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TECHNI CAL FI ELD The present disclosure relates generally to systens and

nmet hods for highresolutton Inspection of circuit board assenblies using
measur enent  SystefiEy ,a@ﬁi) WERROY FORRIDENDIBY BUERS0 WhiRRh ORI YsErEoirder
joints within circuit board assenblies for duality control analysis.
BACKGROUND OF THE | NVENTI ON 10 Rapid and precise quality contro

i nspections of the soldering and assenbly of electronic devices have becomne
priority items in the eIectronicslﬁﬂﬁuﬁﬂéfﬂLfﬁﬁhﬂhdustry. The reduced si ze
of conponents and i of , ' | ity of
component's on of r o0k PR astis Bl JeEal PR L B AMCHERBRIGEIRL v,

t echnol ogy (&MBunomhispécijphadescsioboted asentidiet uong nnadeemenat dysates, oed th S
packages where they are hidden fromview, have nade rapid and precis

i nspect i ons BItigyla; te sisieensiulich awagHg Splqer Onme Pihdh FIrghiinded pSRbHE ffaéen
devi ces very ﬁ%ﬁfk&ﬂkﬁa§ﬂ Bgrfornlin a manufacturing environnment. Matey

exi sting |nsBec i6n Sys el for el ectroni c devices and connections nake use
of penetrating radiation to forminmages, which exhibit features
representative of 20 the internal structure of the devices and connecti ons.
These systens often utiliz 9 i chni ques wherein
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The images or pictures formed represent the X-ray shadow cast by an object

2~ bei ng i nspdosted Tieeduded size dflcpmpprenteendsplderiseansciiony-themesultinge X- r ay

shadow i s recaorded an X-ray sensitive material .such fiJmor.other
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object, but also by the direction fromwhich the incident X-rays strike the

obj ect. Mher pdakngss veharothsl etechiddereirpmetew.i have aragle3epid nad peicsseohspectiens
shadow i mages et her performed.visually by a person.or nunerically by a
comput er | of BEHEHINT A AaE TEItion SOt ToROVEE SR R Y e
charact eri st hg$orgf intRal@clin@8ilohfment. i entation with respect to the X-ray
beam For exanple, it is often necessary to make specific assunptions
regardi ng t he shaplny etisting hiEpertBe systempfaratedtronia dryiass end evunegfionsmakhj ect
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of the object, e.g., a defect in a solder connection, 'which produced the
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each sol der | oi nt The #ppegraage pbibe X rayshbdavs ontadiegiapt isalstenaiedynor aplydsi bl e
to make enough . [Lon .sely. 15 det er mi,ne, shapgs.,..si zes, and
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Thi s degree of nechanical conplication | eads to increased expense,
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i mpai red positioning precision due to the nechanical conplications, and

cal i br m' d conputer control conplications due to the non 2~
orthoga M@“@M flme axes of notion. Many of the probl ensnmm i ith
t he conv m di ography techni ques di scussed above mﬁm{mmﬂm"& ed
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Tonmogr aphi ¢ techni ques such as | am nography and conputer-ai ded t onography
(CT) have been used in nedical applications to produce



30 cross-sectional or body-section inmages. In nedical applications, these

t echni ques have nmét with w despread success, |argely because relatively | ow
resolution on the order of one or two millimeters (approximtely 0.04 to
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I t hat th t.b ted be
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lrallCl1117 %ste% as an d e[p iti. ontl [1%|g F table is then
noved to br F‘Iisg e |e?‘88"31ﬁe‘é‘i:’3ﬁ§e SH2 478 RN 1O ﬁrt’BSRecpg W& ng ar ea.
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Sever al, -of MNE feren tents di sclose devices and nethods for

t he gerT@r atﬁgrgl B étlyc%ghe é’%etS%g qQ%I hmages of test objects at a fixed or

sel ect abl e cr ossMuy9E¢iid HaBlenisBER QT Rith PhadhvehtiorahR8 R s s, an X-ray
source system and an X-Ray detector systemare separated in 't "Z" axis
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t est objlect cropsossstienalar boHe-sedtivssmegest ilomddidahappicrbens, tl]@sawéhmam be
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it is essential that tire positions of the cross-sectional inmage focal
pl ane and because speed and throughput requirements are not as severe as the corresponding
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20 the plane within tire object, which is desired to be i maged, be
configured to coincide at the sane position along the "Z" axis. If this
condition is not nmet, then the desired inage of the selected feature within
the test objgct,Mdyl ,,rg,qt:mge acquired. Instead, a cross-sectional inmage of a
pl ane within tlhe test object, which is either above or bel ow the pl ane that
i ncl udes the seliedtcexsd elatlun@nwshmspbelcanqml neads p:lumcslerm far mapemimertfs, 25

| ess than optipmal views of sol oi nt may b guent |y
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positioning the sel'ected fedture of tire test object wth

cr oss- sct Foria¢rniomage 1hidwsahal ;sblame_touphyspecmrt yystemaswisegenehige B01IRLE - axi s
position of tire selected feature. ur e t.he .test object
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coincides with ti S lhdid focal

pl ane. Any of aL\?g]?leegtzf }%fs%gt?gﬁggirlé e Cﬁg gé]gth‘fj\crh?eﬁ?}t rtﬁﬁé%%gaaﬁgyggggc sed
physi cal | y reqpiasmeatstiieeessaty famélsctﬁbmcshn@tetmm areaesdrived srethedbBawingt ur e of t he

test object Th~re are several types of co ially-availabl e Z-hinging
Syst ens, wHEGRSRS F8tat Ng. B326H oh.eiteh h LT AMATER SAMBROGRARIK
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Of t he tesParhj 615,097 mlkaﬁll&ﬁf‘AURmﬂATEED WH‘H@GRQ&N{Y SYSTEMIFORUl ati on
system an ogtl cal-interferonetric system an ultrasonic system anpng

ot hers. §N R%C%‘%ON&%ELE@TRQN@S@gwqddH Baksseialnl Syeteaiblomay be used to
forma Z' 1,636, érl?&‘leﬁu";( QI\@ATEB%&W OPLAPLIy SNeTENT FBR. typically
consists of an"artray o ositions associated array of the Z-val ues
of the surﬁI&SBEGﬁ‘I@N@R‘ ESECGR]ONICS TisalddaozﬁalkenstaﬂtUeS LPakent N&. Y positions)
are points on a _plane shared with the test object that is substantially
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finders hawe. bgen, 8u$eduit1radparBAmum MEFH@ID&NB&Q’P%Q{]@TUKFW i mge 15
systens that_are used e electronic circuit board assenblies.

Crcuit- onEiF%EMh@CQI‘é OBLBYP ISOLJREL: QEEECT% csherhia Rederepalhe
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are made with very nEnsi 6na nateria Suc ceramc

subst r 20 es ELBGQWRRIEAL C@NWM'OIONS/”@‘sum focAlddmberan dUe&SPatéhlt NeS 5a199,054,
constructed wt that is_sonewh lexible or_in sone cases 20

very 11 ex: sriecrip e THERIANpI A8 ar AR FHE Thisth FHsOdetiom NP RTINS ¢ he
axi s perpe@tﬂgetemm R RS Otss B A6ERY 838, (18 Patent B 515518, areas that

contain interface pins i mensi on itionally, Song circuit
board asserabthulels“hAWN%RAPHthYS’ﬁENbAMD METHROESWITHN addition to

varatton Ghis SrabEonki R &L e HiREt N RIS A Pe S SR EETh or
field 9§ thgedio ézﬂ&?lﬂ al-ang. P%tﬁms?S%g@bhoélﬁﬁlea( FERYNTRRGDONS LRYEARASUN i ng

the surface of a warped test object, the magnitude of the variation in the
"Z" di rrensnSﬁhAI‘éMMIi\é@GﬁéxHHsYé&YtS&EM A ed MERHQUISY isshel tposdanigymad U.S.

relationship of th re ane of the
cross- sect ol NPnié%ﬁ%% &?ﬁt s%‘%ﬁéﬂgé‘éﬁ) é@%lhé&%f\%fgwﬂgmeatur es of
nterest wiliNGBRAMMC CINEGH BOARIS NI ECRASY. iSREFI h6RKLY ThENe such

range finder systemis desi gne or use in a systemstic t hat descri bed
m U. S. Pat entireioof eatl,t P 4bavd wfeBaiced patehtsat herdebeimeafpoened Eérernrte}d to as the
"=t 52 E)@tent The '4~2 patent discloses a | am nography systemin which an

X-ray baé"“erarel“ﬁ"agl n~~ system haven g a very shallow depth of field is used
to examne solig, yhlxtﬁmeg%p@ Wit Sy e ERE G eaWh ecm m dnm%éggtréﬁw

depth O field prOvides a 1TeanS fur exam ning the t te ~rit a sol der
joint wthoutid sntnéter émenhteolﬂmmmtnlgensp@nqunentzty babmmsahdo beivewhd digestol der

joint. TIl~e nat and bel o int Is out of focus, and
hence. contriptiiesoySEaErE ks 8l via iy 8 i e B Ploaiklie S Bont e i no
needed sel ectivi ty, the depth of f field of the | am nographic-inagi ng
systemis on the order of |less than approximately 2 mllionths of an inch
(? mls.). Unfortunately, surface variations on the printed-circuit board
often exceed this tol erance. To overcon® this drawback, the surface of the
printed-circuit board is mapped using a 10 | aser-range finder. The detail ed
| aser-range finder generated map is then used to position the circuit board
mnth respect to the X—ray |nag|ng systentsuch that the conponent of
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variation in the relative distance between the nmounting surfaces of the
package and a printed-circuit board. Cenerally, BGA packages warp such that
the edges tend to pull away front the rnountlng surface of the
printed-circuit boar i.e . the edges turn 6 . upward) 1-|owever. it

Phoul 0 be SpprreErar Bl bl R0 EET R &R DURRE hh ROLREOP! Vhr i ous
ways W th tile gishanqs iDatyRsnyLeg 0MIBS bihostild ihsoeRet &f o 1Bl package
and a print ed-cl r!cwt board varying in & nunber of different ways across

t he nmount i mgndlurd gses, s@hheranpack-Zges)ticuchtabke, Buettamlets themtoyddt@ col um
jrid array (ﬁI%?, flip-chip, chip scale Packages ?CSR@%, and.qgﬁﬁéfl t
packs, et c briggyhedesyes g Giithephiegidrio. (e pmagine fidn MoV eptk HyBevar t he
print edsci neyj £ R85 LRS! felonTBBe WhRinel!t wﬁh@%@e#ﬁ@nﬁiﬂ% 2l et hat
these two conditions are not nutuaFIy excl usive of each other. Stated tn
anot her waynovestlie diject ppiant! ddwaito celett the alate (Withen thesobjertmthieregths ardsace) 10
and the package nay be warped. Furtherniore, either of the printed-circuit
board and/ 8Fclione! FAEeAYELRRY stiffer from"tilt." A "tilt" condition is
present when t.heSe%rla%}' fheabbyPreTteh@aHafinty AsL105 éévi&snn@ﬁfkﬂ%ds'f& t‘hEe 7

di nension) varies fromone edge to an opposing edge on either a package or
a print ed- gieneratién bbabsk-sethiome imngesatfhest obgeetsat @ fixey onstlécthligetdser such
that a printed-circuit assenbl¥ 15 may contaip a plurality of mylti-pin
devi ced0( e sectiong} yuugefacal #i8s) These SYStemimmph Ko BN SOVKEISKIFBANA ANcHEYr nor e
sol der joint ) ; €, kA e ially

uni form (i Ele{;gﬁﬁ tsggFéd%Pdgg{dl lg){app iztlaxdk ?gg{lﬁoélaﬁéau%?%dn%&gﬁér aéjetﬁ{::onduct ors
of a BGA paekagectichal inlupedass planelificolied banpeedarimerE shhwfiorpoditibmpn ther f aces
of the BGA package and the printed-circuit board may cause one or nore 20
sol der bal |“% pyisstirestiemwhishhs iriemmediate teapsitins o theg'ssay sparce fvatemoand he
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the arngy tyh 6alidiya 6obd-aREEndIMAgd bPfRatuhe i5 ChelREt dbjdt Socdiesartht erdsfe
external edges of the arra Despite a w de range of neasured sol der joint

characteri §@¢tmahbmztg§s’0@aﬁ@¥@e, ¢an! bei foaed. ofhese syisens pestplete thadhe fashgenn an

array package, the associated duct ers, on rinted-circuit assenbly
and T e ar o8 IRRREL A TSR 6 LS S Al ST BRI e TS M ane
el ectri cal Ipfanevit the pred&temiipedspeadifitposidiodenongathotZ” Y. THEHGH iHdsed
differences in the various neasurenments of the solder-joints (in those
si tuations r F e IS

i i syfeme. it raseipishiphide pesitians of the srass-sextipnat ia1age denphelapeand |
represgpt atjve,, : |,8,: 30: vaLi af ACT t LIy ol der
fornt - alaourtRlsfe YRBLERERRIAE AP RU AL L REROE RS LOR B R LdeiE at D <
ma):es it akésemepositthd dloggihe ‘20 agt [Passédmitiont ibmesinel, deenfthe desredous

