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GRI D—:&&Y | NSPECTI ON SYSTEM AND METHOD QTY"
BACKGROUND OF THE | NVENTI ON Surface nount technol ogy has
made it possible to densely popul ate both sides of a circuit board

wi th sem condu exi NSPECEFION g,pEMﬁ I'THODRt ed 10
circuit (10 pgg'%]é‘é %a%kg%YgFaced% oser rﬂ)osg.i(;,\rt her t érwtwhpgygrph hol e pi ns
of a dual-in-line package (DI P), the conponent size of surface nount

| Cs has correspondi ngly decreased. These smal | packages have been
termed small-outline | C packages and chip carriers. Chip carriers are
typically used in applications that require large | ead counts and enploy a
variety § of nmounting techni ques such as, flat packs, quad flat packs

dovel oprent ot bal | gt o B AGROHSHYS BF e ARVENRIARGS |64 arvay

mounti ng techni que uses rows and col ums of closely posi ti oned sol der
balls | ocated on or}? side of the p ckag as the outer | eads of th@a
R’Pﬁ’g% sof a

i ntegrated circuit¥ asamou@trtr:ﬂmamﬁ%@ Besse todepsglyyporulats
ihDC|hUdi Pg | osietuithogrddvith semicdndm?rf deoited) Bdcahiredelrls angsuifasd moum tintegrawd,
i gher ou r ,
0 L N A S B AR B B i,

repeat abl'e asse ) _
grid array peask , sreomppRent pize of wrface moye Ifs hageorespopfingly desspased.

transl ate tOThese smal@?ﬁ&ﬁéés%ﬁv&@eﬂ erme® bibB-oufline IG p&kafs bh®EHp L4HROE! ERE,
therefore, to i.nspec

.and ify th h t f bal |
er oL | S R bl Pl e LB SRR
manuf act uri nef mgmingitmnique&;suchiampackbspmﬁ flat packs €QFR)H-lehds| Gellavieg
arrangedys n Rags, 1daBIU8S, BRI RlorTelent Wbk R PG Olrid iy S @cly, bal l's | ocated

ws _and cqQl ums are Y.

1
behind the outer ro ( ) . ‘not easi | hspect ed.
- The inportance 5#¢ RAEF) arsay spoyRHBS IeChHGRSES T sBe cllrmnyfAlQseY i s wel |
appreci at ed positioned Boldidi®aly focatdbon onesidesinREpdckapey Heiker Rads sfplpar at us are

currently us i . n turing.d LCh o npl e,
Chose T ound Titgrdled Aftuic, Bl gAEREAD 8PN o BldS e Rt 1005 880D

5, 450, 206; 5SloasBomdent Ieads 3nd ggegisiration, ligher Ygoughput from grsalevelrcemeshvent i onal
l'ead i nspect {oRfRardc8s i L6 répafaBle dsicdiBIP pHREdseHowelerds AROASIRern with the
relating to EI lze.dconst raints, O\An/ggr? c.onsyggtﬂgn,b gosfl., and reliability of
the inspect i Bl 8rid amaypackagr s negruntfonpity of the solderbalisywhigh may fresiatetost ens

enpl oy an optsfeaiivelselden jointsc it is ofexstreme imposanaesthetefore,go inspeat anglyvetify theri fy
the physi cal pt{f}%fc?@ﬁé&gr}?%fﬁ%@ﬁ Eaﬁ:ﬁﬂﬂgﬁélp rid Ehaé/hg iRl Wat tht PGraneters fAfi€ Of

novi ng parts i'n, 1 , .however_, 1Tcreases size requlrenents of the
i nspect i ng d¥ithingnanyfastyring specifiqaipns JloweXpr, because the solder baljage arangsddl red i s

a | ead |25 pefdwsend TYREE) thé plofiles i theasoldeb bills 10cRRIUehind Ehelitdr rdlesdnd
Pﬁ;agﬁ ie(r)?] ogolgmgsr z'arg: ! era%P{y ﬁ%ﬁe%%%.e' It is also desirable to provide a |ead
g - The importance of visual mechanical inspection for BGA devices is well appreciated
in the art. Various inspection systems and apparatus are currently used in the
manufacturing industry, such as , for example, those found and described in U.S. Patent
30 Nos. 5,162,866; 5,212,390; 5,450,206; 5,465,152; 5,652,658; and 5,621,530.
However, conventional lead inspection techniques suffer from a variety of drawbacks
relating to size constraints, power consumption, cost, and reliability of the inspection
system. For example, some lead inspection systems employ an optical beam which scans
across the grid array to verify the physical parameters of each connector in the array. The
35  use of moving parts in such systems, however, increases size requirements of the
inspecting device, and reduces reliability.
What is desired is a lead inspection system which can reliably inspect the pertinent
parameters of a grid array package. It is also desirable to provide a lead inspection
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apparatEé which is sinple in design, and space efficient. It is an object
of the present invention, therefore, to provide a |lead inspection
system whi ch is space efficient and si npl e i n design, and which can
be const r uctapperatns whichdesipiatstin idesigre @nd spacereifigient. flbis an nbjpctcsxf dhepresent

appl ication mJeTnubr? t%%fofénﬁtﬂ?@%dé’ble%ﬁns Ectioh Sy s]ﬁ‘frﬁﬁ/ﬁi%ﬁ id SPHQMUEFiQehtlaRd Elhﬂ)\’é de a
whi ch ai ns a speed. S

| ead i nspect.i at'us ect
a further obf g“éﬂg'bfm‘f ﬁglc car by gonstructe ‘P??\Pe‘r?ﬂpéﬁ ’?%Pe?}PB iea‘n Of igzRpyocess
I nspect i on spplicativmhit ddyet aatieed byjectof eqirssehtiavaneivh topeotide a lead inppacdoet er s of

agrid agra ' : f [ .ts,

SUMARY G PR PO ATER ety Fhief ndpaftc 3Gedt IR AP R of oo oo s are
acconpl i shednypptiomte pravidoylead inspastion sifstanh whish eglighly inspects thﬂmr@nmton wher ei n,
briefly, acgardidsbPa gnd)arkmnaa&m&ﬁamzemehgbsmuu@”pahechm que is

provi ded which nmakes usSe of "machine vision in conjunction with a custom zed
opti cal systemto capture different oblique inmages of the grid array.
The captured i mages are 15 SUMYRARY OFITHE 8VENTI@N mput at i on of the
pertinenfy paraneters required for [ nspect i on anal ysi s.

Accordingly, a first aspect of the present invention is directed to an

i nspection Thspraandadditiopd! ohiscls apacrepplishedipithe varipny pspgetaofhe gresentay of

connect or s riavEition wheres, briefly, aédobding ﬁiﬁprlrﬂil}ﬁl asbéd@%ﬁtlhéﬂaﬂc@ﬂﬁ@ﬂhﬁi‘qkiélsl ncl udes

an image captur.i.n eV|c and viding a
o1 ur o by o PREEAEY afes 5 o e PEEAIER in Rt A Ao opBE i 2
wher ei n eaclsystemttd eamtllra differens obliquerimgess of thergridponylsThexaptudidfifmegesiare

per spectjisve ahB¥ed and use®for EBp At (ﬁ'il{eaﬁénlrl;ch BaRRRRE RquitBr Mlpebtiéh
plurality of i es which are captured by t ﬁage captur| ng devi ce
are mappabl é'#¥53 singl e coordi nate system By using a single

coordi nate syst emdcordingiparfasttasgect ef tht presentt invartionnsdiedcted ob ateinsgeatiors i n each

g; (the Capt Yol for ahTRARSnic pmaw@gﬁ@' a SRPLER) BG40 il RA 67 s R
second aspeciibgrate. r?aiepmﬁ%twm apmr@ﬁ% inshidessarngimage ¢apgiring device andi9a dmpgm
appar at g f gfroviding meafis R ﬁ)tv[diﬂg £plRAfilkagramagasion Ehedridfalrfly Rthéinagt cQ;QﬁHl‘%Ct ors

ted bst at
devi ce: Z”bed&?ﬂ”s%wﬁﬁ%?'efa%ﬁaheaeluﬁaﬁp Fiinder tnigaoiss o 2 g EPrab PTG A Do
posi tioned oo ties grivkarrayi dertbérmorms eb&mﬁtlmzblumatltyrof froaged whizh tarengptardd bysthe
obl i que imal %rﬁ%@e@cé e abpatit ld;%'lﬁ?$1€@§{ﬁdlﬂ£te E)Ifl?errg rB}dlé%Far z@%{rll%@ the

I mage capturlng | TSt devi ce
directs a fiSo8¥k “i‘%@'étem‘totcﬁ’élpgf‘ the r&’rafléﬁ/l%ﬁ“’f‘ﬁ%?/ s9ldghballs in each Bf the P@mre‘i he
first inege ienpépthrapstiangodrdingted aridphysiedl ppRtieterscof ehdti¥older bdllemgyed array. A
second refle% fdu deV| ce directs a second i mage of the grld array to the
beam spl i tter second i mage correspondi ng econd persg)gct ive
view of the grid &m@yd aspeetofthe present invgntipa isedinecte tsmnumpct@n appegatil

perspective éﬂc@é@tmﬁ&%a&l&%ﬂﬁaﬁﬁ%ﬁ bid &%ﬂﬁ‘@oﬁ&c%bﬁrﬁcﬁi dnEsubstrate. THer St and
second obl i que mag fromthe beam s ‘?ﬁﬁtter The [I rst .and second captured

i mges are PP@’@E“IS OMBTSA AP BN38s CAPUIRRASY ISR PamRiters3pd ablepst SVITASE used by
t he appa¥at usflecting devices, positioned on either side of the beam splitter for directing a first oblique 2-

