, 3e%@": 6T@R SYSTEM AND METHOD FOR CONFI RM NG ELECTRI CAL CONNECTI ON
DEFECTS *coo8oa* “TECHNI CAL FIELD 5 10 The present disclosure rel ates
generally to systens and nethods for high resolution inspection of circuit

board assenblies usingyge @A@ﬁbé‘iﬁﬁl—?@b%k@bﬁﬁm% and in

particular, to systens and net ho whi ch nmeasure el ectri cal gmmmmm
within circuit board asEBEESITRECABCQNNECYIGNBHEBECI&I ysi s.

THE | NVENTI ON Rapi d and precise quality control inspections of the *goooo+
sol dering and assenbly of 15 el ectronic devices have becone priority itens

in the el ectronics manufacturi géﬂ%ﬁiﬂﬂfﬁ) reduced si ze of conponents

and sol der connections, the re nsity of conponents on
circuist board Fssprebdnt dschusretisataschenatallgto sysmdms:mdmatitods éartinglt-ogy (SMI) ,
whi ch places sol der connecti ons underne th devi ce packa where they are
hi dden’ 1 rGHAIYRGRTSPESHET 94 AU PRI ERRFRLSS VSOE AT AERLATBROZIEBRY r oni o

devi ces alfiehfiCafl A, GONRRAS AdmaRD a@%&ﬁﬁe&%& YeEificeli fficult to

perform a na turing environmnent. ny existing Inspection systens
for el ectdsonnectiote withérs ciatudt oamnd estembhies farkpaly cmtrob enadfsipenet r at i ng
radiation to formimages, which highlight features representative of the
I nternal structure of the devices and connections. These systens often

utilige conventional ra%&g;%g;ﬁgc@ﬁmqwiiﬁﬁ he penetrating

radi ation conprises Xra ious parts of the
human body, foRalﬁﬁamiabmcxstelqaahiye&mromspectioagsf theohieringtand assemblyef haps
the nost famliar exanples of conventi onal ql ogr aphi ¢ i mages. The i nages
or pict ur‘“é@“f%‘l“?@‘ﬂ’“?eé%@%BWWW%W&V@HEG}&/\F E%f’éqm‘fﬂméﬁ‘}‘féﬁ}’@ﬁg bei ng

i nspect ed %ﬁ&.@%r@@ﬁ&ﬁt Jeor'colpthas &fla Biaer &%ﬁ%t&f M&?{ﬁm@e X-ra

shadow i s rec ray S n5| trve materi suc m-or ot her
sui t abl e merased dﬂnatﬁ@@aﬂm@mﬁtsaﬁu difeaitboarl/assérablivey amd thedd et af)turfae
by 30 the internal_ structural characteristics of the

det I ned t I

ogj E@E{ ng@f’{l}%ﬂ%&%&m@l\ﬁh@éithﬂ%aqqséﬁ%c\ﬁhP%‘HwP‘iﬁ@sﬂi’@Fﬂ’éﬁ?‘ 9evictys strike the
bject. T t had

obj ec Vé;a;cgcﬁgeegr perftéur%ge%gé Kh&ed Pgﬁg&@ ﬁzwc‘}ﬂa&’lq f’a‘i%'d éc‘is{i]% ch@é{s shadow

i mages, VI sua y a person oF |ca
conput er , oftdl¢atronicadpvices and bt elesritdicon@escsionpbetesesn bevmead\&ry ég’ﬁmdt rog
" 159159 perForm in a manufacturing environment.
Many existing inspection systems for electronic devices and connections make
20  use of penetrating radiation to form images, which highlight features representative of
the internal structure of the devices and connections. These systems often utilize
conventional radiographic techniques wherein the penetrating radiation comprises X-
rays. Medical X-ray images of various parts of the human body, for example, the
chest, arms, legs, spine, etc., are perhaps the most familiar examples of conventional
25  radiographic images. The images or pictures formed represent the X-ray shadow cast
by an object being inspected when the object is illuminated by a beam of X-rays. The
X-ray shadow is recorded by an X-ray sensitive material such as film or by other
suitable means.
The appearance of the X-ray shadow or radiograph is determined not only by
30 the internal structural characteristics of the object, but also by the direction from
which the incident X-rays strike the object. Therefore, a complete interpretation and

analysis of X-ray shadow images, whether performed visually by a person or

numerically by a computer, often requires that certain assumptions be made regarding
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the characteriwstics of the object and its orientation with respect to the
X-ray beam For exanple, it is often necessary to make specific assunptions
regardi ng the shape. internal structure etc., of the object and the
direction gfe 4,88 lehchAesH h&obRY SarktRR oridheatRBIVEA reshis &AM FRES@m. For
assunptions, tfeatures of the X-ray 1 nmage may be anal yzed to determ ne the
| ocat i on, skapepleshapdienatecessanyftomekespesifs psaudiphigns tagasiing the sbapa. act eri sti c

Chal ysos t Biauiibyrt G aite e e e Bl Gt B8 °°
various i npgec &Rl 63 thesO WRUR] ioha%ﬁu@%%wmtx.ewing&%haﬂ@a;agz@m guities

that degrade the reliability of the interpretation of  the images and the
deci si dns betermnine genotitemnasiat.yshiape, B. off thdeordéspanding aestunaheltpeacteriiie of t he
primary anbiguities resulting from,the.use of such.assu ions in the

el o1 s of O abisht i B ol ogh Bpkaey Whageal AT I GAT TAY PoASsrol

struct ural jseRdfArddtdh h oMt SdrheBior WG prodt&dd AiFiohl fmaRtaRBurdensi ty, and
size of a defect within a solder connectioh, are often nmasked by the

over shadowi ng niesvegér, these ssshamtionn nfiectieste antsglifiecthavddgradeshdy
nei ghbori ng sol der connections, electronic 15 devi.ces, g(%rcui bo

rds,
ot her obj eftigbLli&y pl@e iHEPEHRIIhakiBRIMAS s A deciPRHASPd RBPLBF @BRkSIAr o
usual Iy di ) : I j [Qi s ol L Shexhr : d
o ton ear 1 B0k PRIGR HlaBl, IS o b e K R T e
shapes, siarh asamptionsah theremmabfsissflcdaventiohelatdiographs iv thadinvdldveadatiehect ri cal
connections, 20 In ar}ﬁggte it t.o.conpensate for_these shortcom ngs, sone
systens i nelot PeichiTal ehegacterisisivithiy ap LMLl WS the SRAPE cSansHY-RE 41451 Afidal i t y
of angl es. Lt i 1 ol ve
he anbi gLl T s o e PPk lap oL B8
utili zati osplddr conhedtiphatseif @sviwed] aarbylineighberieg soltlert connectivmepd]eataingd
mechani cal ' handling.system often requiling as nany as. five 25 . independent,
non- oriPhogdiafesakied o2t @efﬁothw@e&é-gé}%g&e MEEHAAPWIE B Acat i on | eads
to increas WF J j i ] i ion tines,
reduced thl(r?%%g put’, er%ﬂ%??%@s‘?@%ﬁﬁbg eg@e@ielréér)]ﬁgggﬁteg&? gglmec hani cal
conpl i cat i ensberaside awd ofterohéanly impdssibiapo trake ennighasswrapidriscatpraziselydue t o
t he nonorthogonality of .the axes of tign._ 30 Many. of .t he probl ens
associ at edIGHFERHNE P@Brﬂ"é’ﬁt‘FlS‘rlSFat’rOé’agg@‘l‘ﬁ%%%ﬁﬁ%’&‘d@@“’b@‘?@E’§§‘é”&a]above may
be al | evi aggdebYodr oduci ng cross-sectional inmages of the object being
i nspect ed. Tonographi c techni ques such as | am nography and conput er-ai ded
t onogrZdphy ( CT) Ihavattdmemio asmgensatenfodihesd shapiobindngsi -somse systqmoigioerporate

-sectjonal _.or, body- secti on .i . ).si..nedical li cati th
echn questedaeeio HTRE MCThitdTrE  phben G A58rs "Bt afBhoRIMiatUery 1 ow
resol uti ongna@ie ths: HERETs t6paRiafly 9ésol WhEanbigiRi @ predea PRI 1A XIRShiddy 04 to

0.08 inches), is satisfactory and because speed and throughput requirenents
are not asProisFéion imegashdlevervienspidizatioyofimphiglesviewinlg anglpsincesnsiiates 21 n t he

case of electronics inspection, and nore.parti.cularly, for. inspection of
el ectrical co%lh%a&qsrgﬁ%a&f@ﬁﬂaé@h%FH%?mj %ﬁt%’trﬁmpﬁﬁé‘ér‘%@gﬁéﬁfon on the order
of sewvar al indesdrdeRt, 868-ortheorRX axedl T matfdnM T OHEIrEd §f thefh4! £hslicatien 0008

inches) is preferred. Furthernore, an industrial solder joint inspection
syst em nuskcageiodnencasemexpensecingGasatptizesandoreighic nmger msprction timesbe of

practi cal e on.an industri.al, production.l.ine. Lam nography, systens, which
are capabl}ejeﬁg?ed;@mué\)%ng%aéregﬁ%églogW Pé&%ﬂ?%?iﬁ koeﬁ_ﬁlﬁil?%ﬁ?éﬁltcél necessary for
el ect r oni céorhplseiehd, ARd 24 Ebra@SE indd@mpiier b trb DédramlidadioRal @foSthe Hos.  Pat ent
No. 4,926,452, entitled, "AUTOVATED LAM NOGRAPHY SYSTEM FOR | NSPECTI ON OF
ELECTRONI Ggthogogelitypfitle Beeref mationl . ; U.S. 15 Patent No. 5,097,492,

entitled, "AUT 1 ED .LLAM PHY SYSTEM FOR | PECT .OF ELECTRONI CS, "
rauedt s Baker VY gf e ibesocll with T oniEiicn) Eiodrastt o KT eD
LAM NOGRAREYhrirSdsElbduskR dl INoPEfabl G a(kviEek eihe cro&SsRboha iBakarofet al . ;

U.S. Patent No. 5,291,535, entitled,. "METHOD AND APPARATUS FOR DETECTI NG 20
EXCESS/ | NSUERPECERAMSMSPEReOEFENTS aphicdeqhatves sBdkasrl aminographygnd,  Pat ent

conTriL L1 RE B Eoeetif T KV RO R PRt shytelicgs AR A

5,561, b96, entitled, "METHOD & APPARATUS FOR | NSPECTI NG ELECTRI CAL

CONNECTI ONS, " issued to Adans et al.; U S. Patent No. 5,199, 054, 25
entitled, "METHOD AND APPARATUS FOR HI Gj)—l RESOLUTI ON | NSPECTI ON OF

ELECTRONI C | TEMS, " issued to Adanis et al.; U S. Patent No. 5,259, 012,
entitled, "LAM NOGRAPHY SYSTEM AND METHOD W TH ELECTROVAGNETI CALLY DI RECTED
MULTI PATH RADI ATI ON SOURCE, " issued to Baker et al.; U S. Patent No.
5,583,904, entitled, "CONTINUOUS LI NEAR 30 SCAN LAM NOGRAPHY SYSTEM AND
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and




entirety of each of the above referenced patents is hereby incorporated
herein by reference. In a | am nography system which views a fixed object
and has an inmaging area that is smaller than the object being inspected, it
may be necassadeyuditnl Bbued-beetiohjigagesarin nrdidad apsisiatibng) thksk iehaniues egi ons of
the object within the jmaging area and or nove the_sensor while keeping the
obj ect bej hyetme& taHh \ytdaﬁnrs%wce%smgfgbh%ﬁ RS Bl s lahPRdyt @hhs,

whi ch, whe i r i i j his is
Frequent | yOSBrSHE o BOE Bl Blmert S AR ROR (Rl LNEOE LS, B fHacraf g
system sugid iRSaid speed-aadnbRiubhPirdghitcadngs arthet aadtverd & thevededpondihcng t he
desired regions of the 10 object into the inmaging area. Myvenent in the X
and Y @i r eeflionial rr@uEmeNtis. he regi on to be exanined, while novenent in the Z

A T

above-r ef eglediies cBateetibss Slich @k @58 iRYIE SthagB desBRItIbAWN thebrddhef genedlat i on of
cross-sectional imges of test objects at a fixed or selectable cross 15

secti onal MipERfECEScHIr eppmnke, 20 mietomeaters yanpepramatgly R-009§ inchgp)de pssferedn and

i stance antrgorsRarlelidl sAERF o NedenBubt S dn o Bpibkh gy = 11 e

predetigr M inedespacetdnd iA@8ddrit® Be bR pfadtical dise 8) af itusaed] pfdtucthibh $inposi tion is
internediate with respect to the positions of the X-ray source_ system and
the X-ray det eckaninggesphyrsysteamsy wiieh arzcapshle of Fuivevingilie speediandadcyracyyst em

coll ects data frorpvx/nich a,.Ccross-sectional inage o.fb fea@xur in the test
obj ect , | JEIPEIMEE PosSrY oL cLERPRIST IHPRRHogLATT Hessrot Fh e TOLAMHE for ned.
These systgiiEnt9asEUPaba Nbaf, 015 S eafitle® SAUEONMAITED 1 evivedrAPHY | ocat ed

in the fixed or selectable cross-sectional inmage focal plane at the

pr edet er m HEBTENEECR| INSPES RIOMhORI B TRONIZS, gsusd taBaker ¢tralt BeSe syst ens,

it is.gessential.t t i i Q = i I i ocal

bl ane Sna EHERN AR 4R, BNl CRPaEh TR MG RATRY SRR e
conf i gur edINSPEOOTION dF ERECTROMETS, NiosiickitO BaRéOR Gl ! 176S. 'PaterANos. I f this
condition is not net, then the desired i nage of the selected feature within

the test obP&b65Guentitled( AR QMAMATEIR ANMNOGRAPHY T BSEENEORoNal i mage of a

"nel udes. +RBTER BPREGFFUECBONIES, i et Bk AU GUR. 2BREHY: "o T
techni que 500MB3Y, ¥ntifel] “METROD ANDWARPEARIETUS IFOR BETEREIING of the test
object within the cross-sectional image focal plane_ physically neasures the

