10 ring array 36 of LEDs is divided into segments 9 through 12,
as indicated._ Each of the segments, which comprises one
fourth' of a circular arc, may be further subdivided into
| additional segments, if desired. As shown in FIGURES 1 and
_2., the housing 26 has a substaﬁtially open bottom side to
15 'allow light emitted by the arrays 36, 38 and 40 of LEDs 41 to
project onto the package 22 or any article which is p.laced
un&er the dome-shaped support structure 34 for the LED
arrays. The LED lightiﬁg arréy 24 may be suitably mounted on
la machine.' vision apparatus together with the camera 32 so
-20'. .t.hat é transport path for circuit packages 22 will place each
package in the position shown in FIGURE 1 to be fully
illuminated by the array 24.
Referring briefly to FIGURES 4 and 5, an alternate
_e_'r'nbodiment' of an LED lighting array for use in conjunction
.25 with the adaptive lighting system 2.0 is illustrated and

generally designated by the numeral 46. The lighting array
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elimnates the need for m croprocessor based digital to a
converter ci rcYYPtOQ"‘éﬁ"types commercially avail abl e at theg?{r@@”&m“
devel opnent of the invention and which types have been sufficient to

provi de for onkg dancandds rratgdnauamm? HectdRgaFE Bk Odhapdd JRLLIINGT 1dY
to be controll ed. : Those skilled in the art will further
appreci at e thehavingadvarpagedlasd sipeshidh fLatemefalofrddiirigiiant ia@Rrrure
t oget her with other inportant aspects thereof on reading the detailed
description whgeh isl | fpgmed. conjmet isytownt hside deaw fige KSusing BB Efs
DESCRI PTI ON OF THE DRAW NG 6-

WD 00/ 14517 . essentially open like the housing T/ USOQUpHBAR6 structure 54
*FIGURE 1 is a schematic diagram of a nachi ne vision appar at us

i ncl udi ng ah adsaptidespogéddi ngirsystthd | nNheasdiglan0  and supports  four

circumferentially spaced linear arrays of LEDs indicaﬁed by

numerals 56, 58, 60 and 62 and an inner rectangular ring

array 64 around the aperturé 52. Each of the LED arrays 56,

58, 60 and 62 includés three rows of LEDs 63[las shown. The

10 LED array 46 may be used in place of the LED array 24, if
desired. |

Referring again:to FIGURE 1, the lighting'systgm 20 is

adapted to be operated by a digital computer or central

processing unit 66, which includes a plurality of cqmponents,

15 including a . so-called frame grabber circuit 68, a

programmable processor 70, a memory circuit 72 and a

programmable 1light inténsity control circuit- 74. The light

intensity control circuit 74 interfaces with a suitable

input/output circuit .or card 76 interconnected with the

20 processor 70 and the programmable 1light intensity control

circuit 74 for operation'of same to vary the 1light infensity

of the segmehts of the LED arréys 36, 38 and 40 to provide a

suitable illuminatién and éontrasf between the package 22 so

hihat the camera 32 may cépture a high resolution image of the

25 'péckage 22 .for vafious . purposes. kﬁowﬁ' to . those who are

skilled in the art.
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with the invention; T FIGURE 2 is a plan view of adorre-shaped'

lighting arrgy 0511455‘7 accordance with one enbodi nent of the i nueintss9R0206
FIGURE 3 is a gi agramillustrating the nunber of segnents of the

lighting array shown in FIGURES 1 and 2 which are independently
control | abl e i n adsmikensiatiorh packages epgodbhenttoof behe nspemtteidonby 10
FIGURE 4 is a plan view of an alternate enbodi nent of a . | ighting array
i n accor dancevigidn tappanaad iimeluding the lEgIEURE Ssysten s2¢taom wswally
taken along the Iine 5-5 of FI GURE 4 showing further details of the
al ternate |igmdvigled wighrag; pugselectedr| CURESIEA arhr Ghgh edrfaceridaa
circuit diagramfor a programmabl e light intensity control circuit in
“accordance FIGURE h lhe inEonioexample, as FRIRES ifA FIGURE7B7A, a
illustrate respective integrated
5 representative example of surface indicia is shown on surface
22a of a semiconductor package 22 comprising a small dimple
or depréssion ' 22b in the surface 22a in the lower left
corner, as indicated. Another example is shown in FIGURE 7B
wherein a semiconductor package 22’ has a surface 22a’ on
10 which a notch-~shaped depression 22b’ is formed midway between
opposite' sides of the package body. When a package 22 or 22’
is .presented for inspection under the lighting array 24, the
camera 32 obtains an image within a defined window 23 or 23/,
see FIGURES 7A and 7B, which is recorded by processor unit 66
15 and memory 72 is queried to identify the type of package
being inspected. The 1light intensity adjustment is. then
carried out for capturing a desired image of the package 22
or 22’ for inspection purposes or the 1like based on
measurement taken from windows 23 or 23’ or from the entire
20 package including sets of leads 221 or 221’.
Referring briefly to FIGURE 8, there is illustrated a
flow chart indicating the basic steps that the- processor 66
takes to adjust the light intensity emitted by the array 24.
The steps indicated in FIGURE 8 include a histogram process

25 which is described: further herein. Basically, the processof

66 1is programmed to calculate a histogram or a pixel
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.circuit or se@&wﬁqgf,tor packages having package identifying p¢enigasheos
t her eon; : GQURE 8 is a flow chart showing certain steps in a

nmet hod of operation of the adaptive lighting systemof the i nventi on;
FIGURE 9 is ainggneityblkddstribution of|GsPedifiel aowamer ¢rrf faysigpieitiore
table for conponents of the circuit shown in Fl GURES 6A t hrough 6G
WO 00/ 14517 the result in a specified hlsto@fEmUMu’aﬂQOBuffer The
FI GURES 11A and 11B conprise a circuit diagramof a portion of a light
failure nodul sougcet i fifigghtisngdenisvesin ixfom the tdefimadnvindows 23 or 23°
FIGURE 12 is a diagramof an alternate enbodiment of a 5 lighting array
in accordance oR #h capsvinedeampon; of a package. If the median gray value of
S5 the camera pixel intensity distribution for camera 32 is less
than a predetermined threshold value for a partiéular type of
semiconductor package being viewed, and a predefined set of
light segments is not already energized to full intensity the
light intensity emitted by the selected segment-s is then
10 increased a predetermined ‘incremental amount and another
image is captured. This process is repeated until the median
gray value of the pixel intensity distribution is substan-
tially equal to the predetermined threshold value. 1In this
instance, the final intensity level of the selected light
15 segments is saved to a configuration file for future use in
inspecting packages of the same type.
Accordingly, with regard to FIGURE 8, the basic steps in
the process of capturing a well defined image of a package 22
or 22', comprise preconditioning the processbr 66, when a
20 "known type of paékage is to be inspected, to retrieve a
threshold value of ;i.mage intensity and selected lighting
array segments to be used for illuminating the package from a
configuration file stored in the processor memory 72, as
.indicated by step. 80 in FIGURE 8. Alternatively, the

25 processor 66 may be operated to retrieve the image intensity

"'threshold value and selected lighting segments information
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FIGURE 13 is a block diagram of the major conponents of the |ighti hg

array of the &ﬁ]ﬂk#ﬁnt shown in FI GURE 12; FI GURE pérhvsosndled ai |
schematic di ag am ot 'the sw tching and tinmi ng circuit for generating a
signal to energize one of 10 the flash |anps; and. FIGURE 15 is

a detail schempdn cthé =zambash3Ramnddrpromessor @fdrécoggizimg rthet phekagbe
enbodi nent of FI GURES 12 and 13. DETAI LED DESCRI PTI ON OF PREFERRED
EVMBODI MENTS type fron n ddtaidésgri phi oimagechof ol tivews padiaagear tislemtdfier
mar ked t hroughout the specification and drawing with the sane
reference nunbdisia 22spect 22! y. for Teradpaei ng Accgurdéagigy the ldghtbagto
scal & and certain conponents may be shown in general i zed or schematic
form and i densyséten B9 caynmei oper®eed diési grosioralasicen wilvh itHermethod of
clarity and conci seness. Referring to FIGURE 1, there is '
illustratéd she invemtiom|wheatkisciheatstandti auff drheoforegadrinon sofird tiathdne
by a package 22 presenting itself in viewing range of camera
32 to cause the camera and processor unit 66 to provide a
trigger signal from frame grabber 68 to control circuit 74.
With a known type of package presenting itself in view of

10 camera 32 a trigger signal to _initiat_e' operation of control
circuit 74 may be responsive to a sensor, not shown,
associated with vision apparatus 18 which senses wt_ien the
known type of package has been positioned for capturing an
1mage with ~camera 32. In either case an image of a package

15 '.to be inspected is captured by the camera 32 with the
lighting array 24 illuminating the package in accordance with
preselected lighting array segments operating at preselected
light emitting intensities. ‘The imaige capture step is
indicated at step 82 in FIGURE 8.

20 - The next stép in the process is the histogram process
which is indicated at step 84 in FIGURE 8. The histogram
process includes the provision of a histogram of the
intensity distribution of the camera pixel values for the
camera 32 of an image of a particular semiconductor package.

25 The median gray value of the accumulated histogram is

selected as the threshold level of the image intensity

-14-



vi si on appar at Lncluding an adaptive lighting system 2 i
accordance w t\g{%toﬁga%?esent I nvention. The lighting 25 syst 59?8’693”2’205

adapted to be used in conjunction with machine Vi si on apparatus 18,
whi ch nay be ogesefibbeigeneral dpsi@tin n adapti 1i i
“g- Y 0 00] 14517 9 an adaptive liohting, 5¥§5PBno0ch

described in Wa$. ted erdysAenl | 20 | Gitfercelal aknbRs §él§agc_r;£ 8 to b
09/ 069,056 filed on July 11, 1997 and April 28, 19% ég)pectlvel §/>, and

assigned to thprwésﬂékﬂ?eb?faﬁhﬂnglbééﬁﬁn sysﬁé?ﬁ’eﬂéﬂfhln-'&‘ea aglaphi X& vision
lighting system20 is not limte 5 use with the apparatus disclosed I'n

_the above-idenappaesitus, sweticas enel apphirabsand,t ind "&{Yéé}ﬁaef&s’;\tggﬁmér%r

be operated to illum nate, vari ous devi ces. However
i s parg i cther Inedidapt edltar of | \WHeNaph RE) €| BodrillitG, C'dl%lﬂrtlb%mn is

~sem conductor devices or "packages", such as the package 2

retrieved from a configuration file and compared with a
median value of pixel intensity distribution at a minimum
intensity setting of the 1lighting array 24 using the
predetermined lighting segments for inspecting the

10 semicénductor backage in questibn. This threshold value for
good image contrast is retrieved from the configuration i;‘ile
and compared' with the median value at the minimum light
intensity setting and, if the median value is greatér than
the threshold value, the light intensity level.'is increased

15 and a new image is captured of the semiconductor package of
the type in question.

The median value of the accumulated hist.ogram including'
the newly processed image is computed aﬁd compared again with
the threshold value. This process is repeated at different

20 incrementally increasing 1light = intensity .1evels ~for the
lighting. segmenté selected until the median va._lue reaches,
approximately, the threshold . value. The .final light
intensity setting at this condition of median value versus
i:hreshold value is saved to the aforementioned configuration

l2'5 "file. iri the memory 42, for example, for the particular

- package type. This setting then is used in the next lot of

-15-



10 shown in FIGURE 1. The package 22 may be one of many types known

to those skil ohisiyhe art of machine vision apparatus FEavUS99120206
sem conduct or - devi ce manuf act uri ng. The package 22 may be

di sposed on a table, a transport belt or in a tray or other mechani sm
all not showpackages 16f powinglefe Yypekdye 2 inspected tbyt B lingpechion
system 20 into range to be illum nated by a lI'ighting array 24. The

| i ghting systey, 2fornekanpdea NFingolthesuppehingonéshon 26pparaties f d8m
of a generally rectangul ar boxli ke shell, having a top wall 28 with a
central, genefatl|egxampiendrical aperture 30 formed 20 therein, for view ng
t he package 22 by a suitable canera 32. The canera 32 nay be of a type

commonl y used in ndthi hbe stayitsi @f sydnspactiien uddthg thehangstcodpt edof
device (CCD). type caner a. Referring also to FIGURE 2,
the |ightS ngsemicenduciior 2packagedes aa erifimatiounprdeessiods- gexfodmed

annul ar support

to determine if the median value of the image remains close
to the threshold value so that the inspection process can be
'carried out. Duriné the verification process, however, if
the mediaq value is far from the threshold value, the process

10 just described is performed again starting from the minimum
intensity level of the 1lighting array segments being
energized until the above-mehtipned optimum setting is
-reached; The verification process is considered necessary in
order to adapt the lighting array to properly illuminate the

15 ;ﬁrface' of the package in question.