nmeasur ement,s of aol der %oi nts that accuratbel [(I?f | ect the actual electrical
and physi cdMmagentiheiseiscise featien Wi thedasiobisst wall not bepacqyired. pinsteadis ce, t he

accurate d tan Qi | S ok d e : Y
T Spect 1 Utr Sl im AR S ARELEL! (Ul BN ROLERE a6 8UGhr bty 1
it me ConSl Ithd piah¢ that chieleptHe seketed BGAuRackbgeacqdeed. i i seeheasrdngemegsone or

nore "defective"” solder-joZt_test results, short of a full ft~petiognal test
of t he 2pant/&-tban elimal gdzene 4/sofder doint may Jrppagedh [ spaHCAtgpnalysis of
printed-ci rtﬁéé'etlesg(?ﬁzfndasptin?z{l vigws (?Bqéﬂdttotiﬁ&tcux%e ﬁxﬂ?ys%ftlhc X\Qbﬁtjté:'a%gwe[-es 100%
el ectrical test access, no non-destructive verification nethod exists to

i ndependentjbint.confirm the accuracy of the defect conclusion. In response,
sonme manufacturers have used oval shaped pads wi th various printed-circuit
devi ces. The ovdiresmipetnedadiyiqusrommagyasedier pasitioning iy sisstedslsapese7 o

sol der j oi i r : ded, h .der al

haped pade SisPhRleq dRuBfhe ot ADRSuY aRARCu Mork 3Rl mel D8 KT

sol der 30mag& reaepastian sfabi salectddefepivtre Uking tlandheasirementyphteaee mwbjHcsisi n

detecting defective solder joints) i uld he desirable to have an
i mpr oved sQE?’é‘PﬁS&Pﬂi‘_eﬁ@ﬂ%dh? o* ?"H}%F% tﬁg‘ t{’ﬁé‘ga‘lfﬁ‘ﬁfe&we 6‘?"‘%‘8F§jéﬁ“hjtb‘? nt
I nspection “%Y-Satxi?él”@ositfbna&fcﬁé %Qé-yec:tigﬁﬂtihfa ¢ ﬂﬂaﬁﬁﬁﬁ&%ﬂ)‘?oﬁ@b%t op Joints

used to physically and electrically connéct various prlnted-c¥rcuit devi ces
on pri nt ed-scindendi ihethody als! inktatmavsoupbs ukal togdyspslibeasnag ihat Z8mxin
nmeasured sol der joints on a printed-circuit assenbly. SU Vi MARY OF THE
TNVENTION 20 In response to these and ot her shortcom ngs of the prior art,
a solder-joint inspection systemand nethod for adapting test thresholds to
identify solder joint defects are disclased. In one arrangenent, the sol der
joint inspection systemrecords |location information regarding a plurality
of pins (i.e., solder-joint interfaces) on each printed-circuit device of a
printed-circuit assenbly (i.e., a device populated printed 25 circuit
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30 an inproved solder-joint inspection systemcan be realized with a neans
for neasuring a solderjoint; a nmeans for conputing; and a data storage

nmeans. Sone enbodi ments of the systemcan be viewed as providing a nethod
b st Re el Py PRI oplely T uletgBighpdddar | St

el row ng ps reco~cl _neasurement  of
ouch sol der ¢d,@in B, R - & apast gelungink GYittmasspiahliye use8td fainNge A ExPast ecl
value for each of the solder joints that accounts for acceptable variance m
el evati on ofetwhen pkinowedpcehpietnt " Zeyidoefepiurhon 8pasice, or Aspbeiewdbs r elt

board; comhaapg t recor.de surenment with the,expected valde. for. each
sol der j oi nt" E‘gegogﬁléer POy ggi?h %/ygffeﬁ]és W‘)f\fMD Ee %:%fn?(%? . et T ﬁﬁ‘f’fc‘igﬁﬁmg of

i denti f y§ NgiLERES UHRBEDINRRaMEAIPtbbd, 8N Sser-Bhf@lopBsBQhiRMDneYsttMeasyst em can
be viewed as providing a nethod for adapting test thresholds. In this

regard, t heoptenhoderdaamistricsiysieny, ar atirdsonicisustem| orsefhense gaty cnelithdsag

| ocation infrmation.for a plurality of pins.on.a prifnted,10 circuit

devi ce. ot & TPHGPPHIBHREET Btk HUPEX R o & GRE S ey BAUESHERE of
mount i ng  SUflt 3R oBfect h_ﬂle_orZ-H{aﬁ’dfyg)'ic{aﬂ Icbngl@¥ b€ 8n 2 BEOF 2P YepdERsH enent  of
a plurality of solder joints associated wth the plurality ‘of pins;

esti mati ng @sodnge aohy at thet-adlbes ofshs surdarertf shef test abgpditcilvatioab fer, X0i nt s
responsjve to the height. variatjon across.the noynting surface; and setting
at | east0 on& RORISE oqrgPP’é’?p%%Pi?ée ﬁléi“ﬁ‘?Wi’tﬁit ¢ §ft c%{%g:tﬁgﬁgse;u i‘am‘%ﬁher
systens, ne : al i : et ' :

t hr eshol ds I%iﬁgl?aé%gggcﬁéﬁ?ggpﬁﬁ?égg?%ﬁog]?g?%erﬁ}eos' ﬁ? ﬁlg%dﬁ&\?gf i%gglian in a
printed cirsuiemsaiosemvbi-yeaniohd] ibege featiappar printetl-@irome bedrtharskader-basedt he art
upon exam nation of the follow ng drawi ngs and detail ed description. It is
i nt ended _th‘é‘ta“&‘i'ﬂit_‘%'ha‘?g%l@&p?rﬁo_r\al _systems, nmethods, and features included
Wi thin this .descmulp ﬁ’xmer@ﬁzﬁregfe%ml dtiH?aﬁfcﬂpa‘f' fgroc(ig%-ste@[ﬁorﬁl}'%-ﬁ m3pd et hods
for identifying solder joint defects as protected by the acconpanyl ng

cl ai ms. 15BRI HistesSORI drd LN tofmigite] ERAAN ANGSculhiso asy sdsenibliesn dCipmiifbsted f or
adapting test thresholds for identjfying solder 25 joint defects can be
better undedsSEHBUESATE DGR Y VERCHIN i CORPAFISP BWNA §Udicaws3ga Whitleth€onponent s
in the draw S il .S, LS ed
upon ol ear | SPGrEE B oRERS S8 clich o8 b R MRS oG A i
adapt at i on ahbleesiteridlysmshal deamhadubacatesinHod everpihe epfjarhl ef sntuwlebogrdi nt
measur enment varjance acr oss g pr.int ed-,c'l rcujt device_ on a printed-circuit

assenbl y. FURPPREIGOTE COPSTUEIE Hlhmatrsial 96t 15isREcrapellenble On ity gases
desi gnate coLLIRRAN Tils PRL AR ANBWIIAWoal IR RSB Alwath e A} | 18 2

bl ock diagranfof an exenplar circuit |1 nspection syste is a plot
ol ~sol der | pérp¢ndicidared ehe majonesrfdosrargas (ex etiplsarfadzadréasghatdontairayntaéeece. ' 9

F1IG 3 is a plot of, . sulcier~oint, d-atlleier val ues (or anather exenpl ar
bal 1 -1 of "epCERGedT L PEen. AddSal ool oe i tREat f oct
of bal | - end gr{.a¥n¥af Fhaof HIBEEuah a%@i'ti%glﬁ? EREMSNiH&RRIHEES thee aeq?%% I's a

side-view illustrating the effect of -brrid array warp coup wth

pri nt ed- ci r cthit oijeds that hive diménsiany) venationddrvi shadd thgois dgnifjaannwheih anet er s.
FIG 6] 2.l aled |l Abo A RS- AL DRk caPhibSe B 8N JOVASP K lay UShEAL! N9 2

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 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

30 1maged.
Specifically, one such range finder system is designed for use in a system such
as that described 1in U.S. Patent No. 4,926,452 to Baker, et al. Hereafter referred to as

the ‘452 patent. The ‘452 patent disclpses a lanunography system in which an X-ray

wn



met hod for determ ning the distance froma centroid of a device for two
solder joints. FIG 7 is an exenplar plot of solder joint dianeter val ues
versus solder joint 10 (pin) distance froma package centroid. FIG 8 is a
second exe

| ar pl ot of sol der joint di ameter l.ues ver.sus. sol.der ,poi nt
(pin) di stared Popea puERagReearty giatotre 8" LU IR <08 slplifea®ht an- vi ew
of sol der ,gjBis séipRBianNSd-ERfuiBbdurdSITIRY ShangeRpth G i@bARIddsQIMEmson an
exenpl ar ball-grid array package. 1 ~ FIG 10 is an exaggerated pl an-vi ew

of sol der jwismumdiagdteansyfiprofa édopeinawithagenenicreste fohdde cpwipanentdn an
exenplar ball-gri rr package. FIG 11 is a sc tic illustrating the
associ at i oA"Of® ’1’\5‘31’??9‘? ﬁécfloggf H’g?t' jﬁ]eﬂ?%‘eﬁﬁl @H%é&‘é‘ﬂﬁ%fv tﬁ%??lgﬁrrjpﬁ’tégrc?lgy
packages W LR rdct,s aﬁ‘.@'h@ﬂ&‘?&b[ﬂgbiﬁz@% fbe&l mof BEF f%sé Lm?gormacﬁgroﬁﬁﬂ’.l TeProdd e

circuit inspection systemo Is a plot of near nei ghbor
sol der j oi meeddidaaietidvityetireateptisal fiedd obihedamkwgeaphypenagink systamn issirzdet hat  may

be created by dated recorded by the circuif ins ti, stemof FIG | .
FIG 13 i soéyeﬁlogiesf‘ g ePPrRrimRyely ZHEHPO‘HgF @h%}“cgggé@&%} yﬁértﬂ‘?aéﬁ]%t er errors
outlier an 1Sy abs : 1 4:.ed; [ T LOR,SYyst em of
R L LR e T Rt S A S

adapt i ng t es¢rcoineelsbdtadbathahe safacbef prequinteddirdayit bdred 8 mepped usirgect i on

systemof FIG | . FIG 15 js a functional block diagramillustrating
vari ous! exéﬂfﬁ‘l‘&“gﬁl@iﬂrp@i‘f@ﬁaﬂ@d gﬁe&-%gggpé@rgﬁlﬁ%ﬁd ‘Q%Isfb?%“%ﬂﬁﬁ cation of

LG, 1 i el PRCARION s o S D fargd e 19
system of Ebpodent dOinterBlt islin~fobidvion SCdhftHe Brd is translated from one field of
interest to another.

One disadvantage of solder-joint inspection systems is the methodology used

15 in determining whether a measured solder-joint feature is indicative of a solder joint
that is “acceptable” or “defective.” Present solder-joint inspection systems apply a
pre-set threshold to each solder joint feature in order to make these determinations.
This methodology for identifying “defective” solder joints is problematic for
determining when an individual solder joint on an array package is “defective.” This

20  is especially evident in the accuracy rate of identified *“‘open circuits™ for solder joints
associated with various array package types.

Ball-grid array (BGA) circuit packages, for example, have a planar-bottom
face or mounting surface that is generally either square or rectangular in shape. This
face may be covered with small spherical leads that carry electric signals to and from

25  theintegrated circuit that is a part of the “chip” or integrated circuit package. Asis
known, the planar bottom forms part of a substrate (typically a multi-layered
substrate) to which an integrated circuit die is affixed.

A number of factors combine such that there are significant measurable
differences from solder ball (i.e., a solder joint) to solder ball across the surface of an

30 array package. First, the package material may warp resulting in a significant
variation in the relative distance between the mounting surfaces of the package and a
printed-circuit board. Generally, BGA packages warp such that the edges tend to pull

away from the mounting surface of the printed-circuit board (i.e., the edges turn



“fltc: present IIIVCItIOrl IS drrectecl to a system and net hod, which
addresses tl~e above Irstecl problens. Particularly Inportant rs that an
rmproved sol der-joint rnspectron systemco~lli~ured to apply the nmethod for

adapting test threshol ds ne ignificantl: uce the nunber of false
Mol eet o rienit T esed Sy B REPrehE R B R PH Fe TR
i ndi vi dual 159l fefariok Mays AMhiAPIRYSE: BOEen 11OomDtntiSReHE T SFSHem

confibured Iin accordancé with the nethod for adapting test thresholds
account s f quckoreptialirentebeiratii bourd matyireg i ssnemibss obdilveen wiye apentheng
surfaces of a gri nt e{d-ci r&git devi CENE?CK e anFI a Eri nt]ed-ci.rcui‘t board
when' setti oI sabEnees: |OBps packiiees. kPas i adt ledel ye CqEn ATt or
adapting t 185 BRI IehiBSEAPhRcHaBYE (LY en@Yy M@ TiafbdcRE did) nfRASLY ed

par anet gr sqg‘@&éjc’]jﬂgcenlip’ ifgf’ﬁgr o NEs (;cr oZ’s theu nmﬁln)%icng’ surface of the

pri nt ed- ci rsufifiet idevwvep, whi |l e identifying high-frequency variation between

adj acent solder joints. To facilitate the description of .the systemarid
net hod, an exenpﬂ“a?dggy@tt@rﬂaF}?gEB’“”desthQ’é‘Bﬁg\’/ﬁ“ECH”E’BF‘@r‘E’HE’éaltrBaX &Py irpbures.