L0, comput e tiifags Bt 4 bofPONIALORGR o PRARAF B P RAQVBI AT bvEaRroR0! der

specnﬁcally, a ﬁrst reﬂ%ctmg device directs a first image of the grid array to the beam
splitter, the first image corresponding to a first perspective view of the grid array. A
second reflecting device directs a second image of the grid array to the beam splitter, the
35  second image corresponding to a second perspective view of the grid array which is
different from that of the first perspective view. The image capturing device captures the
first and second oblique image from the beam splitter. The first and second captured
images are directly mappable to a single coordinate system, and are used by the apparatus



A third aspect of the present invention is directed to an inspection
apparatus for an el ectroni c package having a grid array of connectors
mounted on a substrate. The 5 apparatus conprises a plurality of inage
capt uring devtompyte thespatial caprdindtes and phquéparametersaqﬁbmhusnlgledb;a}h ip theegridh
second i rragem(‘agpturl ng device. The first inmage capturing device is
positioned to apture a flrsE oblique iymge.of the grid arra forg\a first
perspective, and 4 Hdrdaspect ofd ‘?)H‘Bsqnh’ %“t’(‘,’&g% dpscied tyRAnsRECHA FHPATANYS SRR ¢ o
capture a smndmolphquehawifagegﬁrf art‘dy&)fgomréctors mowatedayn o substrate. SBeond '
per spective whi r | I The 10
appar at ué f PP %réﬁls c%m? AJ Lgp@gar% gpgﬁte"“ﬁ ngng %Cés fn%fud{?lg asfﬁgthﬁlla‘f)’(?er st i mage
and second capmrmgdag@eatncasee@qdemgwpmmgégvmmﬂdﬁ fmstemmqapwgpg)dw@e 80 a
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nmeans adapted to.receive ea
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X, Y, Z of emethodoongriseotheafeps diproviditlg & araiynage captunno device a fifst bblique imsgrect
of the prese né BYEREL A asseéiana%%@@ i fof TR g.%iari (aRgeh iRGir&hnar r ay
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t he 25 el e&hpxﬁes thefeatdps 9Eprowiding Asloalityals Iuaagasaaﬂﬁhaghul afragtoshdmedge ds.
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i nspecting a
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val ues 080i negenlgiignpatialiadudinate values withepredetemined salsescodetemming whether thonput e

repr esent atlxxecmr%a%kaoe%e BEERIC u)’acu%mgetfan@a@&h connector of the
grid array; and conparing t nput ecIl Wgordl nate_ val ues with
- 3- ésmtrpé&lwss%@nwua%tsaﬂﬁ?t tog-eetheet fof REPSHBE A oni ¢

package meet Srrﬁgccmiteam R:ad conne®@iith@mtedronngsubstarecdrad slectronic package. TheBy
ust ng Lhe * eGMluE Bt % FLESE0 NSO e LEALMMDREL 0 Bl fighe O ©

packages may be IACreasl
reliabil B8y of thejged Bfra}’ arrdqucwndcnbhg@ftmlgq géthe Etid ares: mppmg thedintangseeandn

system of thgnfe8 LNk, YR66RdaR s ys®ma iy XOY coordinate values of image points within
the first and second images to compute representative spatial coordinates (X, Y, Z) of each
connector of the grid array; and comparing the computed spatial coordinate values with
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be constructed into a conpact inspection nodule for in-process
applications, and requires | ess space than that of conventional

i nspection systens. Additionally, the inspection . systemof the present
i nvent i on i Predetepined naldesstp detemmive wbethmhﬁ aleptronig padkage meats/acceptable

convent i onalydfdsuir Q%Héllagl systems Addi ti onal obj ect s,
features and a vanta es of éﬂq I’IOUS asBects 3f t.he pres

i nvention will bd&oHinRp schHaueq (Sli‘ﬁHrFFémf YenbigR-Aepdduspestionq Blﬁc%‘?m‘?ts
preferred packageﬁﬁﬂyl beperfarmetdvithbutdesirig pakts,aeredydbitrelasing thaetiability of the

% % PJElIi n ([:)tE iéo 1 t@%%g@%%@e the inspSh RN\t of t&g‘ ETsent inventign is able to

di agramil | mqoastmgedome agappat ispection moduleiferdporacessrepplicationsa pyshieaeites of

the present lleé%‘é Adel tRah thAQdf conventlonal mEﬂe@tmr?sy%iéﬁx‘é’sAﬁdﬁbﬁﬁ?l' i the %F&%Sﬁat I C

di agram of the %ﬁactlon l[%g?ara {yﬁstralngt e
princi pal s byS Rﬁm i0% PfESCAEYSTeR £ Sglg}alF,l%ﬂCS&l(ﬁnﬁﬂ%-}gisé?gSt By i d array are
measur ed. conventional leadih$gectnisystems.chermati ¢ of a two-di nensi on coordi nate
frame f il lustr

coor di na Oes of th,g&dxﬁ&ﬁﬁ Q@ects featur@%ﬂn@%ﬁpﬁ'lt e?é’f tﬂ@{reﬁ'{%ug gs%eapafl:é?hres?t

canera 40 ofmeFGOHZ‘/l“beCOme aPPafentffqm@e Qi%%@ﬁ/@esgwtlaepﬁréqpre@m red |mages of

one type of dnbddigérts] whidhedescripfionshtald betaken in corphrietiah Witk tRfaceothpmpil | ead

connectors 4 r0 and centered | aser reference point 420. FIG 5
shows an actU&al lE’i]‘otured I mage of an alternate type of ball grid array
package. 30 FIG 6 shows a schematic diagramillustrating an
al ternatg enbodi nent of the i nspection apparatus of the present
i nventi on.
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EMBODI MENT
FIG. 1 is a schematic diagram illustrating one embodiment of the inspection
apparatus of the present invention.
20 FIG. 2 shows a simplified schematic diagram of the inspection apparatus of FIG.

1, illustrating the principals by which the pertinent spatial coordinates of the grid array are
measured.
FIG. 3 is a schematic of a two-dimension coordinate frame for illustrating the
principals by which the spatial coordinates of the grid array are derived from images
25  captured by camera 40 of FIG. 2.
FIG. 4 shows an actual captured images of one type of ball grid array, showing the
plurality of external lead connectors 410 and centered laser reference point 420.
" FIG. 5 shows an actual captured image of an alternate type of ball grid array
package.
30 FIG. 6 shows a schematic diagrém illustrating an alternate embodiment of the
inspection apparatus of the present invention.



FIG 1 illustrates a schematic di agram of one enbodi nent of the | ead

I nspection 5 system 100 of the present invention. As illustrated in FIG
1, a ball grid array package 15 sits in an orifice which is supported
by thin steel stoppers 5 The bottom of the BGA oackaoe contalns a
plurality of sol derREEAILEDIJAESCREAIONQOF THERREFERS MBQIAIME

grid array. The BGA package 15 is oriented in the I|ve bug p05|t|on The

BGA K | | ted.b d |jght whi ch

mount ed | pmedi at 15 bBIsiP RS Demstedtanst sa: cmeotinedta! it fechentiy o °

advant ages of systemnfOaf therpyesind ingenttios.0 As dustrated in FIG. |11 ilbaﬂ grid sraypackaged Sar r ay
h d f d
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5 of the dr aghﬁd‘@‘fay Tie BG A packBgAN i Briented in thd e Bhg p’o@ihoﬁX'@H@BGA pakipesol der

center poi nt 1 RAERRE! By EngkdtBt S, Phif Capiatidimms i el e
sol der bH} | . package 15Thaghowndn FlG.al . rQOmepsiyantagehof usingracinged light seuysede i on and

measur enment ﬁlﬁﬂﬁrﬁ%e’sth@én& Bga Fgﬁ?&fat Qat to the reﬂeaﬁfe%tr@éisthé’;ol&@%ﬂllssﬁ|tl‘i’eeéncpa' | is
facilitated. devi ces

I t
30 and 32 ar ¥ Helrdistased P@T‘&Iﬁ (Qé“l?% OFeaCh soldgy é’GBr”i‘ ﬁ‘eﬁﬂaﬁiﬁ‘ ¥ hat the
first refl ectdemgﬂezﬂeus shewa( forsexahipte, iroFj@sodiaded 5 af diefdrawings. Phus, apshosipent i ve '

vi ew of the gf%ﬁxb%qc &ﬁ&e‘?%&l‘l Bfh tgees\ékﬁgqnﬁls d@&@g@ﬁnm fm3pn 1 n the

dr awi ngs, evi ces i‘hspection system
for pr ovﬂ%ll n@F"tef Thls&ﬁﬂ@rﬂ?&ttéﬂd@@{@ﬁ’& 1Ft9’eef\¢|P@W§“(§Pft@?PQﬁ1@mr°£ thesolsieppalih
differ from mfssm@cf a flﬁkfddQIght Sredeitie G@pection and Fdasitémeh? prdcBsstof ehegiHysigdalnent

showin FIG _1 v d 32 are inclined mrrors.
However, ot hgﬁra?’%tf’ﬁsé’gfﬁchgj&&%@? llé%?aﬁﬁ&)t "so be used in the inspection system
of 25 the pr esenRefermingroacio HGc b, two reflesting dewigss 80 apd B2 awe, positionadrelative to

reflective d Mo}
ot he emodlﬁxﬁgﬁtﬁﬁgﬁmkﬂthatthf t%réf'?éﬂ@@uﬁ ddvitese 13%944 ﬁgog%&&gfrefég@ 410 is.