Referring further to FIGURE 8, when the median gray
value determined by the histogram process exceeds the
threshold value obtained from step 80, at step 86, and all
selected lighting segments are energized at maximum intensity

20 an error .message is indicated to the systgm operator in
| accordance with step 88. If all selected lighting segments
are not at .maximum .intensity, as indicated from the.
cohfiguration file, then the intensity of each of the
operating lighﬁing segments is increased by one “step” or
25 . in.cﬂrement, as indicated at stép 90, and another image is

captured, and the histogram process' carried out. Once the

-16-



-menber 34 di spe8dwt hin the housing 26 and operable to
-9- WD 00/ 14517

PCT/US99/20206

_ PCT/ US99/ 20206
support three circular arrays 36, 38 and 40 of |ight emtting

el ements, pr &asias v anaght Vasiet i Rgtaineds ip kg 4dstggrem procgse is

arranged concentrical |y about a central-axis 42, which is al so the
central axis sibstsatdpddiur eBrl The t fhee dhxgeholds vduess thel 4Hindl
LEDs may each be subdivided into plural segnents of one or nore LEDs

41, as indi catiEnfithe a¥iedgefmthe sejreqtied pd ghtingnsepmagEsy iagsavedytao

I's divided, by way of

into segnents 1 through 4, the

.. exanmple, :
_internediate thegConfiguraiomg fildey; kqr B¢ ne e ghFReCts onh rRRfL S afer

t he outer

10
as i ndi caPed.the gggpeoft

rin arr??/ 36 of LEDs is divided into segnents 9 through 12,
PRe e pfkage afi descaibedseanéneas indicagech 4 a

.circular arc, may be further subdivided into
step 92. :

10

15

20

25

Referring now to FIGURES 6A through 6G, there is
illustrated a sﬁhematic diagram of the progrémmable'intensity
control circﬁit 74 for controlling the intensity of various
segments of the lightiﬁq arréy described abovg and shown in
FIGURES 2 and 3. The particular control circuit 74 shown in
dfawing FIGURES 6A through 6G is designed to provide
selection'of ﬁultiple LED segments up to a maximum of sixty-
four Segments and each segment can have its light output
intensity programmed for operation at up to 'sixty-four
incremental intensity levels. Moreover, each LED segment is
driven by.a'cbnstant current source which provides aﬁ option
for strobe or non-strobe operation of the lighting array 24.
Still further, thé circuit 74 is capable of high speed

switching. within a switching time of about 200 nanoseconds

between respective sets of LED segments which have been

preprogrammed to o_perate at the switched intensity levels.
In this way, the lighting array 24 may provide for rapidly
capturing two images of a package 22 by the camera 32 at

different lighting intensity settings of the array 24.

-17-



addi tional segnents, if desired. As shown in FIGURES 1 and t he
housi ng 26 hawo®08483%t anti ally open bottomside to 15 all owﬂlgﬁ?m&‘mﬁtted
by the arrays 36, 38 and 40 of LEDs 41 to proj ect onto the package 22

1 I a5 A e ARt chle e SR UL S
et o PG 1 A A IR 1
package In e, B4 8ol ER . Lo sl @%%u S
mﬁf?ﬁzeada;wéé? e, 3 06, HAKELH, g R o
CFi’%'SI'} %ggtg/e Ozo%ﬁ%wnerﬂed'gontr-r e &@lltnglﬁrr@iudes a decoglng E%ZCUlt,
FIGURE 6A, including a decoder/multiplexer U41 which is
operably connected to bi-stable latches, as shown and
designated U42. These circuit elemenfs are connected between
the input/output circuit 76 and non-volatile digital
10 potentiometers indicated by the designators Ul7 through U033,
see- FIGURES 6B. thz_:ough 6G also. The potentiometers Ul7
through U33 méy .be'of a type- available from Xicor, 1Inc.,
-_Milpitaé, CA, as their Part Nc,;. X9241WP. The control bits

used and the logic of the serial outputs to the digital

e

15 potentiometers are shown in FIGURE 9.
| As shown in FIGURES 6A through 6G, signai paths SCL1 and
SCLZ, FIGURE 6A, are clock inpuﬁs to the potentiometers U1l7
through U33 to clock data into and out of these circuits.
Signal paths SDAl and SDA2 are bi-directional and are used to
20 transfer data into and out of the potentiometers Ul7 through
| U33. Signal paths SCL1l, SCL2, SDAl and SDA2 and power paths
VH, VL and VD, VS carry ‘numerical correlation prefixes
betwee_n FIGURES 6C and 6G for convenience. Potentiometers
Ul7 through U32 are assigned unique addresses through
25 | terminals AO, Al, A2, .A3, 'r_éspectively. lThe address

assignments are indicated in FIGURE 10,

-18~-



46 includes a g rectangul ar box shaped housi ng 48,
wall 50 in whi cﬁ"i&@éﬁ{r P g RAeR0REP

al rectangular aperture 52 is formed.
bottom side of the housing 48 is essentially open like the _
housi ng 26. A suppopbtehticheter$4017D tHroughdiUf20eee cohnectkd tohguwvige,
50 and supports four circunferentially spaced |inear arrays of
LEDs indi cated by way ofinexahpsle 56sixg;foil pesi Sdrmanarrays neach composed
rectangul ar ring array 64 around the aperture 52.. Each of the LED
arrays 56, of8, sEgtprnfiow? iwiglendeslements s ows The LEOsitBon aofh@wn wiper
The 10 LED array 46 nmay be used in place of the LED array 24, if
desi r ed. elem@etefpirngnagarayt bs C@IRP U ed py [thghtiser Shgioagh?Gignal
adapted to be operated by a digital conputer or central processi ng
unit 66, whith pathed&PRd pindr SCLLy ofContmpdneft @ wipsr edemedknghromgh the
so-cal |l ed frame grabber circuit 68, a progranmmabl e processor

70, a nenory teoreudie sgXiadndntarface may be carried out using published
data available from Xicor, Inc. for .the X9241WP non-volatile
digital pqtentiometer.

For operation of the lighting array 24 in a strobe mode,

10 circuit U33, FIGURE 6B, provides for two resister arrays
cascaded to prov1de a variable res:.stance to a timing circuit

for a monostable _multi—vibrator U36. The position of the
wiper eleﬁent on each array segment is controlled by the user
through signa}. conductors SDA2 and SCL2. . The timing circuit

15 for multivibrator U36 is determined by the cascaded
resistances and capacitance C28 to provide a desired output
signal pulse duration at output .terminal Q@ of the
mult:pvibrator. This pulse is obtained when terminal B is
being edge triggered by an input trigger signal from

20 processor 70 by way of trigger input terminal J5, hex
inverter U34. and opto-isolafcor U35. During the “on” pulse
durat:.on, power transistor Ql, FIGURE GB, is activated to
energize all the LED segments of. array 24 s:.multaneously

The strobe mode may be enabled through connector J2 and

.. 25 . signal path LEDSTR, FIGURES 6A and 6B, from processor 70.

FIGURE 6B also illustrates a schematic for a multi-terminal

-19-



programmabl e Iight intensity control circuit 74. The |i ght intensity

cont r ol

Ci rcuwb ogfasaint erfaces with a suitable I nput / out pRCTRAISPI20RA6 Or

card 76 interconnected with the 20 processor 70 and the programmbl e

i ght

intensity control circuit 74 for operation of same to vary the

|i ght. i nt ensiqainectoryll Hehichy BREE1ERSs | X thear3RREOPTS.atss RANEUPAS
provi de a

22
art

Sem conduct or

suitable illum natjion and contrast between_t he package 22 so

that the canéta BMSmddcIPlbfe PIHNLS c¥BLEET 0P LUPage BPLESe ands migmskye
for various

P tgo/fremm £ suitable source, not shown. Capacipeys £23%9/ 306
packages operable to _be inspected by a Vi Si Qn appar at us

pur poses. known to those who, are skilled in the

i ncl udi ng t heé®d ghe+ ng*8y sEUMSFed e28s BRI to BHOCGeSWitaPly stable

presel ected indicia on th

as

shown

10

15

20

surface 22a,

Fl GURE 1. For exanple,
a@gﬁEatw_t\,%e gespective levels Jj.ndJBcated. P

Another important aspect of the present invention is
included in the control circu_it 74 and provides for operation
of high speed éwitching between two “banké" or sections of
LED segments so that the light intensity pattern of
illumination on a package 22, for example, may be rapidly
switéhed from one to another to allow image capture of each
pattern by the camera 32 for gomparison purposes. In this

regard, as shown in FIGURES 6C and 6D, the output signals

from- the potentiometers d17, Ul1l8, Ul1l9 and U20 are transmitted

through .réspective SPDT CMOS analog switches U46, U47, U438
and U49. Switches U46, U47, U48 and U49 are also operably
connected to the output pins indicated in the circuit dia-
grams of -potentiometers U21, .U22, 'U23 and U24, respectively.
Switches U46, U47, U48 and U49 are actuated through a signal
from processor 7l0 by way of a suitable signal path through
.cc'mnector J2 shown in FIGURE 6B to the jumper socket E4 shown
iﬁ FIGURE 6C. Each of switches U46, U47, U48 and U49 is

operable to receive a -switching signal via the above-

. described path as - indicated in FIGURES .6C and 6&D.
25

Accdrdingly, the settings of the 'potentiometers Ul7, U18, Ul9
and’ U20 may be imposed on either the lighting segments

-20-



.5 represent apg/enex@anpl e of surface indicia is shown on surf @CI/Us9920280 a
of a sem conductor package 22 conprising a small dinple or depression
22b in the surface _22a in the |ower |eft corner, as indicated.

Anot her exanpin@rraldyo genneqtiad ko 7khese Refsnt iPmetens cof dddeor L iahidage
22' has a surface 22a' on 1Q which a notch-shaped depression 22b' is
formed m dway SEEMREES normaddy,Fnnestret B the - @8&1@&6&%@895\/\#@&@ uzz,

package 22 or ' resented for inspection under the |lighting array
D the " Berand 0bE, FonHhy idtmgE i CAERCESRE! LA IMARI DR Hp

see FI GURES 7A 7B, .which is recorded by processor unit.66 15 _and
menmory 72 is d'&gr"lf'@&aiténgd@npfaﬂfagﬁe syph %F phekBgekage 2% nghe n%b%‘%tt’étﬂ

" The 1ight nten5| ad ustnment is then - rried_out for capturing a
desired i rré ng speed may, bg ogb?HEpé’g

osinge
i ke based on; easu nment_ taken from w ndows, 23_or 2 aor. fromthe
entire 20 pdteadE®IRR SnfPse ‘f’°‘i“f—3’é\‘?iﬁlI ‘z‘ﬁlic‘b’rtz'ég' %n this way, the

camera 32 may capture two images rapidly at two different

light intensity .settings and whereby the processor unit 66

may compare .the. images for identification and inspection
10 purposes, for exampie.

Moreover, each LED segment is provided with a constant
current source which cohs‘i_sts of operational amplifiers UlA
to ULD through UL6A to UL6D as shown in FIGURES 6C to 6G,
which amplifiers are respecf.ively coupled with power MOSFETS

15 CR1l to CR64. The limiting current for each segment is set by
a'_ 100 ohm resistor, Rl through 64. The output signals from
the control circuit 74 and power signals are imposed on the
segments o.f' LEDs 41 of the array 2{1 through multi-conductor
connectors J3 and J4, see FIGURES 6C through 6G. |

20 Referringl now to f’IGURES 11A and 11B, ﬁhese figures are
intended to be read together when joined at line a-a. The
components identif_ied in FIGURES 11A and. 11B which bear'
reference designations the same as shown for components in
FIGURES 6A through 6G are differentiated by the ‘' sign..

25 FIGﬁRES 11Aa ar;d 11B illustrate a diagram of a portion of a
circuit for a. light;. f:ailura *module” for monitoring the

Co1-



Referring briefly to FIGURE 8, there is illustrated a flow chart

i ndi cating thgydgriasr7st eps that the processor 66 t akes t pcpAisysriozbdre
light intensity emtted by the array 24. The steps indicated in Fl GURE
8 include a histogramprocess 25 which '"is described further herein.

Basi cal |y, théailogesdi any of gthe sLERS g hmreskegmendalofultitee LEDintregr @4 ,0r

a pixel -12- - WO 00/ 14517
PCT/ US99/ 2020&0or exampukssi ty dTheri pircwit ofdiagyeeci fafed BIGURES bulf fzev118nd
store the result in a specified histogramresult buffer. The

sour ce buf f er dildusdriaked fheonight defiune wiodides @3 adrc2d'try foronwd LED

captured i mage of a package. If the nedian gray value of 5 the canera
pi xel intensi AELHEYS reHuSPENERES. cahen GRre¢witinyssmay bet mapeated for the
predeterm ned threshold value for a particular type of sem conduct or
package bePng tRtédedumiRFr LHrevumentsr prasat in an LED array such as the
array 24. As shown ;n FIGURE 1llA, connector P2 receives a
twenty-four volt DC power supply from the systeﬁa 20 and steps
this v.oltage to a five volt DC supply at regulator U9’. The
circuit shown in FIGURE 11B includes a programmable logic
10 device Ul0’ which also operates on a five volt DC supply and
| is’ programmed to Qenera_te alarm signals at connector P3.
Multiple voltage signals are input at connector P2 through,
for example, conductors VS0, VS1, VSZ, and VS3, which are,
.respectively, operably connected to pin 3 of MOSFETS CR1

15 .--thrbugh CRS, respéctively, for example.