[
"Z"- axl0s pBSCESSANSURIRCIENT SOLLER ETS,UéssHed tnBakanehalurléveRatent he t est
object is {4100 a e ) ected feature
coli nci des I\t}lmg'ﬁgﬁ‘?ﬁgi 146{?&&%'-%%% @%ﬁéﬁ?ﬁ?%}%&yggipﬁl i mage focal
pl ane. AnyDBTEETIHG &N CONSROIEING SeilliR DERECTS, issaedtcsRoder ebel.;used to

physi cal |y, sure the "7Z"-axi § positi f the | e feature of the
t est obj ecltjfg"3 %ﬁ@PéNﬁrgséﬁgg‘gépng eé/&%fﬁgm? Mﬁﬂ%@’ %CEWé
ranging s i RN oF A Sy o t a known
| ocati on ?%iggfﬁ%t“??eat lﬁﬂgé((l}lnst ’thsgﬁésﬁ()%{hg?g%?d'f Tﬁﬁ%%ﬁf}g?f‘fﬁeﬁ@??}f ace, of
t he test obiteled, “NMETHOLY AN PRAR ATUSI PR ¢16H RESIITUTEIN YNSPECAHONhe t est
obj ect, a i.ca a,| aser-based optical triapgulation_ system an
optical i nt&gm({)@égfgm 1ssugdfoflams 5t ak ol Faest &Ny S8 2ot hers.  Any
one of thesg a4 «1ai i A4 ' e used to forma
"Z- map" o?é]?lﬁgg’sur%ace 0 %ﬁ?hgeqa?ggltw OE] ebg% iégnwyﬁap typically
consi st s AELBATROMHMGNETHCALIGS DIRECTIBIE M UIONER AR GeA RIATION SWUREEZ- val ues
of the surface ofBKLhe tes{} ot#'gect at the garti,cul ar _X-Y_position. The

o i

| ocat i ons ig§ued to Beke ebak; fenpNe- pobaP84grtiled SNIRIVEYIEYEARe t est
obj ectol hatc AN AMIRIRTRAPLYS PITRM BIND it OB OfsuallAeRil; ahiReg, focal

pl ane. The "Z"axis positioning systens nost comionly used in’circuit board
i nspect i orPasstNms, 4852 005entakedr “AETEM TG eV ARPIAECOMPREI[BTIONHERRS have
been used f CrosSS- [ - ' .that are used to inage

ol ect roni &-AMEERARERG QAL B R PR T BT et epns 20e "t ypi el 1y
very thin in conparison to the surface area on which the conponents are
nmounted. Sone circuit assenblies are made with very dinensionally stable
material, 20 such as ceram c substrates. However, the majority of circuit
board assenblies are constructed with a material that is somewhat flexible
or in sone cases very flexible. This flexibility allows the board to
devel op a warp in the axis perpendiculaf to the major surface areas (i.e.,
the surface areas that contain interface pins) or the "Z" di mension.
Additionally, some circuit board assenblies have variations in board 25

t hi ckness. Besides electronic assenblies, there are many ot her objects that
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Specifically, one such range finder systemis designed for use in a system
such as that described in U S. Patent No. 4, 9?6,45? to Baker, et al.,
hereafter referred-ed to as the 452 patent. The ° ' patent discloses a
| ami noar arehm&y@i@mqldirtwmmea@fdemeayadaa@egihere@gmwrp%yﬁb@mﬂam;ng a very
shal | ow depth of field is used to exam ne solid objects such as

pri nt ed- cirelguenece boar ds. The shal | ow depth of field provides a means for

exam ning the int i a_sol der, .j,0i.nt erference fromthe
conponents 5 ak}B\?j%éH}?éB hé’\/%yftﬁ’é1 %‘Il Ylewfjiarﬁxeg %ecﬂﬁ DA s %%ad bel ow
the sol derdi¢d Shalls tRat thefobjééwémgaﬂs%ea@ﬂqema??%tnrebéwé@szo hove thesseal |y

uni f orm background. To provide the dési red selectivi ty, the depth of field
of thesl ararmmgrtaphsmon rda@ftrngt regioneof the abject Mathisy tb@rlmglﬂg@sga anslgy move

tel th 2 Unf or t | f
Vot ati ondhesemperonins Resptne Pr oot BEap o wiichzpe dubar e Ge pafe . °To 10
overcome tlﬂlﬁogfa%“@aﬁlﬁch t\bﬁen?r%i%é%%g&ilcxt REmPAd PhAE FHAES bitire RBREL Tigs Mapped

using a | aser i nder e detailed laser range finder generated nmap
is then uéeﬂeqwnﬁgsmhnem b suppiorting thelwbgactioma ntechawpaldandling $pstexi, rsagh

{he boar 4% & g-SAE Pat BRMEdR Endoe RatisgroT i B/oER et REFonael e
di sadyant AeoimseitlaginoRed MIvRREH ATOXLAT difoildie 16BAMEkam, used in

determ ni ng° whet her a measured solder joint feature is indicative of a

sol der | oitmbe thatined, Whﬂcemwamlcat inghe Zdifeeton meves thue@bfmt ugan¢ down bwar d

i nspectio 0 corded data for one nor.e aracteristics of
a sol der jSS]ief\'/ltttE‘ ngaé‘F ﬁggel?ﬁa? wiere ﬁ}?ycr?ﬁs “SERARO é‘E?gFe‘El %‘f?&r acteristics
does not fall %évefamoeﬂm%septra@re&]e&gﬁatahs u@kmgéd&qcés'arﬁmetw@s RRghedr Nore
char act erl stics exceed a fail threshold) the corresponding solder joint is
deened " deeperniioeof craft-sactipha ipraigad eﬂesﬂabgcaﬂiattacﬁaxad dresteciablecmmsl— ete, the
resul ig for the various %IlleCt“ cal connecti %ES associ at ed %/ij devi ces
mount &Y orfSERR2hiMagedaca Plans: 1 Kfse §YSITTBS. AR TR URF QN “b% Yated. A
techni ci anjeledtdrRgfehask aﬂté$1nrtﬁ@@2khﬂﬂ dsﬁaetmm sﬁtxeer alstdngb gh&Heef or e
retesting the printed circuit board is desired to reduce the tine
spent han@tosng;pcmmésnag;dbcaigzlaneemdaterdgt azpmﬂcpsrepmd spgeificiposigidnaen teui t
boar ds congg|n|n "defeﬁﬁjve el ectrical,.conn ctlons [ educe

order t
abor cost HiPtc ¢ HsiRgitRBS fRiemNgiale pRRrsRsro e Prvtivns et red to
reduce |ab@-§~a)ﬁ§b%h?e @@x@n{mﬂae%wydwecé&ls@y@mtmi hesuhlaxfsl ORel X\RGGUr at e
reporting of ™defective" electrical connéctions.” 30 An investigation of
f al se2€ol d@tec}omlsmtem@bée@s datadiagmmdich henoss-prstionalrimage Of fratwes inrtbetesh) or
sources of ,t bser atlons Eir t her i ficant anount
of vari at |°8he°?r%g‘f1aé ;ﬁ%{gr gflal le?ﬁaf? ZP%&n%aPsﬁ’é g{'ﬂ’? ﬂg"s%Fys enb?l nt ed
circuit beagmididaiat it fbathfsmég@sh fodielingtdar 1asedin the Gixeder s@esiaet uri ng
process. The variation in 6 height is a result of both variation in
t hi ckness caesswertionas irpage foeal mlane At theprsdetemmpingd sxm:ﬁmpsnmmajmgwme g "and or
][Teasure”e'}&lssyﬁ}u%ml dhest's ?st%% h?st(gs%%‘f fﬁaaﬂl}%m ﬁ%ﬁ'xégﬂhcac% t °f the
ocal plane over th on of eres er " oi it
obser 28t i Gmagd mcvanplah&aﬁcetueqalaleswmﬂnfth@@mectawmntls @ésiedgé emmﬁg@lr be
i ntroduced through S noise in the various el ectronic based sub-systens of
the print €anEgweEdte cojpeide af hssaeeipopitiop slang the g’ ax‘ﬁhgthﬁéaﬂdwpah‘éﬂ@ontrol
| aser rangg. ! ,00@fe désﬂ@zgpﬂg%é&'lﬁ@&ele&tgaﬁ gtﬁ%’ g’ﬂ ﬁueﬁ&? {9; te the

capabi |l i ties’ now ava neasure and 1 de Ve so c})er joints,

it can be aapurelilaiest, atadsst dectidndl e @Easmm@é)mhinqhb@eseo@ecu wpichMed 10
system and nethod for inproving the accuracy of circuit board inspection

systens i ithercahoye oF pelowethe iplape tbatdegludasithesdented fraunsvilihecgairghysi cal | y

S LRI R e e R e

short com migstedf oldjER vtHiI @ theddrbss-chibiidl inbgdRRAIh1hMSHBcidaR nfsirehend net hod
for confirm ng electrical connection defects are disclosed. In one

ar r angenen®; - HePasitirfithp selecied frapuet Peingdhismeapseicriedbshe et diedtice of a
printed C!tl‘lé}lgsd&snpo%ﬁ%dl 34 Re Szgﬁﬁgkﬁchmﬁﬂh@sélg&fe%lféb%r%%ﬁa%lcf]eg%mathg0””ECt' on
on the print ciTcuit Boarfd ective an serves each segnment that
contains a defective 20 connection while adjusting the focal plane of a
sensor. Once the systemrecords an indication that the connection under
observation is acceptable, the previous, defective result is disregarded.
Sonme enbodi nents of the system can be Vi ened as provi ding a nmethod for
confirmng electrical connection defects. In this regard, the nmethod can be



25 summarized by the follow ng steps: dividing the surface of the printed
circuit board into views; associating an electrical connection with a
correspondi ng view when a characteristic associated with the electrical

connecti on..n, an gsli)&&]r(\)/ geic%%g?ecit%qiﬂc' A%E f(gcq;f‘ba Q.e 3% h Afs def ecti ve;
P 0% de jRe 4 pe “o

anal yzing t AP Fespon I'Ng Vi éw €rm ne e surface of

the print edafdafEitethoB® afidhneeissts s B 1888 taghysihilPendabaredhstZnegis 30
between the printed circuit board and a focal plane of a sensor in response

to the sl opwsitish aflike sdlenied gaMTORSIBE Veshgbiette To1eEe 2t sevaraltypesfsoci ated with

t he connection in.a subsegyent inage. Qt.her _sys net.hods, and

features aLByBFLiAlY W‘?%?? ‘ﬁéaxbscfﬁ%lﬁgréﬁz%ﬂs’&h@? ?Jr tlﬂs%‘igcfd%%lﬁlifgsﬂfdon. defects
—>that agCouibinhQf bedwEaPS Ritiven NREHGHYGE 2 Tand alTBAtGEd d¥0ths YiFAEE oPfustbelbint ed

circuit board used to forma printed circuit assenbly will becone apparent

to one wi ttheskifade, pfithe kast abjectu Suish sxsiemaneias singple mph mechaniesllngxiag & ngs and
S detailed description. lt.is. intended that. all. such.additional systens,

ret hods, it SPUSE G BENeRIePLRIBBER B rered BsaLEp R Stent i nkE e
scope of tinerfeYsth@f® spiéhm BId@AarhidnicCsiieh], Aiodg deiect AngonPbpiRed ed by the
acconpanyi ng clai ns. BRI EF DESCRI PTI ON'OF THE W NGS 10 The system and

met hod f or“Z ea¥i$ pesiten measring sydteropmaydeiused Webon tas Zemaphef thetsugfiece of

under st.ood, with reference to . the. follown raw n e Co nents in the
i v rigs P sbpbiRbC AZea g t WPically Bl ol ORI P B BRR M on
clearly ilisdsdisad with thO'2- Rl o fleltirfate b1Be (8 bbjaBl HwiSpdraceanpkiym

el ectrical connection defects anong one or nore ‘devices on a printed
circuit bopasitionFultteesatione (1.6.,1X{Yhpositiens) agpoirits oh iakdanestharedrwith thertestal s

desi gnat di t t th | v Fl i,
schennt | o 0T ST AT POR A bl HEBE dpy-sey Lrahimiae of Reneg Thee 2~ °
princi pl esg@f péditishiesRIstmORs |y A Al h&ANA HUS bgér@in%fgj:ﬁ;&}?%te?ﬁ‘s @l ect

having an arrow, a circle, and a cross enbedded in an ect at three
di f f erlént lpbearbased moge finders. 20 FI G 2B shows a | ami nograph of the object in
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typically very thin in comparison to the surface area on which the components are
mounted. Some circuit assemblies are made with very dimensionally stable material,
20  such as ceramic substrates. However, the majority of circuit board assemblies are
constructed with a material that is somewhat flexible or in some cases very flexible.
This flexibility allows the board to develop a warp in the axis perpendicular to the
major surface areas (i.e., the surface areas that contain interface pins) or the “Z”
dimension. Additionally, some circuit board assemblies have variations in board
25  thickness. Besides electronic assemblies, there are many other objects that have
dimensional variation on a scale that is significant when compared to the depth of
field of the “Z” focal plane in cross-sectional X-ray imaging. By measuring the
surface of a warped test object, the magnitude of the variation in the “Z” dimension
can then be used to properly adjust the positional relationship of the test object with
30  respect to the “Z” focal plane of the cross-sectional imaging system so that the desired
image of the features of interest within the test object can be imaged.
Specifically, one such range finder system is designed for use in a system such

as that described in U.S. Patent No. 4,926,452 to Baker, et al., hereafter referred to as

(9]



25 containing the cross. FIG 2E shows a conventional, two-dinensional
X-ray projection inmge of the objects in FIG 2A. FIG 3Ais a diagrammtic
cross-sectional view of a circuit board inspection system showi ng how t he
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circuit board inspection systemof FIG 3A FIGS. 5A and 5B illustrate
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is a block diagramillustrating an exenplar technique for_dividing the
circuit boéfatusfangih@nce Aonmibutes tple@ensratly unffombbaskenounsin 1a p@gidefls 9 is a
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met hod for confirmng solder joint defects that may be practiced by the
circuit bearfateivasiptiens @nthe\psinged-eifcult ipar@afterresxgged thip oleranes.i To ustrate a
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invention provides a systemand nmethod for confirm ng electrical 20
connect i opositibe thescitsgidoantiwith respeeti tntthel Xetay smpging sustem sPel that thear | y
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of fal se ‘jgefegCbSinoidentified upon anal yzing one or nore nmeasurenents of

i ndividual electrical connections. An inproved circuit board inspection
syst eid conf i gurCt disadyautegelafciecun hdard nspeationeysteas fivthequsthodatbgigused
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connection. Mre specifically, the nethod for confirm ng defects accounts
for the vasdoadedodataforons or morercharadtemstics of aselder joitaimder ehservabprclfi t devi ce

in order to appropriately relate ane or re.30 electri,cal cannections wth
2 sensor BaY SFeey v siargcisatencs dots ot Mo wapinpraccebler fiha Apes

descr ppt i @le.Othe bR of i€ BhRaE efiFich eflceed aTaid e EFHOAM) thY S6€BpbAididp s6Mdesed Wi th
reference to the figures. The exenpl arrgai/stem and_associ ated nethods are

provi ded oAt isepBsdsdefective’y e theopnmed gircuibbeasd teshiscompleieithas are

feasibl e Leqits for the various electrical connections associated with the devices mounted on
the printed circuit board are tallied and a report generated. A technician is then tasked
with reworking the “defective” joints before retesting the printed circuit board.