| mage
reflected® Perspegliveyicy gf thSG“@&"SléﬁﬁF ﬁﬂeﬁ"ﬂaeqlev 323@&@%‘4& not §li‘é’erb‘Iné]E% 50
i ncl udes a parawirgs) othdretfleeting devices may bs linidlwdee usmc‘lirik@éctioﬂag:&ﬁn fanyprevitingr be

reflected fr @Pééare%ae%%pe&?%%xgrls &eﬁﬁl amk 446 Gh Cfﬁ(&xf?err fxﬁ)%qsﬁxﬁx% of, réﬁ%pHgﬁeJi&g body

of beam spl i capt evi ce t he

rin
| eft obl i que39 prcy®2. | ladhe Qfgbqwmﬂéﬁh% in EIG. gf reéleqting dsyicenio %bmci/t‘@r

L o a][l i mage mxrrors Hamawrl &Herd@ﬂ’écﬁﬁg é&lceIh@ay ARAR \ﬁé’d)inltﬁé Gpedayh §)85te4190ﬂmy
e, or

t
dovi cer AR oI BESSERITBI0n Siehesn eSS, RHHE PF Shes tacetive Svipm ARt o,
in digital fbnown tathosglskilledbin theerti mage of the grid array 410 is reflected
by 35 ~mrror 321rttﬂe Pﬂﬁéﬁnﬁlgbt'&fﬁé pgl%fggﬁ’hctlhgtmoer &Xhééé}i&%‘rdy%lb?; 11699&5&1

frommrror 32t hr ou beam splitter
and onto the Yﬁ”ﬁ@@@éﬁf’%ﬂm Plél"d’ém c%ealmsphttef plate 50 includes ypastiallydgHedtiven syst em
of the preserirficavethhl iffagesahiiéleer be feflghted £6@lthe Suefacd $EBeam splitte S0RF pasd 0,

whi ch cappur J f i m sphl i Lt | des
these i rré%esﬁ?°ﬂ BRI o b e S0 s [P AEEBEAMAR s ) Tayerfidy Y
ri ght obl i quéeft oblique image leaving mirror 30 is reflected by the beam splitter 50 to an image . 5.

i mages of gr bé’bt@{r{g&lévééﬁo aI‘Hré inagd wpamngxaee@m ﬁ‘laﬂfge fbxtex'a§1 {eDa Q@Dl&iﬁr@t ood,
however, that S.CO

f f t,
T eve ot or i aberay Rl AR CAR RS VRIS B%Ptﬁ&ﬁ@}ed 3¢ AR 0 ovi ded
t 0 processor b&in splitteamaligital formTHeright gbliquedthagaafabe gid aray 410 i€ neﬂmtahb)h i mage
capt ured Ts?y GREE B 1§ Bedrt s%lﬁ[% 50. OTRé l‘?@bgﬁf\&?&g’xsg&% fetd?f P mlifor®215 BBy S
I gl

buffer of a cor‘rPuter VI S| I mage processing. As
expl ai ned i nSplitter 50 passes through the beam splitter and onto the image capturing device 40.

The inspection system of the present invention includes a high resolution CCD
camera 40, which captures images of the grid array from beam splitter 50, and provides
these images to processor unit 80. In the embodiment of FIG. 1, left and right oblique
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greater detail below, the left and right oblique imges provided by mrrors
30 and 32 are al i gned by desi gn to superinpose on a beamsplitter
plate 50 for imge capture by the CCD canera 40. A single,

super i nposedmpgea @ god arrayed k0ase eantirgd by oaragts 401 Itisie hgruméeratpp ﬁloﬁfﬁyﬂ that pe
captured by om?:?uﬂ%@@s E&P@f)&mﬁ@rtom ?bx@ﬂecﬁ%’vﬂaﬁg aﬂ%i tansanae
However, it is geer able to éé) ure e%% { &,h%raljt% %ﬁ que
i mges separcé?tgﬁeg by cap a40§\p%{qv]:qe 40 prpgessor ysis: THadig PO

order to endhineeathdmagemagmreidiytcameraxn0 iosent td pred:sﬁﬁ&Oaaﬂrﬂoad in a memovo

el ectric I [ t

As shown m%ﬁf (n%éog{ &Qvgmfg%l aé’rgo %aotrl:.t(alfg’/&\ggl gégéb&ggg giaéﬁam%d aneously
provi de greafes lptail bp é’IsShed‘Fff ﬁ“@rféﬂ’ﬁm %ﬁ@éﬁeﬁp@v\ﬂf’ém TEFOs30 298 Pd akr ray
410 to beamaﬁ@ﬁédtﬂyeﬁcs@h?dﬁ 51(i)mpd:s!& 0315 bearﬁrsﬁlﬁftfer f)life Sdﬁrﬁ@eﬁﬁjm’é%y% CC(DD

t di vi dua I f
cbctront o IPEHE 1hf HEFE sgeemaaosa«? BRRS e Shuib i e R O
bl ock tierveptureglily tha€GP cinesdohprionagieg afid parangtimoaputajiont pramst Bxcept

fl_ﬁ L . a |S ﬁﬂ()te ﬁ gﬁgf rrl‘i) U%QS c#ﬂr@ Badhf the plglxraﬂ)tfy QY bﬁﬁﬂe fRaged ?edaﬁ?&%e aﬁﬂﬁtsﬂﬁﬁlﬂﬂs ﬂEV | ce.

shown in S
are used to d;@raémgmgﬂemée ogder Weqnate ﬁéu?‘ igpge captuferm/ crr\sf xeésﬁhﬁ?@%age
20  of the whielecaiolipht SmtbecParistdtare intdolleced @ gowrpintfiGi hg devi ce 40.

General |y speaking, ¢ in Ff@VYeXﬁuralRQ b r%h@gt Je(?l@{'lgeg écg? sxﬂh%ﬂe%ﬁsl&%ﬁow%e ,

preferably used for—each
provi ded to mmcﬁlwésg@ffe@ptmnrsmqn@éwwf the grxd array 410 to b@@mﬂ?bﬁm e fip.dn 1,

eaC[\ gloe%h r OdHh&r fl)r}( tﬁ@tCﬁ{B#ﬁe%MﬁQ caﬁareuﬁd&mﬂ%a&w fﬁoﬂ'l tﬁe 6&4M §;5)iulaesoﬁ :

uni I C ntrol s e eac utter
ovi co. To B S5l udhSnencod B e BT n S oS Bb antherigal 5P ke gr i d
array, for ethalighteaths bfeack imagslof ttoppdurality of 1mmge<cpptcfm1 adetbctey imagerwlniclBB, t he
control l'er b%dZ?toCtRé‘i‘Iﬁz%f E@‘d Jli% ‘/?{] G@ué Gn B8 almeﬂp&own in FI(?hPtt\R/@r 62

to be cl ose SI mu aneouﬁ rane ﬁ@a wg ranme
capt uring light shufters® %rﬁﬁﬁdéo ec“l"?n‘>’t°h%°5§5 f ot th%kft&&bﬂ'eﬁwget he
ri ght obgo quﬁftwmeaﬁdyaabapaysmto the 1ma032:éptﬁ:h% deoitk nol Gefierslpndpegtings shutter

62 to be open and shu t.1 neous at the
Jht ol | el AR Eonit bt BRECTRUIY pecR PR PSRl 8w P2 L0E
t he beam spl ¢tliqus lrme&fmbmspmwmceﬂiebyagﬁmaﬂmvlqen al ternate enbodi nents

wher e nor e Ab%wtn"iﬁ FI@' 1, 85 élé@tgﬁi% lféh?shﬁft&\ﬁodéﬁjxstcenﬂéaéd't@EG@ntroller
capturing devi.c

ect C may be
e ox e TN SRl BothihsShweenes o oG QR S e To Ty ™0
| mage. T:Bfe cthatamd:rhdo taccaptune & seléttadaynagool te gtaadz&rayhﬁar exeenpis, itieriefs blidue

plurality of; rr?é@e gldgﬂ%ﬁ by %h&?ﬂ@ tl’ié’co%?r&?ér%n 86%{;&1}%?&1 Rﬁ“t?et%f) t@?eoéﬂ;éhadddt y_ of

| mages to be or® capturing.
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| ocation of @rfbysdatict£40. VI/hTtH'élsBmEhl&nh&sﬂﬁ@ﬁptﬁﬁhg&ﬂ@hgﬂbﬁﬁ)@:eqfna&ehﬂorﬂrrﬁﬁﬁﬂt

|t of posed b3 fiseaprp e Sprtgpie Shuletop 8 BB an T fEE B0lgbeZba O 10 Y P°

el ectronde | sigiitanshusly gr thehersghtiebliquetimagofthe trid awayreflects from mirror 32
- 6- througtie &Em%ghﬁé?go RRAM APttty cambra 40! I BtriEROEhBIAméMigwh&ach

shutter device b osi SO as to,effectivel, k its
cor r espondi nGOBHMIHHE qtb \éeem@gestq{gpﬁmdedéqghayna}gp ca@gﬁlﬁ/ge Vice 4, alg)luramy of

