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ELECTRONI C ASSENBLY VI DEO | NSPECTI ON SYSTEM Field of gheuidin ?ﬁtz’i on
This invention "rélates to autonated assenbl y mechani sis

el ectroni c conponents, qual ity assurance, and nore particularly to
devi ces used in assessi ng whet her conponents have been

assenbl ed adequately. Background of the Invention

The ever-increasing mniaturization of -1~ el ectroni c conponents
nodul es and assenbl i es and the market pressures for cost reduction
has nmade t he assenbly assenbly of t hose devices a precise,
automated, nulti-step I ces assenbl ed using

surface nount technolog?LEFmgﬂﬁlf ASSEMBLYWWEP@PhIN§§§Q§§°N|§Y Tt

hundred of indivi ua& ¢ onents are precisely placed and
sol dered on at —ig—ge8§%—3ﬁ9~ﬁggﬂﬁé8ﬂnrCU|t board in an "assenbly
| i ne" fashion. Pri I rcul b rd
f%htloﬁ %%fétes Qa! ?O%?%fgons

successively, in-line along con&eyor ough a seri e

whi ch per f h th | ©
erf;)tcy Eg;rgr(rannteg(r:s ééggmbﬂy ?nelcéxanlsmé’lssfﬁ Y eREBEFRRic YRR dYan el

quality assurance, and more particularly to devices
used in assessing whether components have been

assembled adequately.

Background of the Invention

The ever-increasing miniaturization of
electronic components modules and assemblies and
the market pressures for cost reduction has made
the assembly assembly of those devices a precise,
automated, multi-step task. Most devices are
assembled using surface mount technology ("SMT")
wherein scores, if not hundred of individual
components are precisely placed and soldered on at
least one printed circuit board in an "“assembly
line" fashion.

Printed circuit boards travel
successively, in-line along conveyors through a
series of stations which perform each step ' in the
assembly process. Typically, an empty board enters

a solder paste
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- 2- delivery system which places uncured solder paste on
portions ofyd éyokmard requiring sol dered connecti ons. P?fﬁjspﬁ?ﬁ% t hen
enters one or nore chip shooter stations whi ch physi cally place
conponents on the board. The 5 board then proceeds through an oven
whi ch cures the sol der paste. After cooling the board is ready for
testing and other finalization steps prior to packagi ng and

shi prment . ) At each step there is a potential for errors to
occur whi ch rd&t¥ery 8Y8EeBct (Whd PbarBlacssmeincugred hesolider (masyrian
printed circuit_, boa%d as%enblr% tgg&s . of defects include:
circuit boar PUSTHERS [hichthEs a5ds requiring sei@ered orcemre¢t hels:

I t d t ' t i SSi f th
P ACETC (o 50 MUELT ayvre SREPORED Rt oMbl By 8L LB NLCLS
t d : [ |t | I d
aount and, Lgon PRAGSIEL 10l RonkSilce 1 or?oLET BELGEES e

sol der contrasddan i ééﬁéég?tﬁfgugﬁhﬁh.Qﬁ%&@%&i%ﬂjbures thdSs JAgRge

caused by nechani cal m shandli ng. revi ous procedures and
devices for tmediang Rfrer sbsiheg tHef epbaratisst r&uy ffoshldst Assenhhed

printed circuit boards suffer from various drawbacks. )
Hurman testi ngptéer ifispecizanids sospsypribew &ed packagirsdiegt sk DoRedt gh
degree of inaccuracy. The devi ces used by human testers are
typi cal ly heavy, bulAy,eaghd step ©@Bere rieadal poweritdldle. foFl eatrncyd Cto
in-circuit- testing suffers  from being slow and highly iterative
in order Qafur whichjggsvitt imea defactdve dfoardief e@omeaand ofoftle:
cannot . ) . , - 3- detect the
mostO comon %Eﬁﬁmﬁﬂﬁﬁirﬁf%ﬁ?%ﬁs.C1rCU1t board assembly defects
include: circuit board defects such as opens and
shorts on the traces; placement defects wherein
components are missing, of the wrong type, incorrectly
oriented, or misaligned; solder defects in amount and
15 placement which can result in solder bridges on the
leads or tomb-stoning of components caused by

solder contraction during curing; and other defects such
as damage caused by mechanical mishandling.

Previous procedures and devices for testing

20 whether defects exist on freshly assembled printed
circuit boards suffer from various drawbacks.

Human testing and inspection is costly, slow and

subject to a high degree of inaccuracy. The devices used

by human testers are typically heavy, bulky, and not

25 readily portable. Electronic in-circuit testing suffers
from being slow and highly iterative 1in order to
pinpoint the location of a defect and often cannot
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In order to mnimze continued work on a board whi ch has al ready

becone defgegfdoyggasmanuf acturers often provide for pEShidRs1Hs
several stages during assenbly. 5 However, a particular pi ece

of automated test apparatus is-usually designed to test a
specific type of board, specific defects, and/or only at a
specific point in the assenbly. Therefore, nunerous different

testing devices have been required. 10 , Current automatic
visual or ot fi8tefecthd-RaghetPEmon manufagiuaiingh eFRKE i nspecti on

systens suffer fromsjimlar .drawbacks. = X-r based systens are
suited to scan for 1% Ordgk {7 PiREPLEes C%H%aldﬁfﬁ)‘f/ PRades Rerrd

subsurface . def ects. ver igh resolution_x-ray inspection is
15 exper B A&t | %é%éﬁfé"ﬁ encg?mean%eg%?ém’? al F‘?nﬂgfgttd%’t?é’ % o Stidn
near by human ; r : h e |.ight_ pr ced
by | anps or I_F%%f\;iaé@_ §Or. Eefltéﬁlg I':an% t tsfa{r{gr%&ogétsg éél s@gﬁkgc{]aesoé)eor%dﬂfhe
surface Howevd¥l NG | BSPeEked il ONe Of 80T € Vi¢eo LAMMASy 04E
20 require the use of two inmages obtai'ned under different

| ighting condigponscas discl ese@lly hicaihnpsdd, tbS. tBakenr! specific e
5,059,559. Oher various digital and anal og signal , anal yzi ng
processes camibebusaed,t Gpieiifit ndefhetexi Heyfer only atof W SsHddific
detect abl e defects. For exanple anal yses have 25 been nmade upon
a nonochronwointnt elsi t yhe caapambiyn Thereforegs mareerdusof  tdief fdapred

correspondi ngtto the i mage of t he gaps between term nal | eads.
-4- esting devheas Byveechsedr seppilyeidvel y | ow resol ution and

10 Current automatic visual or other electro-magnetic
radiation based inspection systems suffer from similar
drawbacks. X-ray based systems are suited to scan for
metallic defects such as faulty traces and subsurface
defects. However, high resolution x-ray inspection is

15 expensive and time consuming, and potentially hazardous to
nearby human operators.