25 It is desired to reduce the time spent handling, investigating, reworking, and
preparing printed circuit boards containing “‘defective” electrical connections in order
to reduce labor costs and manufacturing delays. More particularly, it is desired to
reduce labor costs and manufacturing delays that result from inaccurate reporting of
“defective” electrical connections.

30 An investigation of false solder joint defects indicates that there are at least
three major sources of the erroneous observations. First, there is a significant amount
of variation in height (*Z”-ax1s) along the mounting surfaces of a printed circuit board

that is introduced both before and during the manufacturing process. The variation in



wi t hout departing-tin~ fromthe inventive concept. In this regard, the
exenpl ar systemand figures are directed to an X-ray | am nography based
circuit board inspection systemthat may be used to inspect solder joints.
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i mges for CRaFact er 1°s s typically associated with "defective" electrical
connections. ElBespite ties capabilities nhowavitable to rmedsies ajdoidetify defeativéai | an

initial observation are 15 recorded iin a "defective" connection |list. The
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the center of a portion of the printed circuit board and a sensor

r esponsi blcennest vem@é&mmjed piscUGavings opprigfesymtsuitieatdsnges. This rel ati ve
Z-height is set in response to the slope of the portion of the nounting
surface of the printed circuit board that contains a "defective"

connecti on. Subsequent di aguMMARYOBTHREINVENDIONd and anal yzed over a
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f Z-h
;222;0 is agj &@trewoasmwéhmanémah@@cmlagm%m@nlorra@ea ¢iscuchpard ed and

I d. t st
based on thE CHOLAES ahf nlBRAM AR o R MU RER S AUHRITRR. P8, on

sensi ti vi tdisclesed. Ihensatragemen, Hesdircuitd@ardibsgyctiah kgstern \dhddesthe aidhdez ed
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CROSS- SECTI ONAL | FORVATION FIG 1 shows a schematic representation of
a typical |ani rignaphbedigentsedifitie sistah vart be viewed as pravidibp amethodsfeect i on
system An ohje er _exam ion, for ex ircuit board, is
held in acé’Pgh"’d‘r% ?Ft%‘i?gf’??rlfﬁnw a%te?tési[}e@fs 6% gn&?t}%tg Qc)f'ar%’er ays 20 and an
X-ray rget eqidhardid b?iﬂ&ﬂﬂl%ﬁﬁﬁéstéﬁ’st %hh@i'ﬁ Rthe M?Fac%(of ?Hé cFﬁrc%@c vagy det ect or
30 about a comon axXis 40 cauSes an X—ray I mge of e plane 60 wthin the
obj ect 10 ihto Wews;@ssnethting anredectiidad comrecton withe: qommgpormhmgleeﬁmhm a

substanti al | arallel to.t and 64 defined by.the r tation of
The-sour camatrcliatuereceli i PeseliateTreion Minsagt Hrom gt

l'ocat ed atihjtife ESHRESSE [sid@RectiVe; Chfna@zﬁ%%é eénés?xn&ﬁg MRMd dRertftihdhesour ce 20
and the comon axis of rotation 40 his poin intersection 70 acts as a
f ul cr um f slopeld thesurfage of the lﬁmted mLcsutdmasi angoserihé miehoadpisingtheshgenasnal
X-ray h e, of tge ob ct 12 g 3]@@ 60 t.o be formed on @te tor 30 as
the sorc e&H%F“of FBEP GYH! F?Pf&ﬂc?{} PYOFRPIANE 0L BSERSOY HErSRRNF 42818 WP S0i nt
70. Structdfige hiepahdbhsekif qta&lﬁ;acﬁegsnaﬂ/@gssaa{ed%tlpuk%ﬁﬁe&l%nI% gne 60 forns
a blurred X-ray inage on defector 30. In the |am nographic geonetry shown
in FIG 1,subsequantiigiagé. rotati on of the radiation source 20 and the axis of
rotation of the detector 30 are coaxial. However, it is not necessary that
t hese axes of rotation of the radiation source 20 and the detector 20 30 be
coaxial. The conditions of |am nography are satisfied and a cross-sectional
i mge of the layer 60 will be produced as |long as the planes of rotation 62
and 64 are nutually parallel, and the axes of rotation of the source and
the detector are nutually paraIIeI and %ixed in rel ati onship to each other.
Coaxial alignment is preferred as it reduces the nunber of constraints upon
t he nechani cal alignnment of the apparatus. 25 FIGs. 2A-2E show | am nographs
produced by t he above descrlbed Ianlnographlc technlque The object 10 shomn
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FIG 2B shows a typical |am nograph of object 10 forned on detector 30
(FIG 30 1) when the point of intersection 70 lies in plane 60a of FIG
2A. The inmage 100 of arrow 81 is in sharp focus, while the i nages of other
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Simlarly, ejahepaltddgnd@ontdetdctd thheiceSGit ifenacéBprhbles/atiang iatembWiting he i mage
110 of the circle 8? is in sharp focus as seen in FIG 2C. The arrow 81 and
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one anot her_. . Fl Gf 2E }il | ust gt gss ho%rml igrlie charact.eri tii ¢cs contai ned
within 10 {nﬁgxog% Eéen B”Wﬁ)ﬁcqp 5P ftﬁibp' REPEREBYRF f§ " Feat ures in the
X-ray image, which nmay obscure individual features of the image. It should
be appreciated that overshadow ng and ot her observation errors may occur in
t he case where the pri BRIEEDESGRINIJS) THEHBR ANV

in thigkness or._varies in,height. due to.warp. .1 illustrates a
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of the circuit” board 210, nore clearly shows the conponents 212, 2 nd
el ect rikal lisoreferendeonsne?dls deSigpite adrrgsponding perisiteoughout theaewgrel viewsed of

sol der. However ri ous, ot her technigues, for .naki the el.ectrica
connecti ons 216F47a 1 SPRRRITEPTSTHEIER At o BIUROSRPIADAGM LISTFIRE Boed
circuit bogFgeihiesBest bnpNSdHREVAA6h RBEhikHE associ ated nethod for
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confirm ng solder joint defects wl escribed in ternms of electrical
connections, itFi#l3A browsaieeljecs bdvingan agoker cirglseandé criseembedded in an

connections .216 i,ncl uding, but not.limted to, conductive epoxy,
mechani cal Objg ﬁég}rgﬁgﬁ?&ggﬁﬁgﬁ{é&a@&ﬁds may be inspected utilizing the
circuigo board i RRPEE twsSY RSN iHe bhigctRIFICd2 AdocdRd eathe prah&g sol der

joint defects. The |am nographi c apparatus acquires cross-sectional inmages
of the el e€¥MABHIE tBOATWRYti ons (e.g. electrical connection 216 using the
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i mages of tdémaieingahé tigele. connections ' _' 16 nay be autonatically eval uated
to determ ne thej ru?ajjality. Based on one or npre evaluations, a report of

the sol der j oi nFlGH7P shgwhnianyograpiheibg ohiat ridse dretocussdonybeplase t he

ci rcui4z bo | i system 200. The | arni nographi ¢ apparatus, as shown
in Fl és 3A?‘5‘g%ﬁr%§’%1'q§§§‘l°§§ X-ray source 20, which is positioned adjacent
printed circuit FI®aARIshbs a ddieemidnat, @stoaiimendiond) 0aegl prdfection fhpgasftteel by a
fixture 220. The fixture 220 is attached to a positioning table 230 which

i s capabl eciectapvFKeg 2e fixture 220 and board 210 along three nutual ly

per pendi cul ar a P O\ 47 [ L s ef.ect rising a
10 fluorescent g?‘eg’e’%(i%@?Q’g"ﬁart@tcr%&r%%%t?gﬁéé{&éor‘sjaeélg%é%nqaﬁ%rsg gcg%n and a
turntabl e menh shawiag hoanhe lamtihegeptiic iegeisifothdd diaviewad Oy areidog si de
opposite the X-ray source 200. A first sensor 258 is positioned, opposite
mrror3®52 for Flewhehawidyiop viey P@etgéawsyori%lnﬁmtlsf@e&slz?hozmm%n
fluorescengascreen 250. A control system 260 has an input connection 262
froma second sensor 263, which detects the angul ar position of the 15
turntabl e 256, &M 4is aofuh@idnatbloblediagmm 264n exenplancbmpudefthetahkpbe coi | s 330
on X-ray source 20. A positjon encoder 265 is attached to sensor 258. The
second (i . Bsed ipdhs ¢ircyp)bogpdnaspectign syse s fléPAdj acent encoder 265 in a
fixed position relative to the axis of rotation 40. The first sensor 258 is
connected to a conputer 270 via an input |line 276. The conputer 270

i ncludes the capability to perform hi gh-speed 20 i mage anal ysis. An out put
line 278 fromthe conputer 270 connects8the conputer to the positioning
tabl e 230. A laser range finder 296 is positioned adjacent the circuit
board ? 10 for creating a Z-dinension surface map of the surface of the
circuit board 210.




I n operation, the circuit board inspection system 200 as shown in FIG 3A,
25 may produce high-resolution, cross-sectional X-ray inages of the
el ectrical connections 216 forned between conductive | eads on conponents

212, 214 and r Cti,V. i kGUl i -ray
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Speci fi cal dhgervitibmyicoef CErdd baasd shdsmovbkérvatidrs. 3A, conprises a rotating
el ectron beam which produces a rotating 30 source of X-rays. The X-ray
beam i | | unmi nat eBlCa brsbgvsan2aiargsd apsscfciiopR ey o1 $85UPR -ty ioh Hher peewit

el ectrical n i 216 | ocated within region 283. X-rays, which
penetrate ?ﬁﬁpgfgﬁ%ﬁ?éa| connections 316, conponents ? 12, 214, and the
circuits board 201G, arshoivatagrepnbRiecrbys-édadonidltvadw 00sdctivn B enthesteaen ?50.
13 Dynam c al i gnnent of the position of the X-ray source 20 with the
posi tron dfoarbelkith® X-ray detector 240 is precisely controlled by control

system 260. Th t.r ol .syst.em 260 cor.rel at th EL] . 1. rotating
turntabl e 256 \(/e\f ‘?ﬁ%&ar‘i%?%ﬁi}ag’%“dﬁa“ia““ S "'g‘%ﬂ%‘% tgcg lljtugq?ﬁ%t%%thge stored
in a | ook-dgiRuitdabkl @FFIGESNiBRfagﬁx&ﬁi@bﬂbﬁﬁ@vﬁidﬁﬁﬁéﬁds- Drive signals
proportional to the calibrated X and Y defl ection values are transmtted to
t he steering orFl§ePisetflovnchast illustsameonsanple xaathnd Hotasting elgctrical r esponse to
these drive signals, the def.lection.coils 330 deflect electron beam 285 to
| ocat i15ns SAPSARS AP i seph B miy e arieiicp R B o ARBEBREER o e he
X-ray souriggesileh sysdmbeFIGmAaynchroni zation with the rotation of detector
240 in the manner previously 10 discussed in connection with FIG 1. X-rays
whi ch penet r at eFichd Opaflewalmrialystzatingeemeihod feseanfirming sdder 260t dgfects

converted to visible |l.ight, .thus creati.ng a.visible i of a single plane
wehin ndfalrthepRsied by iRul bR Rt SR b PRI | Tgne s
reflected by mFrml $1252 iRs#Rd aitdHRidurefof BESImRBNSAE skp8 of BgnSor 258
typically conprises a |lowlight level closed 15 circuit television (CCTV)
camer d5 whibskrvatiom yiew Boml asurface mapwndecekitignstiip beioreen shposleprang semsor he X-r ay
and visible.imges to .the conputer .,270 via |line 276. The inmage anal ysis
feature ofZ%é‘bsﬂﬁg‘?tesrlepzsfée’é'ﬂgI%ﬁ?réﬂﬁls‘?’mr&Fi)rfgé"ts the i mage to deternine the
quality of the electrical connections 216. Conputer Z70 also controls the
novenent of positioning table hus .20 ¢ircuit board 210 so that
different regions of circuit Qﬁi%gi%ihfug"}iﬁé@natically posi ti oned
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shown and described with reference to FIGS. 1-3 are typical of that which
may b&0usewpnhectionriefierts dtmervadion & printedcinout beardc Batticnlatiigmpottardns thet nt  and

ot her electr.ical connection defects. Howeve 25 spegif.ic detai.ls of these
systens ar® 'HEY 0‘(':% ?{Cgﬁlbo&d I[HE%BC%P REYYeE CSP{—I?‘I%Q IIT%?}?*P@H ,thevﬁﬁftg ﬁgg%fd resses the
accurate pRafithiy ddeddthal 8igdfdahilp fddi@e BHe duliebetiof §alhd “deostid? iddiflifiedd
response to the variation of the nDuntln% surface of the printed circuit

board 210 uHosrigabBmERNgOr SnQiF magsurspsnismal imyyidagkeipttacal chenastinber Anf
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X- 1 ay 250urfoecorfirhfifig electridhl €dtinkctimeddde 19 8¢dounfli foadresiableivaiintie & théne
skilled in_the art wll also recognize that other techniques, including
conput ed t@FBRGeRsY eqCthe ,nmmxymgéu%g@opﬁwmt%%@bb%% ande serARMhemages of

various 14 oRmbiertaSex AR inkBllibe o bbARIRYRyeaRE MAE BRI,

various 1 niques ari cre ron'surface
map of thehewieMddr sonifiaciag akfebRacEountdifdr thovdrihtizhYcldes teithdwigihg The
present invention is applicable to any type of system which generates

cr oss- sectSusiaeg of thgpeatesicimpiderice ippedeato wmnrepmatelyrelsie apsjosErorte. g. |

el ect ncal n | - ef erri new. t.o FIG. 4, §]|ustrat is a

funct i3g nalel%ﬁ?%gi%é#’g%r’éﬁ% s&ﬁt&% Sﬁgéb\%)re ?0 ﬁg gtg Bnrﬁ%él?%%qure\?\n&?%gﬁl&'%CntséxerrpI ar
conputer 270 thpé fagtiatadesscsiption of M sqlitéfahd aReticds] Aexempldieysemiedi t board

i nspection _system 200. Cenerally, FIG_4 illustrates the various functional
bui | di ng Blisdresdorithrefeisper ©rthe ngureshTdn cxemplappysient pad 9speiaigd methetdsds f or

i denti fyi : A sol: Qi fect s. I onputer 10
270 can’ oo P LRRot BB i Shyf WU B i GRS Bt e 00, E0.
conputing devices, such as a desktop conputer, a portable conmputer, a

dedi cated server conputer, a mufti-processor conputing device, anong
others. Irrespective of its specific arrangenent, the conputer 270 can, for
i nstance, conprise a processing device 202, nenory 410, one or nore user

i nput /out put devi ces 420, a nonitor 430, 15 and one or nore network
interface devices 440, each of which is connected via a local interface
418. The processing device 402 can include any custom nade or commercially



one or nore application-specific integrated circuits (ASICs), a plurality
of suitably configured digital |ogic gates, and other well known el ectrical
configurations conprising discrete elenents both individually and in

various cogpination . [ N e periat [r.cuit
board i ns pg@t P%n(legfllgltnécr%@ggge%g&#ﬁee Crgrg??g)\r{'y{%& @aﬁ%‘é?ﬁ&@?ﬁ?%g‘? ag# a
conbi nat i ofg@fes ¥R Atected thRAN-Yayah@ifRRthi daged cifandoardigsessioneiney ( RAM
such as DRAM SRAM etc.)) and non-volatile nmenory el enents (e.g_@é1 ROM
hard dri vethat mas be GBXROIV| ingneet Solderieintfe dh#Rould be eppseeiater yhat dhpmectwd fan ' S