The exenpl as'ho§l¥lsﬁeezmp?é}§jat@r§?h‘ﬁFﬁx@%éegvd%xﬁ?t%s%@n&rlﬁwugl excisi b RQses of
illustration only. Various nodifications are feasible Vt~Itholrt departing
fromthe i rotkert iStaed anoeypher wayr bethahppentetifvercen bomiddr.e.danmunfing surése) and
rel ated description are focused on_di ameter neasurenents associated with

sol der Poi rind the prckage gy %%k;%g&eﬂvﬁ@se%o K1a ArEed-pirquebosyd wi | |
appreci ate |, . [ atd:0m QCCUPS. AL R:; . r ol Nt types
(i.e., non-‘%]plg)i grtiljégﬁ{fcfkﬁgeﬁ?g@g%ﬂ?%@s'{lﬂdug‘ ﬁg{t oé@g%ﬁ?é:g%%é%e{;ﬁ% cause
BGA packagaso@itthgyurfateelecattonli.k., hoighis the“Badpnensions esrisarttdy ont bégenet hod
for adapting test thresholds will be applicable to various other sol der

j oi nt t ypesin apposide SARAR 8! hEraPagkagec RaTindeheiiehrasd. a

ially- ' I Ol ' i . : ~DX
Kray nopect  on: Syeee ALt o Ror RBPFEn PR PO BN T RublBi

Cal i f onsi a, magesntsis d Keatitysr mnltiofinrieli@Bs (e pdreygicRagel)wah hsigndicani ns
(i.e., solder-joint interfaces) on each printed-circuit device of a
print ed- ci raiation s enmermese selder-joigeRiceuirgpeis-af ¥Fxprpies sutheicasanft boar d) .

Usi ng t he l59‘8?1%,]9#]]){%Ié%gﬁﬁ(ﬁlg?é}%lvteggo@% &%E aB&jﬁtogﬁéﬁgﬁﬁl#%su%)ég%em

associ ates each 0 pi ns set O el or pins
(i.e., adj apmdbctpisnd)a BOAgRCkagdeesipRRtdayeinpthe disedet betwietn demnoentindf t er
recordi ng at | east one actual neasurenent of a characteristic of each

sol der | or nturigperes! (haShet Pickage ambths priatad-ciycHiimoaidyypeeause ANS JEIEM

gener ab,ys asfo‘ide%lﬂffﬂoeﬁremsﬁﬁfc{\ Mk i€ matrr%t%rq? 1L uﬁﬁ%t%ﬁﬁ&%‘?&@? 'Bg\u %ﬁﬁ?c! ated
wttl~ éach respective sol cl e~ point that accounts for acceptable (i.~.,

| ow f r equenmyrelawicabdianni Qehdrellyaheisdlder@ili EQlldpst Gohi thair pvatafsy r ecor ded
Exenpl ar characteristics of a solder joint that nmay be n 7C11S111' ~I| may
ncl ude t hi CRARSS: e ,SCLPé%ﬂtONé‘? 5‘995’1‘%‘ A NP EA heEo13p3s Tiore 1 fier .
Several est m@égrg,-fﬁug e84 18 UsSe al%ls@gghggnggenti fy individualized
expected values for each pin of a printed-circuit device. For exanple, one
enbodi nent uses Pegtigta widecalgewdimesaed isvlddr-foimtroharasetistofs aacjsadent sol der

j oi nt :Egasur e{renés fto estimate an.expected measur em?nt of . a present sol der
joint rfai dePUitguqde ofgonpecting P 1o7a RSO AR ATAY RAGKREEllF 255061l geFondustesn, a
medi an, et Cop $hR RinYe diftui0Rs b1l RS tHel Al PABRQE IR Ye adBRARAY ROF:Rear €COr ded
from aCI’OSSOl}[ h]e pﬁltl)}unt ilngl su?fac% may be géﬁm ed nvlf%en alg&est ?matl ng the
expect ed vabaikstrudtnradlyhed elwotritally,tvizthesbmestoadingasbliesjdior  Aacisssahtdér j oi nt

used i o couple a 100 pin device could be determ.ned from act ual
rreasurerrent@ffSFe@ﬁ?Sa’“sIB%¥‘érﬂ°‘{§f‘“%"B‘I’rﬁé}e“]scﬂ%ﬁlﬂ%s %%r@e@tst(ﬁb&ms%aﬁoawb@e. A

second enbogj ' j ' {1
reasur oot B B G B APy L O Y Bkl
j oi nt  Bider vatiatoh @stoss thetphimblityerfisoldierrgmnt reegshiepeens Fouri er anal ysi s over
the neasured reSﬁ!ts‘ o.iq%%pif%},igh-frg@uenc. variations between adjacent
sol der joints. AT WG BRSFHAFENIRIF SHSEGIOM RFsHEMGRIE akGs I FEHEMEY an
expect ed ey gMBNRE: YRS fdshSIRE € rfVabiofOhRSurdiREdY SF sofeSoinlk XPect ed
measur enent value is associated wth each sol der joint of a package under
test, the swcdeielyoiffect ihagpeest ¢lediriealsnéphyaer! gendioeme Eachmphyidsdrsobfert he 30
aC Ll al neasured value for each particular solder joint of interest with

t he associ ated expected value to generate an error value. After an error
value is associated wth respective solder joints tinder test on each
printed-circuit device, an outlier analysis can be perfornmed to derive a
custom pass/fail criteria for each solder joint. Referring nowio FIG 1,
illustrated is a functional block diagram showi ng 25 vari ous conponents

w thin an exenplar solder joint inspection system 100. Cenerally, F1G 1 is
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10 coordinate the overall operation of the solder joint Inspection system
100. The menory 1°10 cats include any one of a conbination of volatile
menory el ements (e.g., random access nenory (RAM such as DRAM SRAM
etc.)) and _ngnp-vol atil t A r e,
CDROM etc 3’ PTWer)r‘ICl'welhgq%"‘%{egélgg:? yéfc(c())ﬁpl?f:g(elggacr?nf& @ﬁﬁ%ﬁi‘ gSX%T Jélﬂgnore
appl i cat i ongspetiedh 88ietnsibr BOlA@Ividesinns benalrybliesiuappNocatlyanitlide  Per sons
having ordinary skill in the art will appreciate that the nmenory 110 can,
and typi calcbybl\mllﬂb lo ceowph« Fad Bp Adrackuspdeiited as Ry ey OHSPe“’fS’e‘“endecf'ﬁﬁ‘t\’Fed for
pur poses P]&gjomty[est resu?tg stnﬁyl ofg(i'gﬁlq{ienc%og@sttcst%ffllpe pc%lmédan, C%Lq é,gHr ed to

control Val‘sl I'nspect ani St ly’?0 The
one or Bore;, élS!i‘E:othIelei p@;ﬁlld&vpﬁﬂéd—t&@uu@eﬂnmwm b@&ﬁt gorgianepirs, wihith whi ch
the user can interact with the sol der joint Inspection system 100. For
exanpl e, whequires H@0%otlefdricdl ¢ishaccesss pe opn-dastsyesive e fortioampethedgxigisper sonal
conputer (P these co ents ¢ board and nouse. Were

t he sol der ‘i‘%‘%pﬁf'dfinilgﬁ%ﬁﬁ%ﬂ]e?;?@fré‘fﬁ 36@”‘%5&8&%%{5{0% be used in extreme
environments (e.1frespBER! sénemaf@fabi@fers hAVY 5RE BY MBhapdd IS vaRLRABL S can
conprise function keys or buttons, a touch- sen5|t|ve screen, a stylus, ete.

The di spl ayrih80l-¢suitcismises. sEhaowd)ﬁlpnmépaMWesoldu bﬁlllascrréorsmx@édhafp@d a PC
or alternatively.a licuid crystal esired, Wth

Fur £ herOr oraldErnbifts gl efe SE hibbait SBpaRsbale boRie ettt $5050 B%uapt o0 30
to facilit ‘ys?mﬁ QABfREGSH O dpbn't mde'i%lqerashm MsoéiR@R.BIdePI A% TERAINE00 to

anot her system and/or device and fmy therefore include one or nore serial,
paral |l el , simhlar.cDeyosehis ays dter imgof amenté BCHitctingniefensakolder joalts,bi t s

USB | EEE 1394 (e.. Firewwre.rt t), and/o r. interface conponents
§ hat ), may bé"%ﬁée g‘Bs‘g‘él?n‘ﬂﬁfP&eaﬁ \Péi?@"*‘c‘%i!ﬁie@‘ ?"r‘é‘“i&%og %rdFH%f%‘meé‘?%t w
i nspection for
oordi ng. (el LsotlerithingiRi0H <R, hEELe AR R LM ATl RBRER: |

conpri 46 t heinvaused isplo@itpiinend slectsiedlly ¢comnectansions pamdd-eircuiedevives ahat a over

a network. By way of exanple, the network jpterface devices 1 ~0 nmm
i ncl ude a d%W“é’ele%‘éﬁtboé"éiﬁ gt @B foRRGEER Pl YaRigtieR inymaasyidpiptder Jeigts

i nst ance, wt@c‘igr&ﬁ?ﬂ?%ﬂﬂ?tor (e.g., a nodem), wireless (e.g., a

radi o- frequenc RF) transcefver, a teI ephonic interface, a bridge, a
router, a network card, etc. Various software and/or firmvare will be used
to manage, coordi nate, neas and. conpare expected

val ues with neasured val ues S ' 28N es, as well as to
per f orgpan out | gired eyteu%:seana Bﬁegerb%amﬁgﬁrw e{@rldaea,soengtq nOi | er
functions. The related software and fir~ware responsible for theses and
ot her f unctingpestiassystinatredmeihod fcmrvddpm@testrthtdahzoldmmlﬂbwﬁygomwﬁant j oi nt

i ti 00 be st - f
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context of 15hiindReHARNN re%r@ﬁ@&%lﬁfah%fﬁﬁﬁéﬂ@@ @om%fdjdiﬁn iHenptesy oﬂr!:ach

el ectroni C, magnet| C, Optl cal or ot her p VAl cal device or neans that can
contain or psindedeciscudiatepiceof a priotpdeachibassengay Hye..or ddviceqmprided printedt h a

t t t met hod Th di ed
Conbut &0- 1 GHBHBLBTHLA THY PO TUa ) TG AL ERE PG A WE ERCAREPHSE Fict | on
execut i on $y&iifif sARES TS priREd-GRYAE SseRHEN aRB ddVi COPRULES, - DRsS@ildsy St em

processor-containing 20 system or other systemthat can fetch the
i nstructi onsint MSPEAIPE SYHEM ZVLTRIGH aezemtqdmssj%ltcemma&mﬂeh grddergpintlevi ce

and execute, the in uct i e. cont ext of

Mot or - HbaERr T PRl Ve Rk MR ment A0S e R e,
propagat e, s@f oft Joddts pAhds ohREcHFPRERRIERF diisE:. BridTy mcﬁ@émcﬁﬂcﬁnemmeh the
instruction execution system apparatus, or device. 2~ T
conput 8- readawre/eﬁedldamoclannmcmrowsmamﬂlee tsalizadovith ametaed faro, an
el ectronic, netic | rpt (t: ?ct romagneti c frar ed, or sem conduct or
system M )quqzi Eg f ppleeTIg c’@ear’(ﬁ ‘p?%%\g% it ?Tg P I8P & peci fi ¢
exanpl es (a non- mhwﬁrsddme,hmmhecsfystemecaﬁ%muev%crquﬁeaah@ IRdinem bncl ude an
el ectrical connection having one or nore wires, a portable conputer
di skette, aduiBaEsaldeEiey! H‘éffﬁ*ﬁﬁsy by fReiswepardatieangihad canbs siransnyed ROV,
erasabl e programmabl e read-only nenory (EPROM), an electrically erasabl e
programuabl e read-only nmenory (EEPROM), or Flash nenory, an optical fiber,
and a portable conpact disc read-only nenory (CDROV). Note that the
conput er -readabl e nedi um can even be pager or another suitable nedi um upon
1=1 4vhlch a 1)I1-U-~1"tllI'l 1S printed, as the pro~4ram can be
el ectronically capt ured, vla for IlIsl~I11CC optical SC-117t1111~ ol ~ the
p~ I I)~r Or Clhel 111eC11t 111~, then conpil ed, | nt et pret ecl or otI~erV\A se
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a particular type of BGA device package. As illustrated in the plot of FIG
?, the data includes the dianeter in mls. for nore-than 350 solder joints
i nspected. One of the solder joints associated with a pin near the left of
the plot, | i fi.ed. by. r, r . e As
i I ustrat e@@@g{,%@g&ﬁ#&g&% FRESLPUIBRrEL, 2183 @BE?@%R&@ @F"é‘& i mls

and i s neafidsymbly, thignmmdirecxpkctbeahrigeeah ofeleosodéd jonankitacsods farhe BGA
package. N ore specificall ¥ the recorded diameters for individual solder

joi nts rangkEepibln 2orGesn Heyagen ohthe printedseirglut davage Wb respeono pRrafedmet er

of 2.8mls,. Clearly this vi f it a..ndj , it 0,8 Al sible
to set eithe¥ ”ta ciﬂ(r)% CSP{Pé‘”H%g# %ﬁ?@gﬁgﬁiﬁgﬁﬁg@g{/\gﬂ{] gﬁi Jé‘%?‘%‘?%%%fﬁglf%&gﬁherw se
identify thadkijown Sghdalte heirof vilut fort daeh olBedeimcindfido fungost  of

accept abl e solder joints. Consequently, an acceptable solution is not

avai | abl e Pepswenentfgopassiefsai | threshol ds given this data arrangenent.