By way of example, viewing FIGURE 11A, a voltage signal
to LED array 1 and LED D1 from voltage comparator UlA will
signal a “failure” in the 1light segment associated with
MOSFET CR1, FIGURE. 6D, if there exists ‘an open circuit

20 condition or reversed connections to the LED light_: segment
associated with MOSFET CR1. The input voltage signal from
MOSFET CR1 to comparators UlA and UlB is compared to a
reference voltage at potentiométers or trimmers TPl and TP2.
If the input voltage is greater than reference voltage VR1 or

25 less than voltage VR2, see FIGURE 11A, the LED indicator D1

turns on indicating a light failure on the associated segment

-22-




1'i ght. segnent g{d@”{}g{, al ready energized to full intensity thepctmsobhdbs
intensity emtte y the selected segnents is then 10 increased a

predetermned increnmental anount and another i mage i s captured.-
This process icf relpealied lLightinchameagi.an Similagr ayroaltey odpphiepi kel each
intensity distributi'on is substan- tially equal to the predeterm ned

t hreshol d val ukight nsédment. instance, the final intensity level of the
selected light 15 segnents is saved to a configuration file for future
use in i nspect Inguipashigygedsokrehalssneprgpibded at connedtoosdiBigl from
with regard to FIGURE 8, the basic steps in the process of capturing a

wel | defined i cepstant acpxrknge Bltage providied catppise Hr ofoMOIFRTE NQR1
" the processor 66, when a 20 known type of package is to be inspected, to
retrieve a$ thromghhGRU6vakespettivelje. i nThaset gonsitase| egreenti ghltages
array segnents to be used for illum nating the package froma
configuration &réeipputetioi ant hddprocisswit nesiny 82, omsamp UllAdi gat sHoby
step 80 in FIGURE 8. Alternatively, the
by way of example for the circuit associated with MOSFET CR1,
FIGURE 11A. Each op amp circuit combines the light segment
voltage with the constant current voltage. The resultant
10 voltage is input to a comparator Ul5a, for example, to detect
a failure of an LED in a segment of the lighting array 24
resulting in a short circuit. The resultant voltage is
compared with a reference voltage at potentiometer or trimmer
TP9, for example. If the resultant voltage is greater than
15 the reference voltage, the indicator Dl turns on also
indicating a- light failure in the associated LED 1lighting
ségment. As indicated above, this' circuitry applies to each
of the light segments of the LED lighting array 24 and may be
repeated for up to the 64 segments referenced with regard to
20 FIGURE 6C through 6G. Those skilled in the art will
appreciate that the light failure module described and shown
provide an important and .advantageous feature for the
adaptive lighting system 20.
. Referring now to. FIGﬁRES 12 and 13, another embodiment

25 bf an adaptive lighting sysi:em in accordance with the

invention is illustrated and generally designated by the

-23=



25 processor 66 nmay be operated to retrieve the image intensity
threshol d val yg giadsigel ected |ighting segnents information PCT/US99/20206

-13- WO 00/ 14517 , PCT/ US99/ 20206
upon the canera 32 and processor 66 recogni zing the package type from

obt ai ni ng an invmgEadf dk8.packihe | ddabhtingr systemdi 2G 2@y orut2Phize f am
exanpl e. Accordingly, the lighting system 20-nmay be operated in
accor dance wi tgnaliesuret el Beusingt A2 nfent supPeltingn anheastay t off fiker
operation is initiated by a package 22 presenting itself in viewng
range of caneraptic oementEaubad + heachnbeyingd aprbgiss oinprt t he8dt A 28r o\dsle
a trigger signal fromfranme grabber 68 to control circuit 74. Wth
a known type dthowiciigyeFFr@Bnigngandsaine jor vinepeoflight ocvaputa I32cs 128
trigger signal to initiate operation of control

arranged in particular patterns, as illustrated, within the

enclosure or support 122. - The entire lighting array of
system 120 may'be made up of the optical fiber elements 124
having light input heads 126 and one or more light output
heads 128 arranged as dillustrated. In the exemplary system
10 120.shown in FIGURE 12, four arrays of ten lighf output heads
128 are arranged in a rectangular pattern together with four
arrays of two light output head; 128 interposed the arrays of
ten output l}eads, respectively. This lighting array may be
used in place of the lighting array shown in FIGURES 4 and 5,
15 ‘.;’for exampie, and may be supplemented by additional arrays of
four output heads 128 each disposed in a position béneath the
semiconductor package to be inspected and suitably supported
on a support member 122b, for example. The lighting array
shown schematically in FIGURE 12 may be used alone or used: to
20 suﬁplement the light outpﬁt' of an array .of LED light sources.
| As shown iﬂ FIGURE 12, t:he opposed segments of ten light
output heads 128 are indicated by numerals 130a, 130b, 130c
and 130d and the intermediate arrays illustrated are
indicated by numerals 131a,: 131b, 131l¢c and 131d. Other
25 arréys or arrangemehts of the mult'iple light output heads 128
are possible. .In like manner, the opposed arrays which may
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circuit 74 Cnﬁggﬁgppnsive to a sensor, not shown, ass egiTAis9sl0bé h
Vi si on appar at us whi ch senses when the known type of package has
been positioned for capturing an i mage with canera 32. In either case
an i mage of abgaclispesedSbelowbbhei papkagedaresindapated oy hyumétel s ci3tey,a
32 with - the righting array 24 illum nating the package in accordance
Wit h predSlbet 3d2¢i ghdi h32dv ray segnents operating af presel ected
light emtting intensities. The inmage capture -step is

i ndi cated at step 83 ifnrkheprehgwn 20 FIGURETRZ ansdt FEGURE | 13t htherapeissl s
t he hi stogram process whi.ch is indicated at step 84 in FIGURE 8. The
hi st ogr am fibesc edenengs| Jdds arehadapted dortrarismis hightogprovided byhe
“intensity distribution of the canera pixel values for the canmera 32 of
an i mge ob amydtipdel aflashi champrt ck3@aokidge. at25ledst opdi afilagh aylamp .
_value of the accunulated histogram is selected as the
threshold | e@giranged fRePrprigityi Beeasidight input head 126 of an optical
-14- -

fiber element or bundle of elements 124, Sixteen flash lamps

136 are shown schematically in FIGURES 12 and 13.

As shown in FIGURE 13, the flash lamps 136 are arranged

10 in groups of fodr each for the exemplar& system 120 and are
operably cqhne;ted to switches U46, U47, U48 and U49. by way

of respective DC to AC inverter' circuits 140 and
co;responding-flash lamp driver and trigger circuits.142, as
iilustrated generally by the block diagram of FIGURE 13..

15 Accordingly, the output signals from switches U46, U047, U48
and U49 are input to.the circuits of FIGURE 13 in place of

the LED érrays connected to these switches as shown for the
embodiment whose circuit is jllustrated in FIGURES 6C and 6D.
Accordingly, the flash lamps 136 are driven by the sixteen

20 sets of flash lamp drivers and triggers which obtain variable
DC output voltage signals from tﬁe_potentiometers 017, U018,

Ul9 and U20 by way of the switches U46, U47, U48 and U49 and

by way of the DC to AC' inverters 140. The flash lamps 136

may be provided as one of a type commérciallylavailable. A

25 éommop input signal is provided to trigger all of the flash
lamp driver and trigger circuits simultanecusly. The DC to

~25=



WD 00/ 14517 PCT/ US99/ 20206

di str.i buti on. ting an adaptive lighting system such perud@sndbé
system 20, V\he‘illagaﬂ'ﬁg)ﬁm package type is to be: processed by an

i nspection systemincluding a nachine vision appar atus, such as the
appar atus 18, AGeinNestiesisd 140 umayr abs¢ hbenednan ofal ale typet heopheetially
intensity distribution is retrieved froma configuration file and
conpared with availableedi an val ue of pixel intensity distribution at a -
m ni num intensity setting of the lighting array 24 using the
predeterm ned |igHReferringgnent $o FIGURE i Mpeat imge détmillddl schematic
sem conduct or package in question. This threshold val ue for good

i mge contrastdiagram rigvehown okndheatimg i jow athenfiaske lamp stblse nPigredl
wi th the nedian value at the .mnimumli ght intensity setting and, if
t he medi anSvalmRy i Pr egereratech Arn hextleresilol driggee, sbgnalghtay be

intensity level is increased

: generated by one of the 1light intensity programmable
controlleré Ul7, U18, U19, or U20 for each array segment
which signal is transmitted through trénsistor Ql in FIGURE

14 and is input to pin NOl of one of the switches U46, U47,
10 U48 or U49, 'as the case may be. A test enable signal may
also be impbsed' on on'e' of the.switches U46, U47, U48 or U49
aﬁ p-in INl1. - When the test enable signal is activated, a
continuous strobe output signal, which may be varied in

frequency from zero to twenty-five Hz, is provided at output
15 pin COMl for the reépectiv-e.switch U46, UA7, U48 or U49. A
timer c¢ircuit comprising, for example, a circuit 144 in
FIGURE 14 is éormected to input terminal NC1 of the relevant
.swj:tlch U46, U47, U48 or U49. Accordingly, a single strobe
output signal from switch 'U4é, U47, U48 or U49 is provided
20 when a test enabie signal is ina.ctive and an external trigger
signal from a light intensii:y programmable controller is
active. Convei:sély', when a test enable. signal is input to one
of the switches U46, U47, V48 or U49, a continuous strobe
signal in a sele.cted frequency range is provided at switch
25 output pin COMl. The timers 144 are each controlled by an

external resistor and capacitor circuit shown in FIGURE 14.
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.15 +and a ne\/\(v'brmﬂgsli,s captured of the sem conductor package peTUs99zodéee
type in questton. The nedi an val ue of the accunul at ed hi st ogram

i ncl udi ng the newly processed inage is conputed and conpared again
with t he t hr eRedlerniniguenow Tip s FICURESS1Ps rafgearsd bire diffifamtentlan®0
increnentally increasing light intensity levels for the l'i ghting
segnent s sel ecrderdtinigoes nedrewival U2 edshedllustratgmhr oxi dat elariakliee
t hreshol d val ue. The final 1ight intensity setting at this
condi tion of medtagevalaignadrsygeceivedt hfeamoldl B ugd s Afavdavestere 140
af orenmentioned configuration 25 file in the nmenory 42, for exanple,

for the partissgciated withkageiggudt I sisetqonigcetiedn ta thed Huimany
" next | ot of WO 00/ 14517

PCT/ US99/ 2620@1ide bééka@fesaofcea\@irm‘F@PQQ/@I‘?@Sffém%péé?'edal?y ghown in
nspection FIGURE 15. The winding_ ratio of transformer 147 is about
1:46. Variable sécondéry voltages charge storage capacitor
148 through the circuit, as shown in FIGURE 15, to an RMS
voltage of up to tﬁree hundred twenty five vol.ts DC maximum.

10 This voltage in turn charges trigger capacitor 150 through
trigger resistor 152. When a strobe signal of about one volt
at twenty miliampé is presenf at the gate of triac 154 from
the circuitry, shown in' FIGURE 14, for example, the -trigger
capacit_or 150 will discharge through transformer 156 to

15 energize flash lamp 136. |

The operation of the adaptive lighting system 120 is
believed to be understandable to.'those of ordinary skill in
the art based on the foregoing description read in
conjunction with dré.wing FIGURES 12 through 15.

20 - The construction and operation of the adaptive lighting
systems 20 and 120 are believéd to be understandable to those
skilled in thg__ art from the foregoing description and taking
into considerétion_ the éircuit diagrams of FIGURES 6C through
6G , FIGﬁRES 11A and 11B and FIGURES 13 through 15, in

25 particular.
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system for exanple, using the machi ne vision apparatus 18, for

exanpl e. wo ovids17t he start of. inspection of the next |ot BPETUS99/20206
sen conduct or packages, a verification process is perforned to
deternine if the nedian, value of the inmage remains close "to the
threshol d val Bece8rphatipmetainkpeter oﬁeﬁ'ﬁ%’és@néénOSethe cirguiteelements
During the verification process, . however, if the nmedian value is far
fromthe threSRBREEGRRLLY ac‘??el]ﬁb&@e%‘d pot PEB?rUééﬁr%‘Bé@ti%l%rﬂQﬂrm '
again starti ng“fromthe m ni mum intensity level of the lighting array

segnents bei ngreme. enefgl zed unti IpefcipesdOve- menti oned optimumsgiting is

reached. The verification process is considered necessary in order to
adapt the |ighviatpsmr r ayeat o proper g, i blaunizaate thes Swe smtdoeae of t he
package in question. Ref erswormiepekers t her to FI GURE 8, when the
medi an gray sw74Lsyial ue wat er m ned lrg. aisEr BusHBBOLRSCKEPr OCeSS exceeds: t he
threshol d val eN40dbt ai new3furom st ep BOpexawvetedp 86, and al | L

-28~

SN74LS125A U45 IC, QUAD BUS BUFFERS WITH 3-STATE OUTPUTS TI

TLO84CN U1-016 JFET INPUT OPERATION AMPLIFIERS TI

X9241WP U17-U33 QUAD CMOS EEPOT, 10K OHMS XICOR
SN741504 U34 IC, HEX INVERTERS TI '
585-292 035 IC, OPTO-ISOLATOR, SCHMITT TRIGGER HIU RS

SN74121 u3s IC, MONOSTABLE MULTIBRATORS WITH SCHMITT- TI

. TRIGGER INPUTS

MAX333A U46-U49 IC, PREVISION QUAD SPDT CMOS ANALOG SWITCH MAXIM
SN74L832 v40 IC, QUAD 2-INPUT POSITIVE-OR GATE TI

IRFDO24 CR1-CR64 HEXFET POWER MOSFETS - INTERNATIONAL RECTIFIER
TP33 o1 ' IC, NPN SILICON POWER TRANSISTOR TI

402-765 U1-U16,U34,U36, IC SOCKET 14 PIN RS

. U40,U43-U45 -

402-771 U4, 042 IC SOCKET 16 PIN RS

402-793 U17-U33 IC SOCKET 20 PIN RS

402-743 v3s IC SOCKET 6 PIN RS

402-759 U39 IC SOCKET 8 PIN RS

.E19-2185 CR1~CRE4 PIN TURNED PROSPEC
LITTLE DEVIL  R1-Ré4 RESISTOR 100 OHMS, 1W OHMITE
LITTLE DEVIL  R65 . RESISTOR 620 OHMS, 1/4W OHMITE .
131-312 R66 RESISTOR 3.3K OHM, 1/4W RS

_LITTLE DEVIL  R6? RESISTOR 560 OHM, 1/4W OHMITE
LITTLE DEVIL  R68-R71 RESISTOR 1.5KN OHM. 1/4W OHMITE
- 334-561 E1,E2 JUMPER LINK RS

cc2.2r c27 CERAMIC CAPACITOR 2.2 uF PROSPEC
€CO.1F c28 CERAMIC CAPACITOR 0.1 pF PROSPEC
AK100/8 J1 ~ CONNECTOR 8 WAY SCREW TERMINAL ELECTROSPEED
AK100/10 J2 CONNECTOR 10 WAY SCREW TERMINAL  ELECTROSPEED
458-370 J3,9 CONNECTOR 40 WAY PLUG RIGHT-ANGLE PCB MOURT RS