412, one or re applications such as, .a ler join alysi lication
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menmory #10pkadlity 8Neroby Bdctidhildidtnbktic BQI¥RE h&Eng titeippedhRealso anaiyed have

been om tted for purposes of brevity. These may include a host of prograns
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system 200 conprises a personal conputes- these conponents can
conpri se aAdyiidzachnslzgieantiPalo ddtes Ealift@nis, (eFpi@s Iguation ikfermatidreregarding t

Do e BT RO B Bt R T [ o
keys or bugﬁ&e& cirBuit MUERLRENE!, b BERARed Briftedl dinitBosrd) ( (RIngSREWN) . The

moni tor 430 can conprise a cathode ray source (CRT) based device or a
pl asma scr EeatidramfernROonothe girceit heard wespgctian Sysigu ebserves oat otimope fpagasCD) as

may be desi.red. 10 Wth f.urther referencg 0,.FL.G . gne_or nore 1/0

ovi ces. aoBraeBens e b Shofifed pBC Bbit ssltioh PRESHREN: ¢ boar o

i nspection syst efe-afa E&nﬁ:@ﬁ’&rhgé.gﬁ QBREE joltts)Sthat RNaANFHial obRhatvhar@ge
device and may therefore include one or nore serial, parallel, small
conput BY syspniediime Edéfacteve soBrection tisty ehhedmpsevadadircit doatdSBypectiBEE 1394
(e.g., Firewre ,_and/or ather._interface components th may be. used to
5 Gommuni SY £1% o8 £loeRizeg vl Ee P o B Rr G AR h one
or nore repRtAbAAdBoctited AGH FHRVE GRte [RNtifi8E QfdbB G0 ESHMIBRTHIREBW resul ts.
The network interface devices 440 conprise the various conponents used to
transmt afefees. dbedioabzedhinyespigatveronbneedikstt Hstdighntabetwesn thgyeenter ekanpl e,
the network _interface deyices .440 I hel Lce that n.conmuni cat e
both 1 nput & PoBIR s ERRT BR0 oIl B Rl i ek tira B s g s
nmoden) 20 W BRkAGSic(ifafes. This Rllitive 2 B paris Yet(iRdshohiderBIBEEIUEE of Bretpditegrhoni C
interface, a bridge, a router, a network card, etc. Varigus software and/or
firmuare welihepeounsing sudaceni sheprinted claguibbaard that septains pédefegtiveist i mat e and

conpare ex al 1 ] r | ues,
e el | ascpmieClion O UBectiubi SRR LB, WEAhR DR B8 b0k gk, O
anong ot heof Z«eightoriBhe rélaeive EHaighl (Sof thedscal plaglé of a sensovies adjuesdandiabl e for

these and ot her functjons associated wth the use of the underlyi é\cg circuit
boar d i nspE¥TFBANEYE diagnoBls IRRe FeacqpissdandAnabired c Shispretess sdgatated faxdi um
for use by ; : I ] ] = r r d. In
the cont ext aF PSR Lt H N (R P Lt SN TR bt

el ect r oni cplanegdjetiment egisitodty, andrthesdider jphys) onderdbséregticor. neans t hat can
contain or stor&va conpu&ezr progr.am f or ri‘j’g by or in]&gnnecti on with a

conputer-rel ate 1%"37‘5"("&%3 emlﬁﬁ?dpdl?ﬁég@% GPRTEN CatP I GRE J@RbEdi ed in any
conputer - r g@c@ﬁabﬁz, E}Ecgi}émtfbgﬁrd%?%epﬂorpg steth fefHies Heoé?eé’t\ﬁgﬁ cBAnedtdh it | ON
execution 16 °© system apparatus, or device, such as a conputer-base

system pr tedsdsfect edntledtrical gomesti@niistoOtherndse, swheh elte lobalizeddnvésaigativd he
instructions fromthe jnstruction execution system apparatus, or device
and ex¥tut BPUHE dPRER et bifsimags Crafe-SEUionekith & cleRirs A li IR a

comput er - peadall & TRatA Ve 120 ap@eg?z@/e B&id e cfe?&tﬁz%%%ﬁ?&edtioﬁ.is
comruni cate, propagate, or transport the programfor use by or in
connect i oncovfirmeth&hieiedatined inoestigaivauionane sythere appladpanay bsnaiaingdevi ce. The

conput er -readabl & nedi um can he, r exanple but not limted to, an

el ect r oni cfegh%llir?zﬁl?ed?r”li PicGHit bagy 'E’Ftr‘&ﬂ‘r‘ézgﬁeg? gcuyerel et 6PREEHPRONduct or
system apparatus, device, or propagation nmedium Mre specific exanples (a
non- exhaustive 10 list) of the conputer-readabl e nmediuminclude an

el ectrical connection having one or nore wires, a portable conputer

di skette, a random access nenory (RAM ,10a readonly nemory (ROM) an

erasabl e programmabl e read-only nenory (EPROM), an electrically erasable
programuabl e read-only nmenory (EEPROM), or Flash nenory, an optical fiber,
and a portabl e conpact disc read-only nenory (CDROM. Note that



15 the conputer-readabl e medi um can even be paper or another suitable
medi um upon which a programis printed, as the program can be

el ectronically captured, via for instance, optical scanning of the paper or
ot her medium then conpiled, interpreted or otherw se processed in a
sui t abl e manner as necessary, and then stored in a conputer nmenory. 20
SURFACE MAPRONG-SEETIOMARNMAM RBE FORVINAI®NT i angul ar nmesh surface maps and
an exenpl ar observation view of a circuit board under observation. Shown in
FIGs. 5A and 5B s laahowerﬁshanatsqmepwentﬁrwl Qﬁ@tyﬂmah&xmby rapbllct&eametry of
triangul ar Ian 5 tr|a ul are each ed by a
A e e e i R e e
_=€ircuits boaraﬁh 21 Q. citdlit BoSACH 1ld Ihesthtis By POLifiba widdregRet o zpﬂﬁﬁ(i‘cd dfiX-

non- popul at ed areas of the mounting surface of the printed circuit board
210. For enazmw and poXray dsGewr 390§uncfanu0®0manfoorqhﬂnmx-mesozureego end

t I Mo f ts 502

Sur e ofdta st EhrTr e Gt #Eg Ay dnaRe ot e Bins o b te,
rel ative Zh&kgbte bé%rﬁfeﬁ\/dlﬂﬂé HEIC%PB@' The ,una%f glané Y& KbbRhealy ﬁ@@llé]e
det er m ned u5| ng a | aser range finder 296 (FlI 3A) suitably positioned

bet ween a tzilneplen@rﬁﬂearpbﬁi%de med hylthe siatiercef the spwce 28 end detgetor 88ul ti ng

DS, et A0 T TR S EhSR Br BT A P S 1
pOft' on OffrérHQllé}{[rfa9‘§§Llr(:b 28-and %é)élﬁﬁ;rﬁ))n‘ﬁ’?lsldflrb'@ﬁf)ﬁh@dThQ oideof5A, the
plurality of triangular planes S04 may be used to nodel (i.e., map) the

sur face ofintersecpon A@ ects @b rdulicturh derrttie 2di0ral Fay 5@ |thus daysiof anluh-tﬁectwsatosag t he
triangul ar Ian 504 and eir.r 0, the. 5 v e trical
connectlonsf T8 IM3gy © %) & éei Bét??pg%'%r@@fﬁ‘fow g\ T‘IBINS8

exenpl ar sgk g&[rc@ﬂ#ﬂ@dé@&@r %@x‘éhx%%gﬁslﬂl?&ﬁ{e%om tthla'lﬂte%ec\!t'icﬁlvbcﬁwo \étﬁY&tlﬁgo
enconpasses a portion of the surface area of the nounting surface of the
print 88 cuthhmtthwauect 101 ovhaeidli¢samitside efiplene Baétamscﬁrblsﬁed Marayanhage ol an " X. "
O her ele &(f]rxl (%a orrponents whi ch woul d typically be nounted to the
circuit bo such as but 10 not Iimted to, array packages,
f1ip-chips, di Sﬁlrtﬁé @an‘i‘i%bﬁﬁﬁm g%HB@Gy@B&Wﬁ% FR%.S, Wméi‘@i%tatﬂ%h%f tiRB

illustrates the various triangular planes 504 of an exenpl ar surface map
500 super impiesen sowee 20 apd theadxis ¢f rofationioftheldeiestondt andevidals H@evandt

f t di t 540 d th d t
boar 4210 1Rt RSRRY Paf Biee S of Fudis bt PR PRREC sl ALATRLEE aBso g (e
surface NIYBe % The 46adiBEREF 19 gBaphiyaYe BRisBBY ahd aklogs-g8dioghlect rical ly

attached to the printed circuit board 210 via one or nore el ectrical
connect i origiage 6f thenaygs&0avilldre, produceras dong 2xige pianatief rosmipn(§2 aad G@ayeor sone

th t h of
he. por nt oGy A 58S ufk e e B R RIORRE oo hf B SEARRTRLRBUTTEL ©
poi nts 502apillel rd sied acelajonsliip t6 eadhibtherh dRuantia2 Migmynthepefatetarim ned by

the specifi¢ design and | ayout of the variqQus, devices § % i ntegrated
circuit dé¢ ‘é%%%@“&% of ¢PRs{EAintsHpeR theayeharicshgigngient Akt séapaatzlio and t he

i nspeeki on crit ~»H 0¥ t [ d 210. It is
preferred that l?ILesapjé‘l nEt g@%%&ggo%&ég d{r?léeea(tjr gaﬁwc(% rircal connections
216 (See Hbfdinovapdiy teoknigge. Theejeedl0 s@dowlnaﬂGveAmasaesspnfemﬁnrm@ 500 of

the surface of the circuit board 210 ma)é be created by neasuring the Z-axis
coor di nat ehapg obanaTrer Béda sings &2 apd crase éIee&edd%wthreﬁheemeewsO pthregnd/ or
sol der pa u X-ray images. This alternative
nmet hod fo(rjagg%e]rg@n% é(?a lé@? ?‘g%é& %gs’%g‘g%d g’Pl m nates the | aser range finder
30 296 (FIG 3A)IG. @ermmemjwal Ihhﬁdg@tﬂi@f&@&tﬂmfoﬂﬂ&dr@mm& 3y(FIG.

"el ectrical connection POSI t1ons" and/or pad positions. \Wen using the

| aser 3Pangle Yheidhe PO Of persestipn 78lies H’ePI@éé 602 P BKg@ar Tt Wiaeesi08 ofor ni ng
the Surfa%ﬁ‘épxéﬂ%h% f%ﬁ&@wll@%ﬁe QMaséeg%féMu%I keali|rLd \tvﬁhﬁ)xfthggb @EISIOSOZ whi ch
is do not Intertere he vari ou evi ces nounte ard 7'10 and
the desir edchasﬂreamgpla)x? driecresy § A foemnaiplube o région $(p%whfchcdoeegmog‘rsatqt t he
board 210. For exa g ﬁéil c regions of the board 210 may have

char act er i SFUE iy O‘I’é’aﬁ $e’Snal ler triangular planes 504 to nore
accurately reflect the Z-elevation of the electrical 5 connections 316

| ocated within a specific plane 504.
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Ceneral ly, the surface map 500 of the nounting surface of the circuit board
210, represent ed by the plurality of tri angul ar pl anes S04, does not
coincide with the actual surface of the circuit board 210. However, this
appr oxi mati on variLatiaon.:i.n gt t Iy face
of the print edogclingrlgull‘t Q%g)’g?hcﬁ%“]ft%ét)%grr%n?d “n@aﬁﬁ 3;% eeébgbg%ﬁgl%t’?g%ﬁg? a

si gni fi canhe BietBEL 19in diagpy flcechy derAlin BTGEIMT:L t‘bms]-rasiatchmstcmislme‘dna@r oss the
nmount i ng surface. General#g, the focal |evel §i ., a distance in the
Z- di mensi dﬂumrsesmumr 2Peshare aehapdyes 126 formediof iheeross 83 WaERr mi ned

2 nergnt 1o orRE S errsRaf o NeS P bREe BALOTROLF oY R RRE S 1T

coi nci des pakibh (the center 506 15 of the respective view 800. As described
above, the focal |evel or z- heiF?ht of an image used in the diagnosis of a

particul ar sol oﬁqrqommtismflﬁoz Bleovey4n BiyRY Skadodnigrage Of obiect H) fymed) with a

particul ar charater Stic t erest, ass d oi nt
under obsebr i Rt Oég?gﬁﬂlraedqogia%x tga}(’rflﬁustr set‘é"'ctéxﬂqﬁéqfrgﬁ% geslhmlp
Cross- sectjhaBa 130,992 Oatndsmtdf@sh HrcdP 8\ @fclé B, ﬁtlfcﬁdslstSBbfeaﬁd:n%Qf SigoM i n
FIG 5A. As shownin FIG 6, a Z-axis reference pl ane. 600 may be defi ned

al ong t he oveNaplpneardtoers FGd2R iljustrateg hpwem@ltmtﬁr@@sqﬁmnmcqr@amn@wtb@al