ecor ded  rom afStBUYES PR Sk oty AATRLE iR 21 AEY BTS00 O 2

of FIG 3, adﬂpﬂngaésanirémubmies:amhersgaadmh@meﬂmdrdahpe siimafBE®bY fian 3~0 sol der
joints inspected. 20 Nere, none of the solder joints is defective. The

recor ded dfcdlestieg siepsradqrtiing laeationsisfarmatipwifort aplpmbigeo fpinnemp priosdmat el y

26.75m ls. to.3l.Smls,.a range of 4.75m.ls...of nearly twi ce the range of
i anet o PGB ot Aot dndievs s e R on iR Bl
represent egl e bl the printddTBRE AIEide; rélRdhE @ nidiBudhRABSf £pluRdit e8I t he
range of solder joint dianeters recorded, not a single solder joint in plot
300 i s def pontsussociRiediwith Herplitalitpsof pins;regtimbang arabige of acapbicat i on of
pass/fail tlueshol ds _based sol ellé an. i ndi vi dual §hol der, joi.nt di anet gr

measur emenPEASHEGMELS PTTESASAUNT IR e d Okt eROns Al (@ Therhis el YABANPRAIES tHF r ect ed
to the sidgovhgNg Qfrtdck Gndsetty: dthdddbrdhednbr Edfenside tda PR Bfle FryeUl t
assenbly 400 rmay conprise a BGA device 410 and a printed-circuit botlrd

=| 20 el®ct ri cal Oyhalsystephysetbadd, pnd denteres essoeitted withuthaladaptaiodn sidestt anti al |y
al i gned 30 ‘EOi nf{f via a EI %II‘&H%%/ qf S@I der joints 41?2 1t is.inportant to
note that HHEShOsRALA5eqUEE Iorachcrtatls sQlds iomrAamalen rages Wd %’h‘t‘g% .e., the
thi ckness) cm‘!uifXg‘gelﬁﬁg_\&hﬁvdee@mé%epa@ﬁk th e RYi IR irPthE GhH UpoR @R Minatidh opsed i n
forming the printed-Circuit assenbly 400 wll often 1~ ° vary and the size
of the var ileusllewlngeirayliit ind Sethlled ddseGptitny It heinpndedihat 91l siclspldidt@mabal | s

wll generally he significantly smaller. As Further. tllusirated in the side
View of | FI &stehys, meotBnciBoieds iRaNAed B URIP}S dGSTIPSR: SBREHD B 8PS uch
that opposhngeqPsismOhnd HRREA raUbGEy LA oRIer joiMtter@d asanekcfe ¥ hore
mounting (i.e., the upper) surface 01y the printed-circuit boaral 420. The
BGA devi cearbOpmnyingatgpngue to thermal expansion mi smatches within the
package and/ or For other reasons such as stress applied by the
printed-circuit board. The solder joints 412 cool before the materials in

the BGA device 410, thusRIEFDERCRIETMANOF BerpraWING&! une of materi al
(solder) in each of the solder balls remains 10 fi1xed, (hose connection
points with nmourt.| : S I): and the
upper surface o;ﬁ ]% E%tiéo{r-f% %@g@%téﬁjgS?rtﬂaggg%{é%ég#s%ﬂgst ﬁegrtlsﬁ érillgi\r%l\%géé]zj rgrom each
ot her 13 t jugnt'dEfectd curtsl enevimderhave withirefdtee ioliha feil @vinglieswimgasthed at
the focal plane 450. As previously explained, this BGA device warp can
cause a wi BRMpeNGNEtinAhe dranings e HRURGSESSATI bitR e eophawy iMsteaq &5 plaecdq12.
Because of ayednd 15 ¢ ur.e, Qf I, e QI nts
near the cgéélggggmlﬂé&g&%hé@bgéﬁﬁ@ f?‘tfgﬁeggﬁ% tﬁ(gdéh‘]g\\g/éﬁégqagiagggeoéitgs?ret er

t han sol dethrgghioisshit@vedimt fdrecoeftslile esidesjoit nidasurBténtdayiaaes dckbss AAS
illustrated . in the side view of FIG ~ printed-circuit assenbly 500 nmay

, a
conpri se aPBUAIYEGHIELCYEDORART RIS FIFRUERSEIRRIY Fupkramgres 2pthe davinggal Iy arid
physi cgf | yy:2 ' : ' : i al | L poLNts via
e § {EpERa e shHE Shibobolling YHRL APh o U RS BAEEVEIE™ 3 Vi he
printed-circuit FESskistal hlo80diagiantéGn &enplaratrchio irspadtion shstei. | ustrated in
the side view of FIG 5, th,erﬁ{ear,e a(ii | east two_other factors that can
result in an acgég-t-aﬁlaé”@a?‘isﬁ £IGIAL SBMGEF VHIYFHOE AR éh@‘Hf‘é”?’éFa%ol der
joints assggjiated with a BGA device 510: printed-circuit board warp and BGA
25 device tilt. A BGA device tilts when one corner or nore corners is at a
different "Z" value than the remai ning corners of the BGA device 510. As in
the case of BGA device warp as shown in FIG 4, printed-circuit hoard warp
may be non-linear and vary across both Phe X and Y (i.e., into the page)

di mensi ons. Conset]uently, the connection points with nounting surfaces
(the underside of the BGA device 510 arid 30 the upper surface of the
printed-circuit board 520) further renoved fromeach other in the "Z"
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| Zel ~rence !'s now directed to the plan vrew of FIG 6, which illustrates a
nmet hod | or associating the dlstal7CC frAn the centroid 61 U of an exenpl ar
BGA device 5 60U with each of the plurality of solder joints 612 | ocated on
the nounting surface of the device, As illustrated in FIG 6, the .

sol der-j oi nt i nsPécBilonPkyef &iagoint dnnpeerusdirs 1o adst pramplackikeei d 610
of a parti Ql,_ll‘al’l‘\IIB%A devi ce 600 presently under test. After having

i dentified {He “C&itroid 610 of the BGA device 600 in the X - Y plane, the
sol der -j oi nt i nspeckiions@ysiemihltacantkeizses Had-Wetefapiwepand store the
di stance 10 of the center of each respective solder joint 612 fromthe
centroi d 610divkhe! saldgiijeincdinggless. t hese di stance measurenents will be

r ot 708, 111 et Gt aa | OByt sRRERSe SRR S edpdie i era e A o
the vari ous, feadsiedingbaRPiiMhSd Mard beirixaawdi 2b1dBG0If @udns@erkype by their

di stance fromthe centroid 610 of the BGA device 1 ~ 60U (FIG 6). As
opposed to the sAdfpbes datua-pewofofh eriplapbali-pad datynddvnet idasteling asomewhat

| i near relationship between sol.der joint dianmeter in m.ls. and the distance
of "the sol QRHIPOMSIRSEFBITE TS EPrBRG e & Of APFYSE T4 PP 800
illTustrated in ARG 785 aRELRNASS 1bNGY HRIed fdini Ahmbtefl ANRIRESisTsOIdel J¥ntvar i ous
conducting points of the exenplar BGA device type by their 2U distance

f1' onl 10he (pentdrstinge difont hpadBage cknnicsk. As opposed to the sanpl e data plot
of F1G 3, aria in. the case of the s e data.plot 700 of FIG, 7, the
dat a i ndi cat es aﬁ%r@\mﬁc%ﬁﬁéﬁp‘pmngqtioggglﬁ%’05@% CTOBIUES Versys RIS amet er
in mls. ang, st AACB A afpabPfresh@siy joint frAll the centroid.
However, i2 ltnhgﬁlégsle of tﬁga éA aeckége type anal yzed and plotted in F1G
8, the slope of Flfedlis meearagpetatdipdashiep éfsohiegatintvitaraétets faba fiespect to an

i ncrease in distance of the respective sol der 40i nt fromthe centroid of

the devi ce.2rengeipen} of pRider JOIngsRn pm e ERRlar Baklagr TTHPAE bl e to configure
one or (gor e L hr el 8%, {6860 35RALALE STALREY ol Ridm Al 2aBiclgyi c€ When
the threshol ds account fur ~e acceptabl e variance that can be expected
acr oss t he avangeisergolf dalder jointd sn arh exemng ecbal-gndartdyepaxkage. pl ane. 30 For
exanpl e, an uppe s/fail threshold fur solder joint di er, may mrror
the average di anépgﬁ‘?\lﬁsz?s F%’f‘%ﬁﬁ‘sfﬁ"‘%‘fﬁ ‘F‘ﬁé‘s%éﬁf'P%Pg‘dFB‘Hg%‘gﬁé"rr P3RS
associ at ed L. Lifidog! hnteds:Gi; i i T s/ fail
hr eshol d- oy RaPA B gt oy BroiNeE Wl LR S DR BaEal B o

del t a fr omaphBedbvethageci aspt@ionsystdinstfdiiGel | 7 nmeasurenents recorded for
t he particul ar inted-circuit device. tuai, solder-~oltit djanetCrs
1ot 2ceed t HIGbpers PRCS)Heaf heighfis Rt MaREnE ferrthrs saeb bt ween ¢ he
mounting SyabReRSypeSandQdmor 88k $hay el PSRedBY RS Lehakdey et druftavi ng
excess solder and may he marked fot further investigation. 5 Simlarly, a
| ower pass.ingpgrtion systeshof Gy mirror the di ameter vs. distance fromthe

troid for th | derj oi th i nt ed-circuit devi ith the |
pass fail | ¢hr esrara hakRob Bsph g Cadtk p ke it e B ot slies: Ve,
di stance ”Qx%%i@'ﬂ@ﬁhﬁxy%%?ﬁ&ﬂb} e cidgit PisbBdiRe-sGhEmWrtFideyi ce. Act ual

sol der joint dianmeters that exceed the |ower paSs/fail threshold may be
i ndi caRbve of arFlopésissi flewidiagtom cloat dilusiroies amekthed/fobedaminigdest ttinesHolds her

observation. FIGS 9 and,10 present. plan views o exenpl ar BGA devi ces.
The BGA de\?}i]%é“gg?f er‘“?tlfﬂi S’étﬂg%m_f%_“l'—*f‘%e_c P ?S}egb?é@ginvﬁati ve of an
arrangement t hatpipl 268 _ﬁlﬂh‘i’&{alb%'cﬁtd_ﬁlgkzﬂnHlﬂ%aﬁxﬁgdyzﬁfﬂuk'@én%ﬁﬁr the external
edges of the device. As illustrated in the plan Vview of Fl 9, the

mount i ng sugefrpore$ of the s8dA jvevianalySi8applsatabsf Biti.ilal | y 15 copl anar with
the X and Y di iops of the solder-joint inspection system1Q0 (FIG 1).
For pur poses of T1E+ Sts e iaefih UG Wublse adraahior SRS S0 8padiY »
nunber 30f  siel@derinhdhi) 5e HdiRa9SRe LRQiMMsRLIiHYs\Etent 8eprG. ihe di aneter of
each of the individual solder joints shown is substantially out of scale in
order to illustrate solder-joint dianeter variance across the individual

sol der joints on the BGA device 900. As 20 Showt| 1t1 the plan view of FIG
9, the BGA device 900 reveals a non-linear "Z" dinmension variation in the
di anmeters of each of the solder joints 912. Here, the solder joint dianeter
vari ance i s somewhat random across the nounting surface of the BGA device
900. The BGA device 1000 illustrated in FIG 10 is representative of an 25
arrangenment that places solder joints 1012 in rows and colums centered
about the centroid of~the nmounting surfgce of the device. As illustrated in
the plan view of FIG 10, the Illolllltlllg surface of the BGA device 1000
is also substantially coplanar with the X and Y dinensions o f the sol der
joint inspection system 100 (FIG 1 ). As with the exaggerated sol der joint
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smal l est ~Intneters and those solcier~onmts relatively close to the centroid
of the BGA device'|l UUU havt~,~ the largest cltanmeters In accordance with
preferred enbodi nents of the inproved solder-joint inspection system1 U0
(FIG 1) arid the assocrated nethod for adapting test thresholds, 5 a bear
nei ghbor anal ysis is perfornmedIloslldal DERSCRIETKONder joints associ ated
with a printed-circuit device ge? EGA devi ce 00@ i,n ﬁ.r‘ er. . to account
for the acceptablePHEEEUPEHERR 1L ATFFAFEE RPPEas I hRedgt grpich gtldressesfhg he
respective,prjntedr GhoeHst PAGKELES nﬁ\%rtﬁﬁﬁ?rﬂhﬁﬂﬁ ABRNERSo B dhere is
change in solder | dint nmeasur errenlys ver the package, but that neasurenent
changes fr asperiensytidarcoptimed to agdy dvemethed|fdeadapongtest heeskbidalnthybe very