AK100/2 s _CONNECTOR 2 WAY SCREW TERMINAL ELECTROSPEED
ECOS0F35 c29 ELECTROLYTIC CAPACITOR 33 uF, 35V PROSPEC
TC10.35 €30, €31 TANTALUM CAPACITOR 10 uF, 35V PROSPEC

ML 104 c1 - 45 MULTILAYER CAPACITOR 0.1 nf, S50V PROSPEC
AK100/15 Jé CONNECTOR 15 WAY SCREW TERMINAL ELECTROSPEED
M7565-06 E3,E4 JUMPER SOCKET SINGLE HARWIN



‘sel ected |i ghijg@aggments are energi zed at naxi mum i ntensity PCIOUSIRO206 r Or .

nmessage is indicated to the systemoperator in accordance wth step
88. If all selected_|ighting. segnents . are not_ at nmaxi num
intensity, ad §HFAEON £RE certaignPrngd Af dhe i¢krcyHenclempents

I ntensity of each of .th .operating lighting segnents i s .increased by
one "step" or c%qrﬁ&PéﬁﬁnFYaégg}i’#%i%‘h‘?élP t°t§{egb“§%, 1§ﬁ8t&|§&teﬁe|f°9-}rﬁ§§’i s
capt ured, ana t he ti]i st am process carried out. Once the

= 16' - . 451 o_. Description PC-I-/ U%Q_/ 20206 .
medi an. gray val ue obtained in the histogram process is substantial ly
~equal to the treudl d WPAl-ue the fi Ffal DUAL 2-LREe(P®| tdy 1I8% ePEQPERY/helise| ect ed

lighting segnents is saved to PRELTERSRERSqur ati on file for the next
i nspecti on prc¥He¥¥ or VW82 t he sanel® ypRITEISTRRAE RERFEESas descri bed, ®Wnd as
i ndi cated i n sw?404 043,044 IC, HEX INVERTERS ' TI
SN741LS125A v4s IC, QUAD BUS BUFFERS WITH 3-STATE OUTPUTS TI
TLOB4CN U1-Ul6 : JFET INPUT OPERATION AMPLIFIERS TI
X9241upP U17-uU33 QUAD CMOS EEPOT, 10K OHMS . XICOR
SNT4LS04 034 IC, HEX INVERTERS TL
585-292 ' 03s . IC, OPTO-ISOLATOR, SCRHMITT TRIGGER HIU RS
SN74121 036 IC, MONOSTABLE MULTIBRATORS WITH SCHMITT- TI
TRIGGER INPUTS . .
MAX333A U46-049 IC, PREVISION QUAD SPDT CMOS ANALOG SWITCH - - MAXIM
SN741L832 U440 IC, QUAD 2-INPUT POSITIVE~OR GATE TI
IRFD024 CR1~CR64 . HEXFET POWER MOSFETS INTERNATIONAL RECTIFIER
TP33 et . I1C, NPN SILICON POWER TRANSISTOR T
402-765 U1-U16,U34,U36, 'IC SOCKET 14 PIN RS
U40,U043-045 '
402-171 V41,042 ' IC SOCKET 16 PIN RS
402-793 Ul17-0u33 IC SOCKET 20 PIN . RS
402~743 - U3S - .. IC SOCKET 6 PIN RS
402-759 U39 ~ IC SOCKET 8 PIN RS
E19-2185 CR1~-CR64 PIN TURNED PROSPEC
LITTLE DEVIL Ri-R64 RESISTOR 100 OHMS, 1W OHMITE
LITTLE DEVIL  R65 © . RESISTOR 620 OHMS, 1/4% OHMITE
131-312 R66  RESISTOR 3.3K OHM, 1/4W RS
LITTLE DEVIL R67 RESISTOR 560 OHM, 1/4W OHMITE
LITTLE DEVIL RE8-R71 RESISTOR 1.5KN OHM. 1/4W : OHMITE
334-561 El,E2 JUMPER LINK : RS
CC2.2F c2? CERAMIC CAPACITOR 2.2 uF PROSPEC
CCO.1F c28 CERAMIC CAPACITOR 0.1 pF ' PROSPEC
AK100/8 JL .CONNECTOR 8 WAY SCREW TERMINAL ELECTROSPEED
AK100/10 32 'CONNECTOR 10 WAY SCREW TERMINAL ELECTROSPEED
458-370 J3,34 CONNECTOR 40 WAY PLUG RIGHT-ANGLE PCB MOUNT RS
AK100/2 Js . CONNECTOR 2 WAY SCREW TERMINAL ELECTROSPEED
ECOS0F35 c29 ’ ’ ELECTROLYTIC CAPACITOR 33 |.i.!', 3s5v PROSPEC
TC10.35 €30, C31 TANTALUM CAPACITOR 10 pF, 35V PROSPEC
' ML 104 Cl - C45 MULTILAYER CAPACITOR 0.1 uF, SOV PROSPEC
AK100/15 36 . CONNECTOR 15 WAY SCREW TERMINAL ELECTROSPEED
M7565-06 E3,E4 JUMPER SOCKET SINGLE ' HARWIN
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step 92. Referring now to Fl GURES 6A through 6G there is
illustrated avootvessati c di agram of the programaebl e i nt ensi t yPCT/US9938206r ol
circuit 74 for controlling the |nten5|ty of various 10 segnents of the
i ghting array descri bed above an Fl GURES 2 and 3. The
particular control circuit 74 sho h%m”g‘alguﬁ?a'\ﬂ?ﬂﬁl?l GURES 6A t hrough 6G
i s designed tQ prouide p.. selection of nmultiple LED segnents up to a

maxi mum of Sip&keywo. BOUr segnentmsangiach segnent can have itygg] i ght
output 15 intensity programmed for operation at wup to sixty-four
increment al iMdhsity | BUBBIUIS \Vor cHOVUPELE BEFERRENTEAD COMPAMEM™t | S Tdri ven by
a constant current sour®& which provides an option for strobe or

non- st robe op‘éi’%‘?i on of R{rEY | ght | NSPARRPILE PPERATIONAL AMPLISHERY | furt herT™! t he
circuit 74 ist*e3pabl e of*°hi gh speedSocHD MXHRIPEWING. within a swit®hing tinme

of about 200 ?ﬁ’&"ﬁ Eétmdeo’ bet wetif (MEL¥W2t i ve sets of LED segnmrs which
have been

pmsosc vo’ POSITIVE VOLTAGE REGULATOR +5VDC TI
AK100/3 Pl TERMINAL BLOCK 3 WAY ELECTROSPEED
AK100/16 PS5 TERMINAL BLOCK 16 WAY ELECTROSPEED
AK100/2 P3 TERMINAL BLOCK 2 WAY : ELECTROSPEED
471-085 P2,P4 CONNECTOR 40 WAY MALE RS
136-389 RP1, RP2 © ISOLATED RESISTOR 8 WAY 100 OHMS RS _
109-334 - - TP13-TP28 : PRIMMERS MULTITURN 10K OHMS, 1/4W FARNELL
169~200 R70* ~R85* CHIP RESISTOR 100K OHMS, 1/4W RS
179-938 ve’ HEATSINK FARNELL
108~341 TP1-TP12 TRIMMERS MULTITURN 10K OHMS FARNELL
176-7956 R1’,R1B,R35', RESISTOR 10M OHMS 1/4W RS
RS2’ ,R86-R97T’
472-938 . pe,P7 PCB HEADER 72 WAY RS
108-255  C1° _ CAPACITOR: ELECTROLYTIC 33pF, 25V RS
128-237 c2’ CAPACITOR TANTALUM 10pF,35V RS
209-748B ' cul-Cul6 CAPACITOR TANTALUM pF, 35V RS
7126-398 c4’,C8”,C8°, ' CAPACITOR MULTILAYER 0.uF, 63V RS
c1o’ o
126-382 €3’,C5%,C7°,C9*  CAPACITOR MULTILAYER 0.047uF, 100V ° RS
,C11¢~C22’
169-250 R27-R17',R19'-  CHIP RESISTOR 1M OHMS 1/4W RS
R34’
R36-RS1’,R53'~
R6S

‘Although pref.erréd embodiments of an adaptive lighting

system have been described in detail h'ereiﬁ, those skilled in

5 the art will also recognize that various substitutions and
modifications may be made to the systems without départing

from the scope and spirit of the appended claims.
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preprogramred o goagsiat e at the switch ' ' ls. PCITrUss 120206
way, the lighting array 24 may provideTﬂ”lﬂ"@Eﬂ!ﬂPﬂ'W"ﬁ capturing two

i mages of a package_22 by the camera 32*at¢ 26 serent lighting intensity
settings of thEHAT &S GLATMED 1S: omLag.

WD 00/ 14517 ' , . , PCT/ Ug99/ 20206 | .
Referring briefly td:BNGURRABAIVELLIIMEING SYSEEM #8F 2 maching: adsden
be coupled externally with I/O.card 76 which is inserted in a suitable
card slot in aaBBﬁﬁéﬁ??oﬁﬁmp%Eﬁ¥Fhl processing unit such as an | BM

PC- AT digital conputer, for 5 xappl e The control, circuit 74 includes
“decodi ng circuit, an-| YR PﬂBFﬁaiAéggtdéﬁﬂﬁéﬁpﬁuéiﬁmﬁg%ﬁ'qﬂ?PQMﬁ%ﬂ1

S oper abl onnec bi -stabl e . atches shown and

desi gnat ed UMng?hggelﬁ?éiﬁkt£i§Q§n9ﬂ599m4§ ﬁé&PéHebggﬁééﬂ’ |
5 a camera for recording an image of said article when
illuminated by said array:

a light intensity control circuit opergbly céupled to
said array for varying the intenéity of light emitted by
selected segments of said array to adjust the illumination of

10 said article viewed by said camera; and

.a processor operably connected to said camera and to
said intensity control circuit for adjusting thé light
intensity emittéd'by said array to provide an image of said

article recorded,by said camera.

2. The system set forth in Claim 1 wherein:
said array of light emitting elements comprises an

array of plural light emitting diodes (LEDs).

3. The system set forth in Claim 2 wherein:
said light emitting elements are disposed

substantially uniformly about said article.

I
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the input/output, circuit 76 and non-volatile digital 10
pot ent i onet erwWoOi0d#8dt ed by the designators UL7 through U33, PCT/USE30206
FIGURES 6B through 6G al so. The potentioneters U7 t hr ough U33

may be of a type ayai = LcQri . lng: .« MIlnpitas, CA as their
Part No. X9241WP. Xﬁ?hgpc {%éﬁ“%éttg%rth Qﬁsgﬁaﬁﬁdltﬁﬂéﬁﬁiﬁ’c of the serial
outputs to the digit : 15 ent.l S h N B 9. s

As shown in FI GURES ?ﬁ’f rSSSﬁ%g"*“E’%%EF Egﬁ‘%gis%dasnaﬂ @BE%ELEF‘%F&;B&E
6A, are clock_i t t ' ' J17 g cl.ock
data-into andeié%gé% st%gé:%ﬁg??ﬁ?{:é?ﬂ?)?%éjsl%noar} ?)a?wo%%Algtgﬁgté%ﬁzagf’gt
bi -directional,.a S : 32 ; into and out of the
potentioneterénLngﬁﬁﬁgggEﬂ ggldLék?ﬁéfgﬁéﬁﬁﬁgﬁkg'SCLl, SCL2, SDAl and SDA2
and power paths VH, VL and VD, VS carry nunerical correlation prefixes

between FI GRES 6CsanthSG{okerf UMPIERAGE sy cROLAN ARBIGR U7

t hrough U32 are assigned uni que addresses throug
said array comprises plural rows of light emitting

elements arranged in a generally rectangular pattern about an
‘aperfure in said array for projecting an image from said

5 article to said camera.

. 6. The system set forth in Claim 1 wherein:
'said light intensity control circuit includes a
plurality of potentiométe#s opérébly.cmnnected to respective
. segments of said array for.controlling the intensity of_light
5 uémittéd by the light emitting elements of said segments,

respectively, to obtain a predetermined image of said

article.

7. The systeﬁ set forth in_Claim 6 wherein:
said potenﬁiometers comprise digital potentiometers
operable to receive control signéls from s;id processor for
causing predetermihed light intensities to be emitted by said

5 1light emitting elements of said segments, respectiﬁely.

* [ L M s *
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25 terminal s woQon4sty, A2, A3, respectively. ‘The apclres®20206
assignnments are indicated in Fl GURE 10. '

- 18- WO 00/ 14517 PCT/ US99/ 20206
Potentioneters’Ul? ugh are nected .0 pr by way of
exanpl e, sixty-four nglsFX%QETrﬁﬁg dﬂhﬁg§ﬁﬂl W eB?lnsmty f our

W per el enents. The _pasi_ti enent for an array i s

control l ed by the useratfr Sﬁaﬁrg}gﬁéfcu%F {hﬁ%ﬂ9%§aﬁ°n§fanécfﬂrre@%n??%ﬁcff
rrie
ot bei g publ 1 s%éya&urgbeétc? Pepmathsh sifhentiometehs “Sra S sosnanes.

non-vol atil e éi potentionmeter. For operation of the
lighting array %ﬁ?llﬁ a2 St obe node, 10 circuit U33, FIGURE 6B, provides
for two resister arrays cascaded to provide a variable resistance to

atimng circuit g9 rhe system set forth in Claim 8 wherein:

said constant current sources cémprise, respéctively,
operational amplifiers in circuit with power MOSFETs and

interposed said potentiometers and the lighting elements of

5 said segments.

10. The system set forth in Claim 6 including:
switch means for switching output signals from said
intensity control circuit bétween selected ones of said

segments,

11. The system set forth in Claim 2 including:
a circuit including circuit elements operable to
provide an output signal to cause all segments of said array
to illhminate said article momentarily and substantially

5 simultaneously.