Corr edfondic POEETED WER CupespR Tl Qe Fae Rl T i o S ek Pich.

above. | n rhi} soseUATBHRidual Cadrbesfahé uﬁa’L@: fIDEhcﬁﬂtﬂb@ 5p €fated tigket er m ned by
the 25 correspondi ng surface map triangul ar plane 4c (FIG 5A). In this

ar r angemerfver h@»znﬁ@ngmhe@pbsmtm@mﬂmamcwenzfleesaﬁewepwa@mﬁte@f t he
f t & 4 t
whi ch det s bBRE g rpahead hrrie 1ahEo SOMAREN A8ef i e BRI RT 0

Z- axi s ref\,ez{r?nce 600 for a view 800 with respect to the surface map 500

i ncl ude: he average Z-axis elevation of the surface 30 map triangle 504
wi t hi ASwhi ch a Igj.éA xglastratgha grthematio diagram ef\aisexerpplar lapunegiaplie b) a
plurality of s el evati.ons, of the surfa tri ngle 504
Cor r espondPRETeS HeRamstey TeBTR e Sr e Bepsaien SYueRroe B8 ey Bhaas
520a 520b |se¢ & S&Horhi the im rd%ewcﬁﬁﬁueﬁfdf coﬁ@nmn?'s&@eﬁﬁﬁ’ﬂ'ﬂdfébtf'ﬁth@ are

sol der pads 520a 20b on the upper (i.e., a nmounting) surface of the circuit
board 210.armasgeshentntheprintidsciesks dpgandad ddhag inauitipletpdectianfcaeawpopentisFd4ci r cui t
board 210 ra t rence

ol ane 600 PP HeRR} wGien 3h A fprlP Yl BHERIRAEARRhecont FerPBudl by B Dads
520a aod tiﬂﬁtahqoam:lladnéablytdoﬁdﬁ&wtshemedcacﬁsrimalFIGoaBeWhicnms atop Giedf i nterest
in the view 800. further illustrated in FIG 6, ad usti ng t he Z-hei ght
610 from tqt&aratlv@tt@rféﬁeeoeﬁ%ef @GGlwatée&fér—dQn@@rwlFﬁ W@“ﬁ B$ nal thi ckness
of the prigy t Defgation (i.e., tnonr) is

i nsuffici en%rﬁl étﬁ%k rzeltsa'e d%é%;&“?mﬁ cfgapt ul\rée i mge information from

el ect rical connquixcatlyst}mmnmcatbﬁdzwaﬂefbhﬁedo@fobblc&?_oalomdeﬁﬂ@daouﬁﬁﬂcrlo 20a
is "out of focus" by at, | east a~~ and pad 520b is "out of, focus" by at

| east ~L, .teqboyAues fRimpking fhe ?lgctmaéﬁpgchpw 71 & #ratvdhignogm e 280 EEGat i ons
of anskna qanal yzed
el ect r2|'5Caﬁﬁo%ﬁt&%?ﬁgﬁéeé?@c@tﬁ%@?ﬁa gmvgsyttegt fectl vdega%ggltaﬁég r?[?rtgges wi ||

m ss the ifot ecmfeﬂumg sdder jomt defectae\uﬂlberdeﬂﬁﬁe(immtermh@\ﬁ/abcctrmt coraigctimmns,

i at ed t rf th ds 520 520h. Th
ciroui  bAsv! b upH PR ey SerOROUoLIEraSd SamRes OB S BT SRTE PHbERh at e or
Fal e sol defdintofiela Sy, meanhicl ik B BASUE IR )y bbal result i

a defective so ol nt co"h I'rm ng sol der 10| def ects may

adj ust a fmspabteﬁItmﬂlem(grthieimugiﬁarcﬁihﬁpm‘noa systam@00i andribs pretind fop the sl ope
of the view 800, in order, to acquire 20 one or nore inages with a "better”
(i.e.} mﬂ@“ﬁﬂnt‘érS@&CIJqlﬁh%e%ﬁ a characteristic of an electrical

connect i on 21b 'ﬂ{eel\ldn%@r%pé{c"@ ﬂgﬁgné chqlﬁgr%; To¥€sechibfl %aaﬁ&%ﬁpégt %mcgf ged

cross-sectional view of ecircuit board o t hat
gener al | y cohhessibnaf{es ddvericdndirenadispAl6 esinpitipusrevidssighlesaribed FIG 7, a

TStz hg) g o PbRi RO B ol Mehibls Zapable b SnS Sultnd ifuivalont fods®



25 dinmension may |locate a first focal plane 720a that may be used in an
attenpt to acquire an inmage of the corresponding electrical connection 216
(not shown) associated with pad 520b | ocated on a nounting surface of
printed circuit .card Zlé_ge[ When obsaﬁrvagi 0 tﬁf gne or nmore cha,rlgct eristics
of the el é??f‘PP%JdT“aeﬁsnn T PSR R (RS _%ﬁlfcqlﬁ% BB e O fohneti on
216 is def@phiaMeallyt dValatddouidetep@aiethbin SREEHT BasdDo® ¥8d SMindAlevERYAtRES,
programmed to iteratively adjust the focal "plane 720 of the sensor 2S8

(FI G 3A) amport ofghe salderijomd qualaty muestbecrerondge andpreaenied to zhsaradtier i stic

i ndi cative, of ail accgﬁi able electrical connection ? 16. FIG 7 illustrates
cont enpl af‘é‘jd“‘flaﬁ?é‘ii I5PEes S?'%‘G‘él_‘t rough 720f. 20 Generally, the inage

whi ch exhi bi t sh0e.f §§raéﬂﬁlézpﬁr%ttis?i%@yﬁﬁn?l@pﬁ_ﬁ! cdthpiges R at-riPsdurce
accurately corresponds to the characteristic of interest of theé associated
el ect ri cal0,cuinnk ¢t pasitichté adpopitedintad ditveitdedrd2dh. Thhprintedgecwkbedsdt i ng t he
best focu f the electrical ctLon ? . may be determ ned by a nunber
of di 11 or SHL S PRt A T A0 abiet BFEre 221 iscRArRee ARetH LR b oy

di spl ays bhewhitaripesiabfddBRovihg the fiktiee ﬁmo#@ﬁl@%ﬁ%%eé heugd1adi ents of
the i mage, may be sel ected as the image exhibiting the Best focus.” In the
exanpl e sheapendiculBE Ges,7X, Yhasd Zt he retatingXemydlketectos 2¢0 adinpmiszgaf t he five

i mages, formed at the focal Dplanes a -720f are uted and.c ared, the
o o0e T ol RORSHEN G Ta0. &I TBERT Ladi  EOARC BTG, A BE SOV IAse R0 1 or mod
at i mage g L.hi 81hi : i r_ gnenta. Wil e
t he exainléﬁés?ﬁqoe\E\lnza%ar?elaitlwgg{@&gh%%\%sr@é'ilQ09 ggi%ld%lagﬂr)]%ge%%é ﬂa?%gn?r’c@rp §'i g\ to be
under st oofirdt bartsoa2 5B fsfpasrivhed apfssite afirfop2482 g vaeemgifAgesicfleeted bgwes t han

or nore than those_j|lustrated, may b el ected. in practicing.the nmethod
for confi Wﬂ&j&ﬁ&#‘i b ?PéE’E"@%¥F°&§ﬁ§ct‘$?9ﬂi_ﬁ"f¥ﬁé§@&8b@a6 {3 yi ew 800
(FI G SA) I fign ?‘éfﬂo QOB séﬁs&xgzés!l%vhg&{‘&ét&dté’tﬂeyan?ﬁla} B6sifigf 8f 1! ane

adj ustment control to determne a desired step size (e.g., change in

Z- hei tht 6Gifitablet 266 andarbswputeronnedivne6d ta Peand Yaodelflept aners1s7330)ovK trhy t he
step size varyjing.,as a direct fupnction of the slope of the vjew 800. It
shoul d bes%}’ﬁf)%/%@i éjt@émtoﬁgfpc? 2?1%&5] qtta(g.pe tosﬁeéffpr_s%%ge Tﬁ’@tsﬁ%ﬁl 8é‘l‘i’eseqyent .

L Rges MYodif | dendd? 289 igbmﬁ%@agﬁcaﬁ chBEd£ 385 | Qﬁ&gdfg?é{ﬁéﬁl'élaﬁ\%sﬁ)' ng tinme
for the printed circuit board 210, whereas too [arge a step size nmay not
resul t i nthetrisafotasion i4on The fast sensg 58 haconmectad tale somputer 270 gfatdmmum

Z- hei ght 610, ..It oul d be further reciated.that the step size may be
2 usted PRELEEG? IR STERH A AP RE P8 SR HLYof PEFERE FIERPeEhnnect | on
216 upyler iROsAInNdlsisOMn HIRPuEKRTDTBErorf Wid GREpIBIIT0 RKEQRS SheWnfiutéro 5B)
general ly have solder 25 joints with a | ower height than conventi onal

di scret e Hheshioning tablg 280h & laparirprgedfinder 286 is prstticned adizsersdheiginguityy, it may

connect i oges g ORCGEMEAZ Rk ATE E Rl NE AIEYERE sTHR LR Hoarh

devices. Reference is now directed to FIG 8, which presents a bl ock

diagram 30 illustrating an exenpl ar technique for dividing the circuit

. ) g
board of FI G Hnopsratom thy eircaitihoprdmspissien vustero200ias iBowom FIGS. hown, the
print clreuit.210.un ervation be .divided,into a plurality of
Vi evvsggoo.&na&r? rébdrué:F %%#le%&ghlggﬁicrrr%S%tsse?n?r{'igZ&cfaP' éﬁiagesboggP%&ieﬁtgﬁggti on system
200 is cobbrrgutietk 116 fdhMédibetiveen Banantii ngleads draeempdnentsof1 2 he4 gad nt ed
circuit board 210 alto a plurality of views 8U0 having the sane
t wodi nensfesRestivepageor e cdiciis bogndi 2 Orusingybe acryripminaggaphiymediodct i ng
i ntegers b . SO0 it 8 I ' 3 Y _digrensi ons of
the print Ekcf%goﬁlrsgjuéﬁgcrgbgcgéﬁ%'%&gﬁgmﬂﬁbEﬁlHj]ﬁg S?E‘??’%%@% Fjﬂ&ﬂseo uf)cgijr?feg(% circuit
board 210shdvin ENEI@. G AheopeipRraactating @ldchoh beafipwhich@bducas & asngengnt s and
devi ce package structures nmay neke it desirable to divide the printed
ci rcud®  beriree 20 8-N: of Re Bway boon Hhvninates aresienmAblpheiranhnerd 81¢). | such
that the yj $ e 6 ' ; ect QRS 2 gociated with
a print edm((::ﬁ}rlé@&? ‘chzé\}?’ﬁe gc?lg e&@%stﬂgﬁ%%gﬂe\i@ﬁﬁ%ﬁﬁ#?’ar'?bg&gﬁﬁ%ﬁere each

vi ew 800 pasetatdhs eirbirkguednnbaigisi2] 6 1ébmporehnWid, bet, apptiaciiatgithdafat t he

size and shape of the plurality of views 800
210 are intercepted by the rotating fluorescent screen 250.




may vary in accordance with the density and the size of the various
conponents nounted on the printed circuit board 210. As previously

di scussed, only those views that contain one or nore electrical connections
216 desi gnat edD?rgaHﬁezﬁPg%Ser%fWJ osi ﬁnto?%seeﬁ-r‘d?rb&g'cé he wigChPbasEoAesCr i bed
above with regard to FI'G 7. 15 SPECI AL CASES The above described technique
f or conf i romting Xehedttscton240 sqiredisdy contnoltectiyorestrohsysteany 260.eThodérftiodat i ons
as applied to specific types of electraonic devices.and electrical

connect i oR¥§ENFHPY %%%qeé}llpelﬂﬁmg’ﬂlofj%? Fﬂtaté‘?ﬂjmﬁ%t?tgﬁt'DSQ’ﬁ@%caz‘i’éatE‘ﬁ%ta&‘gl e for
20 anal ysi, YA Badmbed 1968 RAAD SoAS QtheMALS-tii8Ed fi cal Iy,
pi ns assoitl:?dzg?g%]%y%ﬁb%gﬁfag?fgggtﬁeggh(%m) ugevi ces oaﬁd SI at ed-t hf ough hol e
(PTH) sconmathodpabsivssipmbld proportienalnaklyzexdibedtedrd( anidfY defednenglaties bcause of
the risk of overl| ooki n%éa, real defect. . S%(ger copnections_associ ated with
BGA devi cEasBElethtq the sirenag apdefifctignisails 334 e LoPYEIUBREY-sIaie8PInsF ned and

pl aced on,.t i k . E?%?} &gg{ td on the
under si detoot §steﬁderf\%égn§5e%\??£egde?%@%€rlf%%e V\n(%@%tc ﬁéei‘f)}ﬁ]der .ﬁtgﬁggast%% at ed
with the comi smiulgrasthaped wrgen ahdde stgh tleat ¢heoposithen «fithe -taylsoarcd spotd heat i s

applied to the assenbly, .the solder int balls flows and then cools thus
coupl i ng M?éess@@ya@lwe@a‘c%t)vﬁﬁéh%at%@%¢$ Cﬁ“ft%%r %ﬁygitt&%mmertpac\tlﬂl&%éi rcuit

boar ur g T cpnnections are sandw ched between the

bot t glr%ssué%%%@edogﬁoﬁg&gé&%gteﬂ% go and the circuit board, which slightly

def ornms nost oK-tage whidhosshetvatetie bddrd 210 ahd strikkeifhroresoak asresnldearg oi nt s

associ ated with BGA devices i nappropriate iin nost cases _for Z-height

adj ust mengonygaed ieyivinlg bght, thupgreatiag awyrsabledmags of3 singleplangayitlindhg hat are
di scovere rd LEST: 8¢ - b hOUS