Addi ti onal | yeledttonicslightgimtte® mhayttegirovides, pithiohe mnttafcoaaqimnéﬂngm each dssecieed be

z;(p:)?uﬁ ggt blyt Clgﬁ]gé irﬂé% The corltfEF élﬁt{lﬁ7w p cb&gntr)lgtg %J @%?3&% kﬁxpﬁlﬁy gfot o be
el ectronBe | lighishuierxto enablesg selasirdipne eﬁmméalmmf images o b@/@roaldgfbﬁsém eAESRd
right and | ef athéWélHﬂné fore t@rfmg rA&i‘ixﬁ’Jrfaﬁy AthSughHRVEH6Rn in kite dréwings, the

preferable t be ca separ at el

wherei n the Eﬁ?ydlcgglpcatlon O%F j&“tifé étlhg‘ftlﬁ% e%f?fhﬁ'éte #Pldt(’g Hese ts’%c"%’/ ign

conput e 't he pmybe nedifiedpEor edamptey eldetromieshudter 69 may be interposed between mirror 30
and beam splitter 50. Similarly, electronic light shutter 62 may be interposed between
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and Z of each solder ball of the grid array. 10 In the optical
system setup of the present invention, there exists a unique optical

ref erence plane running parallel through the beamsplitter 50 to intersect
per pendi cul aniryor BR@nd beam sphisteeS O 1t ishmp &Gt that éasly ehul®r dexiredi ppsitipredispiadned

at a fixed dj F FﬁlyaéWXutforr %m&alﬁ‘é‘ c&‘?%gbndm% oblﬁlﬁé intlz{o@ bf @B Yril tm'i‘ra)I M"&esxred
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the beam spl Addidenatly, if is ippesfant et &g ﬁ@?‘ﬁl?ﬁ)%fseéﬁl %Ft?r(fﬁé"’? Pratyicl thair}f dgesmgt hg
the optical ihferfereSyist @8lother Ink@es whichatd toibe apaed by cantdra e present

|nvent|o The o te aI| e tsd N the
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coor di nat e
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‘nthe orid SHgpan @tsgwa|aFSOFlggesen¢§@F%@e“%rao?a%f§/q@és st R AR DL o
poi nt tie bede splitter 5@ to dewthasupbursposed obliqvi smages.c Thio faring thegfpticéie BGA

package) 40 §g&§{ ¢ tﬁ@ﬁfs élion ﬁpparatﬁéj&'rtﬁjé PrRici fHERIH TR ﬁezu syitemshinmbed

point. By wa usttatiq ? %‘{3 | asér reference
poi nt 420, WPR@Ht4fOFﬂﬁﬁ%t"ég‘etcﬁ’éte’é‘éfrfh%?aSBB fpflevigeeOrHaa URIgHS PRUKRL
Figure 1 ill tﬁéréx@deqﬁanlemﬂﬁs ascrepdnding idagd th thewdne of e pasn $plistaeplateG0foro] ect

a |aser 30 %El VOCQVH%’ pﬁ'lrlé fO%LIS ngt SQS/C?%E%C?JF&&CQ ﬁOI ﬁ%r E)(ﬁ& %gﬁhelgﬁe | aser

assenbly uni f:a ode devi ce, for
exanpl e, or ctememwealaﬂaticms perforaneddy tbwnmcvmﬁyétem of the pERseRfiRveanP® f or

pr oj ecting aThehsiPloRel bl@ﬁ@funﬁﬂg&h@@orﬁhgesfereaee mﬁttfu&ﬂo&fastah@fe&a&eplaﬁe fghg t
C I n ude (6]
tar get a focﬁég%%aggéﬁcht meas“regﬁ’B{ ’ﬂ%s%tfaz%‘?fé'@atﬁ%ﬁ?ﬁﬁ %r%lfgp i%‘ife ? ortion

of the base bill (tpematingtha dppbts graiidta ged pafions ofleech soldenbally irsttic geﬂen‘eﬁnce
point may be %ﬁﬁ&sﬁ@dﬁ?ﬁeﬁ%@eﬁ%ﬁ%ﬂ&sﬁ&ﬁ%kal coordi nates X Y, and Z of

that point usin resent invention. Thus, frsfk’
| aser assenbly  Inadditpn t?H@Sﬁfféﬁl F‘é‘?fd’@é‘ﬁrfeﬁaﬁ%i?@%“%?f thegistalead P@G‘OB%? € of

the package B&}heb@rﬁﬁiwgﬂd%ﬁ a small laser target spdﬂma@gaeffdswsddﬁmm spleetedfpoirhe .
present inven E jnates nat e
Gr i d array. por e oahaE AR Lo SRR ko8 el o st spal ¢

det er mi ned. coordinate measurement of the selected point. By way of illustration, FIG 4 1llustrat¢s

The cal cul at gfeMRldigRe Bbint D), %rdhllﬂ@rﬁ;naﬂegE&reeﬁtefﬁorﬁ&.rof&ﬁees@naﬁwam

coordinates of th r rra onpect.o aser referen oint are
t hen converted to%é%% Fﬂf tthéhl@fqﬁaf H'EB'n‘brEt {?s ﬁﬁg is positigngd g prq) 11%85 ors
obt ai ned 3By, spatronexmntingf ticrasebithe B Avpidkage Abelassrassemblyane 10mayrinende
calibrated unigg fgéusﬁg‘?é\sklaélhé’e A 7de I ngﬁgﬂglb Ry Btnef ﬁg?g‘f lﬁser devx whiflh Golde 2

illustrates in deta spatl a d’|na tes rra;siaélgo may
be cal cul at edesditably fat Proissting 2 (ap2essd lasee spat @p 2 dpsispd pertigh pf 'g\aéasrcﬁﬁ

captured by Qﬁdﬂ& g8, PHe self-focusing lzisbﬁdﬁd’eﬁd‘f@érﬂbl?fm Elifeluded t@tal'gbf & fd&bédddasﬁr i mge

and a right qbl e use e s
coor di nates 8P'& gﬁ%g(?{l%?gpso '@r?n{%aé’y g@f@%’l?%ﬁﬁe gase %‘% e sermcor@ﬁ t° %dr%a %o FIG
2, poi nt $554 TheHjuninaied & férence ipeind may ba useddp caowate thetspaial m.ordm%@ ceetd of

t he grid ar r%‘ttha@ &nﬂ%ﬁr&itﬁe é@hxﬁ gl Sfhé &E&ﬁ?r%ntidﬁ() T'h{ﬁigy QShyY 1488 a3éctbpov e
and bel ow t he _h egr| array Hlane re ectdvely It is to
be noted th atlOf p patial coordinates of any desxred pomto the package ybe etermined.

Using the technique of the present invention, the spatial coordinates X,Y,Z of any
illuminated grid array point and the center of a small targeted laser spot may be determined.
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pur poses of sinplification, the explanation provided below w th reference
to FIG 2 illustrates only a portion of a grid array which is

actual I'y inspect ed. As illustrated in FIGS. 4 and 5, the

i |1 um nat i ofThetaltiieteg waldesaafrtlwpduwent pegarhéters for 118 spatiad poardingies efteegredsarmyal |
dark spots %Bnﬁc@%rﬂnﬁtlﬂer ﬁ@er&g%ﬁﬁn@ﬁﬁ R daﬁilé?ﬂzé todbsolate lél’%ﬁx r@@dm%s usng whi Ch

are | ocated 1 nsi g cir ? P0| nts 52 and
are i FEGEHiRNJackesT eblaingd byifar ‘P‘r"}E’lPlfd%‘HT‘? W“ﬁ Réthneagyrements masy ?%Erﬂ?rat | on :
purposes. Wt@!’br@dc&ﬁh"tmlspecnallydes:@h@iﬁahbdauiri ers 60 and 62 are open, an |mage

poi nt 65 ; fzgr ?X ng ﬁlu%t%tge g dgtall O\ ubs s%gﬁal coordi {l?tgsl, 6fttf1§%n%g%%l§%

light ra onds to connec
grid array. beicglenlaledysing atleasy meofeibe plurabissf oftobligue; 1magqs@a@pqeg by carpgra 4B»as s | ng

through the yp, the exaﬁ'l I?:CJf'FT@' % a'lé@“lxq%@%ig%ranﬁg ngﬁtrtﬂ)htﬁe infikt aetuesi gy mrror
erlnposed i mage poi nt
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65 is for rrecfag?]ﬁafq tb?\fpaf%l;”?@mﬂmloéﬁ°'5\e?t§fsr?§tﬂéesgrfq'a6ﬁ§ connect or poi nt
55. Light ray 26 Refaviaso FIG?, painsed] 55, gdiSotin bifs,diqgass rapeeseitrtinagh

el ectronjc | eam
bl 1t et coffibciteB 8 brf e At biinfs 3 oG 57 feplieiliogd Baghory Bt aBROT |
paral | el vi randdeloy thebeight Qflﬁhetgfajrﬁ@b!tbésedﬂ%% reSPeCU"ecl)heIt ﬁé&g? B¢5ed thekfor and
co?neclt or F%daﬁosés%f sTrhplsﬁdanbﬁ t)=) e;?lﬁﬂtﬁbrplﬁbglﬂw with réfb@nwtlbtme 2t

optical refe ica st e esent invention, as
dESCI’I bed ab‘g\'ﬁg ales on@lamc@ ‘i}ee%faﬁ"@&“ﬂ\/% 24 ﬁcrnmglﬂ’tlsé’ﬁ?tg al i gned so t hat

poi nt 55 at the oA idlustratedind@GS et andi 3, kthegHumlingtion of the gridharraydyeingdight 65 in
the centgy gsf ufé%@O%Ws%m‘éil%WHkgofsroﬁ% (ﬂﬁapé?ﬁ?bﬁﬁhk bt 1nt§94 53Q@nd 56