In other systems, light produced by lamps or LEDs

("Light-Emitting Diodes") is reflected off the surface
being inspected into one or more video cameras. Some
20 require the use of two images obtained under different

lighting conditions as disclosed in Takahashi, U.S. Patent
No. 5,059,559. Other various digital and analog signal
analyzing processes can be used to determine the existence
of visually detectable defects. For example analyses have
25 been made upon a monochrome intensity comparison
measurement of the signal corresponding to the image of

the gaps between terminal leads.



hence sl ow. I f thorough inspection is required, the system

must zoom o eupdhgssiccessi vel y scan portions of the PGS 21333 A

pi eceneal fashion. In addition, nonochrone 5 intensity
conparisons are prone to inaccuracies-4where adj acent
features have simlar intensities. An averagely popul ated, 3
inch by 5 inch board, such as a standard PCl SVGA vi deo adapter
card will take about. 1 mnute 20 .seconds to inspect

t horoughly. 10 These syf{ms pprsr relREERRLY dqi rEeSEEPFéﬁEI yand

Y L R R

vibration. The prigr Sebutican g alded #.08551¥€19! BLLYM Moreions of TGS Of

sl ate or other”héavy nmater and precrise, ratron-resis

board handlipgs,8nd, CaNEI e JiaggshiOErlOglqpcgéﬁiﬁﬂﬁn,Iﬁgﬂoéﬂﬁége

systens wei ghed greater than 45 ranms. These requirenents

i ncrpase the ¢ReEnandyl OMBhparisons &4PE POFSRDI lidY Hadh@rSySd£Mynere
Therefore, it is desirable to have an economcal, 20 aut onat ed

testing systefjacehtcClicaguirelsl havdetLioiSlad héntensities. exiast enaerpdepe
nost preval ent manufacturing defects, whi ch det erm nes .

aut omat i cal | ypobelheeda parimnichulkgr Paatch board, sunhyaberefdttaridaa@d PCI
reworking and efficiently inforns the rework station of those
def ects; whi cBVRAepsideacladdpteds card defiddt steker abpnt td imbmitéy 20
probl ens synptomatic to the assenbly system and which is quickly
and easily no%egopgs to inspegff £BPERUIPAYNts in the assenbly line or out

of the assenbly line altogether for nanuallﬁesting”
The 10 instant  invent'P8h PrESdl t SYStGIHm regprre extremely precise

location of the board and camera, on the order of .001 of
an inch. The board and camera must be made resistant to
vibration. The prior solution entailed a massive platform
made of slate or other heavy materials, and precise,
15 vibration-resistant board handling and camera carriage
mechanisms. Most prioxr systems weighed greater than 450
kilograms. These requirements increase the cost and lower

the portability of the system.
Therefore, it is desirable to have an economical,
20 automated testing system, which quickly detects the
existence of the most prevalent manufacturing defects,
which determines automatically whether a particular board
may benefit from reworking and efficiently informs the
rework station of those defects; which keeps track of
25 defects over time to identify problems symptomatic to the
assembly system; and which is quickly and easily moved to

different points in the assembly line or out of the



attenpt to reduce cost ','méind to inprove the throughput and

ef ficiency p§ ogydgesmt ed assenbly systens. 5 Summar ypafddB 1383

| nventi on The objects of this invention are: to inprove
defect detection in the inspection andS-testing of

el ectroni c conponents assenblies; to nore efficiently 10 di rect
repair; to allow for the nonitoring over tinme of the quality of

i nspected boards, in order tqQ inpraove the t hroughput of automatic
assenbl y mecha3fs&mpivt 419 Ghtogether fox (BanPRLyt8FELRET i nspection device
to various points on ._the assenbly line_and off U%e assenbly |ine
al together for 15  TB&mnuiPSEaBE ng. tnvention resuitfese Hhd™ot hét™

val uabl e obj el e achleYgduBY cose, and:BUSREILGL NLER-TgSQlulhon

digital image i nspection syst'em T nsta n a porta

| ow preci si on ; t(s,{gl%g@ g 1 ). fhegsystemidentifies
the printed 3§Merfm§lre€lﬁ% Ofboag'{r e%@ngaé%%?f)ggt ggs gg‘ﬁd | ocat es
visugll'y det ect abl e defects thereon. The type and | ocati on of

defects are automatically associated with the board in a dat abase,

Whi ch i s acceggimiag v 2 dWIMe/driffiand st ation, and which all ows

for statistical nonitoring of the 25 hi story and status of an
assenbly's product. The objects of this invention are: t6 improve
Bri ef Description of the Draw ng Figure 1 is a process flow bl ock
di agram of t hdefepunl atlettection in bbhed inspection sgstentastingt egr atefl
in a surface nount technol ogy assenbly line; 5 Figure 2
is a data floflBlcsalendicagraahrsmaries | peerpbhes; to more efficiently

10 direct repair; to allow for the monitoring over time of
the quality of inspected boards, in order to improve the
throughput of automatic assembly mechanisms; to allow
portability of the inspection device to various points on
the assembly line and off the assembly line altogether for

15 manual testing.

These and other valuable objects are achieved by
an automated, high-resolution, digital image inspection

system, installed in a portable low-precision SMT type

dispensing station. The system identifies the printed
20 circuit board being inspected, and 1locates visually
detectable defects thereon. The type and location of

defects are automatically associated with the board in a
database, which is accessible by a rework/repair station,
and which allows for statistical monitoring of the

25 history and status of an assembly's product.



system according to the invention; Figure 3 is a diagrammtic

perspecti \govheda9f a first enbodi nent of the i nspralusg2Eisat i on
of the invention havi ng a board handling conveyor; 10

Figure 4 is a diagrammatic perspecti~se view of an

al ternate enbodi nent of the inspection station of the i nvention
havi ng a drawer for manual ly | oadi ng boards; Figure 5is a
perspective view of the manual board i posi tioni ng mechani smon the
drawer; 15 Brle- Dageription BcrE¥Lldew of a board securing obl ong

pier; ure [ cross ecti qnal ew there th in-situ
circuit boar a"'ﬁé‘l%'@n LI bhg?| Precess, £ ﬁ’d’ block élaﬁ’r’@ﬂn‘?% Populated

Cr oss- sectlogal Vj ewthe eof with in

b K
along line 88 1nspe %S%Y?’b?rp 071S of %ﬂgeﬁFéFS&r ré'%‘u'@;[ﬂ? O%ﬁt %lﬁeur}ithe

| nventi on B@f now to the drawing, there is shown in
Figure 1 a f&r?gthlnoonlqg}i)l Tk %ram of a typical SMI 25 assenbly |ine
whege Printegigiaily BeAdSqBEs 2Rk diagram I achl! 1 erion
processi ng stations. Crcuit boards nove from sol der paste

application shafded Root@in®N€o tRE invention;
-7- nore chip shooter stations 52 53 and.to an oven 54

for curing. FifmreoptBona af disgramnfagisd pefspe(:tE{rEO\alew of a findder
station 55 may be used to connect stations which conplete their
t asks nmor embodsijpmTadi caf | ythe imspection S5stationdi foffer erfte invgmroujpmgs
of boards. In the resent

having a board handling conveyor;

10 Figure 4 1is a diagrammatic perspective view of an
alternate embodiment of the inspection station of the
invention having a drawer for manually loading boards;
Figure 5 1is a perspective view of the manual board
positioning mechanism on the drawer;

15 Figure 6 is a perspective view of a board securing oblong
pier;

Figure 7 is a cross-sectional view thereof with in-situ
circuit board taken along line 7-7; and

Figure 8 is a cross-sectional view thereof with in-situ

20 circuit board taken along line 8-8.