7 het gt gl Ao Litlic bARRSTY, BHle ML 4RO Meci @ P hRLR 25 Bh

condi ti on3s4iod thelfrstdeasar® 58S Sehsorfa5@alpiphlineomprisedjauswdibht Tdvebelostdf ect s

and devi ces, .anpng others, nmay be dealt with via a filter in the >
sof t ar e, ClrgtitctRleyisioneLr HY) epimera; whichdwasmpe glesironig yideoisignalfe 7 hei ght

i.e., th : '
Syst ems. naTaEoie Hibe 2t rf ARRbIARgBE I Shp B P TV e AT
el ect ri caimapeninalbiisdeatoefdebmputdr 270 analyeestinddnieserets theintdgeso deganihe t he

fol |l ow ng_di scussi ons describe steps_illustrated in the flow charts of

FIGS. 9 athg quality|qf thtelgFEicRleeonRerdions @48 t hat any process steps or bl ocks in
t hese fl ow cha 3 t

execut abl e codgbﬁﬁai izzg%sgg:%gkggggy#%?gm?nst surcszﬁllogngt?’%r‘E Pr@rrp%ﬁcei?rﬁeuﬁti ng
speciX0 c diegiitcalard QhT i0 thas differait egsonsofidieuadoac Zitladay be putomastsallyl t shoul d

be appreciated that .although partigul ar process steps are descri bed,

al ternatiP/%slti“?Pﬁpe‘??é‘HPé’HPSﬁgmarr’éng‘e%gi ble. Moreover, sonme method steps nay
be executed outrhgfarhesfaphic@Ebinkal afl apParius Theen 9@ descHbed Withng _
substantially concurrently or in reverse order, depending on the functions
i nvol ved. refferendsi to hlegal-d, arqiygicabofthaswhich maayf beoused meonjhndtiontwigh theg a
sanpl e net hod 0 2Q.for testi.ng el ectrical connections, 21 a printed
i routt BOAPECATOC T e P InG 5 6of SR EERE AREUID dsesi TRGBECt | on
syst exn 20&heRffichddemils o théde shétbis bf e @ritiBalith the FractidioiRé ARehcAOIhY begin
with step 902 where the circuit board inspection system 200 may be

pr ogr anmeaiidresses thgiaceuraisfppsivwningendgggoditieging o thoeaguiorrasd 28X pect ed sol der
joints and/or_other va,r'l.ous ﬁl ectrical %onne ions, 216 Igi’at (;atd%l n one or
more 25 SHFPUEELO e FrRHPRPLReTOWNE sHEAP LoD PIRECISBY &P KA SN, The
circuit bghdieBRLEIUIME SYRNE TR affple, héRurkberRT EMPITERS aridod déiaBbA
information Tegarding the variation in the Z-di nension of the one or nore
devi ce noefitesksgospedific esmpfhietsteaypviamitcodsidénablyi fromhepgtem 2a oysem iapttiayat ed i n
step .904. After..havi t alned i nfor,nation.concerni ng..t he | ayqut. of
xpoclod LRCRTHAE AP0 oF i ket SHEeIBeERh oM DENG FOdEPAnE TETRERbn over
t he nmountéBg Onelskarash uef art G811 Blsb PREnTzk tKa1 iothed @hdigddd) ihdlugheps 902 and
904, the circuit board inspection system 200 may be (_:onf[gurea to exam ne
one or novENRHed Hunesrrrit EsDomay he ubebiotnrpducs cedssceeiawl rpeEea@ét i ons ? 16
as illusty ' : 1aLhereaft e il r .S 908, one or
53 ' hor TN S e S RS s i e R e BbR, 2
connections 216. Regardl ess of the quality of the inages used and the

vari ous anal yses applied, electrical connections ? 16 identified as failing
to neet certain acceptance criteria maé be deened "defective." Ildentifying
i nformati on associated with each of th



5 "defective" electrical connections may be recorded as indicated in step
910 for use in step 1000 where the defect is further investigated. FIG 10
is aflowchart illustrating a nethod for confirm ng electrical connection
def ects 10Q01A@ds d¥BY%qPOnRMARIIcFRENBY A Btn &isorbutfaBORRg of isd@ekh@iy Syst em
200 of FIG 3A" As illustrated in FTG 10, the method 1000 may begin with
step 1002 s0fashef thetchirsuit bpandimayerautilizeds Jée trresantsipsendron2e @pplagablreto any

pr ogr ammed toﬁgi vi de thglﬂ pLi ntted Ci rcu'{.t agoard ZJTO un%:ler obser.yat i gen into a
nunber of WPBRESHSHE: RIGE SCTEEAEH TR TSV SR STEBT AT SPREVE PIVGT ' Bdhf S

i nspecti onog¥&tem, 2R urFaYcdideankj gured to identify those views that
enconpass a defecCtive electrical connection. Thereafter, as indicated in
step 1006, a suRefucenguwey 50BIG#, ilhetratsdns & Aapctionglddeckodiagmm sdhiomdngt board 1

S 210 d b ti . b d,to _det i h I f t f
" each | ORI RPRBTGHW DFIn R ARl CAPL PALLA AR et A et
i denti fi edo@l8edl d1GRE citQiNSSakd Qx@%&‘ﬁ%ﬁ%%sterﬁ%d@f ‘G’én@fhﬂhf}’Fﬂ?%i’ll@uQ@ﬁes fe sl ope

of each respective view 800 can be used together with other information
regar di ng edrronmiftnotiensali tujidingtdocks wif e eompaitar i230 sethich tchn apay dief eariduse

connection, th onnecti.on type and si etc..to 20 . fornul ate a focal
pl ane adj u%’*ﬁsﬁ?ﬁf ﬁgj{‘@?ﬁ“@“ﬁ% a%cﬁgoqfa%%g S@i@' otqgéleﬁqc}scg%etneﬁg& S9OSR on
syst em 200> RGO drise oﬂé1@f§@mqraﬁte§ﬁ§ﬂwipéma%ra€§ g Step 1008,

the circuit boaf% I'nspection system 20 S prepared to confir e or nore
of the i deddviddsesiichadladeskiomezmmites tipoctable compatt) odedieftetiesverAs i ndi cat ed

in step 1010 the confirmtion may b}ggqi n.by obt ai ing ]Z_rn i mage gt t he new 25
focal pl an“eo"&ﬁ’fﬁeraﬁﬁ‘?‘ﬁ)fl??@%?ﬁ%’r&?mﬁﬂ? f‘%"é‘f aF’@é‘ﬁ(?ﬁéﬁ‘_ R eISB?Ct‘SEI‘P_ M8ting the
concl usi ongd.Ra. agﬂﬂ AREMCHR CERpBleF 896 LoD FoGARARL bé’rﬁ hise dpfReldiye. Next,

I ﬁ {/’ 00 "may I 8

the circuit boar spection system 2 be con ured to pertormthe
query of sfecel4l22 ntemonip &0, rmnner irfor¢ heer emttontpma devdors ), a omorptoe 480§ | y

under servati-on in the new i e . is indicativ f .an _acceptabhl e

ol oot rioa SRR TS0 TR EHeTECH deviees H a0k Ew Rishas Grpgieg Vi & loca)
characterigtdEe@pgerved in the i mage generated at the adjusted focal plane
720 is indicative of an acceptable electrical connection as indicated by
the "YES"' fl ow Theprookssarg dewireidOR man irvéudpleaycustbrrsmege ddddnmetveallyi r cui t

board i nspectjion system' 200 be, progqr d to determne if the
ol 6ct ri cal Vallable PrsHiREch 0T BETsSBBLBI G I Fr A8 SBFIATY BGESSAERMEMBUI d not

be consi degeqdral BfoceRBEs dsEBRldtanwitY tRPRFitbatd s oY sQtei D, 4014. 1t
shoul d be appreciated that the query of step 1014 may” al so include the
capabill t ysemoconduatos basedanimpncssscn\iarthe fknsplecinidrocHip), launacropretetsert
conditions, For S exanple. if .the defect.caonditd t hat i i nal l

Cdent i 1 ed1 2 B RPpIEUE s AT A suF B OB paieBY FelfeRi ver i
typical |y eoifiguekar&gitdl Neli€ aitey an@bthtr wWellknbwa dlédtidal cepfglirkiiony, it may be
desirabl e to bypass any additional investigation of the associated

el ect ri cal cunpmres fdisereteslernents bethundivigualiy andiniagion oombimatipssigl t i n

overl ooking a.tr circuit failur Wien, the.particul ar el rical

connect | ondgeeting bl puccfort e it ooa PG Eh PR B e et hod 1000
as i ndiscat ed byTh&ighemépd10 ERVINEI00E bR ol SNCEbrEDhitidiot iRatllE@idmety Step
1014, processing may continue by increnmenting a defective electrical

connect i oncleBARS é¢-2asandam acaess amery (BAMsueh ay il ddt SRAMsetepsand10

L o B

observat i onembby ¥¥ERpicABy edraprises aAI0/S ANNEGHd HMmbre aBphydnt Badh s&hwul d be
consi dered or the underlying defect condition is a defect that should be

consi der edsoiéar jeinhpradysss apphicatia 4iét Hssonobaving pebbasyisky! iwethe 88illnue with
step 18, I circui rd hon.system 2 nfi gured
Co Lpddt o T T el R, AR R R R P BB T 1
"accept abl @hich haee BednCdhhitte®d GHArPIREPELH Oy, SYBdse M 30 ndde ARy sher progr amred
to overwite an entry in a database, renove a flag, and/or add an entry or
separ at e fRTRETAHFGIOBAENTSE tQ PRIHIOA NadScAspeats ohthg spidat) oiiHansrecHod 1000
resulted ip :‘;}ini'sﬂ ceptabl e" electrical connection status condition. After
updati ng and’ or "ot her wi se recor di ng the status of the electrical connection
under test in step 1018, the circuit board inspection system 200 may be 25
programmed to performthe query illustrated in step 1020 in order to
determne if nore defective electrical ,¢gonnections exist in the present
view. When the response to the query of step 1020 is affirmative the
circuit board inspection system 200 nay be configured to increnment the

el ectrical connection counter as illustrated in step 1016. O herw se, when
there are no "defective" electrical connections to observe within the 30

oy Y Y o o - Y. Y. Y. . .



in imge the circuit board inspection system 200 may be programed to
continue processing with step 10" _'2, where a determ nation may be nade if
a desired focal plane adjustnment range has been exceeded. \Wen the

adj ust nent ran has been_exceed i ndi cat e, the,"YES"' f contr ol
arrow that exit's the O&Eéorlflug?r 13@@%01@5\11%%%1%?36@gé)%’xﬂrdsentggyec?%?}?é %\é\éswi th the
query of s§igpwARRehe WeeBar hiterach wish MRNYircuan@ardidspdtobn Regemeoeeded, the
focal plane is adjusted as indicated in step 1024 in accordance with the
step si ze edanplenivher tha girgiibpoard dspeqtinsy watene200 prroprsesiarngrseag! j unp to step
101 0 where _a sub uent di agnostic inage.of the el.ectrical connection under
observat | SRIRAY! HachOtRSF FRAP AR ST SOt B¢ K BoTadl i aduf Fheds 10 Next
the cig cw(FId?@«‘;bgd WHSB S &iPdhiSB63EE [AsP O oty stef T0Vk iegpécsh dobenfed af m t he
query of step 1026, where a determ nation is made if nore defective

el ect ri calexgemaentironsenigfess.j tkanrispldsd fiow medure)athicemcampaneststrén vi ews 800
of the circuit. bPard 2?1\_0 un%ert observgti on... Iefs nor e e]f ecéi v(e el e(‘;} r)i cal
connect i oS REFEIGEAT FFY5EH, uggns: PR tad Y €SRES H’WE%)' U1 B 8851591?0In ar r ow
that exit ghehorfiéeu%0 Chn Sd8PridDLEathSdenia§Wodree @%R‘T%Bﬁseﬂ'ﬁﬁévﬁe ok BpIRMRNt ed as

ilTustrated in steRpj@1028 and steps 1008 thr Q;n%fﬂ | 028 may be repeated as
necessar y s¢reem by arke, aradtarnativelyi 4 ligdiddeysdtdispiay HED) ssmadbe desdngilt  boar d

210. | fecti I i cal t] t i it b d 210
210, B U RELEe b Sh GEEIA S nBPREG Ly bR
contr ol aig eihigloofitbdibn orendbiftlt Ward iiRBect838ysitRergmRb higekkpr confir mi ng

sol der joint defects may 20 term nate. The exenplar method for confirmng
el ect ri calkompntieg systsm ded/er data-s56agd ddvict araltroaly thectfoesncludedns or morenect i on
with the flow chart of FIG 10 adjusts the i.ght. or foca I of a
sensor ¢ hFSR AR Sl gealbeovarige S heite<SORhe eipisel €L a A Wi h
particul a'TEE'?QW% (8195 EirgwirModahdlof Sfefinterict |coﬁ1?9£§'ﬁé #aPrla Bk uSedtd
suitably configured circult board I nspection system 200 nay” be progranmed
to adjfist comenidaeivglytcoopleftbe aircyt borrd amppettimrsystesp2@t wghohe i mer¢ hat has
at | east ogne de‘{aect. As each I)éi ew iC? imaged tend observed, remaining

def ect i yer%ﬂt&i f%ﬂef‘"ﬁﬁ;?eﬂéeﬁ HoEg" lﬂgées W&%FFWE“‘\}'F%WSI ist. After

i nspection of eagheW/&W idlerficd dvitesUUOUDhRHis€ 1KLY Bdhs c&'ﬂﬁoﬂérﬁ&&ﬁeﬁ thoard

i nspection system 200 may be configured to adjust the Z-height and 30

i nvest i gatransteit@ndior esccverdata dvsng nabwarki(aotehown).hBy vy fesample thg i n t he

defective view l.ist. Tile cirecuit .board i.nspection system 20 y _cpntinue
Chis i nveSEMkan LG dhitack 40 ZiavdRanee adFvict fish oo SrEoRPIAR abLEPtRat
woul dagxcaga oatpRtse BsHifétde s mbliklaer/debdoduldbdrdie 26 molfH witelbs(d &, &
illustrate a téechnique for determ ning the slope of an exenplar view 800
from a pofadigrregpencydREDHcansaeipersatelepons: interfase,12brixigg, 8 604tel, aderetrtk t he
rel ati onslggl%fgﬁtween the sl ope, a sensor adjustnent step-size 1150, and a
sensor adjustrient range 1140. In this regard, FIG 11A is a side view of
the triangul ar \drivue s&bité and/ot AifAwardvilllberdséd tbminaghscdotdibat méRarei N FI G
1 1A the triangular plane 504c may be characterized by its slope in the

Y- Z pl ane recR&d,estiniate|ang gepare eRpectidoyrduesiwithaeasuregrivglesta Splesiee™@ac in the