Next, consi der. connect or ol nt atlve
hei ght as  Which B@ll?ﬁat@ﬂn?‘ﬁe Eprigh tf‘m‘#‘%‘"w @ﬂurﬁia?oéﬂ‘ls %@’Séi%a?? gg@ 19Yht ray
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f t 54
oo e add: TR Stk th A0 ISATORR, dollo Bt €, Riterampte, s Rfbd B Inf oo 0
62, and is rsplittecnlatd SBYy dightray 2 2Imazepemﬁrﬁéﬁorreﬁwés [PIoRRECES patnt $hintheam

spl I tterzdﬁ? rhcnar}éye Lff»tht ra;smmmw oﬁpsmﬁm@gnmfa@t a‘éﬁnglmso@mw at ed
[ mage points

b0,
e DO T < A ol B Th B oy R P OB e
super i npos edseabnqummﬁdsedmagwobeéﬁmsﬁghntd by lightt ety 265@hich nagnate&@rombj ect
point 57 al sg, nlﬂt@xﬁ oint 55! a?’fﬂt?év@ﬂ fidﬁ%n@&éﬂ]{oﬁxt% & @rougRer | nposed

at point 66 an eam sp | at e gnin s le XY
coor di nat e ssieteomiclight H@tch%?géHCbB.r?ﬂegteé#ytmfgob%?a%t Mﬁ%ﬁphtt%r e

- 8- diagramed GG OF, polne 5§ brd pdint6f 1iafin alphialitleimahples: whipletranspcts bdzhon

t he beam spl el &l | r |

mappabl e to {l-xﬁ&e%{gg gﬁé%ﬁ&%@ c%%r it 5§ eﬁ"ﬂ% frﬁ] %gl%ﬁ%%}é Sf;’%n& tgthq’ Jn the

assi gned X, Yopiselmfercice plan¢ ofthe gpthah%/st@m ¢fdbpspr¢s¢a@@vqmpmtas d@ﬁprlhe&habor'?\rag e,

the repm@gieahbaa@ ﬁﬁ%&gt@fh xscarghéh mhawﬁ; Y5 & td ﬁmaglem&twmcprm@esz
54, 55, 56, and ?Wé"? rrF as Ll lustrat ec%?for £x Sgp in fig.
3. an 1ma@ﬁ8°’8¥/6 %‘éeﬁ‘é‘? STm?‘ﬁé(‘etwé ﬁ?“&%%“ mSRRNS PRs ent

i nventi oB0i s t hat Nextecansidei gmnetorqoint 54, wiiith isfesaied spthe sanmrerfipabeaghias 100 as
shown, for e &Hp5§1’tr)1 P16, & ﬁc)jmg-54 Ris! aﬂ%so@ﬁ?é?l lght &992 which PREsAHRuENRERE Of

t he grld arré toaS|n b%\ sste beam
splitter pl ap@anghis fﬁfﬂ?"‘?ﬁ ¥ AT to f %‘é‘é?‘f‘ ’(S‘Faaf'ﬁ%‘“ ‘?’Q’iféml “é%%? ured by
the i mage 1OS1m1mm puiht By Hhe vh addifioriradsecianed figlit rayeds, pilhaih@a{ses tramghisheter | y

meppabl e to ggﬁﬂ cgow,gg;%%ﬁzt? AR po ssqupggea‘%mﬁgwlb

greater deta nlque |nvent|0n
to conpuB® t bmner BPRNSS EAnReactoy eoinp 38 hﬁlassmtatem Imageepdints 64rand256@£ bearresplidisci at ed

connect or  popRteSsETSimli& itbkifdry dWject point 52 has two image points which are both
superimposed at point 64 on the beam splitter plate 50. Imaginary object point 57 also has
two associated image points which are superimposed at point 66 on the beam splitter plate
50. By assigning a single X,Y coordinate system to the image points on the beam splitter,
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The technique of providing a plurality of different oblique imges of the
grid array 15 whi ch are each nmappable to a comon, single coordinate
systemis a uni que and novel feature of the present invention.

Moreover, t Qscﬂ @ff‘cﬂélplqkhﬁqpéf oBEquRdmages!sepsimposed 6 thé Bédn[lsphtter and captutedby
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of the © "t e i frlR Bperls A BUERGER S bRutRE B RS o
a uni que andisingvied askiga¢d XA coordinatevalhésrof tieevaioes ithagé pointsdf exehimess dhe
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ri mary
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FIG 1is tha«ith‘mhﬁe fieldl bf Radlinspegtion systems. TaBllatguechmiqgdsacapplished phimadbmer as
400 and r espec r i i L RGh&
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addi ti onal system. conversion circuit 404, which converts the inmage points
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t
: ur rt her convé?w%r‘gs‘%ﬁﬁat%‘f‘??gﬁﬁ?tfsc%(ﬁﬁ ar?fly gf ‘?ﬁrﬁiﬁg’r rlyl%sﬁgvgﬁCﬁmglé%ﬁwL?rg e
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have beej COMa?{aBﬁdJrn@JsEingnE't&ﬂh e fo‘?v&f’fgfngst RODP1ah it} ofh rlﬁil%n@@ﬂ'ﬁf“ nat e

system %e spat| al “coor at es rity pa the gri
array may t h&hersin q;came&)ys(ﬁlﬁﬁdéa anpgggg,gblpngyz@eede& to prec1sefy ocusl%wéglé fd
use of at | egflsoldePbdlRide gaipatiy. rrmecbemamay ofthelbalhgrid aredyuniyotherobe a

conversion ci rtgg%xbﬁégomlt}?ecfroeasaégavﬂ% tecgglq Ff'u&ié]glo?gﬂegs?{wa qhé{ 1r9%ge§ be

i nspect i on afp onalc power is
required by theegridowmasietamputs the gg»tha]tqgordmates(ggql]mqna@@mqlug$ Oﬁth%CQfmeFtQGén

| Mges 1 80COkHESRRIORAY Rds rAR@GHEI é&@oﬁﬁ&r&@%ﬂi&lé&eQn%hﬂgb ﬂle]rﬁasswe
coordi nate. system _|In addition d cost

a
such conput afMghgfof time an ﬁ%‘ﬁ%"rtan%‘ﬁ W(‘?BFFSHF%E{%PS%W% %Lléﬂregﬁogé%f‘%a? Al e
anmount of ti fi@ntimage ppinatvehich Were @bydirectly mappajieith a(saugtelcgaondmteeﬁastﬁmg t he

amount of time negded tond E‘?%ﬁge g@%{? TP 8 B@Q\ﬁ\ entib} }ﬁ rdsent inventiof| SO

undesi rabl e. ustrates e re |ve OSi % g
i mage poi nt s vawreina leashiyvodmagpcapfising gevicesAdhand#0% %%Pseért‘b?’ T’?‘Pi}‘ HH8bded
into a tgg- digBRa\& 1ﬁﬁgés ds,the\/%rrdwfaglomatﬂ package. 15506 f the primatyhdifferengs of FI G
3 i's captur e%e fween t IAi'ne emq)orcplment of lgfdg 6an the%%dfn{e%{rgf FIbh? 15%H5tttl§e lgft ahlf ?ight
obligue images captured by cameras 400 and 402, respectively are not directly mappable to
a single coordinate system. Therefore, the embodiment of FIG. 6 requires an additional

conversion circuit 404, which converts the image points of each corresponding oblique
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coordinates may be in, for exanple, pixel units. However, it is to be
under st ood that other units of measurenent may be used, as well as
anal og i mage frane data, so long as the i mage points within each
captured i MBgRsORYa MtrikSfdy bOvesRr ﬁﬁéyawlchhﬁhéxemsmh@érteuasﬁgmmnaaeal

coordi nat e | ues and copl anarit araneters of, the connector he rid
arrayI 15. Vel ; m&ge?‘:h ‘glla %/tgg’gﬂagaecﬁ asingle coafd&apaﬁysm%éﬂef rame gnl:l
in order to ciiigae imdgeghae baﬂmsvnmr;ed mathematically e coresapanddora single sogrdjsiasee |

| mage. pr ocesl rragiéilf?'t gﬂ%cé@ainagsﬁm @gﬁ'%r ty Baramctcrs of the gﬁdxﬂﬁy K tAde Y=0 of

the digital me I's represent di agram The
coor di nat®s @ﬁmpwmbbypr@mﬁ@‘@ 65, 66 are X(64) Y(64), X(65). Y(65) and 25

Xé 66) Y(66), resmas%%eltue usEhﬁanewt eaeiniagt bmumgic@htceganczmemmdmm of the
obj ect points

Fl
>y menai on. SUNPRIoRAREL B inpgespS e Bhst Gk s ol AE AP RS
66 in FI G 3Masedvet, agraabdeatiofimomputational power is requ1red(by)thmnggsxopgirm1t ®5 has

| eft associ atGflel PRGSO G ma Eﬁo%o&ésgmdlﬁﬁ%ageﬁmﬁ& b R@Bpable to as1n°le
poi nt 65. The dual assomatél

ose, ol nt
beam 30 10  coordinatg systgm.cln ‘ﬂfi‘é&% tcS e b"ﬂﬁé‘nﬁi E%F adéP 3’&%"@6&? m%%’PB?% at es
X(55), y(55) pewet, silchBpmepiitations require an extendediamburfi’sf dme to complete, thereby

55) = X(65 .
)Z(E 5 5; _ {2{( G%nlilcwlggﬁri:}syg theya(r%%nt of thhemPedéd thrggéct E%?l BC%A gacka e, “I,’IhtIChSIE]- has
| eft associ atdundrsiiablpoi nt 64, and a right associated image

poi n% gg The remeRE@tmmraﬁe@a{elrallanmsmon%ﬁmagé Peéints 6465 ind@6lor {e4) of
poi n