Description of the Preferred Embodiment of the Invention

Referring now to the drawing, there is shown in

Figure 1 a functional block diagram of a typical SMT

25 assembly line where printed circuit boards are assembled
in a series of processing stations. Circuit boards move

from solder paste application station 51, to one or



enbodi mrent the FIFO station 55 is used as a cooling station
for groups WO MB328s exiting the curing oven 54 befPOTAISHBR B985 NQ

the inspection station 56. _5 It should be noted that the
i nspection station 56 10 may be | ocat ed between any one of the
stations of the assenbly process or as a stand al one nmanual ly

| oaded station. However, the preferred location is imrediately

after the boangsre haygipecemp i ¥ m&{§dfi25,305§5 anf¥ to an ovgbeveﬂlt
ITS

any further processing of defective boards.

nost aut omeidl cueigdi "en  opthBnal firstiNSPELEEODoust ati@po™D6
will be followed by a board di verter 57 station (Wnicr?,a

according to ttheffleasuktation 55 maypr bei degkd byo tdiginect NSPRELLAB which
stati on, will direct defective boards to a r ewor k
station 58, camblgiml Qeir tdway ds terehe nextorAE quldcessi ngist at ijgn
59. _The rework station has access to results provided by the

i nspéction  differengy atj @rourdmdsonal lof, bideedsewor k stlat i whemaypremamy
an. addi tjonal inspection station 60 for inspecting reworked
boar ds. Re 5t meoable FIFR |§tatiomrnt &5 tHE SMd 25%s a cooling
processi ng at thi%ﬁj%ozgé 61 _as The preferred

wel | Vo [
i nspection stoati T g¥gEpy of boardg exitiB¥e Wihtth FRELRGt eVest &% on
conmuni cat i on 4fr. cal : . . . ' - 8-
(I\a/gt a?l i tshed | l?%éit:%e%nte_%ul}ql?t?:ge lns'g\%%%’tor_l StahuPBneht o
nufacturer's soci@t i =N o Foo s .Si e
comuni cati on of boardﬁ: r%r}lsopolrt st at utsee%%gg eht X\ﬁségfzgégrrﬁ sgggﬁo&ngl_s 5

Ref eqoi ng nownay Fb@ur el cbatddi® BeehBERCtny PORET of the stAtIECILEPNthe
systemis arranged in several functional units
assembly process or as a stand alone manually loaded
station. However, the preferred location is immediately
after the boards have become fully populated, so as to
prevent any further processing of defective boards.

15 In its most automated embodiment, the
inspection station 56 will be followed by a board
diverter 57 station which, according to the results
provided by the inspection station, will direct
defective boards to a rework station 58, and good

20 boards to the next SMT processing station 59. The rework
station has access to results provided by the inspection

station. Optionally, the rework station may employ an

additional inspection station 60 for inspecting reworked

boards. Repaired boards will re-enter the SMT
25 processing at this point 61 as well.
The preferred inspection station is fully

compatible with the inter-station communication protocol



and subsystens. Aut omati c control is handl ed by a mast er

subsystem i o850d3kr ected by a vision subsystem TRcTUSSIHN1BER0
automated “in-line" operation, the master 10 subsyst em

gener at es conmmands to t he conveyeér controller/interface
73 for activating board handling mechani snms, including a conveyor
5, and to the carriage controller/interface 75 for noving the
carriage nounted canera 20, via data communi cation |lines 77,

78. A 15 estalebished ddva |Fhe  79SuréaFrfies MIWh comuBE¥iPBenfe
canera 20. The nmaster subsystem al so carrie ot her . t asks
such as the arG '%ﬁt%ﬁr#ow%ﬁs%‘é%aatjt?}“ an "WEP' which; gllows; gﬁ’r
subsystem 72 and ta entr d.storage devices 82_and to th
user interfacéxﬁﬁﬁf orcﬂﬁmxnggﬁ%iﬁ%r ggta%ofﬁg trﬂ?ﬁﬁ?%ﬁ.c%ﬁ%ﬁﬁ?%%tego

rework data t ; rk station 58 and its control
nmonitor. Data Ti e%géfg%%gg #@y@ conformto RS-232 or other well

knows digital data Referri ”HBQiQﬁ;iﬁﬂéugéaQqaﬁg§a preferred board N

this preferred enbodi nen of t he i nvention, t he canera
20 wi Il outpuingpét@idml spetee is arrangkBaiilh HegAadaD3EaAaPLbaaNdubAR s
encoded current video imge to the vision subsystem 72. )

Al ternativel y,atdie sobagisa e . Automatic  control is handled by &9-
may issue a video signal which is converted to a digital si gna

by a digitizermastexyr ahbdysteper i Pheaal direlctelde by a visidri snbsyistest em
72. The Vi si on subsystem 72 conpri ses a b5

m cropr ocessor’2ont r BMrdaddi grtamakedndlinmbinger openatsion, the mwgstedry
function involves anal yzing i nage data received
10 subsystem generates commands to the conveyor
controller/interface 73 for activating board handling
mechanisms, including a conveyor 5, and to the carriage

controller/interface 75 for moving the carriage mounted

camera 20, via data communication lines 77, 178. A
15 separate data line 79 carries zoom commands to the
camera 20. The master subsystem also carries out other

tasks such as the archiving and flow of data to and from

the vision subsystem 72 and data entry and storage devices

82 and to the user interface monitor 40. Another data

20 line 91 communicates rework data to and from the rework

station 58 and its control monitor. Data lines preferably

conform to RS-232 or other well known digital data
communications standards.

In this preferred embodiment of the

25 invention, the camera 20 will output a digital pulse

train signal 93 comprising the encoded current video image

to the vision subsystem 72. Alternatively, the camera 20



via a data line 93 fromthe canera 20 in order to detect boar d
defects. Raigfgooabgdshi s function involves signaling POEURDSI18S3
system 71 to generate control conmands for 10 accepting and ejecting
boards, driving the carriage in -9-order to position the canera 20,
and issuing camera zoom commands. Configuration of the vision
subsystem occurs through user data entry and storage devices 82

di tl t Th b t
72 %15 7 mawdenied o ’t P curvint Wgéé%rééel FERTIE 1S CRrRT R

the i mage dis nmopi t qr yste an S
adj ust nent otsnltgﬁg]l §Ht |ahg JQ%lt ?he |n %%\%’é’é gk 'ngzlpheral Wltrh gh?l
The resol uti ties of the canera 20 rrust be

sel ected acg;(}r ing to -f&ﬁ@&? Z?ze density and appear ance of

the defects being inspgcted. Aifdildy, col gipsystem TANEr & NPL iR a
resolution of at |east 2000 X 2000 pi xel s is preferred to

di sgri m nat e rfiepddphascdeddy Dydnitgitfl led digitallNte0gha) aithlpwerl engtbs
allowing identification of 25 markings on color coded
conponents. prihmwyer fundtdiotn involves defadgtzsiray eidageerdsts ereceived
nonochronme, and extrenely fast i nspection is required, a digital
bl ack and\Mquacanéaaa line 93 from the camera 20 in order to déBect
may be wused. Wile an analog signal canera may be

enpl oyed, a dqpnchidedeera. i sPpiref of ehivrivechiopeedmirlves signaling
accuracy. Defects are discovered wusing digital

i mge 5 thangppsier P¥ERATMqUES W& | IRAGHT S CRESEAT SGERmEEdS b§or
ng the scanned. i ma t.abl e, of ect ed