Y-Z phane t ' om.&: he ! j ' i di vi ded
byt 15 o P ReedS AR W DAR R LA AR BANER sl IR VR B bl

si de vi ewotfer filrtibid. aTigre Atedo Anarevitori fliimiwiee Pésgorgibdfor thdde asd exher of 10
the triangular plane 504¢ in the X-Z plane nay be determ ned fromthe

change i nTgngdions espeiaisd ynthithgpsentithearieplyingfarcyit bpafd despeetiantystemdiOfensi on
1120. At I h i rmne the
naxinun1s?%g§éF%ﬁ%%gls H%Sﬂ%ﬁﬁgggggﬂfﬁéPR@%g%??%@@ogﬁgggﬁ ?hgﬁggég?¥g t he
change i ncbmpuiér-rofatedngstémdirmmaibodnG thy eontexeofIpiddoodmemea voputedS | n
accordance wth a preferred enbodi nent, the maxi mum sl ope fromthe Y-Z and
the X% pr%ﬁiéélei@e@éméifpwsahelee%wamaa@etw ppiicat 198 pther physicad dgviemons t he
density o L i I b 1 [We t hus
A e e R S T A N S B
As i || ust catngdier-nelbie@systdmGr tiehath XThasepsd Gies ofrse srablodiked [H anyt he two

pl anes may be used to fornulate a sensor 20 focal plane adjustnent range
1140. TheCPHRHicrpradabledasdismfantse byngfan conpectign Mt MFFFIIORE 8RBt ed st ep
size 1150 will determ ne the nunmber of possible adjustnents and subsequent

i mage acqui sitions and anal yses that may be perfornmed by the circuit board
i nspection system 200. Wile particular enbodi nents of the inproved circuit
board inspection system 25 200 have beéf disclosed in detail in the

f oregoi ng description and draw ngs for



pur poses of exanple, it wll be understood by those skilled in the art that
vari ations and nodifications thereof can be nade w thout departing fromthe
scope of the invention as set forth in the follow ng clainms. For instance,
ot her ele Lca N Y. ' ' |0l ) - ef ect
condi t 1 ond ey TR RLE SF LBACt ABER ol K EpHAHRnERl SRl B P B 01271
t he met hody$e@0or sthedksiehomhat eantforiehsiesiriaigd faboue. indthetioneseniton

di sclosure is intended tq include the application_of these and other

vari at i onSYBEN PAFELHOF IPYEe aRshexccHicibe BsEreianeqn BireBtaxt shthdef ects. ' 7

CLAI M5 Th [ | ¥:) firmn
— el ectri caﬁ%%ﬁ%i&??%%q}@g%%? %t}lé\;\gwg@ m%h%%&’ﬁ%%gﬂgﬂ‘ fc%q itspé;\ Imet hog for
__—confirpi ngof@hetéds, ppepigties binGarispert tied proptaROfcs uePBy oRindionndétig whe tiseir f ace

of a printed circuit board into a plurality of views; 3 associating an

el ect ri calingBigHer EXesHtion SYSIUN.CPPRESSoAIeYdCs i ew when a 4 characteristic
associ ated wi th.the_connect i I n..an gbseryed i nma L ndicates . that the 5
connection is &eecc?{’}p\%fr'rgadﬁﬁgﬁ W%‘i‘llﬁﬁj A ecgoir Fégragﬁgnluhao{ﬁ%%eféo, dt er mi ne
the sl ope epletrbhR, mdphatizeoptical, ectroffaghétRd irftdréd! ok s@ARbAdRI6OSEtehtle view, 8
adj usting the distance between_ the printed circuit board and a sensor in 9
response t@pparpaissiaypre, of propagajionvmedayn. Morgispenific expmples Graraethaupidtd c
associated. w th the conn ' i R.a s equent . 11.image,. 1, 2. The net hod of
o m. PPl ConiRRaRabme iy BRI Elferean R nding PR PE When
the char agh®eivitdsCa g&&mw&nﬁmeﬁ digketteS s BARGHLHceds TB@RoTySRMNIN readr ange of
expected values. 1 3. The nethod of claim?2, further conprising: 2 ignoring
t he acceptabl memeneddMat arorragablarprogrenmails tad onlamenione nage 3 when

the characteristic associated with the connecti LSwidicative of a

Speci T ¢ PeaEiaty r e By Ehmbh It oy RS BRPRRN G i aRrgon}

i gnori ng tahepacAaiieAling aGRIrRbIE daigaeidisd &aa%g%mbfyom_@mmdﬁ ulseqpgant

i mage 3 when the connection is associated with a specified device type. 1

5. ThéS netthroermputer-zeadatde medaweran eved beghpertoriagothes fiotablecinedivint upah 6. The

method of lial MpbertifS Shflel 1S RPSOENLe Sl b By AR S @ 2 array
instance, optical scanning of the paper or other medium, then compiled, interpreted or

otherwise processed in a suitable manner as necessary, and then stored in a computer
memory.

20
SURFACE MAPPING

FIGs. 5A and 5B illustrate triangular mesh surface maps and an exemplar

observation view of a circuit board under observation. Shown in FIGs. SA and 5B is
an exemplar surface map 500 formed by a plurality of triangular planes 504. The

25  triangular planes 504 are each defined by a set of three measured points 502 on a
mounting surface of the printed circuit board 210, with each of the three points 502
positioned in non-populated areas of the mounting surface of the printed circuit board
210. For example, points 502a, 502b, and 502¢ form the vertices of triangular plane
504b. More specifically, points 502a - 502¢ along the surface of the printed circuit

30  board may each be associated with a relative Z-height. As previously explained, a
relative Z-height can be determined using a laser range finder 296 (FIG. 3A) suitably
positioned between a Z-reference point and the surface of interest. The resulting Z-

dimension information may be coupled with X and Y position information to

17



| 7. The nmethod of claim2, further conprising: 2 ignoring the acceptable
determ nation from observati on of a :subsequent inmage 3 when the connection
is associated with a plated through hol e. I 8. The method of claiml,

wherein the ste L‘ ?g? servi n l| se% derrlwg1 thn ?}jtustgg range

cor r espondfRGAo°FRE egt%‘é bé’t uGePrBeIoNal fiodg! @5 3 RS and a
focal pl a@ﬁré‘ﬁe (ReSERERE] As ﬁﬁis%{&]%F%asﬁuﬁ@%turﬂﬁtyﬂlti#%&m}t 1818894
contenplated to cover the 5 adjustnent range; "6 repeating the adj usting and
obser vi ng mstydpsusaditd mottii.chavapg thersusface obibs prmeed aireuit bohed 31Ibsequent i mage

th f t ed. 1. 9. The f cl th
compr 1 51 ng: 2. COnSIRHE T S AINEGh BAnEBIR BlabEn s Hora WG e BHan Bl ber f ot i
observed ianthe é&tﬁm%smabng IROEIGS 38 bl SiftRiRAAE Y. FACCSRIsREwYal Ues.

| 10. The metho claim|, wheréin the step of observing conpri ses:

deri vi ng &wo axroslianeridenrpadg 820andaSI0bdatated withirod viehe8&kn¥ew, 8@ det er mi ni ng
a nunber of ad ust nent .ste to cover t ust nent. ran . repeating the
adj ust i ng “BIRN §eér*\/1?%°’§f’g'§’§ SHHR?Y AR 8 ﬁ’ﬁ @“"(95 S&ﬁ?‘if’s?%ﬁt’“@“@t eps has
peen exhaysteladd 21 Dand Rl ACdRL 1BEURon BTHARG WinAAPIX OTOlIE eRiiRarENt 6
i mges indicates t at the connection is defective. 1, od of

cl aim 10, cébmpbinsnts, @dm:rrwsu]rdgyplzalﬂﬁb@mohngdtthme mfmxtdmardemﬁ guch ss blaf ecti ve.
| 12. The nethod, of claiml in_the ste reporting conprises 2
stori by aRol harte%t%rarrﬂhaeck@ﬁ%s é]ﬁrrﬁ o8 diperpigideuien ar@élﬁa%a%ﬁo 1 13. The
met hod of sgl@i m1) wherein the step of analyzing the 2 corresponding view
conpri ses identifying a centroid of the view 29 , 1 31. The nethod of

cl ai m 30, wher &l1@G. §Bellustrates tlﬂe)vanc&rsmnangn@rqxbarpsﬁﬁésfﬁn se¢rhplagswfacendi cat or

that the elecirical .connection fail edea reexam nation. 132, A defect
conf i r mat Paait&PosgParﬁmB? S SHR P Hbrﬁépgrﬂ &igandgvices 530 and surface

medi um 2c a it
boar d | n fnm Sl 2 Sap P B IR BBl b 28D, Mol BBt
el ecti$ caleaaimfrtheintegrsted sirchaif éc\tm@sai:ﬁ)l angli the surfiioe gnisend dbucesséti_t; iaafoagt he at

| east one defective ct connectionb ,wth a cqorrespondin segrrent;
71 ogi ¢ coff! re@%r@dh@@%@r ?Jix ecftaeaf %taahtﬂ @ft%apgem&rrcmgf)a MEs for
vari ati Onghgopﬂo@&e&h %lf?:%nﬁé&rnfoﬁ g1€f the circuit board across the
correspondl ng segnent 6 ogli c con |gured to record a characteristic of the
at | east one défeptmtiedl tlhielaemtrugraﬂinctmaaécﬂicmm)blr@gme ot kugabied to

identify the el ectri.cal, connecti . accept abl e respo 12to a
condi tion® ‘ga%%&f’@m’@ﬁa? ﬁg%nee |§3Eh Ptﬁ?‘F 1§ H5$°%t%5| gnat ed

rangeyd 3l ealfsceccmte peHed1d. omyrb%aﬁasteoﬁh@r)amsos@ dnnme gatfa&rbftm@t frédtre
el ectrical 14connection is defective in response to the logic configured to

i dent i fy. beard@10They s prgdetamined byithn specifisidesigh and tee'ouo@ﬁtbcc@muSgured to
segnent 2 .di.vides t.h ce.of the rcuit boardl toa rality of

et angul SPV Bk o 8 et ARGy Qe el sT0 i Ml ol BheR PUOTBbE Y L e
plurality b@fxrdrﬂ‘li)ta&hﬁgh'é spettish SARHaSfoL BFRIASERRs anNtiRAHMALBRE Aedt is1 35.
The program of claim32, wherein the logic configured to adjust varies 2

the focal Ppifamed it hepemins2 he Beatetmearthe gleairicet carmattinds 1 6Wfes ElGh t he
f ocal g)l aﬁg)gf thgs Sengor is 2 varied in steps responsive to the sl ope of
t he segrre §28105P

Alternatively, a surface map 500 of the surface of the circuit board 210 may be
created by measuring the Z-axis coordinates of a selected subset of the electrical
connections 216 and/or solder pads on the circuit board 210 using X-ray images. This
alternative method for generating a surface map 500 eliminates the laser range finder

30 296 (FIG. 3A). Consequently, the points 502 may be replaced by “electrical
connection positions’ and/or pad positions.

When using the laser range finder 296, the size of the each triangular plane

504 forming the surface map 500 is determined by the availability of points 502 which
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L' now8{ L Yl a cal cal cal caV] ca,
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above. In this example, the Z-height 610 for center 506 is determined by the

25  corresponding surface map triangular plane 504c (FIG. 5A). In this arrangement, the
Z-height 610 corresponds to the Z-axis elevation of the surface map triangular plane
504c at the corresponding X-Y coordinates, which define the view center 506.
Several alternatives for determining a Z-axis reference 600 for a view 800 with
respect to the surface map 500 include: a) the average Z-axis elevation of the surface
30  map triangle 504 within which a major portion of a board view 800 is located; orb) a
plurality of interpolated Z-axis elevations of the surface map triangle 504
corresponding to the X-Y coordinates, which define specific solder pads 520a, 520b

located within a view 800; etc.
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Usr (3 UFT tienes of the citdut hoard 310 may nof be Hat and may not ever! be paraliel t64he 2
reference plane 600. In this example, the Z-height 610 for view 800 misses the pads

5  520a and 520b coupled to two of the electrical connections 216 of interest in the view

800. As further illustrated in FIG. 6, adjusting the Z-height 610 from the Z-reference
plane 600 in accordance with the nominal thickness of the printed circuit board 210
under observation (i.e., Ivoa) is insufficient in the present example to capture image
information from electrical connections associated with the pads 520a and 520b. Pad

10  520ais “out of focus” by at least Az, and pad 520b is “out of focus” by at least Az,
Consequently, it is highly likely that one or more observations of an image focused at
the Z-height 610 will result in one or more analyzed electrical connections 216 being
tagged as “defective” as the images will miss the intended electrical connections 216
(not shown) that may be associated above the upper surface of the pads 520a and

15 520b.

The circuit board inspection system 200 addresses the problem of inaccurate or
false solder-joint defects by “confirming” the measurement(s) that result in a defective
solder joint. A method for confirming solder joint defects may adjust a focal plane or
Z-height 610 of a sensor in response to the slope of the view 800 in order to acquire

20  one or more images with a “‘better” (i.e., more on target) image of a characteristic of
an electrical connection 216 previously marked as defective.

FIG. 7 shows an enlarged cross-sectional view of section B--B of the circuit
board of FIG. 6 that generally illustrates the confirmation technique. As shown in
FIG. 7, a first Z-height 610 disposed from the Z-reference plane 600 in the Z-

25  dimension may locate a first focal plane 720a that may be used in an attempt to
acquire an image of the corresponding electrical connection 216 (not shown)
associated with pad 520b located on a mounting surface of printed circuit card 210.
When observation of one or more characteristics of the electrical connection 216
indicates that the electrical connection 216 is defective, the circuit board inspection

30  system 200 may be programmed to iteratively adjust the focal plane 720 of the sensor
258 (FIG. 3A) until an acquired diagnostic image contains a characteristic indicative
of an acceptable electrical connection 216. FIG. 7 illustrates contemplated focal

planes 720a through 720f.
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compared, the cross-sectional image of an electrical connection 216 (not shown)

10 formed at image plane 720f may exhibit the highest variance of the gradient. While
the example shown in FIG. 7 shows six focal plaﬁes 720a -720f, it is to be understood
that a different number of focal planes 720, either fewer than or more than those
illustrated, may be selected in practicing the method for confirming electrical
connection defects.

15 The slope of the view 800 (FIG. 5A) may be used together with the sensitivity
of the focal plane adjustment control to determine a desired step size (e.g., change in
Z-height 610 between subsequent contemplated focal planes 720) with the step size
varying as a direct function of the slope of the view 800. It should be appreciated that
too small of a step size between subsequent images may result in an inordinate

20  increase in the overall testing time for the printed circuit board 210, whereas too large
of a step size may not result in the acquisition of an image that coincides with an
optimum Z-height 610. It should be further appreciated that the step size may be
adjusted in accordance with the particular type of electrical connection 216 under
observation. For example, surface mount devices 540 (FIG. 5B) generally have solder

25  joints with a lower height than conventional discrete components and other printed
circuit devices. Consequently, it may be desirable to increase the step size when
observing electrical connections 216 associated with these components and printed
circuit devices.