smal | . Each. sp] der joint associ at wi,th.a BGA device nmay be associ ated

Wi th a Set SEPiaRMY FShehtePUSGPHRE (5 AFECe 9aHREY FRPR AN FRABI Lo ¢ i o

pl an vi ew , der,.i Y bis | g edge of the
BGA devi cemlorélzggnsgégq]gw?ﬁgeggzg&\?\nﬁtuﬁj és}g éé?l%jt'oliqﬁ? ,%?goﬁggagﬁijb? rinve adj acent
sol der | oi fvispedtichlsystend doh figwetid beoedamoentis thé nidiedfeandapeinghésr set for
sol der joint 1112a. For a solder joint 1 ~ located in a corner of the array
of sol der flgpsitodds aggoynds fopacceptablawariation|iyéie qiganae beiwess the RoupHpge

adj acent sgl der |0l Qt:s, 1 Ll £ t f r i,ghbor
set for so ngfcefg?élp;lqtfé%égahsm¥l%? {,?{%{Fé gﬁ %éﬁgig?eczr,cgﬁbb%%e‘ﬁgﬁ% sscgﬁ’é’er j oi nt
(i.e., 1@ sehsemhiljchicnt. $6repriRehlpyieidthodtjrademingesidrreshdnickpieny be
associated wth the eight adjacent solder joints. Note that a nunbéer of

di fferent iwHisdyensyypdaten ndeerstigdaaroraers@f adiagtn spldsr keents pcress theo| der
joints) in_addi.tion.t ose: i 1] ustr i N4ELC e I sol der

| oints i ¢ Anosng SEEP L% e AP, Ml Rientibinb a8  der e
anong vari Qusat@intw et dipdentfdldeassiael ati ng nei ghbor solder joints with a
sol der joint under test. A nunber of different nethods may be used to
estimate an apprioge¢ihtate o lleseriptim efdhesysiapasnd madad, drexemplas sydem 1S

measur nt,. recorded for th older jalLnts in, a rticular solder.joints
near o ohtisrisel v igp Rkt B8 {eilesh drRetbyls BEh sSsBesele Hrehthach o
the sol der ajedhrl RiedvdripubpRed@BIIuGE RARRIY. SRAricBMbE fishiddns 2Fd @atibke anal yzed
to set an expected neasurenent for an identified solder joint. In this

regard, theaiheahdepagiigdrom die iaverwgeonespsured val ue for the set of

nmeasur enments canr be us 0_as the,expected val he i.dentified sol der
Tormt. I sone- der SEAEATS P RS, af s el Tt B 258G on a
neasur ed clamastéahéstiemenaksexaspivith sbiter [peig Alfi:@l 18 BEA F@dfkaig@si. Ntheseul d be
measured and knowi ng the volume of an original solder ball an estimte of
an e~cpect skiligd anteart willrappresiasshatlon-Gaquasicy ¥prigtsinpccpigyin pehedselderi ned. 19

A near neyh - val u n.f: I f rality
o "sol der " JaH B < Rt iRRa B IR A BREun R reBaE] il chlke SUA

nl CaSl | 1' elpneddgks midt gridtdBciecupcataedt toabarp. denseqaenttyothd methsdlfsteadapiing from

t he neasurenents of the near_ neighbor set. The near neighbor error data For
the exenpl ¥st Bepshgldsival beyppplicabledQi varions o essldydernbtypss.i | | ustrated in the
data plot of FI (ﬁ'xac;c%rdta & it ?rerfgrpe%r anotdnﬁerqgtaacogln(?ércign?gyvéiiak)}ésﬁtoi fes the
rel ati onshi p between e near nei ghebor en-or and pin .e., solder joint)
sorted2by RGAt thepdcden byypen,asnch eg therSDIGhdyUdspectien Shosn abyildoe fremposi t e
data plot 1200, the error si glnature of the exenpl ar, BGA346 device |s

si gni fi cantigylens Tecbpalagies pbhile it Gagforgjagrrepifisdogtion prfopapisayregardinge . 10
Ref erence i [ et he: n chel riors i ec: l.ysis plot
illustrat e&%ltﬁgﬁ‘lygfp?%.(ﬁg‘hged?%%ngg]s@?éfﬂ%% g&g c?%ﬁ)fé}g%i gwl{i}s‘ﬁ&%ﬁ% e%gaa box pl ot
anal ysi s ofprihle@-dieait asehipipOre., @rdeoicep@palapidqirint € rduir Kaard)2)Usify hex pl ot is
an effective vi sue}\l representation of both central tendency and di spersion.
It simul t arSGHST Y IRAIONT 1§ SOEETIPINISDEATCI AR BNSIRRY 2SSRRAIe? SaH! plethe ahrpiity

scor esyp al TS Ol 15, raxl . a0l the box
ol ot - stoust RaSlh gt &F ST h LR & R PP ERT e TR ReH e

"whi sker s" cotuit bevitmxA perotcstioyat kastmreacext mensmramatiies a chivacteesghsf of t he
boxes 1302 and 04 For the respective BGA devices is representative of the
i nt er quar t PP JPAHFGE T EFFT ISPEAE. 1he SAldBT-Liy BIEANAhaiSI Wb ALIHYFS MYy any

di ameter et Qrc ML Es/tliad it B8 A thEfBenl e o lERRAXANI ARG R0, 8f the
respective box 1302, 1304 is an effective pass/fail threshol'd for BGA
solder joints. As illustrated by the box plot data in the conposite plot of
FIG 13, no outlier near neighbor error value for the BGA347 device type
exceeds the contenplated (3 tinmes IQR) malue. In this case, the inproved
sol der joint inspection system| 00 has accurately reported no defects
associated with the solder 25 joints of the exenplar BGA347 device. As
further illustrated in the conposite box plot 1300) the same cannot be said
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30 adapting test thresholds has accurately iclentt f red that the exenpl ar
BGA346 device has sol der joint defects. As described above, this technidue
for adapting test threshol ds conpensates for BGA devi ce warp,

punted-circuit board warp, arid BGA devic |Ht. The technrclue accurately

i dent i ti es SHEAY BBATYSGFLE S OF deseriAhint 2o pRN - BHuenGDV o1 BT 2t wer e
previ ously ] 177

Ref er ence f@pﬁﬁﬁﬁl|EEQWA’ %%nt%~gp%jéﬁh IN?H%Tégr1g@agﬁfgﬁgp$ﬁ%?%§strates
a met hod f @ficis@@0thh: lyyihdfllgdcsChbﬂfnej;sQIshipedﬁéﬂmteﬁghﬂ,lkﬁldet haltimepymbe; ghast i ced by
the inproved sol der-joint Inspection system 100 of FIG. 1. In this regard,

t he i nmproved solhfé!lﬂd% eitRatingd pRwiguss nadysheaiped Goidgay iRy uplizad xpraed t he
et hod 3102 Res ELL L0 NS OERILANRlicd N GRABE! bXERImEhr e o N

center df t ints SUrf ace of
an array p%ﬁﬂf@ﬁ@lld@l\(\b@i@na& frofhi Lok Gﬂadljﬂcﬁﬁ efldd:40iht 11ﬁfz\§rﬁérnbﬁs’ltd'1$tinﬁlﬂ@t ed
each of the pins and thus the solder joints, the inproved solder 10 joint

i nspecti on aswepecm:drmn@amgmen@tﬁameaenrmirrfmtr@mhumé@t @mgstmaradtlmwage war p

as illustrated,in step 1404. This  .inf usrng a | aser
anget | ndenndligy Bt MsfHks: fBicemed Rodensticn ke AHARONGE THE Ars SHOCETRbnt | 1y1 ng
the near neh&RBRMARNELHIQ frBn R & tl@ﬁ]@@ﬁtmg)élmaﬁe fxﬁg beagmp &9'\;&}% joint on
a devi ce under test and estimating the package warp by observrng one or

nmor e ch@r acsemipung hs eypeatetevaldess dh @drer Moirgs, sheasstiowtest wduesiforeacheoidear

nei ghbor pi.ns em_| 00 na t hen

o amiORLusAGo AR A R fied 1o nt RS RS Doy bl ey p S

charact eri tdn aGlbRt of SoMerldthEkRsS thd R] pii@legitt, sol der volume, etc.) of
each solder joint as indicated in step 1406 Thereafter, as illustrated in

step 1408, the iAprouddmboliveant peiforms mmdtmmrozel rscysmoemnhﬁyoxfeodMI ate an
esti mat ed or expecte Val@g% r each % t he sol der A .nunber of ~

T oront MamRmenerb D Henlidinp SReceo messrrBeiallsapbs soldér IO bater, o
deriveythe gxpachgd e%'oHﬁem e 1 %rﬁdu?ver HRAvd @%r%ﬁ@rﬂ@&sﬁf&i 2u18QgE ot her
characteristic of the solder | ts along a Tow of solder joints in the
X- di mensi ondemdy brghakaygney vzxniaunns bdtwseah d@acqrmscritlerdommet@m mwersetﬁmener

Y- di mensi on be u nVuIate best fit om al uation for
Uhe Corr eoPEHBICAD CaaDE Mk or GritLan yPecHe MERUTTIAE SR P enTRE AP ol £ 1 ng
best-fit pg&m&or@@e aﬁ%rﬁédtwm@wu&ﬂen VafieUs ehotQied SRR &ich seraere@r%tf%d val ue
for each sol der joint n ot her enbodi nents; an expected value fur each

i ndi vi dual rmoltagemnpom tegt, thamolder-phentansienton systeam nat pefra cedmpaesoh bf feom an
expect X-di mension.i.n canbination with a hest-fit

best -
Cobul ¢ 30 Sotihmesgatiaun B siberg e s sy SRS Brindinspgied can be
applied to kpeisaais Rcdatafe drferré vaRIAt Lfidah LPoPOGILEG 2abdied Qrineach of
the solder joints. As iS known, a Fourier transformpresents a
r epr esent atrespgctofe wldendoidismader tostain qagh arihisdgticpit dsvige.woeiogbliednalysis sum
o(~s~es and_cuys-~ f vard transfg ronrth pat al domai n,
ohi on may 50" SERATCBIE BAGYER Pur e R MR LR SRR ueh s
al ways conti nuous@rerm S0 tEQ’llG~°3r111tr.l;trdtéd 1s9f @hetddral Blokk Hragranumlhg anal yze
data mthe frequency domain for gh freguency changes in the neasured
di anet ¥ s. VASION%CQ(W“ISMIQHHﬂﬁé&@mnleys‘d enguy nepcewntserstﬁerrm%d via a

sui tably c il.ter Fouri er rans

appl i ed to gdgfd/t g@d laérsflve %Wéﬂaﬁb@ &F VAqrad lrfcelf’n@d’éjﬁlgaﬁi tll?l‘g‘ssoglader
joints. | rrceﬁmcéubwedeforde gorﬁprtr@r%hﬂdﬁ%?stérﬂ GRRBLCAG 8p dsrp@]eeos\pregg ﬁfém@lsues
the | owfrequency (acceptabl variation in neasured val ues across the

array packégrerddetwﬁyue sarferrtem @fc@d Gnnqrhléey,éb(qoedfdeedor\mauueect@ndymhmslOOhe

nodi fied pass/ 410, . the inproved
ol der ) of RE% HOBHES ParPreplEeiied SeP o IR ARG ENTRIES, SPeniti o iRe
estimaged QuclexPeséfibpidhiitgenpsiécofipster dbdRsieWist et &inpREDECt I Ve
measured val ue for each of the solder joints recorded in step 1406 to

gener at e arhﬂldrerwCB&%QFUFénTPASﬂﬂéS\d% ewnaleohess. Iarrap@esgvrpfwsmeatfed in step

| 41?7, the i r oy ed ection ranmmred to

store and 15°88Ay%: “'f ﬁ&dehobﬂéns%?[O]ustylsﬁe@]r géloscfnﬁg}soe ”65‘%‘1‘: °§“f§r~58%. ndi cati ve

of unexpectped:eéﬁn devr@e Mg hrenf@guencone oraidrans® 1hdrihdeaissedenoOdinglay
measur enent, which has been determ ned to be an accurate indicator of

defective solder joints for BGA devices. It should be appreciated that the
process steps illustrated in the flowhart of FIG 14 may be repeated as
desired to conplete a solder joint analysis of other printed-circuit