- 10- 15  beam splitter arbxtrarlly embeddgg(lgtg)a tgoﬁr@gﬂswnal X, Y coordinate frame. S1nc)e/ (54)
Y(64), 5 the image of KIS Bds dapmrdddh thedssmof adigital imegpdranes theaitoéf the ght

associ ated i W&DY%%%&? (B?Zr? ?&J Ye?E'm;)l\é’eplxel unit&l HoWéeflit is to be uﬁlderstood that other

z(54) = {Y(6 It IS possible
to cal cul at e Upio \Iﬁ‘?aé‘éfe@sz'(@’ABe used: ﬁ@“’?% és Mém&%g%f‘%‘?aﬁ% §o long asfhe- i que
of the preselhagepoiits withinbehaaptareddmbgeahayt beaiseboealcalhe thd mpgenmdvasmtitle. g.

| ef t 20! W%Q&Qpngieq}alugs aﬂ%%gfah%& ph%?t%rspo? 'tﬂ?:tcggl@cto% fn tﬁ@ﬁ?%ﬂa&)l%o a

si ngl e, Conmon ect point
56 has |eft Alweyemitétprefemgdtogise mdlwel image| frame pagh in erderde pht@@dusmg%curacy

poi nt 64. The, frRRARASREhA 308-phidihale prReésiigtAdiRsds MayBE emp(dyd. and z(56) of
poi nt 56 The X=0 and Y=0 of the digital image frame is represented by point 0 in the
diagram. The coordinates of image points 64, 65, 66 are X(64) Y(64), X(65) Y(65) and
25  X(66) Y(66), respebtively. The representative height or Z coordinate of the object points
52,54, 55,56, 57 in FIG. 2 may be derived from the 2-Dimension coordinates of their
assoc1ated image points 64, 65 and 66 in FIG. 3 as illustrated below:
" (1) Object point 55 has left associated image point 65, and a right associated image
point 65. The dual associated images superimpose at the same point 65 on beam
30 splitter plate 50. The representative spatial coordinates x(55), y(55) and z(55) of
point 55 are:

x(55) = X(65),
y(55) = Y(65),
35 2(55) = [ Y(65) + Y(65)}/2 = Y(65).

(2) Object point 54 has left associated image point 64, and a right associated image
point 66. The representative spatial coordinates x(54), y(54) and z(54) of point 54
are:

-10-



are: x(56) - X(66), 20 y(54) =
Y(66), z(56) = {Y(66) + Y(64))}/2 = Y(65).
(4) bject point 52 has | eft associated i mage point 64, an a right

associ at ed i mage poi nt 64. The representative spati al

coordi nates x(52), y(55RrXSEE2) of point 52 25 ar e:

X(52) = X(64), y(54) = Y(64), y(52) = Y(64),

z(52) = {Y(64) + Y(64)}/2 = Y(64). 30 (5) nject point 57 has

|l eft associated image point 66, right associated inage point .
66. The r&present asing thedgfaadsadiatedimage irstesd of (igtjassopiar)imagriasACRYengPn ¥ nt

57 are: arrive at: x(57) = X(66), 35 y(57) =
Y(66), z(57) = {Y(66) + Y(66)}/2 = Y(66).

FIG 3 and FIG 2 together illustrate how the techni que present invention
can be used to cal5)k=a6anEYEEE € (6. copl anarity val ues and
spatial coordi nates of connectors of a grid array, particularly
a ball grid array or other class of surface nmount devices called SMT

devi ces. Phe conpulaseithatit iseossiisle fo qalonlaig the valne of 2(&4)\usingdhe abpke eHmpRAfiope

converted  techinffu® of#he PhedbiR invRAGST bacRRd iehdhSoflthe £96diféEiiage F&Yhtfs te.g. left
measur enent s .nade an ralngr. al

al i brat.ed units or .speci [ aned
cal i brators. ‘B@agepont F’ﬁﬁb‘mé? poIgt @8%%@3&8 6?)?3%2\“1 ctoy‘m‘%l“rg’efﬁceol%@ﬁ?at%at a
of all the cogstestors is first determ ned. The conputed Z spati al
coordinate is used to determ ne ball height for coplanarity, and the
conputed X and Y coordinates are used to determ pne the deyviation . from
the true ¥r speci fL@bisgigoint 56 haylett pssociated ymegspoins £6 and 3 LigbEasseciateqdmege 1 or
exanpl e, the poira %4 - TRarfepsgertaed spatidbroqrtimaes WH6Y, ly(36) asd £(656) cfjpairit 46
points (X, Y, Z) representing 10 hei ghts of the ball connectors is
conput ed. A paral 1%Y shift of the LMS surface is nade until it is
tangential to the highest ball connector. This is the reference plane for
copl anarity - neasyiserkeyhe difference in hei ght between the
reference, plane and the %Bd_ig,l%jal bal | will be the coplanarity
nmeasur ed ¥ral ue of each 1= ¥@Mector. Once a tolerance is set, for
exanple 4 m| or 4/100C(36)ch{Y@6ns0i(6d)2pl ¥0a).ity val ues for each ball
connector nust be 15 less than the 4 m| tolerance. It is to be noted that

ot her nethods or techniques commonly . know to one skilled . in_ ,the art
for deternining tH&) ObiseieimtoRay leftapsopiated imagrpainhp4pan a right assgrigfed iradgenner e
desi rabl e. point 64. The representative spatial coordinates x(52), y(52) and z(52) of point 52

25 are:

x(52) = X(64),
y(52) = Y(64),
z(52) = {Y(64) + Y(64)}/2 = Y(64).
30
(5) Object point 57 has left associated image point 66, right associated image point
66. The representative spatial coordinates x(57), y(57) and z(57) of point 57 are:

x(57) = X(66),
35 y(57) = Y(66),
z(57) = {Y(66) + Y(66)}/2 = Y(66).

FIG. 3 and FIG. 2 together illustrate how the technique present invention can be
used to calculate and measure the coplanarity values and spatial coordinates of connectors

-11-



FI GURE 4 shows an actual captured inage of one type of BGA package 450,
showi ng the plurality of external |ead connectors 410 and centered | aser
reference point 20 420, FIG 4 _shows one package nodel with epoxy
encapsul at i o agridiaray qericularly srhajl grid gfray or othericlass ofsyirfage mauiit deviess palled s |
'plateau’ hi SNMETdetided) The Esraputel Vdues ob R fy[zair€reldtiveRhlas, Whech may be ddatdrted
connectors a.rg) rlentte%:lﬂ thlee é.he bheci ﬁ-hltatiOfthi %asluge! atngsau' I S foe&tl@;att an

hei ght s of t'fi %’5‘?]‘ B TR e et O €’ BE BN PEESuErals em%dgrﬂ? be" Rl Face
nmount ed and units despediaiydesignedichliratdrsei rcui t board. One use of the

| aser spog, ther efQffer té éetérﬁqi&%?raﬁm?twﬁeimldqiatofaﬁ tHet®nndetord Bkt and 25

MRy SLUECNICY S SR s YL AR VI
portion. coplanarity, andAlie cdmaitdd X Bhd)Y cdordiraees arrusedfo@efriine thealegiatich ar r ay
410 are nou t - 3 f the glectronic ckage
410 ot TN SUBB AR o9y STl RLECHEBNDEIEN 25,
rai sed cent eleagsoreapsauased GBSk planeavhich fita sherspaiédl poiatsd &, FohtepZEsenting| uni nat es

30  a cemt efeighis éf tAObAT cdnhibetsy RdohphRdS A fatdle] dHife o LMY siefaed dini@kes and
coplanarity value of th

e . .rai.sed center_substrate portion may be
Gorermned Wb IisPRgIgal thdedtghea bl frammenie T s the retetenfplagedAr FPEREY at
| aser ref er emeasud@nhithe defecambe inl leightbawear e refererwe plane adubthe indéddual el
techni que of whhf'e tHE gﬁﬂﬂﬁriwgd%ﬂea r\"alue],- Eﬁ:aﬁﬁbﬁ%dﬁuﬁg?{ %n%& hY&le ﬁéegp et,?f)r the
poi it may then 0 [

| aser reference . [ e converte an absolute height and
conpar ed aga$¥iEPle heilpsAYRP0 Brch dgeasurad coplenagiby valies forgach ballecognactpr USERE  The
hei ght of5 ealks thad ¢ied nidlidlermies!lt isab béndtedihatistherethods or teBlif@ies Eornanlyt he

hei gh f th . ' | . f ' ' h i
neL O of e B S0 e SR B B
an external employedewhare desirableconponent .