E)te ?\5@¢V\n se accaecb%eébqjéq%alg@gsaggl?ggépgal%O?EQ?Ur e%lp SR ashe carriage in

order to position the camera 20, and issuing camera 2zoom
commands . Configuration of the wvision subsystem occurs

through user data entry and storage devices 82 directly or

via the master subsystem 71. The vision subsystem 72
15 also directs the current image received from the camera to
the image display monitor 41. The vision subsystem 72

handles adjustment of the lighting 95 in the inspection

cavity as well.
The resolution and zoom capabilities of the camera
20 must be selected according to the size, density and
appearance of the defects being inspected. A full color
camera having a resolution of at least 2000 X 2000 pixels
is preferred to discriminate features both by light
intensity and wave length, allowing identification of
25 markings on color coded components. However, where
defects are discernible in monochrome, and extremely fast

inspection is required, a digital black and white camera



space between term nal | eads. Preferably, testing

invol ves awwoemfogprl , rul e based analysis of the inmages. 10perusosHiSsst YPe
and | ocation of any defect is then added to t he dat abase record

for the current board being inspected. -10- A decision is al so nade
regardi ng whet her the detected defects are severe enough to
require rework of the board. The best npde vision

subsyst em uses thebCWEGAT K 1 2000 bagﬁg di taI i mge anal yzi ng
nodel devel opB8Yby°® U5€ H%k 2 n@nNgrdka Cééﬂ% Por ARY wRPch

includes a ful] r.digital camera havin on of .200Q x
2000 emBOX eS| ggn'%lpl%xe scgizti“r(]e % O ot R o h gpeeqnpn
particul ar type-gl-ai-gage anal yzi ng m)del is based on a 20 200 MHz

PENTI UM brand m cropfocessor and uses proprietary i mge

processing al gorithmpefects are disdédifed CAIE ha&' a1’ es%&%
of at least 4 mllion pixels, features as srall as approximately

12. % angllgsass {Ochniyrhes hava hesswmdeguatgly ayﬁcrsu@hnaégd b§5
Usi ng t he OVEGATEK 2000, an averagely populated 3 inch x i nch
board such astsstmndgr dheClscav@ed/ i teyeslapatneard table of éﬂ:ﬂaécté\&eor
about 20 to 30 seconds to inspect thoroughly. | nspecti on
speed can be ?Pthen¥isenacsept@tle addives nboe certain feat Uzt ersuch as
processors to either_ or both systens. VWhile simlar
systens can t8PaF&te Pﬁfbﬁeééll sﬂ'—@rﬂ@#’lal leadshe canireferabluge béstOOg of
an inch, the lnve£t| on ca accommuodat e |rrpreC| sion of .02 of an

inch. AdditibR%PEyes a numer’c‘Fl%lcaFPﬂ-Egé?a(ﬁfé% wrlyale of Hhasipagesse
or fl%St as The ‘x:ypseI m | and SlyStaEi:ldn OJL_IS aéll'lyI eggfex er:]Lssl Vteherrr?cggrclilefim még be

the database record for the current board being inspected.
A decision is also made regarding whether the detected
defects are severe enough to require rework of ﬁhe board.
The best mode vision subsystem uses the OMEGATEK
15 2000 brand digital image analyzing model developed by
Omegatek, Inc. of San Diego, California which includes a
full color digital camera having resolution of 2000 x 2000
or 4 million pixels and a fixed or auto zoom lens. This
particular type of image analyzing model is based on a
20 200 MHz PENTIUM brand microprocessor and uses proprietary
image processing algorithms.
Using a camera having a resolution of at least 4
million pixels, features as small as approximately 12.5
microns (0.5 mils) have been adequately discriminated.
25 Using the OMEGATEK 2000, an averagely populated 3 inch x
5 inch board such as standard PCI SVGA video adapter card

will take about 20 to 30 seconds to inspect thoroughly.



enpl oyed. Additionally, it is not necessary to put down

stabili zi nqgﬁggmgzgs. 10 As a result of the higbarhsgtidki on
to the visi subsystem typical inspections can be done using a
single i mge froma single scamied- canera frane. However, if
finer detail is required the canera can "zoomin" and the

i nspection can be done wusing nultiple images. The 15

di stance between the canmera and the board typically ranges , fromb5
to 10 inches, Imsgdatiitcad epesd bganhdeerfilgiple spggeased by addipg; pere
average distance at 7.2 inches. Al t hough t he sual hei ght of
conmponent s i s a8 {fRSEAY RRARRSSQHRIRAI§IFheT or bOt?a?YSESWﬁOnents such as

those 2 inches high, can be 20, accommodat e Qgh!n _
reconfiguration of Wﬁ&lgﬂ§¥%hlar SYStem?uE&ﬁiﬁﬁ%%mnecegggfﬁ?lSlon of
Being tol erant_of nmuch |ower precision,qov ; and.ehLasspe
transl ates di rett ISATHED %agﬁg?%%fss at’olgg B inch, g%ktl%r vvgigght 8an ess

expensive.  BANOARIEL RO' 1A Eoiston of bBCcH ald ofhaRl easditibnaTyed

to diffferent locations in the assenbly line, noved out of the
line as a maNyale carriage IBRECAOONHAK e YOI keStzaf | PRecOBeOfdr SEhst as
-12- %@ferring now to Figure 3, there is shown the
automated enmodiiEid s9Btemel eddHNi & lassendkyensideomechanism i mapedtis on

station 56. The physical layout of the aut omat ed station
i s governed byenglowsadpat Aldiictipnaililly, S5t is netamé@edSVY at® opttedown
assenbly processes. The station conpri ses a housing 2 having an
i nner i nspect istmalsElMizing supports.with a | ower surface 4 upon which
traverses a board handl i ng and transport nﬁFhanisn1 ingludLn a
convagor 5 As a result of the high resolution to the vision

subsystem, typical inspections can be done using a single
image from a single scanned camera frame. However, if
finer detail is required the camera can "zoom-in" and the
inspection can be done using multiple images. The

15 distance between the camera and the board typically ranges
from 5 to 10 inches, as limited only by the enclosure size
with the average distance at 7.2 inches. Although the
usual height of components is .5 to .75 inches, unusually
tall components such as those 2 inches high, can be

20 accommodated, making reconfiguration of the wvision
subsystem unnecessary.

Being tolerant of much lower precision movement
and placement translates directly into a system that is
lighter weight and less expensive. Being more portable,

25 the station can easily be moved to different locations in
the assembly line, moved out of the line as a manual

inspection or rework station, or off-site



for carrying a circuit board 6 to be inspected. 10 The

conveyor 5 i the board 6 through an aperture } ke
wal | 8, thev&@g?séiét??ons it under the canmera 20. Afterzrﬁjg%%}%l??%n,
the board 6 continues al ong t he-e¢@rveyor 5 toward anot her aperture
9 in an opposite wall 10 through which the board is

ej ect ed. The 15 i nspection cavity is accessible for maintenance

t hrough a pair of access doors_ 11, 12. ri ng manual operation
i ndi vi dual boards mayR®ECFHARSd AW {CRspELFRER t%ro%ﬁ’-re 1s shpypgethe

doors, or through a eci si,on_al i gnment dr awer . descrj bed bel ow.
20 RUCQRRE ST de BRSNSt 00 AR s FARREEPRED  ATOVEBLY, video
notori zed carria 1 att i a trac 2 eilin f
the cavity 3. Eet ??ag%ggggg%s 58 s EuBl Bhdi%al  2ayouds Shd ot h
24 novenents £ayiin A a S aat. I :

t he pl ane of ﬁ% %%%gn%t%gil%él JI2)é5 Ia"%Nernler%‘lsp]g}c’t (Laig% ‘?’%ihgglgﬁf)g\%é}%poﬁb%%g

statgon to i nsPeLiaP@AT automatedOfasRiMHING Préessaed.comMineXist£8ion
The carriage is preferably noved via servo notors

-13 - compr$4€8 ashaupanf ©f Ishep Ngn NDhAES AoweeRM MW hedv Pty S3 Ng
signal generated by the carriage controller that induces. )
i ncrement al rwithi acnallawasrenentrfaicecaeh npbar. wkdch notaverses a boardurn

drives the carriage along a pair of orthogonally 5 . oriented
preci sion |ineardtingesnd tHangpoxt mefhdaism, includingmeanteshveydhes
encl osure and _the second to a_portion of the carri age.