devi ces 20 nounted on a printed-circuit assenbly. FIG 15 is a
fi~iictiottal block diagramillustrating various exenplar conponents of the
solder joint analysrs applrcatron 114 of FIG. 1 In thrs regard t he solder
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application 1 14 may al so include |logic 1510 conFgured to determ ne an
expected value for each of the solder joints under observation. As

previ ously described, the logic 1510 may use any of a nunber of nethods for
generating an expected nmeasure val ue for each respective sol der joint

t hat accouH%éOF%PrWéFﬂéH%%“B@ﬁ&@gﬁdSﬁ‘F%B“hﬁﬂﬁPWh@'EB ‘Eéﬁgﬁdﬂgﬁdﬁésociated
device andthe pEj B Ru ra VAS, RROWRAEruEL G115, both the

recordi ng ?%gfﬁgigg%ggﬁg‘?ﬁg‘%SQ?% %élé ﬁa§ w&légn%igured to provide

i nfonnati on regékidhngessaghier2sn@t tchi enchaledry cuabmtmbde eompanesaiflyl ogi ¢ 1520
In turn, conparison logic 1520 may be configured to deternrne tl ~e

di f f er encetvapatEGRAEsSOe BatbRIacesEBLiBEd (PO orpn @uxI gD TPERsspIRERPNE

measur erent_ , It ch of the
eapect veree bR Rt-ABR s AR ARR O RIDGH! RtplleBa®h T, Dot e m the

bl ock di agdeammoifdaetos BigRAMiSHPprocegiot (IhARE TorffRyf D8i@edtip))umedrd-prdcessenr d each
of the respective error data 5 values to an error value data array 1530.
Next, the @rragrmerglapeliciiphispecifiafitegpied cogiies @ed0shap!walivaisngihled to
receive a plurality .of the respecti,ve error data, values. and.perform an

but 1 or ariy gt e P 0t S BRE L VRO AR I HEAPRAR Lo B For

val ue out | icfisrishi); dibGe@Wldrheéits B&Bliﬁ(dibﬁluhlggﬁm hS48oud bembiphGeds boi nt

anal ysis application 1 14, may forward identification 10 infonnation

associ & edcoprdinate e @ieral] eperafanco fthe srddertjnat mspeetian wystehy Béhol d to the
outlier error reportin i.c .155Q0. The outlier .error Qnting logic 1
50,y Tt ur FRestiode! ot RER% i i Bl o1 PG e ©
associ at edg}gQksie(e. ; OtmUSMLRc AR HorFIRAM LR BEDRIAMEIRARS, dif))C@uNi cat i on
with the solder jornt inspection syStem 100. FIG 16 is a flow di agramthat
i |l ustrat esoraveletilhookniay elaemts feyd. /ROBL hdet drivsi, mpe,ICBRdBYIeetcs. T860 t hat may
be practiced b e circuit inspectj yst em of FI 1. In this regard,
the. i npr ovBEmeH fj@rwmfﬂ C‘?’%%rbf@étal’Q{gg}zt‘é}%%wfﬁﬁ‘?&b@&f)ﬂs _f‘iic?_tsiaci ng the
et noq 1000 k. SRS ohad G 1L Bk s RIVAL ERlin& DAL ACKANRL ki Of each
sol der joint assocl ate th a particular array package. After having
measur ed eapphecddte thae tteaheteory) Idi0nias, anidhgpicathr wilk dosphseothepearhporrzapect i on

system | 00 may  use, i nformati.on 20 concerni ng_array package, warp and/ or
orinted of VRGP SRS (10 RUGRISFRD TR X Pst SUYIRTHET f BPadich of ¢ he
nmeasur ed S[g‘t)gl%hsl BhAkSred@to Lt ¥h86hd Bp&kedr th8WideMNBX it indbeclibd Ustrated in

step 1606, e inproved solder joint inspection system 100 may be
confi gur edntdhapsnpar e t he expected value with the respective neasured val ue

to gengrate an grror value for. each sol.der .joint under observa&{on As
| ndi cated 25 i nilt & FABHE SR AFSATEGEdR0 SPMBHSY oNe SORBARL BHD | n st ep
1606, may WRicARR hRf cdninfhace Wil thel8bldeini npettidiLdysRial 0G| Borlkah@Nti fy

defective joints. Wile particular enbodi ments of the inproved sol der-joint
i nspect i onwhsrs tlensoldro-i mal mspregiongysemdH8 gomprigest aaparsingl cormphisr €L ng
description_and drawn for' .purposes .of .exanpl it .wll. be.understood by
those oki 1168 TPRTRENEPE (e G PEBFEAERaB AT St ilsplostoiter eof “can
be made Wi ihksuetioflepdert il 00 i dxpatitii e BEORE iNExitdie EMMAMMIE @ SRardorth rn
the follow ng clains. For instance, other solder-juii~t measurements
assocr2r t edldir flovnwaching)athepraeatappaentysan gempressiupaiotbkeys opdutiess, o ref | ect

| owfrequen varjation faor_various~re icl udi ng. those descri bed above
23 whi chOPETIe P sPoet i st DArREREL 1 eneitise MBI Ry surt aces)
Conseduent hynit@ng pRisnfaReRch €t BA of aRébeessa figiidagiedli digh 1 AAE T ds|
threshol ds for non-array package sol der ~onts. The present disclosure rs

i ntended tway hefesdddt he application of these techniques. 24  CLAIMS Thus,
havi ng descri beg,. st ens. and t.hods for identd fyi.n | der , ] . oj nt
ol ects. T ol ar hiEr Ry BTG R AstPreay RSB Y0 P Btdnatse
conpr i3si ngotfhé!ifatd dodMbABDnSIfeRSsol@@gint indgedti@aalitom 100feaBihepsysfept a

plurality of solder joints on a printed-circuit
and/or device and may therefore include one or more serial, parallel, small computer

system iterface (SCSI), universal serial bus (USB), IEEE 1394 (e.g., Firewirew)

3

and/or other interface components that may be used to communicatively couple the

13
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device; obtaining information indicative of the variation in distance

bet ween a nounting surface of the printed-circuit device and a
printed-circuit board; recording a nmeasurenent of a physical property of a
plurality of solder joints used to cogple t he gri ntegi-uci rcuit device to the

print ed- ci r sle BBAIEFPCELYY Sriﬁ‘tef‘h_bu%wit RYE Cb" A EEpt abl 8 SIEREHESIER Y £ or
respective ?eghgﬁﬁu #ﬂ?l{lﬂ%i%ﬁh%%&]??éslllylg e Vatdok LR R WL REANSP R RSR. L he

nmounting surface rinted-circuit device and the printed-circult
board; and sgidisrgnonteasscdoperinbmasindlal reespahsi swer baetwakr Bygeay dihe
met hod of claim1, wherein the step of acquiring, |location information
conpri ses amcdmrieshi paitvosk berfags devicgy | phsIeadRcInge o dHACHBAYGE of claim 1,

wh ' h ' ' ' t I
othod of oPar R EFE L TR S5, Belhar R b TRETNERSE Huer (e 1

measur ement modemj heirétedsiiod ., @fragioafrequbnc yWRF )¢ trandcb®es aaplepioni emoer thicac
conprises a volune neasurenent. 6. The nethod of claim1l, wherein the
estimati ng BRegs, 8demPeEn sasIVpakicardiclfy a statistical analysis on recorded

measur enent s of i dentd fied set.of nei r.s er joints. 25 _ The
Tethod of el ai m & RRERENEE R el Wl BE ke MEnake s et me s § ng
the medi an plofd)esthefOiktEchniRRS b RERAMIRE withendadaBd Villedoseher@k eR8F ghbor
sol der joints. The nethod of claim 1, wherein the estinmating step conprises

f or nul atG ngvaugsess WEll s feaieyieonianloutipn andlpss esihagendiated econ SPaRadnE ement s
of a plurali e

estimating g'ﬁ%bﬁﬂégﬂsfg}ls? ?@SJ@{B‘B{] 3@rﬁ‘gdrF%B&/ngtgggg@?fﬁs@%ﬁlgﬁéﬂﬁpggg%’? &B%rnr ality
of solder | qjffisnd BsRidr@WitRtheARR oY eSunderlying solder-joint inspection system 100
can be stored on any computer-readable medium for use by or in connection with any
computer-related system or method. In the context of this document, a computer-
15  readable medium denotes an electronic, magnetic, optical, or other physical device or
means that can contain or store a computer program for use by or in connection with a
computer-related system or method. These programs can be embodied in any
computer-readable medium for use by or in connection with an instruction execution
system, apparatus, or device, such as a computer-based system, processor-containing
20  system, or other system that can fetch the instructions from the instruction execution
system, apparatus, or device and execute the instructions. In the context of this
document, a “computer-readable medium” can be any means that can store,
communicate, propagate, or transport the program for use by or in connection with the

instruction execution system, apparatus, or device.

o
(¥4

The computer-readable medium can be, for example but not limited to, an
electronic, magnetic, optical, electromagnetic, infrared, or semiconductor system,
apparatus, device, or propagation medium. More specific examples (a non-exhaustive
list) of the computer-readable medium include an electrical connection having one or
more wires, a portable computer diskette, a random access memory (RAM), a read-
30  only memory (ROM), an erasable programmable read-only memory (EPROM), an
electrically erasable programmable read-only memory (EEPROM), or Flash memory,
an optical fiber, and a portable compact disc read-only memory (CDROM). Note that

the computer-readable medium can even be paper or another suitable medium upon



10. The method of claim9) wherein the Fourier analysis conprises the
application of a high-frequency filter on the recorded neasurenents of an
identified set of solder joints distributed across the surface of the
device. 11. The nethod of claim1l, wherein the step of setting further
conpri ses: wingpapionguit eprexpees d¢ rajue euntte dlémroneaty dedursdasuarfenrent to
generate an error value for the pl uralit%:_of sol d?r j oi nLls on the

print ed- ci AEHNCCIBVICRISCURHBS BEINESHRTIRY CARET dRAd e, (R PR el dperreieh Plr al i ty
of error val , _ | | esh 12, t hod
of ol ai m LEIGRsrESRHAN L Ty e BRRher R Rl ES By i o P
recorded nmeashenment conprises a mathematical conbi nation of the expected
value with the recorded neasurenent. 13. The nethod of claim 12, wherein
the mat hemat i calFlgo#biusknicsn piwA9Pios sample siatr paints daeasuyrgd and recopleddtamd f or
i dentifying sql | Qi fect ri Si; . : cofdi a
reasur enent ACAGET S PO dBFicP pp SRR WSuREll B APRELERIE LR B,
circuit devhdigdesald diamkichth Mils efopaire tha d50&older joiie idbedted.i Oye of theol der
joints that accounts for acceptable variance in the distance between the
nount i ng supilgemintypssacigiedtida pinrnegr thedely pE theayet, ileptified byreferertsi t boar d
coupl ed by the s ropoeints: conpari h or SUr. ith the
expect ed vé’luﬁgjef glr(gt?] Segg %‘?'léplef:éflt' o'?g lsl@?[égétregf%?% gg\?glgg%%éjgﬁgﬁegérrogspect ive
error val uapp@adnatelmms‘xylimgndi%f@aﬂ]wxetmqhidare dfahéap g ¥t ARBdeH ghnddier@r I Or
value outlier analysis to the plurality of error values. 15. The nethod of
claim 14, betheB{A pecksgepMore suecdicdilnghe oavprded akaragteisrformdividual seidef an
2:);;% Eggkg ﬁfsa{%xggcef;rrcn% 2 n{r'llrsl..o t% qu.51%1§ 'eG? altaé’talV\\/kzllﬁ{tt%nnintd?z%ngt%? e ’?Emrllgc ording

Clearly this view of the data indicates that it is impossible to set either a low or a high

threshold that would isolate and/or otherwise identify the known solder joint with the

15  defect from a host of acceptable solder joints. Consequently, an acceptable solution is
not available for setting pass/fail thresholds given this data arrangement.

Similarly, FIG. 3 illustrates a plot 300 of sample data points measured and
recorded from another BGA device package type. As illustrated in the plot of FIG. 3,
the data includes the diameter in mils. for more than 350 solder joints inspected.

20  Here, none of the solder joints is defective. The recorded diameters for individual
solder joints range from approximately 26.75mils. to 31.5mils, a range of 4.75mils. or
nearly twice the range of diameters recorded for solder joints associated with the BGA
device represented in FIG. 2. Importantly, despite the dramatic increase in the range
of solder joint diameters recorded, not a single solder joint in plot 300 is defective,

25  further illustrating that a direct application of pass/fail thresholds based solely on
individual solder joint diameter measurements may lead to inaccurate defect calls.