- 12- FIGURE 4 sHéWsan 2081 E4paitd fiagelor Bxkhetygé‘éieEGgﬁ:?ég%‘%e (1);]90,; Fllogal ) t1)

is to enabl e spatial coqQrdipate measur epent _and c

i 11 uni nated ¥ ‘F?etgf’ Bﬁ“éaﬁlw @F"d‘l‘q% lqag ch@&ﬁ‘é@{‘%f’e@m‘?l er IfRfEneg ROt ar 1 ay .
W t hout 0 ov42l). FiG a4 shessione phokngammedqh eiithtepasy afcapwalation B the cehteriportivnwfd be
extrenely diff 'd&%ki, gy ?&hx%?a@}d%ﬂ (')élf&@ fif ﬂ@thﬁ{ su&#&ﬁn&iﬁ?&db@! a8 YR S Al
portion using the gechni que tzhe éres.ep | NVentT on due pri rrarlefy to
the lack of B#Hlconpecier atraeunted: df thebeight of this plateaucis gragter thap hieighis of the ball

TheL efore, ]E &ne@6rs Other the dbvisE€¢andetbeGrfade rEfintedAGd 618ervd bito b PAnted circuit
tec nique o

sel ect 8d.poi hrOppie or e B B R i Sadgl of beaSFaend o
and cal c@$ at mdke sure thet itisdowerthirethe bakkbieightat FIGh& shows anbtisepackiggeiroaiehwhierbe
repl aced by g@lf8k H@Eﬂ)o%?ieH:%@ﬁlat?&HgQﬁéceﬂQ? bgdnt 0 project an illumnnated 10

spot or a plurality of "jlldmnated spots_ontq . the substrate portion to

det ermi ne the hei §heROvHn Fig. 4, theqoaneainrs ks gHA Agpt H] we moyntsf on 258 teons .
Al t hough sevairfice p13dfahe electemivgshickage ¥S0.0Within the pétithétéd oF the taUgribaaay of
described in af ail. [ el . r n the acc '

draw ngs, i tp?cg a%eo45‘éé§ %ﬁ%see rggéf' @%‘&oﬁéﬁhoftsﬁl;e&{ag (Aela_%e(rgl\rleef%rte?cg i ol?r{;{??lé(;iﬂup'?nﬁt *ed to
these pré@i saceniesaartioact se suburatesofhat thespatish gopsdisataendeoplanarisyivalieefithons
nmay be ef f ecif@dichneRubstRle stforSihy bdbtdriddde TRE felative Reight deRaubitRg from
E:Ihgi NE. ¢ Bgr%or? {ocgtgcli zratl lgse(r)Ieférg?ce |49_8 ?n% lb(e) Qalglﬁatgc? gclcgl%gingl tg t};[eha%ox?ep cfzz(sacg}ﬂ:%&l

technique of the present invention. The calculated relative height of the laser reference
point may then be converted to an absolute height and compared against the height of each

35  solder ball and the grid array. The height of each solder ball must, at a minimum, be
greater than the height of the substrate portion located at reference point 420, otherwise
faulty connections may result when the electronic package is connected to an external
electronic component.
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- 13- VWHAT IS CLAI MED | S: 1. An i nspection apparatus for
an el ectroni c package having a grid array of connectors nounted on a
substrate, said connectors bei n%gused for external |ead connection of the
el ectroni ¢ packageussumiedungtionofthedascrdqyidediOfBIC. 1) is to enablespatisd gerrdimdteur i ng
devi ce; | mgﬂed@ﬁ:@ﬁieﬁﬂ 4 cBﬁ@EﬁsoﬁQﬁ a poiavilldiniiited bﬁ'ﬁ‘ﬁl@éet feYatiQé td @Bﬁnd@for bhe

or roapondi rie B89 Ao { FnaH RO BRI EITERPER. S erf’#ér ool o7
sai d pl ural i éxyremtlyi diffiigals td detérinire theheight ohihp atitel substeatspartibreusingaheli nat e
;?’25?5} 0 gS tgﬂ]smqu% of the é)I&gnt%RPe?lﬂgﬁ Hr nﬁma@ilﬁo@eﬁa&%ﬁk ﬂlu?:ﬁﬁzﬁied rg&?;t&laneous y
di recting t opaigtion theveupstratepTherelors, ﬁ@\nseef @alaaerpﬂewam qopiuaetianifietie and
technique of the present invention allows the spatial coordinates of any selected point on the
base of the electronic package to be measured and calculated. It is also to be noted that the-
laser device may be replaced by alternative light sources adapted to project an illurninated
10  spot or a plurality of illuminated spots onto the substrate portion to determine the heights of
the corresponding projected spot positions.
Although several preferred embodiments of this invention have been described in
detail herein with reference to the accompanying drawings, it is to be understood that the
invention is not limited to these precise embodiments, and at various changes and
15 modifications may be effected therein by one skilled in the art without departing from the
scope of spirit of the invention as defined in the appended claims.
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shutter neans for providing a selected one of said plurality of inages to
sai d i mage capturing device at a given tine. 3. The appar at us

of claim2 wherein said i nage directing neans includes a beamsplitter
havi ng a parﬂWﬁ.’e surface, said beamsplitter being interposed
along a light path of said one selected i nage between said shutter neans

and said i nage capturi devi.ce. 4. .  The ar at u of ¢} ai m of
3 wherein said i ﬁa d‘{]‘?@él?ei"ﬂ@)“ Wgﬁysfﬂr@ﬁ&cmrﬂgﬂﬁlﬂlp&e}@e’gﬁ AEEg T
refl ective d’ﬁﬂhﬂﬁﬁs mmhuedlong sabstiatessaid ehhentdrs beinglesed far wtmhzrhl@aécond

reflective d hec?le\g}f:'& gg@tr“ dBac'k? I &?& “*ﬁé’gfaﬂg\ébﬁﬁ?gﬁ ects a different

perspective e bea itter. 5.
The apparatus of aemmam@pnmédeva,sa| d plurality of inmages includes a

first image gahi Efdmm@g xfnhirﬁtforl ﬁr@ﬂ&m@@tpmralﬁﬁdﬁﬁlas&(‘&m riama dedaidhi ng a
second |i ght,

t
per specti ve \‘7{) G\F?ﬂmrz% Vﬁﬁ %C%?@{%‘W&fﬂ‘y °§§P%e§%(g‘3‘ O“? é%a glgéfe&tfl rst
| i ght path beirspgetivef vise bbshidbgridaray, trehof said plutabity af mages furthienbejeg capt ur i ng

devi ce, sai dm%%faﬁﬂﬂo'a'sﬂﬂe d%@?d*ha?@s%ﬂe&g t hrough said beamsplitter to said

i mge capturl The apparatus of claimb5 wherein
said beamsplitter includes a |ongi tud| nal axis and a |atitudinal axis
whi ch together detjne 'Bhepip@ﬂﬁtus anclainh tvheminsaiddmagd providiag theamsdaciddes:

reflective devices_ ar o I 7.
The apparatus of I(Wageﬁ{r%c mﬁﬁ%r el nrglgtlg g%fe&&s‘fa&%an tfosg'axrqp% c%@@n% sai d
i mage capturdwg:edeldlmalasOﬁlmﬁgFStan@aptured i mge, and wherein said second

i mage is captur edsyiveSalahs fEBROEViGARh WIEAEH SHR\OF S84 BltirafitySsTGRARgEs ¢aRdidlr ed
i mage, and wherein said first and Second captured i mages are each mappabl e

to a single WWCG%?W%VE’C%@&HWB? describing relative positions of each

connector within each captured inage. 8. The appar at us of

claims whereln S8l 0 | Tl lppkARAS biinfy WAL iAUE diBAR Alans fithadt 4 ¢

array, and said second’ | ue 1 said grid array.
9. The apprifasRliseiaviIEH wertiellypetiestiye suEfats, ?aé% heamy T EipE SUEDPIE L de

mrrors or palofgslight path of said o&®selectellifiagestwedh ysid Shutel mednsdnibaid hagesai d
shutter neans ingclu a plurality of light shutters, each

of said shut PR eﬁ‘ﬁeadapt ed to receive a light path representing a
respective imge fromsaid plurality of inmges, each

4. The apparatus of claim of 3 wherein said image directing means further
comprises at least two reflective devices including a first reflective device and a second
reflective device, wherein each reflective device directs a different perspective view of
said grid array to said beam splitter.

5. The apparatus of claim 3, wherein said plurality of images includes a
first image defining a first light path, and a second image defining a second light path,
said first image corresponding to a different perspective view of said grid array than
said second image, said first light path being reflected by said beam splitter to said
image capturing device, said second light path passing through said beam splitter to
said image capturing device.

6. The apparatus of claim S wherein said beam splitter includes a
longitudinal axis and a latitudinal axis which together define a plane, and wherein said
first and second reflective devices are located on opposite sides of said plane.
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of said shutters having an open state for passing the light path of said
respective inage on to said i mage capturing device, and a closed state for
preventing the light path of said respective inmage from being passed on to
sai d i mage capt urTheppperaiug ef claimyS, wherein said first image s eaptwreddiv sard image ui ¢

connect ed t Ocadafrihg Abvie@hsch Frotdapfiedl ifn@%e, QRPUHERR dallG b imBse 9taptaed shutter
such that, V\@fle A selected shutter o dsald &L\uralltg %1:9 S Utc{ﬁrf I S open,
the ot her sht {2l Enage capivripgeyics s # §Po8Rd CaRtirTLinass,4nd hgewnsal @@6@

provi di ng a scogl eaptusajenagés ssaeath phappablle toya sirigle Kyijesordinats aystem frage
capturing deyi . ' -1 ratus of claim 10
wherei n eac h&'ég? slgé Eﬁ%ﬁh)ggﬁlcﬁd? 'qufaacg r‘%ﬁ't“}e?a‘P gwgt&&;gc%{@&r?&éﬁ?&g@.l I ght shutter.
12. The apparatus of claim 1 further including cal culating neans adapted

to {eC_ei Vedeach 0?. sai Iihdoclppax?iu:.;wcltﬁﬁnt SWB&]?E sﬁiﬂfﬂrbtfil[h_d%m a?éfiébliqﬁ@ggage
capturing device, for using at, | east. two of. urali .captured | mages
to cal cul at eoésﬁéﬁ$réd’ araago?rglisagtsgc Has® 15 r@ﬁ&%’l%ﬁﬁg@%@?sﬁﬁ gﬁﬁé“@?i d array,
wherein said plurality of captured images includes a first captured i mage

-and a second capt yr ed {HEABaraAYLr IR £} Re R HicGRHEHV UGS TRARS ifighudes

assigning neans for assigning to sard first and second captured I mges a
si ngl e coor dPhBf¥ESyst em for describing relative positions of points within
each captured i mge. 13. The apparatus of claim 12 wherein

said at |east twoymaogs, LaGLides Belitd lrohld GHFRLIBYGR! Bk, 07T d array
and a right obliqué inmage*ol said grid array. .