Bel ow the inEPecErprYERTi yCcBrrYih baBirAef 25 be inspectipfising the

master subsystem conputer 26 and an
]% y %Re conveyor 5 receives the board 6 through an

aperture 7 in a side wall 8, then positions it under the
camera 20. After inspection, the board 6 continues along

the conveyor 5 toward another aperture 9 in an opposite

wall 10 through which the board is ejected. The
15 inspection cavity is accessible for maintenance through a
pair of access doors 11,12. During manual operation

individual boards may be loaded for inspection through
these doors, or through a precision alignment drawer
described below.

20 The video camera 20 1is mounted to a movable,
motorized carriage 21 attached wvia a track 22 to the
ceiling of the cavity 3. The carriage allows for directed
width 23 and depth 24 movements of the camera in a plane
substantially parallel to the plane of the board 6 being

25 inspected. This allows for the station to inspect boards
of varying sizes and complexities.

The carriage is preferably moved via servo motors



10 el ectronics bay 27 housing conponents of the vision

subsyst em av99/1982% various controllers and interfaces PCT/US98/21383
necessary for signaling the conmponents of the station, such as

t he conveyor and carriage controllers. ~N&ual controls such as
a power switch 30, conveyor overrides 15 31, conveyor pneunatic
pressure controls 32, carriage overrides 33, and an energency

shutdown SWSE e $pasr of pplBIER OO RERERER (0hed o5 ertend

froma front ane us

36 d f leGal PO HEl YN0 j LQN h
station houé?ﬁ%gﬂg.généﬁﬁkggafﬁg §g%h%%%£h%ﬂ% eégggbiﬁﬁg Hat MEnadfes

term nate in fipotemagSaBSAot 862onheCkioR@Emhirelsr Bduh IPor. Each RbEor

preferable as shown in the nmanual inspection station enbodi nment

of Figure 4. in turn drives tH¥ OParkh@gestaAld) ahpusSkN® 2 SF€hogonRBLYy

of 25 nmoni tor di spl ays 40, 41 provi di ng user interface
scréens to therimratgdi prawd oo r Adlirssest eyl idled .| NagEse first slAideor ded
by t he canera. An overall station status

-14- mounterht tor dhej2enslabvyeprand debde second to a portlwn of

i nspection station 56 is preferably adapted froman existing SMI
di spensi ng st%@§ ctRBYERIAs t he Model No. A-618C conveyori zed

aut omat ed di spensing system 5 ., readjily available,6 and sold
comrercially from @K, the inspegfion prapityspidiscapi FRHDEE 2B ng
this relatiquxléfg% rQrecision stem the entire in%Pection

station wei gh$ the | nder™B6eki | FHPAYSEofhi SCARYERSer 25r 0\AMEs ABst
of i&'e electr%r?fcgor@gf)enﬁg d?l%%rslllﬁ%d %%‘i)%r{erht%n ionf eg{ﬁttaedv gfé(gge.
subsystem and the wvarious controllers and interfaces
necessary for signaling the components of the station,
such as the conveyor and carriage controllers. Manual
controls such as a power switch 30, conveyor overrides
_15 31, conveyor pneumatic pressure controls 32, carriage
overrides 33, and an emergency shut-down switch 34, as
well as various status indicators extend from a front
panel of the cabinet. Height adjustable 1legs 35, 36
allow for vertical positioning and orientation of the
20 station housing 2. While the end of the 1legs may
terminate in foot pads 35a, 36a, locking wheels 35b, 36b
are preferable as shown in the manual inspection station
embodiment of Figure 4.
Atop the station housing 2 are a pair of
25 monitor displays 40, 41 providing user interface
screens to the analysis and control system, and images

recorded by the camera. An overall station status



10 A detail ed description of the dispenser is available in

the A-612/ Gids199st em Oper ati ons Manual avail able from PCT/US983Y3%B ek,
which is incorporated herein by this reference. I n general
the A-618C provi des the housing and -14- poard handl i ng nmechani sms
including a pneumatically driven 15 conveyor and its controller and
interfaces, the carriage and its controller and interfaces, and

t he necessar Sl}_/lE .controllers . 0 i nt erconnecti ons. The
di spenser i ttree fifapt’d byl§ pracing Tts fluid injection equi pnent.

There I's no d h@g%@?&éﬁe g@aet%ﬁstgsngllsogsxﬁba@a%w caLpiage

20 21, since resolution vision system™ can

tolerate it.g F?QHlh&kﬂ@ﬁlngfSM%helsﬁéh%h%@esé%kﬂgﬁléﬁbh as the MBQEQSted

to all ow pr oper ocal distante between the Canera 20 and t

board 6. Theydmai nacemput ercd?fvéyhﬁ'lcﬂeﬂ)enéatomated diSsenEEsg t h@yh&ékls of
the master subsystem of the i nspection station. St andar d

monstors ar Q*eamlaf}erah}amlable and I epllac edowinich cSaddry Vifdem Ghaphiek,
Array ("SVGA"') type nonitors for user interface 40 and
moni toring cdmer.a of Carlsbad, California. Using this relatfvely low
i mage 41. The A-618C provides for translation of the
carriage ovePLeqigign wavst e | theconmbitee W%@tmn station Welghs

approximately 46 x 46 centineters (18 x 18 inches).
in the nost*ndefiddtEYLoIEFIEem ThRFmEH spensex Pr?ﬁ%?%eﬂ??%noﬁst&ﬂ en

dt t th t of t
roahan cal E%;are SBnELeE “described ghdys iny an, Sarelneben Backage-
The fore, gg ed Pescrl tlo%ano b%‘.el“lr Ve %Qﬁehggge %elgxgayigtt)v\fg 9.?1 the

I ma noni t or query St a the I nspection usi ng
the the A-612/618C System Operations Manual available from

. Asymtek, which is incorporated herein by this reference.

In general the A-618C provides the housing and

board handling mechanisms including a pneumatically driven

15 conveyor and its controller and interfaces, the carriage
and its controller and interfaces, and the necessary SMEMA
controllers and intexrconnections. The dispenser 1is

adapted by replacing its fluid injection equipment. There

is no need to replace the existing low precision carriage

20 21, since the high resolution vision subsystem can
tolerate it. The height of the carriage 21 may be

adjusted to allow proper focal distance between the camera

20 and the board 6. The main computer of the dispenser

assumes the tasks of the master subsystem of the

25 inspection station. Standard monitors are preferably
replaced with Super Video Graphics Array ("SVGA") type

monitors for user interface 40 and monitoring camera



interface nonitor 40 and data entry devices 82. | f

necessary, wewmiplg2operati on of the inspection station is PCT/US98/21383
avai |l abl e through mani pul ati on of nmanual controls 30-34.

Board inspection is a nulti-step process-15First, 15 the vision
subsystemis configured according to the type of board to be

i nspect ed. Paranmeters relating to t he type, location, and
orientation of_ each conponent to be i nspected on the board are
| oaded into tH&®IF ston subsystem via wuser data entry.

Preferably, the 2 _inf Lon: ks_avai |l abl j Co ter
Ai ded Desi gn) OTh‘_afi PoSTeT, TP RSs b S T S
Previous  carriag@nivayl ahi Gindll CuhlBRCd M { e JBRIGadDBLSLED [ OF
quick retrieval from subsequent scans of the sane boar ~ type.
Al though a ghpedkitattelpfsecaR aEMEienbife@sss (38 x 18 incha@y cally

configured for a single type of board, it shoul d be noted that
t he 5 nspection systemEwerd imt lkée most automated system, human
- 16- configured for only one type of board on any given run.