12. The system set forth in Claim 11 wherein:
said ‘circuit elements comprise a potentiometer

connected to a monostable multi-vibrator timing circuit.

AR A
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for a nonostable nulti-vibrator U36. .The position of the W per

el ement on eawioodnigsty segnent is controlled by the user PoTAIS202060 nal
conductors SDA2 and SCL2.. The timng circuit 15 for nultivibrator U36
is determned by the cascaded resi stances and capaci tance C28 to

provi de a desired tp si_gnal e, dyratli put put term nal
Q of the ﬁIT vﬁ) eatsa[ tem?.ﬁeg SgFgé 2 gi) ggd" N¢E¥ Rerminal Bis
bei ng edge triggered by rigger pal from 20 pracessor 70, by
way of trigger input a’t%r %%% ssgg Wéi?‘gd a; MPAe, G3FChtgr said

o b e cremery Bledlie (el BHLET searea SEREHLER, P\%Aieeg?rfé}ﬁﬁé‘goft
24 si . Th b b l ed t

connactor 95 SHPEISNE] (/| Bal HCESGRAL ARG REGHERE b top, THYAR prGEesor

_729_ SFI %&dé@eﬁhf&e&l '&%ﬁt&é‘é esofl sg g%i' § f%Ii’lda mJlJEue ; erg]fna&ight

intensity emittable by said selected segments of said array.

14. The system set forth in Claim 1 including:
a light failure module operably connécted to said
system and operable to providé a signal indicating the

failure of one or more light emitting elements of said array.

15. The system set forth in Claim 14 wherein:
said light failure module includes voltage
-comparator means for detecting an open circuit or reverse
connection of said one or more light emitting elements of

5 said array.

16. The systein set forth in Claim 15 wherein:
said 1light failure module includes voltage
comparator means for comparing a reference_ voltage with a
voltage at a power MOSFET operab;l.y coupled to each of said

5 segments of light emitting elements.

. * c L L] H *
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'WO 00/ 14517 wo 0014517 PCT/ US99/ 2020BCT/US99/20206
connector J1 which provides for the appropriate power paths of plus 24

lts, pl 12 lis, ) | t ' 5 . I f i tabl

Sour ce, ot shown, 1 Tapais e ez SedsgoRth T grasm LPWAERHE: ea”as chown
Aot her i mport ant. Aspecti RYRF SBRe I oRAbHAnG Siements BRPEARE PROERL
betveen tuo - BaRkEREoF BEE! iehrrept™ BHRTH o Spendroisst (PRa L dHE EPPER
I nt It tt f, 10 llumnati ) 22 f I
'ery‘;BZ' api dl 7S SnARETRES (FhrIDHE FREABENEP (3 of FENFd maRitaPrERbr
‘ _ t by .t h 32 N ' Ses. [

Fegard, ash ShERACEn GAFRBRES BEURG BIPTIRE bt paeRigRarS to pifral Erash
potentlorreteriarll{%g, f%%c&gelﬂle%‘a%qcrjnguza(.) gggrtcga%%“n ii&gt to be projected on

said article.

18. The syétem set forth in Claim 17 including:

a flash lamp driver and trigger circuit operably
connected between respective ones of said flash lamps and
said light intensity control circuit for operating said flash

5 lamps in respanse.-to a signal geherated by said light

intensity control circuit.

19. | The system set forth in Claim 18 including:
a contrql circuit for . generating a flash lamp
trigge.r signal -.‘for.selectivenly energizing said flash lamps,
respectively, at least one of momentarily and continuously at

5 a predetermined frequency.

I
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15 through respective SPDT CMOS anal og switches U46, U47, U48 and

U49.- Swi t cheswDAG/1458M 7, U48 and U49 are al so operably . cOREBUSWR0ES t he
output pins indicated in the circuit dia- grans of potentioneters U21,
U22, U23 and U24, respectively. Swi tches U46, U47, W48 and W49 are

Signal “path chroudtd” o catrRsteF IIBREARTeYh el efBtet, it tpion
fﬁgk,ets B4 Shog\pgebaﬁtuét fﬂrwRﬁsggctlnEacgefécé&i & %fn%gcgﬁgvepacéages,

_ 0 Téceive St gnal”

dAgigﬁhPﬁ& ypa%%eds N nggéog@trq%lnﬁgteﬁ'lt SJJEEtSerSGSN?n?JlS?DUlQZS and U20

my be imposed on eliNgrralNGe! boIENY1:889 M ting digdes cdiyidens

normal Iy gonnﬁ?&?dat815Q3§§t905?m§e%§ﬁrss of a[éielééﬂ]t&@ light emitting
diode per segment and disposed in a paftern for illuminating
a semiqonductor package for providing an image of said.
package suitable for inspection of said semiconductor
package;

10 a caméra disposed with respect to said array for
recording an image of said.semiconductor package when said
semiconductor package is illuminated by said array: |

a light intensity control circuit operably coupled
to said'arréy for varying the intensity of light emitted by

15 ;éelected segments of said érray to provide an image of said
semicpnductor packaée having a predetermined éesolution; and

a processor operably connected to said camera and
to said intensit& control circuit for adﬁusting the 1light
inten#ity emitted by selected segments of said array to

20 provide an image of_said package corresponding substantially

to said image of predetermined resolution.

AN

_—
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segients nor ngld gopgsynected to the potentioneters U21, U22, PCTIRS/20206 U24
to provide two dlfferent | ighting patterns for iI'lum nating a package,

such as ‘the package 22. The lighting 5 pattern switching speed may be

about 200 nanoseconds using the conponents of the control circuit 74.

In this way, the 21. cBheraysStemesetfnnite innElaimgdd vhgredn: at two

di fferent light intensity settings and whereby the Rrocessor unit 66

may conpare the inmages Faidi Bkensitwtcontedd ¢iepHd: iivsludes pupdusedityor

exampl e. . Moreover, each LED segnent is provided with a constant

current sour cefwiilich tddnsPetenbionple s | GREF2RAYEI iFANmestefA to respegrpve

t hrough UL6A to U16D as shown in FIGURES 6C to 6G ~ which anplifiers

" are respect i vengscefplsddi I9T8WE NSk axray cradt gperele fRe IECRIVENg
current for each segnent is set by a 100 ohmresistaor, Rl through 64.

The out put® si §ABFEOEr sAEnals framc8aid oPreFesIfY for LRYSISTe Precsterined

I nposed on the, .segnments of LEDs 41 of the array 24 throu%h. )
mul ti - conduct dight inténsities to be emitted by the light emitting diodes

of said segments, respectively, to obtain an image of said

package corresponding to said image of predetermined

resolution.

22. The system set forth in Claim 20 wherein:
said intensity control circuit includes constant
current sources interconnected between said potentiometers

and said segments, respectively.

23. The system set forth in Claim.zoiinclﬁding:
means for switchin§ output - signals from said
intensity control circuit between selected ones _of said
seéments to enable said camera to capture images- of said

5 package having respective different lighting imposed thereon.

24. The system set forth in Claim 20 including:
a circuit operable to provide an output signal to
cause all segments of said érréy to illuminatg said package

substantially simultaneously.

* [4 L M S *
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connectors J3 and J4, see FI GJRHSsSﬁettHasBmuﬂRepﬁ@d 20 Ref erring now t o

FI GURES 11A ay@ odddk17t hese figur i|§l ended to be repdrseeiobwr
when joined at |line a-a. The dentified in FIGURES 11A and

11B whi ch bear reference designations the sane as shown for conponents
I n FIGURES 6A through, 6G are differentiated by the sign. 25

FI GURES 11A and 128-i | Pist3daRtiyeyi bighiing avplermi §@rofa amachingi reisiton
for a light failure "nodule" for nonitoring the '
-21- appagetpss i for inspecting selected  semiconductqT/pRIGIEG206
failure of any of the LEDs of ,a segnent of the LED array 24, for ,
exanpl e. sSpie system FOmBFaFERG of FIGURES 11A-11B illustrate the
light failure nmodule or circuitry for two LED arrays or segnments. .The

circuitry may be r epeat®d®d Fryay: i plural light emitting elements divided
5 into a plurality of segments of at least of one light
emitting element per segment and disposed in a pattern for
illuminating a semiconductor pac;:kage to provide an image of

said package suitable for inspection of said package;

a camera disposed ;Mith respect to "said array for

10 recorc}'ing an image of' said package when said package is
illuminated by said array:

a light intensity éor'xtrol circuit operably coupled
to said array. for varying the intensity of light emitted by
selected segme..nts of said afray to provide an image of said

15 package having a predetgrmined cdntrast, said control circuit
| including plural potentiometers operably connected to
respectixie ones of said segments of said.array and operable
to receivé control signals from a' processor for causing
piedeﬁérmined light intensities to be emitted by the light
20 emitting elements of said segments, respectively;

switch means interposed a selected one or more of
said potentiometers and said 1igh£ emitting diodes operably.
;connected | to said one or more potentiometers for switching
output signals from said one or more potentiometers between

25 selected ones of said segments to enable said camera to

| O I!II' e
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‘5 total nunbgyo@bnsfggnents present in an LED array such-as thect/usesmeosay
24. As shown in FIGQURE 11A, connector P2 receives a twenty-four volt
DC power supply fromthe system 20 and steps ,this voltage to a five
vol t DC suppl Faptureguinagss (of . said package chavingowmespectigsRreifferent
includes a programmmble 1logic 10 device UL0' which al so operates on a
five volt DC sudghtinghdmposed; thereftia @t to generate alarmsignals at’
connector P3. Mul tiple vol tage si nzil s are input at -connector P2

t hr ough, for exanplée PRGFRFCT0CPOFEP LY/ SONNngeLted, hbo \/83id yfamery &and
respectively, operably cqonnected to _pin, 3 of MOSFETS ' CR1 , 15 through, CRS,
respectively, e%?‘é"é}ty . control pcirCuit okQfpl 2dIWSeiRtg HreUuRE 9K |
"a vol tage_signal’ .. to LED afray 1 and LED D1 from vol t age conparator ULA
will 30j gridytensity; | ¢fidte }P%e-slailahta%ré’dheﬁf’ REYE9G eimagey of said
.MOSFET CR1, FIGQJURE 6D, if there exist en circuit ., 20 c¢ondition or

.an o / .
reversed conn®RAGKARE t 3%t h’éei%q’i"&htaﬁgﬁ?r’é € lighfs datensdtarsn wrrpeed
CR1. The inputthveoxl_etoe}lge signal from _ -

T
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MOSFET CR1 to conparators U A and UlB is conpared to a ref erence
vol tage at pweowissieters or trimers TP1 and TP2. | f t hBCT/AI$99120206
voltage is greater than reference voltage VRL or 25 |ess than voltage

VR2. see FIGURE 1lApgnerhEDiocki el fdren in L4633 £5 didgti no a I ght

failure on the associ ated . seghent _ -22-
WO 00/ 14517 said switch means compri¥e'/2d31842 031
LED lighting array. Simlar circuitry applcl;espto eaa(k:‘lh 6 gﬁggﬁlt’esse r?enat%iy

I nput signals @egnak88dPteVviéesedti oG 8 sB2af pOFant iomdtist ant current
vol tage provided at pin 2 of MOSFETS CRI 5 through CR16, respectively.

These constant current voltages are input to an adder circuit using an
op anp UL1lA, as sho2fi. An ladapnivel Eightilngy foystdie €ofcCW tmagseel atiedon

wi th MOSFET CR1, FI GURE 11A. Each op amp circuit conbines the |ight
segnent apparatus, said system comprising:
an array of plural optical fiber elements divided
inte a plurality of segments of at least optical fiber
5 element per . segment and d-i.spc.".ssed in a pattern for
illuminating an article to provide an image of said article
suitable for inspection thereof; |
a plurality of flash lamps disposed to transmit
light from one end of said optical fiber elements,
10 respectively, to the opposite end for illuminating .said
article; and
a contrbl circuit operably coupled to said flaéh
lamps, respéctively, for controlling light generated by said

flash lamps and emitted by said optical fiber elements of

15 said array to provide an image of said article.

28. The syétetﬁ set foith in Claim 27 including:
a flash lamp driver e_md trigger circuit operably
connected between respective ones of said £flash lamps and
said contr_ol circuit for operating said flash lamps in

5 response to a signal generated by said control circuit.

1R |
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-vol trage with ‘R,B%ﬁggﬁtant current voltage. The resultant 10 pgpubsge206s
input to a conparator UL5A, for exanple, to detect a failure of an LED
in a segnent of the lighting array 24 resulting in a short circuit.
The resul tant vol t2%e iBhe systemmatedomtbhia Ffépémerdseineludigw at

potenti ometer or trimrer TP9, for exanple. |If the resultant voltage
is greater than 15 the cediEr@nceingyitagéor tgenerzigingt ¢ Lbasht ulamp
on also indicating a light failure.in the associated LED |ighting
segment . As iwdiggerdsigned, fom seliectiively fnereizing esald flashf lamps,
| i ght segnents of the LED lighting array 24 and nmay be repeated for up
to the 64 segrespectisfakincald Weast rangaraf teementamlguRRd eontinvoughy &G

" Those skilled in -the- art wll appreciate that the light failure
nodul e dedcr i depiredrEeriged frequemdyde an i nportant and advant ageous
~feature for the .. adaptive lighting system 20. Referring now
to FIGURES 12 and 13, anot her enbodi nent :

.
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25 of an adaptive 'Iig'hting system in accordance wth the

i nvention is.woeoassiated and general |y designated by the - PCT/US99/20206
-23- WO 00/ 14517 o PCT/ US99/ 20206
numeral  120.  The 3bi 9hiiRekhcty FooMilldfindBihg Whi kkgSc18Nsor vfmr%swr
or housing 122 for supporting an array of fiber optic elenments 124,

each having a |iaghhatARHE hepgich?6.apparatus Shhteiin FESGURE ddchefd OREsiQn
nore |ight output heads 128 5 arranged in particular patterns, as

illustrated, WwapphPath® includ®aclaogtghtinmg suHaROcompi28ing a TPEuLALid\e of

lighting array of system 120 may be made up of the optical fiber
el ements 124 lighaviemdtkigdt elements)ead scahi®faarfibrommeaordinge dn giMageutqfut
heads 128 arranged as illustrated. In the exenplary system 10 120 shown

in FI GURE 125 f saddaraxtislef when | ijiumicatedt dnshds procesflrarimcdudingec
In a rectangul ar pattern together with four
circuit for recording an image captured by said camera, a
memory, a processor circuit and a lighting intensity control
circuit for controlling the intensity of light emitted by at
least selected ones of said light emitting elements to adjust
10 the illuminatioﬁ of said article, said method comprising the
steps of: |

(a) retrieving a threshold intensity value for selected
ones of said lighting elements from a file in said piocessor
correSponding -'to”t.he f)hysical characteristics of an article

15 to be iliuminated; .'