Reference is now directed to FIG. 8, which presents a block diagram

30  1llustrating an exemplar technique for dividing the circuit board of FIG. 5A into a
plurality of observation views 800. As shown, the printed circuit 210 under
observation may be divided into a plurality of views 800. In preferred embodiments,

the circuit board inspection system 200 is configured to divide the mounting surface
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5  appreciated that some circuit arrangements and device package structures may make it
desirable to divide the printed circuit board 210 into views 800 having a rectangular
shape (e.g., such that the views 800 encompass the electrical connections 216
associated with a printed circuit device) rather than the exemplar arrangement where
each view 800 has sides of equal length.

10 It should be appreciated that the size and shape of the plurality of views 800
may vary in accordance with the density and the size of the various components
mounted on the printed circuit board 210. As previously discussed, only those views
that contain one or more electrical connections 216 designated as “defective” will be
tested using the technique described above with regard to FIG. 7.

15
SPECIAL CASES

The above described technique for confirming defects in electrical connections

may require modifications as applied to specific types of electronic devices and
electrical connections. For example, not all joint and defect types are suitable for

20  analysis and multiple Z-heights or focal planes 720. More specifically, pins
associated with ball-grid array (BGA) devices and plated-through hole (PTH) contact
pads should not be analyzed at multiple Z-heights because of the risk of overlooking a
real defect. Solder connections associated with BGA devices begin in the shape of a
ball. These solder balls are formed and placed on the circuit board contact pads. As

25  the contact pad grid on the underside of the BGA device is aligned with the solder
balls associated with the contact pad grid on the surface of the circuit board and heat
is applied to the assembly, the solder in the balls flows and then cools thus coupling
the BGA device (both electrically and physically) to the circuit board surface. Thus,
the solder connections are sandwiched between the bottom surface of the BGA device

30  and the circuit board, which slightly deforms most of the solder balls. This
deformation makes solder joints associated with BGA devices inappropriate in most

cases for Z-height adjustment and observation.
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OPERATION

Exemplar systems having been described above, sample methods for

10  confirming electrical connection defects will now be discussed. In this regard, the
following discussions describe steps illustrated in the flow charts of FIGs. 9 and 10. It
should be understood that any process steps or blocks in these flow charts may
represent modules, segments, or portions of executable code that include one or more
instructions for implementing specific logical functions or steps in the associated

15  process. It should be appreciated that although particular process steps are described,
alternative implementations are feasible. Moreover, some method steps may be
executed out of order from that shown or discussed, including substantially
concurrently or in reverse order, depending on the functions involved.

In this regard, FIG. 9 presents a flow chart illustrating a sample method 900

20  for testing electrical connections 216 on a printed circuit board 210 that may be
practiced by the circuit board inspection system 200 of FIG. 3A. As illustrated in FIG.
9, the method 900 may begin with step 902 where the circuit board inspection system
200 may be programmed to acquire information regarding the location of expected
solder joints and/or other various electrical connections 216 located on one or more

25  surfaces of a printed circuit board 210 under observation. The circuit board inspection
system 200 may also be programmed to obtain information regarding the variation in
the Z-dimension of the one or more device mounting surfaces of the printed circuit
board 210 as indicated in step 904.

A fter having obtained information concerning the layout of expected electrical

30  connections 216 and mounting surface variation over the mounting surface(s) of the
printed circuit board 210 in steps 902 and 904, the circuit board inspection system 200
may be configured to examine one or more characteristics of the identified electrical

connections 216 as illustrated in step 906. Thereafter, as illustrated in step 908, one or
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step 1000 where the defect is further investigated.

FIG. 10 is a flow chart illustrating a method for confirming electrical
connection defects 1000 that may be practiced by the circuit board inspection system
200 of FIG. 3A. As illustrated in FIG. 10, the method 1000 may begin with step 1002

10  where the circuit board inspection system 200 may be programmed to divide the
printed circuit board 210 under observation into a number of views 800. Next, as
shown in step 1004, the circuit board inspection system 200 may be configured to
identify those views that encompass a defective electrical connection. Thereafter, as
indicated in step 1006, a surface map 500 of the mounting surface of the circuit board

15 210 under observation may be used to determine the slope of the surface in each
localized region of the mounting surface that contains an identified electrical
connection defect. As previously described, the slope of each respective view 800 can
be used together with other information regarding circuit density, the device
associated with the defective connection, the connection type and size, etc. to

20  formulate a focal plane adjustment step size and range.

Once the circuit board inspection system 200 has positioned the sensor focal
plane as indicated in step 1008, the circuit board inspection system 200 is prepared to
confirm one or more of the identified and recorded electrical connection defects. As
indicated in step 1010 the confirmation may begin by obtaining an image at the new

25  focal plane and applying one or more tests responsible for generating the conclusion

that the associated electrical connection is defective.

Next, the circuit board inspection system 200 may be configured to perform
the query of step 1012 to determine if the electrical connection presently under
observation in the new image is indicative of an acceptable electrical connection.

30  When it is the case that one or more characteristics observed in the image generated at
the adjusted focal plane 720 is indicative of an acceptable electrical connection as
indicated by the “YES” flow control arrow exiting the query of step 1012, the circuit

board inspection system 200 may be programmed to determine if the electrical
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under observation, as “defective” is typically considered indicative of a “short circuit”
condition, it may be desirable to bypass any additional investigation of the associated
electrical connection as testing using the method 1000 can result in overlooking a true
circuit failure. When the particular electrical connection type or the defect condition
1s not suited to the method 1000 as indicated by the “YES” flow control branch
exiting the query of step 1014, processing may continue by incrementing a defective
electrical connection counter as indicated in step 1016. Thereafter, steps 1010
through 1016 may be repeated as necessary for the remaining defective electrical
connections associated with the present view 800 under observation.

When the electrical connection is a type that should be considered or the
underlying defect condition is a defect that should be considered for analysis via the
method 1000, processing may continue with step 1018, where the circuit board
inspection system 200 may be configured to update the status of the electrical
connection under observation to “‘acceptable.” The circuit board inspection system
200 may be programmed to overwrite an entry in a database, remove a flag, and/or
add an entry or separate flag indicating that an observation during the method 1000
resulted in an “acceptable” electrical connection status condition.

After updating and/or otherwise recording the status of the electrical
connection under test in step 1018, the circuit board inspection system 200 may be
programmed to perform the query illustrated in step 1020 in order to determine if
more defective electrical connections exist in the present view. When the response to
the query of step 1020 is affirmative, the circuit board inspection system 200 may be
configured to increment the electrical connection counter as illustrated in step 1016.
Otherwise, when there are no “defective’ electrical connections to observe within the
present view 800, the circuit board inspection system 200 may continue with the query
shown in step 1026.

Retuning to the query of step 1012, when the circuit board inspection system

200 indicates that the electrical connection is defective as observed in the subsequent
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accordance with the step size determined in step 1006. Thereafter, processing may
jump to step 1010 where a subsequent diagnostic image of the electrical connection
under observation may be acquired and analyzed as previously described.

10 Next, the circuit board inspection system 200 may be configured to perform
the query of step 1026, where a determination is made if more defective electrical
connections were identified in association with other views 800 of the circuit board
210 under observation. If more defective electrical connections were identified, as
indicated by the “YES” flow control arrow that exits the query of step 1026, a view

15  counter may be incremented as illustrated in step 1028 and steps 1008 through 1028
may be repeated as necessary to observe each identified defect on the printed circuit
board 210. Once all the defective electrical connections on the circuit board 210
under observation have been processed, as indicated by the “NO” flow control arrow
that exits the query of step 1026, the method for confirming solder joint defects may

20  terminate.

The exemplar method for confirming electrical connection defects 1000
illustrated and described in connection with the flow chart of FIG. 10 adjusts the Z-
height or focal plane of a sensor through a range of values while observing defects
associated with a particular view. Those skilled in the art will appreciate that a

25  suitably configured circuit board inspection system 200 may be programmed to adjust
the Z-height or focal plane and then inspect each view that has at least one defect. As
each view is imaged and observed, remaining defective conditions may be logged in a
defective view list. After inspection of each view at a first adjusted Z-height, the
circuit board inspection system 200 may be configured to adjust the Z-height and

30  1investigate defective connections associated with views remaining in the defective
view list. The circuit board inspection system 200 may continue this investigate loop
until a Z-height adjustment is contemplated that would exceed a predetermined

maximum,
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dimension 1110 divided by the distance in the Y-dimension 1100. Similarly, FIG.
11B presents a side view of the triangular plane 504c in the X-Z plane. The slope of

10 the triangular plane 504c in the X-Z plane may be determined from the change in the
Z-dimension 1130 divided by the distance in the X-dimension 1120. Alternatively,
the edges of the view 800 can be used to determine the maximum slope in the same
manner as that described above by observing the change in the X, Y, and Z
dimensions over the span of the view.

15 In accordance with a preferred embodiment, the maximum slope from the Y-Z
and the X-Z planes is selected and used along with other criteria such as the density of
the circuitry and the type of printed circuit devices and thus the electrical connection
types in the view 800 of the circuit board 210. As illustrated in FIG. 11C the
maximum slope observed within the two planes may be used to formulate a sensor

20  focal plane adjustment range 1140. The focal plane adjustment range 1140 together
with the selected step size 1150 will determine the number of possible adjustments
and subsequent image acquisitions and analyses that may be performed by the circuit
board inspection system 200.

While particular embodiments of the improved circuit board inspection system

25 200 have been disclosed in detail in the foregoing description and drawings for
purposes of example, it will be understood by those skilled in the art that variations
and modifications thereof can be made without departing from the scope of the
invention as set forth in the following claims. For instance, other electrical
connection types including solder-joint types and defect conditions may be designated

30 for the filtering function of step 1014 in the method 1000 in addition to those
mentioned above. The present disclosure is intended to include the application of

these and other variations of the method for confirming electrical connection defects.
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1. A method for confirming defects, comprising the following steps:
dividing the surface of a printed circuit board into a plurality of views;

associating an electrical connection with a corresponding view when a

characteristic associated with the connection in an observed image indicates that the

analyzing the corresponding view to determine the slope of the surface of the

printed circuit board across the view;

1

2

3

4

5  connection is defective;
6

7

8 adjusting the distance between the printed circuit board and a sensor in
9

response to the slope of the view; and

10 observing the characteristic associated with the connection in a subsequent
11  image.
1 2. The method of claim 1, further comprising:
2 considering the connection acceptable when the characteristic observed in the

3  subsequent image is within a range of expectcd values.

3. The method of claim 2, further comprising:

1

2 ignoring the acceptable determination from observation of a subsequent image

3 when the characteristic associated with the connection is indicative of a specific

4  defect.

i 4. The method of claim 2, further comprising:

2 ignoring the acceptable determination from observation of a subsequent image
when the connection is associated with a specified device type.

1 S. The method of claim 3, wherein the defect is a short circuit.

1 6. The method of claim 4, wherein the specified device type is a ball-grid

2 array device,
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2 ignoring the acceptable determination from observation of a subsequent image

3 when the connection is associated with a plated through hole.

1 8. The method of claim 1, wherein the step of observing comprises:

2 deriving an adjustment range corresponding to the distance between the

3 printed circuit board and a focal plane of a sensor;

4 determining a number of adjustment steps contemplated to cover the

5  adjustment range;

6 repeating the adjusting and observing steps until the characteristic observed in

7  the subsequent image is within a range of accepted values.

1 9. The method of claim 8, further comprising:

2 considering thc connection acceptable when the characteristic observed in the

3  subsequent image is within the range of accepted values.

1 10. The method of claim 1, wherein the step of observing comprises:

2 deriving an adjustment range for a focal plane of the sensor;

3 determining a number of adjustment steps to cover the adjustment range;

4 repeating the adjusting and observing steps until the number of adjustment

S  steps has been exhausted and the characteristic observed in each of the subsequent

6 images indicates that the connection is defective.

1 11. The method of claim 10, further comprising:

2 reporting that the connection is defective.

1 12. The method of claim 11, wherein the step of reporting comprises

2 storing an indicator that the connection failed a reexamination.

13.  Themethod of claim 1, wherein the step of analyzing the
2  comresponding vicw comprises identifying a centroid of the view.
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9
1 31.  The method of claim 30, wherein the means for reporting comprises

2 setting an indicator that the electrical connection has failed a reexamination.

32, A defect confirmation program stored on a computer-readable medium,

~- 1
2  comprising:
3 logic configured to segment a surface of a circuit board in response to an
4  indication that at Jeast one of a plurality of electrical connections is defective;
5 logic configured to associate the at least one defective electrical connection
6  with a corresponding segment;
7 logic configured to adjust the focal plane of a sensor that accounts for variation
8 in height of the surface of the circuit board across the corresponding segment;
9 Jogic configured to record a characteristic of the at least one defective
10 electrical connection;
11 logic configured to identify the electrical connection as acceptable in response
12 to a condition where a measured characteristic value falls within a designated range;
13 logic configured to supersede a previous indication that the electrical
14  connection is defective in response to the logic configured to identify.
1 33.  The program of claim 32, wherein the logic configured to segment

2  divides the surface of the circuit board into a plurality of rectangular segments.

34.  The program of claim 33, wherein each of the plurality of rectangular

2  segments encompasses an equivalent area.

35.  The program of claim 32, wherein the logic configured to adjust varies

2 the focal plane of a sensor.

1 36.  The program of claim 35, wherein the focal plane of the sensor is

2 varied in steps responsive to the slope of the segment.
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2 logic configured to remove the mark when the characteristic associated with

3 the electrical connection is indicative of a short circuit condition.

1 39.  The program of claim 37, further comprising:

logic configured to remove the mark when the electrical connection is

[\

3 associated with a ball-grid array device.

1 40.  The program of claim 37, further comprising:
2 logic configured to remove the mark when the electrical connection is

associated with a plated-through hole.

41. The program of claim 32, wherein the logic configured to adjust varies

—

the distance between the focal plane of a sensor and the center of the corresponding

segment in steps over a sensor adjustment range until the characteristic observed in an

S W N

image is within an acceptable range.

42. The program of claim 32, wherein the logic configured to adjust varies
the distance between the focal plane of a sensor and the center of the corresponding

segment in steps over a sensor adjustment range until the focal plane reaches a limit of

HOWN -

the sensor adjustnient range.
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