Reference is now directed to the side view of FIG. 4. As illustrated in FIG. 4,
a printed-circuit assembly 400 may comprise a BGA device 410 and a printed-circuit
hoard 420 electrically and physically connected at a plurahty of substantially aligned

30  points via a plurality of solder joints 412. It is important to note that the illustration is
not to scale. The relative height (i.e., the thickness) of the BGA device 410 and the

printed-circuit board 420 used in forming the printed-circuit assembly 400 will often



measurenent. 17. The nethod of claim 14) wherein the step of estimating an
expected value for the plurality of solder joints conprises performng a
statistical analysis on the recorded neasurenents of a set of nei ghboring
solder joints. 18. The nmethod of claim 14, wherein the step of estimating
an expect edapapisbthe grzetoh ghpyaitogk se e gplfared jbyitht Blusdivppi ¥dder®als ormi ng a

statistical_ anal ysis,on the. r nmeasurenments of a set of solder joints
equi di st ant“"?]r?)er’#;t‘lllllé bgg?ﬂ]géﬁ“aﬁggkgﬁ%‘ printed-circuit device. 19. The met hod

of claim 17, whegginizhalstratl st lealidavalsiRCCoTRE BErsdodtcul Bibpg t he
medi an of the recorded neasurenents of the identified set of neighboring
sol der | oi nvap Voulh aiThevardicho soFh dhahpppdsie sillsoéitlie BEA devigs 190 assti mat i ng

an expected, val ue for.respective spld joints egamprjses. formul ating, a best
1t o snomified gt GHRIEE fguiied PecoiebiHLasREREESol T Rehd 7, y ot
sol der joi {#®). hé BGAMevited 1030828l duehdtiirhdl expardioh hisrRfciSdsSRtHIh the

estimating an expected value for the plurality of solder joints conprises
appl yi ng t heckagsomdéu foectbenreasont suadf asstnesanplied py die prolteerirgwi baasd.i n a

Fourier an i 22. The nmethqd of claim 21, ei,n.the Faurier. anal ysi s
compr | sea e SouF Kahisi g <Bpl BFieqhe FralEyh BELSReNte Tidk sseabahe
measur enent g, Bf FacRlsHiRE VI¥melor SR (JoRdedf B cadBof (HRRoIHRE PAL Rhafsal M 14,
wherein the step of conparing the expected value with the recoréeé

measur dfeent fixednhoss emnactiat prenatwidamoonumig swafacen(tiof undeesidexpiatbt BdiAzal ue wit h
the respectjve recorded neasurenent. 24, The net hod clajm 23, erein
the mat he qve,car’r_l@&ﬁgﬂwa\mpsﬁsw B e B e 29N he réglaégfed val ue
with the reﬁcﬂﬁ%&&h"@héﬁﬁ%geﬁf AR A N thave 3 rediBd ARG WHel At dNed oy
wherein the step of 1dentifying defective solder joints conprises a box

pl ot anal ysths focasplans#$@ Asptdveouslyaxaldingd, dfis B(rAodewicd werp. caB@auskra wider oved
sol der joint inspection system conptising: ns nmeasuring at | east

g:. e or
one char act'\@FiREeN i1 GF MEAHIGH Qlaini’e}?erépf%‘ﬁfi%{éP”jt%‘? %t SBERUE PriheteYEi r cui t

GovicensTeSaR s FYPHOLIR AR SYPERNEL S A 1 I RS ee0 ,
function oftygicsityanoe aietgereianictee thmusdldengoisgrdbwae thé outer edges of the BGA
device 410.
As illustrated in the side view of FIG. 3, a printed-circuit assembly 500 may
comprise a BGA device 510 and a printed-circuit board 520 electrically and physically
20  connected at a plurality of substantially aligned points via a plurality of solder joints
512. As with the illustration of FIG. 4, the printed-circuit assembly 500 of FIG. 5 is
not to scale. As illustrated in the side view of FIG. 5, there are at least two other
factors that can result in an acceptable variance in solder joints measurements for
solder joints associated with a BGA device 510: printed-circuit board warp and BGA
25  device tilt. A BGA device tilts when one comer or more comers is at a different “Z”
value than the remaining corners of the BGA device 510. As in the case of BGA
device warp as shown in FIG. 4, printed-circuit board warp may be non-linear and
vary across both the X and Y (i.e., into the page) dimensions. Consequently, the
connection points with mounting surfaces (the underside of the BGA device 510 and
30  the upper surface of the printed-circuit board 520) further removed from each other in
the “Z” dimension, will have a reduced diameter when measured at the focal plane
550. As previously explained, the resulting wide variation in the measured diameters

of solder joints 512 makes it difficult to use this information as the sole indicator of



the printed-circuit device and a printed-circuit board; and nmeans for

formul ating an error value as a function of the neasured characteristic and
t he expected value for the plurality of solder joints. 27. The system of
claim 26, further conprising: nmeans for analyzing the plurality of error

val ues to identid plusoperetfaij siisriader eetis ”13258)“eTﬂ@’“SWPWGﬁY%FIHlWPZWG

wher ei n thelneans for anal yzing conprises a box plot. 28 29. The system
of clain126) wherein the nmeans for neasuring conprises an automated X-ray

i nspection syst epejcdfice R HFERE O the hbainni&6 of WEr & ivihi¢ihBluskassa f or
measuring conprises an optical inspection system 31. A solder joint defect

anal ysi s demedwbil dor : ps@gcrtam bt drstuncofrom herpured Ol 8adabkeeempldi BmA device

conpri sinn n dto rd at har acteri st i

o ural ;i 0l Genc v e BGHS of S firdatls ¢ EREaBE S SHAGYTE Diafe Bl oo <o
det erm ne ame%m@@tﬁ@ 11YL§§|tr‘d?edf19'FIGh@tﬁé sd18aShiR MR pelirastern 160 &nfRr the
plurality of solder joints responsive to |ow frequency change in a sol der

j oi nt char agtedté stent y memossl ¢ Heolepdrtieylal Bgitcdayaref 60§nremgntlp ugdstdesat e an
crror el e, LLOm B, LR oL ot L el dhe Sxpechet v up nd the
printedcir Ct%htsol‘agx\ljo@xﬁ mé})’&gtulnpﬁ}sfén?@@é ESBEGeH %o H%ﬁﬁm@:ﬁn@ Glofd th¥@iddhce
outliers. The program of claim 31, wherein the logic configured to
record 1r0ecocnfdhe aentd:reafsﬂac}orﬁspmmaeachdenomnéd”cfformthaodedemdj6d|0nt associ at ed
\é\no;? | Sﬂr 2{; ? g 8:’?&? %gwél?c’gwe-r the%[z%1gsrt§1rpe%Iea(sztlngrlnrgn?s’]\'rvﬂlvt\fgggngrlegzatte%ewllueongI ¢
observing the sample data plots of FIGs. 7 and 8. The data plot 700, illustrated in
FIG. 7, arranges the solder joint diameters for the various conducting points of the
exemplar BGA device type by their distance from the centroid 610 of the BGA device
15 600 (FIG. 6). As opposed to the sample data plot of FIG. 2, the data indicates a
somewhat linear relationship between solder joint diameter in mils. and the distance
of the solder joint from the centroid 610.
Similarly, the data plot 800, illustrated in FIG. 8, arranges the solder joint
diameters for the various conducting points of the exemplar BGA device type by their
20  distance from the centroid of the BGA device. As opposed to the sample data plot of
FIG. 3, and as in the case of the sample data plot 700 of FIG. 7, the data indicates a
somewhat linear relationship between solder joint diameter in mils. and the distance
of the solder joint from the centroid. However, in the case of the BGA package type
analyzed and plotted in FIG. 8, the slope of the linear relationship is negative with
25  respect to an increase in distance of the respective solder joint from the centroid of the
device. Clearly these views indicate that it is possible to configure one or more
thresholds for each separate solder joint of a BGA device when the thresholds account
for the acceptable variance that can be expected across the various solder joints
arranged along the X-Y plane.
30 For example, an upper pass/fail threshold for solder joint diameter may mirror
the average diameter vs. distance from the centroid for solder joints associated with a
particular printed-circuit device. The upper pass/fail threshold may be applied in a

tinear fashion having a fixed positive delta from the average diameter vs distance



expected value reflects a statistical analysis of the recorded
characteristic. 34, The programof claim 31, wherein the statistical

anal ysis conprises cal culating a nmedian. 35. The program of claim 3l,
wherein the | ogic configured to generate an error value cal cul ates the

di fference afealibemerneedcdattdabamaghardusiripeinaideitdue @xpectadua ablder-j36.  The
program of claim31, wherein the |ogic configured to identify error val ue

outliers coMrickas s W%F'tﬁt“%’ﬁél’%/%” lhygsholgyherppe &éb@f:mlmﬁeml&. m 36,
wherein the bo%)%}lﬁ)g 941 R{%E?JSW%'L ?elal%’f&% &leeel%aﬁrbEgéns\ﬁ% E@ﬁs ltxﬂ%g )Sﬁ%?segal
nt er a

const ant nuPi era e error- values a OVE a

const ant pem@mawe ndrkddi il lm&lsun«en@ata range. 38. The nmethod of claim
1, wherein the step of obtaining conprises nmeasuring the distance between a

nount i ng> surface S@ﬂnlan*ee agevar pags/édit dugshoevny BIIEALNE dpmaiere s distaage t at a
plurality of erein. the

i ri ng | deat e ReRATA e ShSeoRrT S e stk kTe b ORI Vish U BHER 7
pack packaggussAthl bgnolChhask afixed abgntily deher8inht faﬂmsét@;msoalsfa%@r di ng
conprises a two di nmensional neasurenent. 41. The nethod of claim1l, wherein

the step of mesgurwentg recondndi fgeﬁlea?rmmde@mimr@meonPsqtuaiéalsiermetrﬁlammzrs The
r;gord ri ses .an.

met hod of cl,aim 14, erein t

i nvesti gat i g 6¥¢e50 IFAQWET BTSSB%%%SZ]S&L@Q ‘é{e ROASTHFI i m 14,

wher ei ny hec§r§(ﬁ9019£ndﬁﬁ?bgiﬂﬂcﬁ%Pftlrﬁl‘%?o@se‘Pﬂﬁloﬂ' mensi onal neasurenment. 44.
The nmethod of claim14,” wherein the step of recording conprises a two

di mensi onal meas G @sdrnd 10 present plan views of two exemplar BGA devices. The BGA
device 900 illustrated in FIG. 9 is representative of an arrangement that places solder
joints in rows and columns near the external edges of the device. As illustrated in the
plan view of FIG. 9, the mounting surface of the BGA device 900 is substantially

15  coplanar with the X and Y dimensions of the solder-joint inspection system 100 (FIG.
1). For purposes of illustration, the exaggerated diameter chart reveals a number of
solder joints 912 across the mounting surface. The diameter of each of the individual
solder joints shown is substantially out of scale in order to illustrate solder-joint
diameter variance across the individual solder joints on the BGA device 900. As

20  shown in the plan view of FIG. 9, the BGA device 900 reveals a non-linear “Z”
dimension variation in the diameters of each of the solder joints 912. Here, the solder
joint diameter variance is somewhat random across the mounting surface of the BGA
device 900.

The BGA device 1000 illustrated in FI1G. 10 is representative of an

25  arrangement that places solder joints 1012 in rows and columns centered about the
centroid of the mounting surface of the device. As illustrated in the plan view of FIG.
10, the mounting surface of the BGA device 1000 1s also substantially coplanar with
the X and Y dimensions of the solder-joint inspection system 100 (FIG. 1). As with
the exaggerated solder-joint diameter chart of FIG. 9, the exaggerated solder-joint

30  diameter chart of FIG. 10 reveals a number of solder joints 1012 across the mounting
surface. As shown in the plan view of FIG. 10, the BGA device 1000 has warped in

the typical manner, with the solder jomts closest to the external edges having the

18



45. The nethod of claim 14) wherein the step of recording conprises a three
di rensi onal ntasurcntnt. 46. The nethod of claim 1, wherein the step of
estimating an expected value for a plurality of solder joints conprises
performng a statistical analysis on the recorded neasurenents of a set of
sol der j oi ate!lesyui dmtscrammdﬁlmmsmhiérmnﬁ Fatev bt clppretoghe pereepid pf dwiBCHevi ce.

30 47. The pr 1.0f 2 erelntheloglc configured to estimate,
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surrounded by eight adjacent solder joints) may be associated with the eight adjacent
solder joints. Note that a number of different methods could be used to choose

20  neighbor pins (i.e., solder joints) in addition to those illustrated in FIG. 11. For
example, solder joints within a specified number of rows or columns could be
considered among various other methods for associating neighbor solder joints with a
solder joint under test.

A number of different methods may be used to estimate an appropriate solder

25  joint measurement from the same measurement recorded for the solder joints in a
particular solder joints near neighbor set. For example, the measured values
associated with each of the solder joints within a near neighbor set can be statistically
analyzed to set an expected measurement for an identified solder joint. In this regard,
the mean, median, or average measured value for the set of measurements can be used

30  asthe expected value the identified solder joint. In some arrangements, an estimated
value may be predicted based on a measured characteristic. For example, the height
of a solder joint could be measured and knowing the volume of an original solder ball

an esimate of an expected diameter for the associated solder joint may be determined.
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10B BGA device type and error magnitude. As shown by the composite data plot 1200,
10B3=t 109B& ()-"#CBY&\"' (}[9{\=!!1] #1009 ()-!'a@y#10%! & () #10%8! ()-!"X@
yH#10%& () - @agggnggyattnxx@{#llgo)@nm]ar( GAB46 deyl&e {S\s'ygmf)'(g@il@q&'ffrfn from the

'\ S#10% ( )er}/or signature of the BGA347 device.