So long as thetsstemticnabie toftiedentefpieach boardabetadgn the proper
i nspected, a | arge nunber of different typed boards nay be )
successi vel y akipueertd. offhi §ntegsatpdrt meghanigallue dompdhients ande to
optional rework inspection station 60 where many

successi vel y TRFFF egﬂ"e bHeeson’ §ypaoIresE-  Thexfifiqee, an operator
i nspection. |ndee t he rgwgrk Statiqn may be serving

plurality of SNr |PRESTVE image LelngnEttYH 9951*32‘!% ﬁgga%éppnit?or
conibguren VLR ot queryPHALCUAeud VRE Phe PORLfecciBh LOTRECUAL
interface monitor 40 and data entry devices 82. If

necessary, manual operation of the inspection station is

available through manipulation of manual controls 30-34.

Board inspection is a multi-step process. First,
15 the vision subsystem is configured according to the type
of board to be inspected. Parameters relating to the

type, location, and orientation of each component to be

inspected on the board are loaded into the vision

subsystem via user data entry. Preferably, the
20 information is available via CAD (Computer Aided Design)
files or other well known formats. Previous

configurations are stored on the master subsystem for
quick retrieval from subsequent scans of the same board
type.

25 Although a given run of an SMT process is
typically configured for a single type of board, it

should be noted that the inspection system need not be

25



begin. A circuit board 6 is positioned, face-up, on the conveyor

5 at a so-¢g dopdgrszer o- position”. The conveyor 5 MpEREségiaagzoar d
6 to a begi nni ng position under the canmera 20. Since the

vision systemis able to calculate 15 -16-its position from the
visible features on the board, hi ghly precise novenent of the
conveyor and carriage is unnecessary. The inspection can take

pl ace with the board 6 remaining on_the conveyor 5, elimnating
the need for configuredyder |gnhly BRe |ty@E ngf EPRFCe CAngYardivesba¥rdn -

handl i 20 hanj ired I he board

board SO 190k EReCBPaRY BE P naP Leatit s AR MCPGRTS RS
i i L d d_of.i td. boar d
| ocking cr a0l Bibest Y (BCHEPEE nRhnedBE Wi ThergRiRiiea baays mey ey

|dentifies the,00atd; P¥1y2inspectdad 46id DAL CREE Ly LLBELLV IRl PRard

i dentifying cue oard' s surface su as a bar co

vi son the SOPSYSHLIN cAnabhe ofndgeatibyi ngeapdohsokat i peetbe Rany

-17- code and ascertaining its identification of the boar

Hence, separ aqwcdess Codeyr eadli fife €6t PMBdatds NOttypes  may Necessagyiré
record relating to the board is retrieved by the master subsystem
26 for recordimgpeot bonat | dndetealit tle reworkt hediniom gepebst exkbyiddea

Vi si on subsystem and any system reconfiguration is automatically
done by the rebterlity of SMTslLbnestem without user interface. If a
record does not exi st, the master subsystemw || query the
operator for Ongasctihst i Vi¥sput BasdeRgembedcapbiguredgy for a

The vision systemperforns a scapn Qf the board to ) obtain an
i md® for éﬁﬁﬁ%&$§iar typeT gﬁﬁﬁngnaygh%e inspection process may
begin. A circuit board 6 is positioned, face-up, on the
conveyor 5 at a so-called "zero-position". The conveyor 5
moves the board 6 to a beginning position under the
camera 20. Since the vision system is able to calculate
15 -~ its position from the visible features on the board,
highly precise movement of the conveyor and carriage is
unnecessary. The inspecticn can take place with the board
6 remaining on the conveyor 5, eliminating the need for
any kind of locking cradle and any board handling
20 mechanisms required to place the board on or remove board
from the cradle, further reducing cost and weight, and
increasing portability and speed of inspection. However,

board locking cradles may be used.
The vision subsystem first identifies the board by
25 - reading a barcode or other visible board identifying cue

on the board's surface such as a bar code. The wvision

subsystem capable of identifying and isolating the bar



adm nistered first with a relatively coarse resol ution fol |l oned
by one or nwoe9sedSequent scans in finer det aiI t o PCTAISHY/Z138e
status of questionable regions discovered during the coarse scan.
Preferably, a single frane from ]the canera i s used to increase

t hr oughput . After inspection is conplete, the board is

ej ected for routing to the next SMI station or to the rework

stati on. Waghe rmrﬁsa&cﬂ%%aws ?chéntPPi%éE‘fBﬁ o the board.

i nformation for the rework I's autormatically available to

rework systenmjence, Alsdfi-dt@\0rKkast altbeR a tsedi®t eeguipment il HEANS
the board identification via a bar code reader or ot her i nput

device. Dat anpeekahftyg RO rehardpaidliaaiiim to the boabdaisl réctbeted by
retrieved fromthe database and graphically 25 di spl ayed on the
rewor k noni tothe et aphbegstdms@ay for recordimef emdlorynatanpr i sksua

stock i mage of the type of board bei ng rewor ked. A stock image
is Gsed to retheebprByd generated by the vision subsystem and any-ggstem

anount of data to be sent to the rework station. Overlaid on the

i mage, at t hePROPLASUIGEION t HeS r AWFRMdpEFALdy, done Dy fkeyisagrer

I cons, anal ogou to red dots on a %£ show %g the | ocation and
ce.

type of def ec?‘sl FYF Chat Yt WSEApLRSer ov%#lﬁyregﬁ’d: Tt hBPT

perti nent |nforrra i on_.t hat _has_bee

and may al so ffé overiai B2S5FF SU%SYSte"th%} ntqguree% slﬁﬂﬁyo erdl82 238
Al ternately, ESC%I %Ell%e t:.%h‘talas d[escrlbecpr%m\péjt of defects can be made

avai lable to the re Ref erri ng now

to Rpgure 4, when operngledidSich system pePBOHRL hNERAGH! i St HOR-§0ko
"batch processing”, a drawer

obtain an image for analysis. The scan may be

administered first with a relatively coarse resolution

followed by one or more subsequent scans in finer detail

to resolve the status of questionable regions discovered

15 during the coarse scan. Preferably, a single frame from
the camera is used to increase throughput.

After inspection is complete, the board is ejected

for routing to the next SMT station or to the rework

station. When rework 1is necessary, all pertinent
20 information for the rework is automatically available to
the rework system. At the rework station a user enters

or scans the board identification via a bar code reader or
other input device. Data pertaining to that particular
board is then retrieved from the database and graphically
25 displayed on the rework monitor. The graphical display
preferably comprises a stock image of the type of board

being reworked. A stock 1image is used to reduce the



43, is available to manually insert a board for i nspection. The
drawer 43 iwoloogedz€d in the front of the station 5@ar 3nghski des
out toward the user. In this 15 enbodi nent, the station a I's not
part of a SMEMA |i ne; thereforeys-the light tree 42 is unneeded.
I n addition, both the canmera and |ights are nounted on the
carriage 22a behind a box-like screen 45. The nonitors 40a,
41a, master conputer 26a, and the various switches and 20

i ndi cat ors hawvendhvadn o2l deer et e Askrybbar thesrawankegtation. Ovgirilkild a
second drawer 46. _ Referring now to Figures 5-8, the
drawer 43 is ©on the imaggmp@tsde®fiastryctionf &fe WH WweRCOEKpPREXRLOY sof
di e hol es 47 _drilled thrqQugh at regular intervals both 25,
horizontal |y &f¢ VETTHRAI FFODSThE orPwhPEh A% ©n a map showiadg s

paced | s soprg TLELY AT SR80 B8 BEIEID cor chac bl S can
-19 - ' d . 4 Wal d
orodence of a Ve 2 AT olet e ROLfilnt HhTEERAR O KEAT o bR ©

surface 48 arerdtMred in the YBEaBhse 2hhAChHBY! SavbbChhsecrs ey bear d
in place. 5 The first type are sinple elongated piers 80, 81 through

which  fingeotHd8hteneddisprayed.83 enoagathtdhe, hel edimple textual
surface. Typically, for rectangular circuit boards, these pi ers
woul d be pl acedriattgutghbfanidfesctid oar deothadet available t@nghge r@djcxient
sides of the board. 10 The second type of attachnent 84, 85
are adj ust abl estation. brackets whi ch engage the ot her sides of the
board. Each bracket is attached to the hol ed surface by a pair

of 10 Referring now to Figure 4, when operated as a
manual inspection station for "batch processing", a drawer