{b) capturing ah image of said article with the
lighting array 'illumiﬁated at selected intensities corre-
sponding. to séid threshold value in said file;

~(c) determining a median gray value of intensity of the
20 captured image and comparing said median gray value to the
threshold value; .

(d) increasing the intensity ievel of said lighting
.array a predetermined amount;

(e) capturing another image; and |

25 (f) repeating steps (c) through (e) until said median

gray value of said image is a predetermined value.

BT
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arrays of two u(g&tm t put heads 128 interposed the arrays of perrdesBo206
out put heads, respectively. This lighting array may be used i n place
of the lighting array shown in FIGURES 4 and 5, 15 for exanple, and may
be suppl enented by adaiti ofae methegs set forthiyClairp B2 whadein28 each

di sposed in a position beneath the seni conduct or package to be _
i nspected and suitably supp&®R®d () tBRORIRUPISIrt 2kEribERPARLRA fuptil said
exanple. The lighting array %gown ?‘épemati cally jn FIGURE 12 may be
used al one or us&§9ign 209TWppl BALMR t RE | i gHRaBut putNANSHtYar r SPHFeSPENdS

| i ght sources. As sho in Fl 12, t opposed segnents of ten
| i ght out putsuhé'éﬁyiﬁjgﬂér? isr?g#?gPéﬁé‘Wﬂﬁu‘fér%'s 130a, 130b, 130c
and 130d and the internediate arrays illustrated are i ndi cat ed

by nunerals 131a, 131b, 1c_and, 131d. Q. her.,_ 25 arra r
arrangenents of the né%t‘i p'Iré R °%Lﬁe§u&°ﬁ§§d§n1§éam 38a+%é/]§‘bcg“srf%lt@.e St&P
| i ke manner, the °c%gposed arrays whi ch may

24 : .

saving the final intensity values of selected
1ighting elements in a configuration file corresponding to
5 the median gray value which is substantial;y equal to one of

a predetermined median gray value and ".said. threshold value.

| RRR A A
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WD 00/ 14517 ‘ “w u 99/ 20206 be
di sposed bel oth)honmwkage are indica IIL llmmmm%a - pCIRIZ9920363C
and 132d. As further shown in"FIBURE 12 dnd*FI GURE 13 t he opti cal

fiber elenments 124 arge adgpte trans ht, provi ded 5 nultiple
flash lanmps "~ 136 wi h gt q"@&& q#*@s‘% Ty : semlc%‘i“?‘é?\‘b%‘”d psfxpkage
proxim’tytoal' l,nput h 126 of an _optical - fi ment or
bundl e of -el ene 1?& E‘)'épgte A 2SR PGS Vi51°1136ap<ﬂa§53"r'r’5\m erein said

h
Fach | amps 130 PARRTEE Yasdef Shperatus dnadugéd 1 WeRerp R AT BongiSing

ﬁﬁgtﬁ;]&ég 3pd Y e 1uraraQ§ra%ky aﬂectsﬁtﬁelﬁﬁggs Efents; A7 ciié ang

T for
respec CII‘CUI'[S éﬁ) °

S o R 4008 O A il B s
array and a processor including a circuit for recording an
image captured by said camera, a memory, a processor circuit
and a lighting intensity- control circuit for controlling the

15 intensit;y of _.Z_Ligh't' einiﬁte__d by at _].east _selected ones of said
light einitﬁihg elements to adjust the illumination of said
package, said method comprising the steps of:

(a) retriéving a set of light intensity values for
selected ones of said lighting elements from a file in said

20 processor corresponding to selécted physical characteristics
: ) of said package; |
| (b) .illuminat.ing selected plural 1light emitting
elements at respective predetermined intensities;

(c) capturing an image of said package .with said

25 llght:.ng array illum:mated at said predetermined intensities
of sa:.d plural light emitt:.ng elements;

(d) illuminating one set of 1light emitting
elements at the intensity settings of another set of light
emitting elements;

:30. (e) capturing an image of said package with the
-1ighting arraj illuminated as set forth in step (d):; and
' (£} comparing the images captured in steps (c) and

(e).
~44-
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- 15 *~Accordin out put Hj ches U46, U47, Ud@ruse9rzomed
-U49 are i npuﬁ?g‘”ftﬁg’ ci rcui tﬂlmﬁlmumﬂmﬂmu pl ace of the LED arrays
connected to these swi tches a% shovn ffor °t he enbodi nent whose circuit
is illustrated in FI GURES 6C and 6D. Accordingly, the flash |anps 136
are driven by the34ixtBemetipdscier ofllinminating dr ispmicoaducteirggackagki ch
obtain variabl e . DC output voltage signals fromthe potentioneters Ul7,
u1s, ULEoENdViR®ing waY o (RChie cVdsions, aprIratus drketsdo asaeid
by way of the DC to AC inverters 140. The flash_| anps. 136 may be
provi ded as BAEhépeavigpencaRRAFRFYF| JnGYafea bR elighting R rrymeamHiming
signal is provided to trigger all of the flash | anp driver and trigger
“circuits singlt 2A8adAFY T Ofhe 3ghty emitting elements arranged in a

- 25- WO 00/ 14517 o o PCT/ US99/ 20206
. AC i nver ter sPredgtarpinedo BRUGN of S2id) plightmeitying elements being

divided into plural segments of said pattern, a camera for
recording an image of said p'ackage when illuminated by said
array in accordance with a preselected intensity of light
emit\;ed by selected ones of said segments and a processor

10 including a circuit for recording an image captured by said
camera, a memory, a processor circuit and a lighting
intensity control circuit for controlling the intensity of
‘light emitted by said selected. ones of said light emitting
elements, said method comﬁi:ising the steés of:

15 (a) identifying a package viewed by said camera by
physical characteristics of said package; |

(b) 1illuminating said package with light emitting
elements of a preselected number of segménts of said lighting
array;

20 ' (c) capturi-ng an image of said package with said
camera while illuminated with said preselected. number of
segments;

(d) from time to time illuminaﬁing said package
~ with a number of segments of said lighting array greater than

25 the number of segments illuminated in step (b):; and

-45-
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avai | able. - Reférring now to FIGURE 14, a nore detail ed schenati c
di agram i s shwomo/iasth cating how the flash | anp strobe si gnal PCF/U§PER020Hc
gener at ed. An external tri gger signal my be generated by one

of the light intensit § 09 controll Uiz, U18, U19, U20
f or eachI grraly seg?r:en%/ Je ﬁﬂngaﬁl’%?gn?ﬂ |J§“§grean %ftsgd'dt hPGSERIE aHBF'%For

QL in FI GURE, .14 . a u i e_of the switches U46,
w7, 10 U4§1&Pmﬁﬂ§?e swi‘ﬁ% ?ﬁﬁg numgetreg 3%3‘8?‘@:%1 ghal may

al so be inposed on one of the svvltches U46, U47, U48 or W49 at pin

I N1.- When the test enable signal is activat ed, a conti nuous strobe
out put signal, which may be varied in frequency fromzero to
twenty-five Hz, is provided at- output 15 pin COML for the respective
switch U46, W47, W48 or W9. A timer circuit conprising, for
exanple, a circuit 144 in FIGURE 14 is connected to input termnal

NC1 of the rel evant

O

—_—
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Al \‘

| 0
switch U4601§JU¢L7A,WU4 or U49. Accor di ngl | lgs rqQbe g
si gnal '.LL’CWJ% u4q, U48 or U49 égﬁ%\sﬂ @gg 929 '?v%«;‘u NGnts
signal is'inactP(€And an exVeRLABIELL ECTUALFROPERTY ORGANIAZIONS r om a ['Yel#H |
intensity progranmabl e controller .i ' Y e
enabl e_sIFERNATION %C%ﬂgm P%BLIfﬂED mﬁﬁ%ﬁ“ﬂﬁﬁﬁﬁﬁa -
cont i [snURerBdtioabPatent Classigdapn®l: | N a sl e e infrnQuuE PiblicaANIRbdrS DI owmedo/agsﬁ'

switch - Z1Noaids) ol 21feeVL. - The tipRr$ 144 are each controlled by an -
exterpal resistol and capacitor circlit |4@dnemptinatPybjigation Date: 16 March 2000 (16.03.00)

2\t put
enabl e
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(57) Abstract

"A variable intensity lighting system (20) for use with a machine vision apparatus (18) for capturing high contrast images of articles
to.be inspected (22), such as semiconductor packages, includes an LED or optical fiber and flash lamp amray (24) configured in multipte
segments which are operable to be controlled as to light output intensity by a programmable intensity control circuit (74) operably connected
to a microprocessor (66). The intensity control circuit includes multiple digital potentiometers operable to control selected segments of the
lighting array. The control circuit is adapted to control up to 64 segments of the lighting amray individually at 64 incremental intensity
levels, respectively. The control circuit may include a light failure module to detect a segment failure or a reversed connection.

*(Referred to in PCT Gazette No. 3272000, Section 1I)




5 $ide 148 of a center tapped transforner 147, as shown in 7000?$@fﬁEﬁL
15." The winding ratio of transformer 147 is about - 1:46. |f@si abl e
secondary vol tages charge storage capacitor 148 -t hrough the circuit,
as shown in FIGJURE 15, to an RVB voltage of up to three hundred twenty
five volts DC maximum 10 This voltage in turn charges trigger capacitor
150 t hrough trigger resistor 152. When a strobe signal of about one
vol t at twenty nilianps is presengjat the gate of triac 154 from
the circuitry, shown in FIGURE 14, for exanple, the trigger capaci tor
150 wi Il discharge through transforner 156 to 15 energize flash |anp 136.
The operation of the adaptive lighting system 120 is believed to be
under st andabl e to those of ordinary skii| EQ the art based on the
foregoing description read in tion with drawi ng FI GURES 12

oot 15120 ooBEARR"SYSURHRY. PRISRAR, e L HRRERD! W Eien nose
apparatus comprising: :

an array of plural optical fiber 1light emitting elements
supported for projecting light from one end thereof, respectively,
on an artiéle to be viewed, said optical .fiber elements being
disposed in proximity to plural flash lamps of said. system for
generating a source of light to be projected through said optical
fiber element and on said article;

a camera for recording an image of said article when
illuminated by said array: |

a light intensity control circuit operably coupled to said
array for varying the intensity of light emitted by selected
segments of said array to adjust the illumination of said article
viewed by said. camera;

a processor operably connected to said camera and to éaid
intensity control circuit for adjusting the 1light intensity
emitted by said array to provide an image of said article recorded
by said camera; and .

a flash lamp driver and trigger circuit operably
connected between respective ones of said flash lamps and said
light intensity control circuit for operating said flash lamps in

response to a signal generated by said light intensity control

circuit.
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skilled in the art fromthe foregoing description and taking into
consideration the circuit diagrans of FlI GURES 6C t hrough 6G , FIGURES
11A and | 1B and ‘FIGURES 13 through 15, in 25 particular.

-27- WO 00/ 14517

PCT/ US99/ 20206 A correlation table for certain ones of the circuit

el enent s commerci ally avail able and not otherw se identified foll ows:
Commer ci al Ref. Part No. No. Description

Mr. SN74LS155A - W1, 32| ¢ DUAL 2-LINE TO 4 LINE

DECODERS/ _TI _ , DEMULTI PLEXERS SN74LS375
42 Z.  The jsgstemppetpforp in Ghaigd wherein: Tl

U44 | C, HEX ] NVERTERS - e
$P7404 saiémsérray comprises pELrai rows of light emitting
elements arranged in a generally rectangular pattern about an
aperture in said array for projecting an image from said article

to said camera.

3; The system set forth in Claim 1 wherein:
said light intensity control circuit includes a plurality
of potentiometers operably connected to respective segments of
said array for controlling the intensity of light emitted by the
light emitting elements of said segments, respectively, to obtain

a predetermined image of said article.

4, The system set forth in Claim 1 wherein:
said processor includes a memory circuit, said memory
circuit having data stored thereiﬁ representing at least one of a
predetermined number of images of a predetermined number of
articles and values of light intensity emittable by said selected

segments of said array.

5. The system set forth in Claim 1_inc1uding:
a control circuit for generating a flash lamp trigger
signal fqr selectively energizing said flash lamps, respectively,
at least one of momentarily and continuously at a predetermined

frequency.