10 Reference is now directed to the near neighbor error outlier analysis plot
illustrated in FIG. 13. The composite data plot 1300 illustrates a box plot analysis of
the near neighbor error data plot 1200 (FIG. 12). A box plot is an effective visual
representation of both central tendency and dispersion. It simultaneously shows the
25th, 50th (median), and 75th percentile scores, along with the minimum and

15 maximum scores. The “box™ of the box plot shows the middle or “most typical” 50%
of the values, while the “whiskers” of the box plot show the more extreme values.
The height of the boxes 1302 and 1304 for the respective BGA devices is
representative of the interquartile range (IQR).

It has been discovered that considering any diameter error more than three

20  times the IQR beyond the top of the respective box 1302, 1304 is an effective pass/fail
threshold for BGA solder joints. As illustrated by the box plot data in the composite
plot of F1G. 13, no outlier near neighbor error value for the BGA347 device type
exceeds the contemplated (3 times IQR) value. In this case, the improved solder-joint
inspection system 100 has accurately reported no defects associated with the solder

25  joints of the exemplar BGA347 device. As further illustrated in the composite box
plot 1300, the same cannot be said for the solder joint error outliers associated with
the exemplar BGA346 device. As illustrated, several near neighbor error values
exceed the contemplated error value threshold. As in the case of the other BGA
device type, the improved solder-joint inspection method and associated method for

30 adapting test thresholds has accurately identified that the exemplar BGA346 device
has solder joint defects. As described above, this technique for adapting test
thresholds compensates for BGA device warp, printed-circuit board warp, and BGA

device tlt. The technique accurately identifies many BGA device solder joint open
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across the mounting surface of an’array package device as indicated in step 1402.
A fter having located each of the pins and thus the solder joints, the improved solder-
10 joint inspection system 100 may acquire information concerning array package warp
as illustrated in step 1404. This information may be measured using a laser
rangefinder and/or by other methods such as but not limited to identifying the near
neighbor conductor pins or solder joints for each solder joint on a device under test
and estimating the package warp by observing one or more characteristics of the
15  solder joints associated with the near neighbor pins. The improved solder-joint
inspection system 100 may then measure and record the actual diameter and/or some
other relational characteristic (i.e., the thickness, heel height, solder volume, etc.) of
each solder joint as indicated in step 1406.
Thereafter, as illustrated in step 1408, the improved solder-joint inspection
20  system may formulate an estimated or expected value for each of the solder joints. A
number of different methods may be used by the solder-joint inspection system o
derive the expected values. For example, measured diameters or some other
characteristic of the solder joints along a row of solder joints in the X-dimension
and/or along a column of solder joint diameters in the Y-dimension may be used to
25  formulate a best fit polynomial equation for the corresponding data set formed by the
measured diameters. The resulting best-fit polynomial equation may then be used to
generate an expected value for each solder joint. In other embodiments, an expected
value for each individual solder joint can be determined as a mathematical result from
an expected best-fit result in the X-dimension in combination with a best-fit result in
30  the Y-dimension.
Alternatively, a Fourier analysis can be applied to the measured data to
generate an expected value for each of the solder joints. As is known, a Fourier

transform presents a representation of a two-dimensional relationship as a weighted
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Thus a Fourier transform can be used to analyze data in the frequency domain for high
frequency changes in the measured diameters. As is known, high-frequency changes
5 can be removed via a suitably configured filter. The inverse Fourier transform may
then be applied to the data to derive the expected values for each of the solder joints.
Irrespective of the method used to generate the expected values, the low-frequency
(acceptable) variation in measured values across the array package device are reflected
in the expected values and thus the modified pass/fail thresholds.
10 Next, as shown in step 1410, the improved solder-joint inspection system 100
may be programmed to compare the estimated or expected value generated in step
1408 with the respe_cti;/e measured value for each of the solder joints recorded in step
1406 to generate an error value. As described above, and as illustrated in step 1412,
the improved solder-joint inspection system 100 may be programmed to store and
15 analyze the errors for outliers. These outliers are indicative of unexpected (e.g., a
high-frequency) variance in the solder joint measurement, which has been determined
to be an accurate indicator of defective solder joints for BGA devices. It should be
appreciated that the process steps illustrated in the flowchart of FIG. 14 may be
repeated as desired to complete a solder joint analysis of other printed-circuit devices
20  mounted on a printed-circuit assembly.
FIG. 15 is a functional block diagram illustrating various exemplar
components of the solder-joint analysis application 114 of FIG. 1. In this regard the

solder-joint analysis application 114 may include recording logic 1500 configured to

receive one or more characteristic values observed in various images generated and

1o
L4

analyzed by the solder-joint inspection system 100. The solder-joint analysis
application 114 may also include logic 1510 configured to determine an expected
value for each of the solder joints under observation. As previously described, the
logic 1510 may use any of a number of methods for generating an expected
measurement value {or each respective solder joint that accounts for variance between
30  the mounting surfaces ol an associated device and the printed-circuit board.

As shown i FIG. 15, both the recording logic 1500 and the logic 1510 may be
configured to provide information regarding each respective solder joint to

comparison logic 1520 In tum, comparison logic 1520 may be configured to
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Next, the error-value outlier-analysis logic 1540 may be configured to receive
a plurality of the respective error data values and perform an outlier analysis on the
information. After having identified the error value outliers in the outlier analysis
logic 1540, the solder joint analysis application 114, may forward identification
10  information associated with the outlier data values that exceed a threshold to the
outlier error reporting logic 1550. The outlier error reporting logic 1550, may in turn
provide position and/or other identifiers for the associated solder joints to one or more
peripheral devices in communication with the solder-joint inspection system 100.
FIG. 16 is a flow diagram that illustrates a method for identifying solder-joint
defects 1600 that may be practiced by the circuit inspection system of FIG. 1. In this
regard, the improved solder-joint inspection system 100 may begin practicing the
method 1600 by measuring and recording a physical characteristic of each solder joint
associated with a particular array package. After having measured each of the solder
joints, the improved solder-joint inspection system 100 may use information
20  concerning array package warp and/or printed circuit board warp to estimate an
expected value for each of the measured solder joints as indicated in step 1604.
Next, as illustrated in step 1606, the improved solder-joint inspection system
100 may be configured to compare the expected value with the respective measured
value to generate an error value for each solder joint under observation. As indicated
25  instep 1608, the plurality of error values generated in step 1606, may be applied in an
error data value outlier analysis to identify defective joints.
While particular embodiments of the improved solder-joint inspection system
100 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
30  and modifications thereof can be made without departing from the scope of the
invention as set forth in the following claims. For instance, other solder-joint
measurements associated with non-array package type devices can be expected to

reflect low-frequency variation for various reasons including those described above
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1. A method for adapting test thresholds, comprising the following steps:
acquiring location information for a plurality of solder joints on a printed-circuit
device;
obtaining information indicative of the variation in distance between a mounting
surface of the printed-circuit device and a printed-circuit board;
recording a measurement of a physical property of a plurality of solder joints used to
couple the printed-circuit device to the printed-circuit board;
estimating a range of acceptable measurements for respective solder joints responsive
to variation in distance between the mounting surface of the printed-circuit device and the
printed-circuit board; and

setting at least one threshold responsive to the range.

2. The method of claim 1, wherein the step of acquiring location information

comprises an investigation of an array package.

3. The method of claim 1, wherein the step of recording comprises a diameter
measurement.

4. The method of claim 1, wherein the step of recording comprises a height
measurement.

5. The method of claim 1, wherein the step of recording comprises a volume
measurement.

6. The method of claim 1, wherein the estimating step comprises performing a

statistical analysis on recorded measurements of an identified set of neighbor solder joints.

25
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best fit polynomial equation using the recorded measurements of a plurality of solder joints.

9. The method of claim 1, wherein the estimating step comprises applying the

recorded measurements of a plurality of solder joints in a Fourier analysis.

10.  The method of claim 9, wherein the Fourier analysis comprises the application
of a high-frequency filter on the recorded measurements of an identified set of solder joints
distributed across the surface of the device.

11.  The method of claim 1, wherein the step of setting further comprises:
comparing the expected value with the recorded measurement to generate an error
value for the plurality of solder joints on the printed-circuit device; and

performing an outlier analysis on the plurality of error values to establish at least one
threshold value.

12, The method of claim 11, wherein the step of comparing the expected value
with the recorded measurement comprises a2 mathematical combination of the expected value

with the recorded measurement.

13.  The method of claim 12, wherein the mathematical combination comprises a

difference.
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circuit device;

estimating an expected value for the plurality of solder joints that accounts for
acceptable variance in the distance between the mounting surfaces of a printed-circuit device
and a printed-circuit board coupled by the solder joints;

comparing the recorded measurement with the expected value for the plurality of
solder joints to generate a respective error value; and

identifying defective solder joints by applying an error value outlier analysis to the

plurality of error values.

15.  The method of claim 14, wherein the step of recording comprises an

investigation of an array package.

16.  The method of claim 14, wherein the step of recording comprises a diameter

measurement.

17.  The method of claim 14, wherein the step of estimating an expected value for
the plurality of solder joints comprises performing a statistical analysis on the recorded

measurements of a set of neighboring solder joints.

18.  The method of claim 14, wherein the step of estimating an expected value for
the plurality of solder joints comprises performing a statistical analysis on the recorded

measurements of a set of solder joints equidistant from the centroid of the printed-circuit

device.

19.  The method of claim 17, wherein the statistical analysis comprises calculating

the median of the recorded measurements of the identified set of neighboring solder joints.

20.  The method of claim 14, wherein the step of estimating an expected value for
respective solder joints comprises formulating a best fit polynomial equation using the

recorded measurements of the plurality of solder joints.
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solder joints in a Fourier analysis.

22.  The method of claim 21, wherein the Fourier analysis comprises the

.application of a high-frequency filter on the recorded measurements of a plurality of solder

joints,

23.  The method of claim 14, wherein the step of comparing the expected value

with the recorded measurement comprises a mathematical combination of the expected value

with the respective recorded measurement.

24.  The method of claim 23, wherein the mathematical combination comprises the

difference of the expected value with the respective recorded measurement.

25.  The method of claim 23, wherein the step of identifying defective solder joints

comprises a box plot analysis responsive to the plurality of error values.

26.  Animproved solder-joint inspection system, comprising:

means for measuring at least one characteristic of a plurality of solder joints on a
printed-circuit device;

means for computing an expected value for the measured characteristic for each of the
plurality of solder joints that varies as a function of distance between the mounting surface of
the printed-circuit device and a printed-circuit board; and

means for formulating an error value as a function of the measured characteristic and
the expected value for the plurality of solder joints.

27.  The system of claim 26, further comprising:

means for analyzing the plurality of error values to identify solder joint defccts.

28.  The system of claim 27, wherein the means for analyzing comprises a box
plot.
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30.  The system of claim 26, wherein the means for measuring comprises an optical

inspection system.

31. A solder-joint defect analysis detection program stored on a computer-readable
medium, comprising:

logic configured to record at least one characteristic of a plurality of solder joints on a
printed-circuit device;

logic configured to determine an expected value for the at least one characteristic for
the plurality of solder joints responsive to low frequency change in a solder joint
characteristics across the device;

logic configured to generate an error value from a mathematical combination of the
expected value and the recorded characteristic for the plurality of solder joints on the printed-
circuit device; and

logic configured to identify error value outliers.

32.  The program of claim 31, wherein the logic configured to record records at

least one characteristic of a solder joint associated with an array package.

33.  The program of claim 31, wherein the logic configured to determine an

expected value reflects a statistical analysis of the recorded characteristic.

34.  The program of claim 31, wherein the statistical analysis comprises calculating

a median.

35.  The program of claim 31, wherein the logic configured to generate an etror

value calculates the difference of the recorded characteristic and the expected value.

36.  The program of claim 31, wherein the logic configured to identify error value

outliers comprises a box plot analysis.
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distance between a mounting surface of the printed-circuit device and a printed-circuit at a

plurality of locations.

39.  The method of claim 1, wherein the step of acquiring location information

comprises an investigation of a quad flat pack package.

40.  The method of claim 1, wherein the step of recording comprises a two-

dimensional measurement.

41.  The method of claim 1, wherein the step of recording comprises a three-

dimensional measurement.

42.  The method of claim 14, wherein the step of recording comprises an

investigation of a quad flat pack package.

43.  The method of claim 14, wherein the step of recording comprises a one-

dimensional measurement.

44,  The method of claim 14, wherein the step of recording comprises a two-

dimensional measurement.

45.  The method of claim 14, wherein the step of recording comprises a three-

dimensional mcasurcment.

46. The method of claim 1, wherein the step of estimating an expected value for a
plurality of solder joints comprises performing a statistical analysis on the recorded
measurements of a set of solder joints equidistant from the centroid of the printed-circuit

device.
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47, The program of claim 32, wherein the logic configured to estimate, estimates
responsive to the distance between the mounting surface of a printed-circuit device and a

printed-circuit board.
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