43, is available to manually insert a Dboard for

inspection. The drawer 43 is located in the front of the

station 56a and 'slides out toward the user. In this
15 embodiment, the station 56a is not part of a SMEMA line;
therefore, the light tree 42 is unneeded. In addition,

both the camera and lights are mounted on the carriage 22a

behind a box-like screen 45. The monitors 40a, 41la,
master computer 26a, and the various switches and
20 indicators have been relocated. A keyboard is mounted

within a second drawer 46.

Referring now to Figures 5-8, the drawer 43 is
comprised of a flat surface 48 with a plurality of die
holes 47 drilled through at regular intervals both

25 herizeontally and vertically. The surface on which the
board is placed is approximately parallel to the plane in

which the camera travels. A switch 49 with its data line



finger tightened screws 86 passing through an obl ong sl ot 87.
When the swwaeswi9s2se partially tightened, the bracket 15 PCT/USH8/213431 de

back and forth in a Iline along the _ holed surface.
Referring now to Figure 6, each oblong pi®e? 80 is made from
strong, rigid material such as al um num The top of each pier
has a hori zontal planar upper surface 100 20 extending from the

o i na oG 1 Moo HlUAe] che nBlea surface’Shd ! PhiPhoRBtMRL M

runni ng | ongi tudina along a an portion o e top o
pier. The hel,ghlenk@3 & a board 6.the wall is roughly comensurate with

the thickness of the circuit board 6 in order to adequately
secure it. More 23ble to @H vedhzed acatiesk anel 8aesOrfHBEE 4@ JFA RS0
knobs 104, 105 rotatively mounted to the top of the pier.
Each typed usfabl etbaahkeht 84 whiiThhaseausenmtdlss boatd SEgulRge .

- 20- upper surface and one cl anpi ng knob.

Each knob is Tenefitsty typbendrecaimglapezldingangdapiers 80, 8@r ttheahigh
pl anar cutaway 106 placed a radial distance fromthe axis of
rotati on 107 Wt eat &ingean thehgesedncecrsws 83 pngagesde s tholete
wall 102. This allows for, extraction of the board when the

cutaway is brotfiRcs nt ¥R i for rectangplarRerGRLF ROaZRGun these
Firgure 7. When out of alignnment ,_as sho in_Fiqure 8, a portion

108 of the bt s‘ﬂ?‘f‘g‘éege placed F Fﬁ@ﬁhtﬁ?%%nﬁg %ﬁ’lﬂtegﬁtéﬁs a
portion of t Q 10. suy face. of, the seated board 6.
Means for rraiu%f&é—’}c‘% r?gé)]t%ceerbtossiltleosn ) qilrheerlﬁ%% % may be used such

as bhpasing the knob dgpmvied hiraHah 58 ttachment 84,85 are adjustable

brackets which engage the other sides of the board. Each

bracket is attached to the holed surface by a pair of

finger tightened screws 86 passing through an oblong slot

87. When the screws are partially tightened, the bracket

15 can slide back and forth in a 1line along the holed
surface.

Referring now to Figure 6, each oblong pier 80 is

made from strong, rigid material such as aluminum. The

top of each pier has a horizontal planar upper surface 100

20 extending from the top inner edge 101 outward to a

vertical planar wall 102 running longitudinally along a

median portion of the top of the pier. The height 103 of

the wall is roughly commensurate with the thickness of the

circuit board 6 in order to adequately secure it. More
25 outwardly located are one or more clamping knobs 104, 105
rotatively mounted to the top of the pier. Each

adjustable bracket 84, 85 has a similar board securing



of a spring 109. O her well-known neans may al so be used.

Al t hough t Reobersdsasit i nvention is directed toward 15 pOEUSHEPBES | ON
of electronic assenblies such as printed circuit boards having

surface nounted components, it is ~20-gppreciated that the
I nvention applies to ot her manuf actured itens having
defects which are detectable t hrough visual inspection. 20

Al t hough in t%@g{egg{fgse epbodi nenty %E{x&;bﬁﬁofahe camera being

novable in a appr eci at ed nore conpl ex notion

involving vertical mOyemRMnolNfs generallyPbiEinarydWl sMbed MWing
novenments may be added to the sySt ein dependi ng on"the type of

article belngvéﬁﬁfﬁﬁifwi pldhar  cutaway 106 placed a radial distance
CLAIMS 1 . A nmethod for visually inspecting electronic 2

conmponent assﬁﬁ@hlﬁﬁeC@ﬁﬂéI6E8rot£tlon 107 no greatepO%iHaroniHy di Aacof
said assenblies 4 within view of a color digitizing canera of at
5 5 | easfrdrourhen dxisntpitkied wakbl LORon; Thés allows for extragtizdmi ng
via said canera, an inage of 7 the surface of said each of said
assenbl ies; @Sf the board when ghgl yutapavaid Hneught oisbeaial onresst d

9 of observed defects; 10 mai nt ai ni ng a dat abase
of a pluralit¥ie? the wall a%l%%%wmyl%eFééﬁFPbVe t Yhes Snthstferit]gnirittect s

of 12 sal assenbl |
ékown in Flgure 8, a portion 108 of the bottom surface

of the knob extends over and contacts a portion of the top

10 surface of the seated board 6.

Means for maintaining the position of the knobs
may be used such as biasing the knob downward through use
of a spring 109. Other well-known means may also be used.

Although the instant invention is directed toward

15 the inspection of electronic assemblies such as printed
circuit boards having surface mounted components, it 1is
appreciated that the invention applies to other
manufactured items having defects which are detectable
through visual inspection.

20 Although in the preferred embodiment describes the
camera being movable in a plane, it is appreciated that
more complex motion involving vertical movement, and
pitch, yaw, and roll movements may be added to the
system depending on the type of article being inspected.