6. An adaptive 1lighting system for a machine vision

apparatus for inspecting selected semiconductor packages, said

system comprising: REPLACEMENT SHEET

RN AR 0 18 0CT 200




' SN721L8125A u4s es QJAD BUS BUFFERS W TH 3 STATE GJTPUTS

TI TLO84CN Ul- U16 JFET | NPUT OPERATI ON AMPLI FI ERS

TI X9241WP U17- U33 QUAD CMOS EEPOT, 10K OHVS

XI COR SN74LS04 us4 | C, HEX | NVERTERS

TI 585-292 U35 | C, OPTO | SOLATOR, SCHM TT TRI GGER HI U
RS SNr4121 Usé | C,  MONOSTABLE MULTI BRATORS W TH
SCHM TT- TI 33 TRI GGER | NPUTS MAX333A

U46- U49 | C, PREVI SI ON QUAD SPDT CMOS ANALOG SW TCH MAXI M
SN74L832 moarray of plural |l ghgummnittimgunirdesTiIdiRiGRIGATES a

Tl HEXFET POWER HOSFETS

| NTERI\B\ Ef\ﬂtﬁEefl ﬁpgﬁeﬁapg:g of at leastqone light emitting dipfe spercoN
' 4, U36 | C
SOCKET;%%I % disposed in a pa];!ternzfogSlllumn.nﬁ'lsJilngUlG s%3m10%3r1ductor

el 5o porypins U Use, ot apid RIS Vacias
RS 40guidable for in@%ction of said séficididtdr IgJalgkage, |

RS 402-759 | C SOCKET 8

RS E19-2185 a cédmdrd{Rtisposed wibhN IU%‘E&: said array for
PROSPEC LI TTLE DEVI L R1- R64 I STOR 100 OHMVS, 1

OHM TEre¢conding DRV L images of said semicOhSh&IER GHCKAIPES, whehW said
OHM TE 131-312 R66 RESI STOR 3. 3K CHM 1/ 4w

RS LI Sgmiceningtor perkage is 1llum1namlmaa:55can@|am 1/ 4W

OHM TE LI TTLE DEVI L R68- R71 RESI STOR 1. 5KN CHM 1/ 4w

OHM TE 334-561 @ llg t gntepsity control XUt | aperably coupled to
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a processor operably connected to said camera and to
said intensity control circuit for adjusting the light intensity'
emitted by selected segments of said array to provide an image of
said package corresponding substantially to said image of
predetermined resolution; and

said intensity control circuit includes a plurality of
digital potentiometers operably connected to respective ones of
said segments of said array and operable to receive control
signals from said processor for causing predetermined light
intensities to be emitted by the light emitting diodes of said
segments, respectively, to obtain an image of said package

corresponding to said image of predetermined resolution.
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" AKL00/ 2 Js CONNECTOR 2 WAY SCREW TERM NAL
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CAPACI TOR 10 [err]F, 35V PROSPEC M. 104 Cl - C45
MJULTI LAYER CAPACITOR 0.1 [err]F, 50V PRCSPEC  AK100/ 15

J6 ' CONNECTOR 15 WAY SCREW TERM NAL

ELECTROSPEED  Mr565-06 - E3, E4 34 JUWPER SOCKET SI NGLE

HARW N - 28- WO
00/ 14517

PCT/ US99/ 20706  The coistemSedn Tozbhe iRoFlalm: i RSREIN the circuit
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Commer ci al
MT. sources interconnected between said potentiometers and said

segments, respectively.

8. The system set forth in Claim 6 including:
means ‘for switching output signals from said intensity
control circuit between selected ones of said segments to enable
said camera to capture images of said package having respective'

different lighting imposed thereon.

9 . The system set forth in Claim 6. including:
a circuit operable to provide an output signal to cause
all segments of said array to illuminate said package

substantially simultaneously.

10. An adaptive lighting system for a machine vision
apparatus for inspecting selected semiconductor packages, said
system comprising:

an array of plural light emitting elements divided into
a plurality of segments of at least of one light emitting element
per segment and disposed in a pattern for illuminating a
sémiconductor package to provide an image of said package suitable
for'inspection of said package;

a camera disposed with respect to said array for
-recording an image of said package when said package 1is

illuminated by said arréy;
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SN74LS155A U4l I C, DUAL 2-LINE TO 4 LINE

DECODERS/ Tl DEMULTI.PLEXERS SN74LS375
u42 I C, 4-BIT Bl STABLE LATCHES Tl
SN7404 U43, W44 I C, HEX | NVERTERS

Tl SN74LS125A uas | C, QUAD BUS SUFFERS W TH 3- STATE
OQUTPUTS Tl TLO84CN Ul- Ul6 JFET. | NPUT OPERATI ON
AMPLI FI ERS Tl X9241WR5 Ul7-U33 QUAD
CMOS EEPOT, 10K OHVB XI COR SN74L.S04

us4
IC HEX | NVERTERS light intensity control circuit (epepabbyocoupled tgzs

¢ RS o TR e pe 1 S by soteceed®
1 SR A sy e a, mnce o Gy TSN R

NPT POREREEREES Corctase,  said ﬁﬁ%ﬁ%ﬁ%&ﬁfﬁﬁ%ﬁf&ﬁhﬂ%pﬁ“é‘@“

Q potentlometerd Cop@EHb§ Ll &6hh&sMdR HRANSLS QEklve ones of said
402- 765 V16, U34, 6, | C SOCKET 14 PI'N

RS segments of sdddD, A¥aydand4@detdble to reéMivédzZontrol signalle
SCOCKET 16 PI N RS 402-793 Ul7- U33
| C SOCKEIM 28 processor for causing predetermined lifif UOenstities to beU35
| C SOCKET 6 PIN RS 402-759 U39
| C Sm#t'geqln Noy the 1light emitting elements Rgf ppaighgsegments,
.CR1- CR6 PI N TURNED

PROSPEEeSE‘Fq‘t‘r{‘F_e]DE\/| L Rl R64 RESI STOR 100 OHVS, 1W
DEV/ | ST 2 1/
OMTE 151.512 Switch moggs interposed a seLRFtadyORS JRECHRFeIPANsaLd

o TePS Ty e capiqpione enmiTERhETATGHES Flrebllcoppageea

ggwlTEto3§éié6%ne ozr mofg Egtentlomete%iFixfngigxéé$§Ro§tguferRFEalS

PROSPE€roft(6a ildr one or mox@%otentlometers befiEéW de LfEd YR L o @ikl F
PROSPEC AK100/ 8 CONNECTOR 8 WAY SCREM/TERM NAL

ELECTRe®gihénts to enable sald.camera to capture images of said package

having respective different lighting imposed thereon; and

a processor operably connected to said camera and said
intensity control circuit for adjusting the 1light intensity
emitted by said array to provide images of said package at

respective different light intensities imposed thereon.

11. The system set forth in Claim 10 wherein:
said switch means comprise analog switches operably

connected to respective ones of said potentiometers.

12. An adaptive 1lighting system for a machine vision
apparatus, said system comprising:
an array of plural optical fiber elements divided into a

plurality of segments of at least optical fiber el er
REPLACEMENT SHEET
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.AK160/10 J2 CONNECTOR 10 WAY SCREW TERM NAL

ELECTROSPEED 458-370 J3, J4 CONNECTOR 40 WAY PLUG

RI GHT- ANGLE PCB MOUNT =~ RS  AK100/ 2 JS CONNECTOR
2 WAY SCREW TERHI NAL ' ELECTROSPEED  ECO50F35 C29
ELECTRCLYTI C CAPACI TOR 33 [err]F, 35V PROSPEC TC O 35

G330, C31 TANTALUM CAPACI TOR 10 [err]F, 35V _
PROSPEC M. 104 ClL- c45 36 MULTI LAYER CAPACI TOR 0.1

, 50V \ PEC AK100/ .15 . J6, .
CONNECTORIARE |2 REERpaefiRap Pattern 07 11lumipRRiagcaPeestionpsss. os

F§§F4 provide aﬁmiqﬁﬁgﬂggifgl E%t?h glgiitable for inspection thereof;HARWN

PCT/U899/20206 %zPlurality of flash lamps disposed tbiQQEngﬁkkuﬁﬂg%QdU|e
Commer ci al el .

from one end of said optical fiber elements, respectively, to the
opposite end for illuminating said article; and |

a control circuit operably coupled to said flash lamps,
respectively, for controlling light generated by said flash lamps
and emitted by said optical fiber elements of said array to

provide an image of said article.

13. The system set forth in Claim 12 including:
a flash lamp driver and trigger circuit operably:
connected between respective ones of said flash lamps and said
control circuit for operating said flash lamps in response to a

signal generated by said control circuit.

14, The system set forth in Claim 13 including:
a control circuit for generating a flash lamp trigger
signal for selectively energizing said flash lamps, respectively,

at least one of momentarily and continuously at a predetermined

frequency.

15. A method for illuminating a semiconductor package for -
viewing by a machine vision apparatus wherein said machine vision
apparatus includes a 1lighting array comprising a plurality of
light emitting elements, a camera for recording an image of said

package when illuminated by said array and a processor including a

circuit for recording an image captured by said camera, a memory,
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EéRNELEelectéa6 -ohed of saJ.cRL 1713%%%5 elczn%enté?ESESﬁO% 1@"1'1@‘"\/&11/ $8A/d
PCB HEﬁBEBeEQoH\A‘éorrespondlng to selected physicRS charb@ﬂeﬁ&tlcs of CI'
CAPACI TOR ELECTROLYTI C 33[err]F, 25V RS 128- 237
c2' said package; CAPACI TOR TANTALUI\/I 10[err]F, 35V RS

209- 748B CU1- CU16 CAPACI TOR TANTALUM [err] F, 35V

RS 126-398 (b) 1lb4m1n3t1m first mﬁACS?eRnR’/ULﬁﬁEAYEF@ﬁ) [EkghY, 63V
RS 126 382 c LG, CT
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, C11' - C22' 169- 250 R2'-R17', R19' - CH P RESI STOR 1M OHVS
1/ 4y in ensities; RS R34

R36- R51' , R53' -

(c) capturing an imﬁg of said package with said array’
illuminated at said predetermined intensities qf said first and
second sets of light emitting elements; |

(d) illuminating said first set of 1light emitting
elements at the intensity settings of said second set of light
emitting elements in step (b) and illuminating said second set of
light emitting elements at the intensity settings of said first
set of light emitting elements in step (b):

(e) capturing an image of said package with said array
illuminated as set forth in step (d); and

(£) comparing the images captﬁred in steps (c) and (e).

16. A method for illuminating a semiconductor package for
viewing by a méchine vision apparatus wherein said machine vision
apparatus includes a lighting array comprising a plurality of
light emitting elements arranged in a predetermined pattern, said

light emitting elements being divided into plural segments of said

: : g
i
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Al t hough preferred enbodi mrents of an adaptive |ighting system have

been described in detail herein, those skilled in 5 the art will also
recogni ze that various substitutions and nodi fications may be made to
t he systens without departing fromthe scope and spirit of the
appended cl ai .
-30- - .31

: 38

pattern, a camera for recording an image of said package when
illuminated by said array in accordance with a preselected
intensity of light emitted by selected ones of said segments and a
processor including a circuit for recording an image captured by
said camera, a memory, a processor circuit and a lighting
intensity control circuit for controlling the intensity of light
~emitted by said selected ones of said light emitting elements,
said method comprising the steps of:

(a) identifying a package viewed by said camera by
physical characteristics of said package;

(b) illuminating said package with light emitting
elements of a preseiected number of segments of said 1lighting’
array:;

(c) capturing an image of said package with said camera
while illuminated with said preselected number of segments;

(d) from time to time illuminating said package with a
number of segments of said lighting array greater than the number
of segments illuminated in step (b); and

(e) capturing an image of said package whlle illumi-

nated with said greater number of segments.

17. An adaptive lighting system for a machine vision
apparatus comprising:
an array of plural light;emitting elements supported for
projecting light on an article to bé viewed;
a camera for recording an image of said article when

illuminated by said array;
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CLAI M5 1. An adaptive lighting system for a nachine vision
appar at us conpri si ng: an array of plural optical fiber light emtting
el enments supported for projecting |light fromone end thereof,
respectively, on an article to be viewed, said optical fiber elenents
being disposed in proxinmty to plural flash |anps of said system for
generating a source of light to be projected through said optical fiber

el enent and on 'said article; a 88nera for recording an image of said
article when - illum nated by said array,; . alight intensity contro
circuit operaBl yigbtipiatensityi eontrohycirguitaroperabillye compderdi tp shidi ght

oai d AN oEncTuding oy BlRastine: aF potenkigmesebsoppepablsl FopoRREERed (o0
sai d Céﬁ“%é%ﬁggtféésﬁgf%cted segments of said array for controlling the
| intensity of light emitted by the light emitting elements of said
segments, respectively, to adjust the illumination of said article
viewed by said camera to obtain a predetermined image of said

article; and

‘a processor operably connected to said camera and to said
intensity control circuit for adjusting the light intensity
emitted by said array to provide said image of said article

recorded by said camera.

18, The system set forth in Claim 17 wherein:
said array of light emitting elements comprises an array

of plural light emitting diodes (LEDs).

19 ., The system set forth in Claim 18wherein:

said light emitting elements are disposed substantially

uniformly about said article.

20. The system set forth in Claim18 including:
a circuit including circuit elements operable to providé
an output signal to cause all segments of said array to illuminate

said article momentarily and substantially simultaneously.

i
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intensity control circuit for adjusting the light intensity emtted by
said array to provide an inmage of said article recorded by said canera;
and a flash lanp driver "and trigger circuit operably
connect ed between respective ones of said flash |anps and said |ight
intensity control circuit for operating said flash lanps in response to a
signal generated by said light intensity control circuit.

32 2. The system set forth in @im 1 wherein: said array
conprises plural rows of i emitt] el enents arranged in a general
regPanguIgp'patF@FnSXSBBF C t forth 1n§%1a1m 17 W ereln'g ? Y

said array comprises plural rings of 1light emitting
elements arranged concentrically on a support structure about an

aperture in said support structure.

22. The system set forth in Claim 17 wherein:
said potentiometers comprise digital potentiometers
operable to receive control signals from said processor for
éausing predetermined light intensities to be emitted by said.

light emitting elements of said segments, respectively.

23. The system set forth in Claim 17 wherein:
said control circuit includes constant current sources’
intefConnected between said potentiometers and said segments,

respectively.

24 The system set. forth in Claim23 wherein:
said constant current sources comprise, respectively,
operational amplifiers in circuit with power MOSFETs and
interposed said potentiometers.and the lighting elements of said

segments.

25. The system set forth in Claim 17 including:
switch means for switéhing odtput signals - from said

intensity control circuit between selected ones of said segments.

* [ L ] S *
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aperture in said array for projecting an inmage from safQ Al d
caner a. 3. The systemset forth in Caim1l whergi ﬁﬁthMENTEEE?
light intensity control circuit includes a plurality f{potentioneterp
operably connected to respective segnents of said array|for8 @9 2880 i hg
the intensity of light emtted by the light emtting ¢l ¢nents of said
Segnents, respectively, to obtain a predetermned inage O sard article
4. The systemset forth in Claiml rein: said _processor
includes a menory circuit, said nenory circuit having data stored therein
representing atbt easfnogdaptiye Jightiagy susteiunfer 8f magkjdee ofision
predeterm ned nunber, of articles and values of light intensity emttable
by sa?&péngBFeﬂ°mEEiﬁ&Rﬂ% of said array. 5. The systemset forth

in Clainlli'E%L5¥£§§ of plural light emitting diodes (LEDs) Supported

for projecting light on an article to be viewed;

a camera for recording an image of said article when
illuminated by said array;

a light intensity control circuit operably coupled to said
array for varying the intensity of light emitted by selected
segments of said array to adjust the illumination of said article
viewed by said camera;

a circuit including a potentiometer connected to a
monostable multi-vibrator timing circuit operable to provide an
output signal to cauée all segments of said array to illuminate
said article momentarily and substantially simultaneously; and

| a processor operably connected to said camerﬁ and to said
intensity control circuit for adjusting the 1light intensity
emitted by said array to provide an image of said article recorded

by said camera.

27. An adaptive lighting system for a machine vision
apparatus comprising:
an array of plural light emitting elements supported for
projecting light on an article to be viewed;
a camera for recording an image of said article when
illuminated by said array;
a light intensity control circuit operably coubled to said

array for varying the intensity of light emitted by selected

* €. L M § ®




a control circuit for generating a flash lanp trigger signal for

sel ectively energizing said flash | anps, respectively, at |east one of
nonentarily and continuously at a predeterm ned frequency. 6. An
adaptive lighting systémfor a machine vision apparatus for inspecting
sel ect ed sem conductor packages, said system conpri sing:

33 ¢ an array .of plural light emtting diodes divided into a
plurality of segnents of at |east onézlight emtting diode per segnent and
di sposed in a pattern for illum nating conduct or

segments of said array to adjust tgesggaumlnat{on of said article
viewed by said camera;

a processor operably connected to said camera and to
said intensity'control circuit for adjusting the light intensity
emitted by said array to provide an image of said article recorded
by said camera; and _

a light failure module operably connected to said
system and operable to provide a signal indicating the failure of

one or more light emitting elements of said array.

28 . The system set forth in Claim 27 wherein:
said 1light failure module includes voltage comparator
means for detecting an open circuit or reverse connection of said

one or more light emitting elements of said array.

29. The system set forth in Claim 28 wherein:
said light failure module includes voltage comparator
means for comparing a reference voltage with a voltage at a power

MOSFET operably coupled to each of said segments of light emitting

elements.

A, O
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package for providing an i mage of said sem conductor package _gditabfe for

I nspection of said sem conductor package; - a canera disposed with
respect to said array for recording an szgf‘@f sai d sem conduct or package
when said sem conductor package is illu ed by said array; a
light intensity control circuit operabl 0 Iea\ﬁf -said array for varying
the intensity of light emtted by sel gcte seg s of said array to
provi de an i mage of said sem conduct or ng a predeterm ned
resol uti on; a processor ogerfa o|said camera and to
said intensity control circuit for @djju NGARR ht #nteensity emtted
by selected segnents of sgyd array ty |pr|i gelof Nsai d package
correspondi ng substanti al to said i e e$ n resol ution; and
said intensity control gt t~t=—t-q.C| pfr & ofl fdigital
pot enti oneters operably connecte reSchtive\BnQ. qf] s@i d segnents of
said array and operabl g to recei [ ﬁ-, - E}_ \\JM
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signals fromsaid processor for causing predetefnined light intensities to
be emitted by the light emtting diodes of said segnents, respectively, to
obtain an i mage of said package correspo%y]gg to said i mage of

predet erm ned resol ution. 34

7. The systemset forth in C aim®6 wherein: said intensity
control circuit includes constant current squrces interconnected between
said potentioneters and said segnents,_respé%?'vely. 8. The system
set forth in Caim6 including: means/f or swi t chi ng out put
signals fromsaid intensity |

FIG. 3
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control CIrCUIt betmeen sel ected ones of said segnents to enable said
canera to capture inmages of said package having respective different

| i ghting inposed thereon. 9 . The systemset forth in daim6.

i ncl udi ng: " a circuit operable 841®rovide an output signal to
cause all segnents of said array to illumnate said package
substantially simnultaneously. 10. An adaf®ye |lighting systemfor a
machi ne vi sion apparatus for |nspect|ng sghecaﬁdyseniconductor packages,
said system conprising: adarray df Plural light emtting
elenents divided into a plurality of seqmentls of at é‘?’t of one |ight
emtting elenment per segner{' ] bSPaEy i1lumnating a
sem conduct or package to prcuD ' 6 dl Mage suitable for

i nspection of said packgge—t . :
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canera disposed wth
I mge of said package when sai d package is

respect t

o said

array for reco

rdi ng _én

i1 lumnated by said array;

35 a light intensity control ci I‘Clr:IA}.l operably coupled tg said
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switch nmeans-interposed a selected one or nore of said potentioneters and
said light emtting di odes operably connected to said one or nore
potentionmeters for switching output signals fromsaid one or nore
potenti oneters betvieen sel ected ones of said segnents to enable said
canera to capture inages of said packafél9 having reSpectiv&different
| i ghting inposed thereon; and a processOr"‘ogs_argbI“ connected to
said canmera and said ‘intensity control «circuit %’, gdj\disti ng the

©

light intensity emtted by said array to provide nEge sai d package
at respective different light intensities inposed the'ggam. = 11. The
systemset forth in Caim 10 wherein: sal & [FPBleh oemns conpri se
anal og swi tches operably nnected to respective dhes sai &~ ,
potentioneters. 12 [ Ag=8dapmiv@ lighting system for\fa 'machine
vision apparatus, said s stﬁnﬁ‘?ﬁonﬁri s¢ng: ==
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an array of plural optical fiber elenents divided into a plurality of
segnents of at |east optical fiber elenent per

36 segnment and disposed in a pattern for illumnating an article to
provi de an i mge of said article suitabl or inspection thereof;

a plurality of flash Ianps di sposed to transmt light fromone end of.said

opti cal f|Qﬂfg@lenent<——ffsb$iL|vely Lq bhg;_opposite_end for illumnating
said articl [?nd Y ontrol gfr,ui- oper abl y coupl edt*6=3aid—* -
flash | anps vut.E‘W@ i 61D contagi N W?ghhuganerated by said fligsh
| anps  and eniftgd BySsand Joptical § r}g rﬁfements aneoays t o priovi de
an i nage of sad P’\lq,_ﬂ o
wro | 100 OHM 1W
6 ; NoY s Tom A
> 33-
wi I Ne oM s e A i -3
W g 1 e 1 (F
{11 "1 9 MAX333A s T R
xsaw o 3 .5y 71 100 OHM 1w
M3 W
e . :j'l c TLost v > 134
oot BT IRFD024
19 : 1 18 R3
W3 s Ne4  comd 100 OHM 1w
nd KT winor MA- > i
vH3 IRFDO24
AQ Al A2 A3 INT IN2IN3 134
af e s]13 1}10]n]20 R4
+ 100 OHM 1w
= DUAL - €8 W
switcn 08,
: L I——DTOUZI'PINI
OFF eno= TOU21 PING
> TOUPINIS
> TOU21 PIN 19
+5v l_, +1v |
M 10 anD 15’ g GND R .
TLO 3 > J3-6
Yoo ¥ss |- 1 A P . IRFDO24
SOA VWO NCI  COMI
" WO 5 85
SCL - wio 2 100 OHM 1W
NO1 | ANN—
6 ? 8 | TLo84 +uv > 13-1
Wit NG COM2FT=T s IRFDOZ4
w3 : g4l 2t !
uis vl g| MAXIA =LTn \h )
xsawp | ]hot ol L Y 100 OHM 1w
w5 N3 COM3 A > 53-8
w2 >
12| NOY
wiz FY 0 IRFDO24
¥ L 18 R1
w3 ,: NCA  COMd 100 OHM 1W
w3y 19 | NOI W > 139
Lo TRFDOZA
AQ Al A2 A3 INY IN21N3 NG
af 16 5)15 1] 10{ 11} 20] k8
U U U —= 100 OHM W U
= : W W
ISDAY ISCLI SV CNO  IVH INL S 0
TOU22PIN 1
TOU22PING
L= 1ouzenn
l_.D TOU22PIN 19

FIG. 6C

SUBSTITUTE SHEET (RULE 26)



13. The systemset forth in Caim212 including: a flash Ilanmp
driver and trigger <circuit operably connected between respective ones
of said flash |anps and said control circuit for operating said flash

| anps in response to a signal generated by/®pid control circuit.

14. The systemset forth inygai m13 including: " acontrol circuit

FIG. 6D
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circuit for recording an image captured by said canera, a nenory,

37 a processor circuit and a lighting intensity control circuit for
controlling the intensity of light emtted by at |east selected ones of
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I ntensities;- (c) capturing an inmage of said package with said
array illumnated at said predetermned intensities of said first and
second sets of light emgd, iw]g. el eneRdb$im 9/19 (d)wl | ksum nating said
first set of light 'emtting ezlog; B at thﬁ +Ipten3| tRéRTn‘gs of said
second set of light emttjipg H IS I L ((piRamd T[T ufti nating said
second set of light emt tHftsel " settings of said
first set of light emttijngBkenijpts o1 (e) capturing
an i mage of said package Wi} h{ saiglsar - 1,1 se"i’orth in step
(d); and ~(f) cqnpari ngu | ' eps (c) and (e).
16. A nethod for illum natfi hg]@&wsent ¢ vView ng by a
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light emtting elenents being divided into plural segnents of said
38 pattern, a canera for recording an i mage of said package when

illum nated by said afr i n accoprdanc jg h a presel ected intensity of
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(b) illumnnating said package with light emtting elenents of a
_presel ected nunber of segnents of said lighting array; (c)
capturing an i nage of said package with said canera while illumnated with
sai d presel ected nunber of segnents; (d) fromtime to tine
illumnating said package with a nunber éi/H%gnents of said lighting array
greater than the nunber of segnents illumnated in step (b); and
(e) capturing an inage of said package while illum- nated with said
greater nunber of segments. 17. 2@pptive lighting system
for a machine vision apparatus conpri sing; an array of plura
light emtting el ements supported22ar. ijgit on an article to be
vi ewed; a canera for recordin d—grticle when
illum nated by said array;

22~
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39 a-light intensity control circuit operably coupled to sald
array including a plurality of potentioneters operably connected to
respective sel ected segnents of said array for controlling the intensity
of light emtted by the light emtting elenents of said segnents,

respectively, to adjust the illuninatiod24t9said article- viewed by said
camera to obtain a predetermned i mage of said article; and a
processor operably connected to said camera gnd to said intensity control

circuit for adjusting the light inte S|§13ARTemtted by said array to provide
said imge of said article recorded

80
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18. The systemset forth in d aim 17 wherein:
emtting el enments conprises an array

( LEDs). 19

of p

The system set fort hbif'l
t

light emtting elenents are di sposed su

said -array of I|ight
lural light emtting diodes

Cl ai m 18wher ei n:
e?nt fally uniformy about said

sai d

article. 20. The gystem set In Calnmi8 I ncludiges - A
i et ot kol e s Plovdep L gnu 3
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40 .21. The systemset forth in Caim11l7 wherein: said array
conprises plural rings of light emtting elenents arranged concentrically
on a support structure about an aperture in said support structure.

22. The systemsetpforth in Caim17 Flg: RESIS@’UF'% NETWORK
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current sources conpri se,

anplifiers in circuit with power

respectively,
MOSFETs and

PCTIU§YY2U2V0
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a canmera for recording an i mage of said article when

i 11umnated by said

array; alight intensity control circuit operably coupled to said
array for varying the intensity of light emtted by selected segnents of
said array to adjust the illum nation of 3gyd article viewed by said
caner a; a circuit including a potentioneter connected to a

nonostable nmulti-vibrator timng circuit operable .to provide an output

signal to cause all segnents of said array to illum nate
nonentarily and substantially sinultaneously; and

said article
a processor

operably connected to said canera and to said intensity control circuit

adaptive lighting systemfor a mac

for adjusting the light intensity gem ' rr to provide an
i mage of said article recorded byszH % %111 —
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emtted by said array to provide-an image of said article recorded by said

canera; and a light failure nodul e operably connected to
said system and operable to provide a signal indicating the failure of
one or nore light emtting el enents of saﬁé? ray. 28 . The system
set forth in Caim27 wherein: ai®d light faiture nodul e

i ncl udes vol tage conparator means for detecting an open circuit or reverse
connection of said one or nore light emtting el ements of said array.

29.” The systemset forth in daim28 wherein: . said light failure
nodul e i ncludex voitage conparator neans for conparing a reference voltage
with a vol t age+at p r MOSFEL oper gbly cougged to each of said segnents
of light emtting elgments. 3 S
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