25



13 associ ating each of said observed 14

def ect s W twoomngeg29r nore of said plurality of 15 Vi Slmﬁ,fysgsm;;gg,
perceptible potential defects; and 16 generatlng
gr aphi cal di splay 17 i ndi catding said observed defe

521. nulg(rai (r:n;lt h?ﬂl gf bgsgi:lmcéi o\rm?;gigg sgi d anal yginglgysizs al go“mmjﬂl" Hﬁlﬁ"““ I'H
3. The nethod of Claim2, wherein saidcggghxflng

conprises: 3 conpari ng | mage against a record 4
of _acceptabl e val ues; and I d %é are &
|nade whi ch dg A fh aIFQﬁttﬁﬁ$%%ﬁl va i ééXng 81l r%%lcThe
thod of ngbn%nt W@%@%ﬁllégﬂ g 1ses mai ntai ni ng conprises: 3
ent ing asse l.ayouts ~ inc conponent type | ocations
and prientation into $aisdtidning QéEﬁbf@ﬂe saidla_ssembli-es_ wienigt hadyof
Claim4, wherein said entering 2 conprises interpreting a
conppter-aldedfdealgamé&a, file describing at |east one of said
assenbl i es.
5 obtaining via said camera, an image of the
6 surface of said each of said assemblies;
7 analyzing said image to obtain a record of
8 observed defects;
o) maintaining a database of visually per-
10 ceptible potential defects on said assemblies; and
11 associating each of said observed defects with
12 one or more of said potential defects in said database;
13 and
14 generating a graphical display indicating
15 said observed defects.
1 2. The method of Claim 1, wherein said camera is a
2 color digitizing camera of at least 4 million pixel
3 resolution.
1 3. The method of Claim 2, wherein said analyzing
2 comprises:
3 comparing said 1image against a second record
4 of acceptable values; and
5 identifying areas of said image which do not fall
6 within said values.

This Sheet Has Been Replaced THIS SHEET HAS BEEN




1 6. The nethod of daim 5  which further 2 conpri ses:
3 w0 99/19828 dentifying each of said assenblies 4————-—~--v+:g a

vi sual cue on the surface of said board, read anera; and
6 categorizing each 28f said assHmllmﬁ ﬁm”ll”, ," within

one of a plurality of assenbly types. The
nmet hod of Claim®6, wherein said 2 step of p03|t|on|ng
conprises: 3 The  methohOUM W1 NIC183GN ©Of,  Sqlihros ASSCHILS
4 al ong a conveyer; securing each sai d
assgnblies Wity aBhing comp¥if¥e.of said canmera, wherein said securing
has an 7 accep?able tol erance coarser than two hundredths of 8
an gnch. 1 eSterThg arsgémﬂlyflg,awglm&@aa@h@ SRR L 2
conprises: 3 scanning a first course resol ution
4 4 | melgsc i i Sms dandsepbéytatbon into said databakdentifying a
potentially defective 6 region of said assenbly; and 7
scanning a first fine resolution inage of 8 sai d region.

1 5. The method of Claim 4, wherein said entering

2 comprises interpreting a computer—aided. design file

3 describing at least one of said assemblies.

1 6. The method of Claim 5, which further comprises:

2 identifying each of said assemblies via a

3 visual cue on the surface of said board, read by said

4 camera; and

5 categorizing each of said assemblies within one of

6 a plurality of assembly types.

1 7. The wmethod of Claim 6, wherein said step of
2 positioning comprises:

3 journaling each of said assemblies along a
4 conveyer; and,

5 securing each of said assemblies within wview of
6 said camera, wherein said securing has an acceptable
7 tolerance greater than 2 one hundredth of an inch.

1 8. The method of Claim 1, wherein said obtaining

2 comprises:

3 scanning a first course resolution image of
This Sheet Has Been R
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1 9. The mnmethod of Cdaiml1, which further
conpri ses wWQWOsSNg said |ist of defects. 1 10. PCT"I’%’”?&& hod
of Caiml, wherein said 2 ostep of generating conprises:

for

sai
sai
def

met hod of Claim1l, wherein said obtaining 2
sai d7 canera a di stancecahnghg & first feast desdleendnmeimige abgvessaid

displaying a 3 tenpl ate representing said
4 di splaying a distinct st at| i\;m \ﬁ\m“\“\
each of said defects at a location on sal "

correspondi ng t i,on each of said 7
assenbllgégd QSiL88§§

tenpl ate
defects on each of
The nmethod of Caim 10, wherein

2 Vi Suaiaehm mgrmc-,u S&btd &f‘i}'roaefgt:tl%e tyReyi 3t
ect . 1 . The et hod “of 1, wherein sai canera IS
mourg ed W t hi 8328 gggé@gyy@ sggported by mheels 1 13. The

boar d.

conm@ i ses:

a -

col or

[+ NN R O I N

1

14. An el ectronic assenbly inspection station 2

3region. a housing containing an inspection bay;

digitizing camera having a

9. The method of Claim 1, which further compfises

cataloging said list of defects.

10. The method of Claim 1, wherein said step of
generating comprises: displaying a template representing
said assembly;

displaying a wvisual icon for each of said defects
at a location on said template corresponding to the

location each of said defects on each of said assemblies.

11. The method of Claim 10, wherein said visual icon

comprises indication of a type of defect.

12. The method of Claim 1, wherein said camera is mounted

within an enclosure supported by wheels.
13. The method of Claim 1, wherein said obtaining
comprises positioning said camera a distance of at least

12.7 centimeters above said board.

14. An electronic assembly inspection station comprises:
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5 resolution of at least 4 mllion pixels and a color 6
range of afdemsbsl6 mllion colors, nounted on a 7 - ODVISYE/a383

carriage within said bay; 8 ournallng an
el ectronic 9 asserrbl y boar d”"l" Iﬂaﬂm

nmeans for securing said assenbly within

nmeans for analyzing an imge of sald 13 board obtalned by
said camera to obtain a Ilst of 14 defects on said board. 1

15. 2 The station @& hogsding £entajpsing o shpgpegtion bayimeans for
anal yzi ng conprise a visian subs sing a nunerical ;rule
based col or inage analayscf‘gloﬁ glgltlZlESQ&ar“ﬁﬁﬁ Havigg a resojgtionyrf
station of Caimy14, where said_nme secur rlse a
Slidfng draweft Ledpt 91199 ST TRYT RO & S R
I mag e entire surface of said assenbly and 3

S OStalned bylghg%g% I"e ! scan by said canera. 1 18. The
statigon of Caim 14medﬂ§(¥brfjﬁﬁPﬁ£llg? an eleéEEgHiéeﬁsseHBQQSboéya
associ-ating said list of ects wth sard assenbly’in

dat aase recokdthin said bay;

8 means for securing said assembly within said bay,
9 and

10 means for analyzing an image of said board
11 obtained by said camera to obtain a list of defects on
12 said board.

1 15. The station of Claim 14, wherein said means
2 for securing comprise a conveyer for carrying said
3 assembly.

1 16. The station of Claim 14, wherein said means for
2 securing comprise a sliding drawer.

1 17. The station of Claim 14, wherein said image
2 comprises the entire surface of said assembly and is
3 obtained by a single frame scan by said camera.

1 18. The station of Claim 14, which further comprises
2 means for associating said 1list of defects with said
3 assembly in a database record accessible by a rework
4 station.
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4 accessible by a rework station. 1 19. An
aut omat ed @)pdopwedsor visually inspecting 2 el ectroni ¢ conpermnt

neof 4 ' °Caia Sassen fes befdatn - col of IR mﬁﬂwwt east

digitizing camera having a resolution of at least 4 *6 ¢

pi xels; 7 nmeans for detecting visible defects on 8
the surface of said assenbly; and. 9 graphi cal neans
for ldisplayihy- said 1@utomatedief g¥ssemlt aLeRwoVRs¥edlivon. inspecting
20. The ftatlon of Caim 19 wherein said 2 posi tioning
meané has a tBTeFSheRiGr COBRPEENL REFemPlies compyiisesindredth of an inch.

3 means for positioning at 1least one of said

4 assemblies beneath a color visible 1light digitizing

5 camera having a resolution of at least 4 million pixels;

6 means for detecting visible defects on the

7 surface of said assembly; and -

8 graphical means for displaying said defects at a

9 rework station.

1 20. The station of Claim 19 wherein said positioning

2 means has a tolerance of greater than 1 one hundredth of

3 an inch.
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