-15- 14. a plurhigy efdizht shutters ofack phsaid shptiep beiag adaptaddocal cul at i ng
means furt hefecéﬁhﬁ%%ﬁtt;ﬁﬁl_ rep8schiifd 4 AkpeeQOd 38 o Afd PudlityloRimARsl e t 1 on of
each connect Ofﬁo the qgri.d array. . d%75.1. Th}? gspaﬁ)cgr;%tﬁus of claim 12
further inclf %‘FI;ShéE“?fégé‘fm%W St foressing e light path e NP Nt on a
portion of santh sithistagatapturitigeiceice, anda dlosad statt fdripnayentbegrtbe light pathtdfier
adapted to utj:ki | 0 | cF- YN eNIR Lak. .cqor di nat es of
said substr a%éela if)%ﬁqtc?g%Hné{g@fﬂ%m?%l%ggeatoﬁ(gsaglﬁoal"aj[% %éuo ce:vgll?’rfﬁ %5 .wherein
said | aser conprises a2Setplleritguis copgested Kyeagh ofgaid shutters for coordipating The
appar at us of cedtal 6F daeh khtitleh&iich ithine,| witdlenG e l2o@Y it oMM Hurtlty of Slgekd i8g sai d

calculated s BSén', ﬁ'le o(ft(l)e? rsﬁdt@?stoq’ in%lp?u%glitWo% ghu?t(aresda?et C 5s@dﬂﬁgreg)§ Ilnr%ex ir;[goa

single image of said plurality of images to said image capturing device at a given time.

11.  The apparatus of claim 10 wherein each of said plurality of shutters is an
electronic light shutter.

12.  The apparatus of claim 1 further including calculating means adapted to
receive each of said plurality of images captured by said image capturing device for
using at least two of a plurality of captured images to calculate spatial coordinate values
of each connector of the grid array, wherein said plurality of captured images includes a
first captured image and a second captured image, and wherein said calculating means
includes assigning means for assigning to said first and second captured images a
single coordinate system for describing relative positions of points within each captured
image.

13.  The apparatus of claim 12 wherein said at least two images include a left
oblique image of said grid array and a right oblique image of said grid array.
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determ ne whether the el ectroni c package neets acceptabl e manufacturing
st andards, and wherei n said conparing neans includes neans for
conparing the spatial coordinate values of said substrate portion to the
spatial coordi nat Bt.val Theappdratesicficlaiin 12avierein sk cdlanfing mednd fartheme whet her

hysi cal _par AR AL aR Ao BRINE OF LAl N LP-RTEERLARL &t REAg=t o s a5

det er m ned by coordinates of e substrate por

18. The app@d¥at us of claim 17 wherein said illum nated reference point is
| ocated at a center portion of the el ectronic package. 19. The
apparatus of claim1 further inc Lidi n,ill @'.natfégn devi CS‘ for

i |1 uninating sai diYyri o aPRayatus of claim I2fgrther ingluding 3 laser forproyiding 4 m 19

wher ei n sai dilluhlinatddraference phintione pootiynrdf said sebstratagweltbréin gdid caoulatine,

21. The app . | : ' L L i+ '

s v PRBER e Bl VR i ORI g8 o

el ectronic pHkSHPErHapPPiigna grid array of connectors nounted on a
substrate, said connectors being used for external |ead connection of the

el ectroni ¢ packag sal,d appar at conpri si.ng;. an i e capturing
devi ce; a%eaﬁgep"}pg??é? Oﬁ‘g%"h ‘é{h?fﬁlpgflglkfsﬁr FOHPISR R %&qg‘msflg%e and
havi ng a | onlgserddédeal and a | atitudi nal axis which together define a plane;
-16- at least two inage reflecting devices, including a first

reflecting device_ and second reflecting device, said first and second
refl ecting devi ceﬁbei ﬁ@?“}PBEré'tuéBF@ﬁ‘“bbspfS%P?ré“@i‘%‘é%c‘lﬂPaélﬁg meprsdhe, said
first refl ectomppritgsaid ealcilatedspatigl caodlinaetvalubd withipretietorgtinsdivaies b gri d array
to said i mag i V] A i j i i i mge
correspondi nget‘tg%ﬁ;é%iﬂ%rq%eérléségg%% ??/% eﬂg%&%%@cengilﬂcljé égxlﬂuéaczﬁngéané%?% second
refl ecting d&f ce directing a second oblique i mage of said grid array to

said i magg, cap: Urivﬁékeﬁ%&iﬁ‘é@m}ﬁr%gﬁf@dﬂs ﬂﬁﬁlﬁhs%ﬂ#:dn'fs T&gon@ﬁ‘g@ tﬁ@ggﬁﬂgﬁ_ Hrage t

correspondl n secon r eclive, view oI sal ri rra eren

From chat of Saciftaf FREE 41 e RBRAG @ogiob s tsneal srouhar vt st Lo on

i mages are negipedrinecton tadesérmipeswivatier ghysiabpasasdtanof each connecto2fall withithe

appar at us of , ?t'alme égraff‘feﬁfs?ds ReBrrih€d tﬁé&é&ﬁ?ﬂ‘ odfdlirfhtels 'of HE shibGRER portidn®f | ect ed
Itter an J Yy al (f

by said beam sp i'S recelve I mage capturing device as a
first captured i mage, and wherein a light path of said second i nage passes .
through sai d beam$pl i Theeapparanls bSclaiaCEl whdleih ¥aié fluthihdiBDe ettt pointig devi ce

as a second %@é}%ﬁn%dcﬁh%ppéﬁqi%@%h%\ggg& im?:é:?agliage.fi rst and second captured

i mges are dir sing ¢o8rdi nate system

19.  The apparatus of claim 1 further including an illumination device for
illuminating said grid array.

" 20. The apparatus of claim 19 wherein said illumination device comprises a
ringed light source.

21.  The apparatus of claim 1 wherein said image capturing device comprises
a CCD camera. '

22.  Aninspection apparatus for an electronic package having a grid array of
connectors mounted on a substrate, said connectors being used for external lead
connection of the electronic package, said apparatus comprising:

an image capturing device;

a beam splitter having a partially reflective surface and having a longitudinal and

T
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a latitudinal axis which together define a plane;
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24. The apparatus of claim 22 further conpri sing: a plurality of

| ight shutters including a first |ight shutter and a second |ight shutter,

said first light shutter being interposed al ong an optical path of said

first image ablehsveednindgedefipcting devicey, indlading a firso esflectiy device and ssetehdsecond

l'i ght shutt LSk P | f nd i mage
Fndh el SPARPAILANR BechRl iEkesRY 10¥%ic Bh SpRgE0

bet ween sai ray  an eam s ontr ol
circuit conﬁ@é% e%sat@lmw@ﬁrsgeﬁﬂacqugiwxcg directinga fireghoblquaimegaeisaid v

coordinatin r1ﬁQﬂ’aj7 fU saff 1@@@&&1}1@@%& Uﬁfkaidfb%hm skﬂh'te!r%a@ faglimedecd shutter of
utters i s nan- s ers of said

sai d pIurallt % E 5 (]S
plurality 01‘:% FRCREPE 103 HISEPHRS thﬁ‘H%‘?’@B%‘%SB F‘a?ynéalgsﬁ@g FEEY%%age to said
i mage capt urdevige dieactiog a a¢coad gbliceua imagesof said grid array taXaid imagtheapamipgr at us of

clai m 22 whegp gé‘vﬁ%hﬂ (?feérfﬁghttd?asgﬁ deSo rﬁx}n%frﬁt cé}@sb&%o tB@?@‘coH& a&gieﬁu&f ! d
array, and sal %

26.  The apjfay af said grd %rraaldaﬂfezanmﬁ ahotiamd ﬁ!qsmqrsnemwvwéhm ffn said

i nter posed lfrétwaeBedohe irflidesl aRmippatsioth 4 Sifgle ebordinhie\sgstelavi ce. . 217.
The apparatus of claim 24 wherein the first light shutter is interposed
between the first reflective device and the beamsplitter.

-17- 23. 28.The appreatupplenlaim @ wherein ailighomtivefeaidifistdmpge isef | ecti ve

devi ces i nClrb'ﬁ@:td@i‘UyrsQfd%e% sﬁﬁtte?ﬁﬁd is recelved by séid imag 7 gtuﬂﬁ’ @éﬁée%a?ﬁ'std ai m 24
wher ei n each of sai Dl ural 1t rs’is anee

tronic shutter.
30. The aﬁﬁﬁﬁ“‘a"lddglagét apd ¥; Fﬁe WPFF&P F?‘ieF?FGPﬁﬁn%gélpéﬁF%ﬁ‘F%’éf‘ gﬁé‘éns adapt ed
to receive dmain sp]itterandhspbcci\&li by gaidimagengpmriag pévicecdd aycondicabturndhige
capturing deyvig [ f I mages
to cal cul at g}ﬁa %taﬁcgﬁhg%glp‘; ihat Jeaﬁgg%ct?éggo@ ngérﬁé%g%lﬁeéé%‘gg mmg'&gﬁ d array.
31. The apfptlegaesdipate sysiamn 30 further including a | aser for providi ng an
i 1lum nated reference point on a portion of sal d substrate, wherein said

cal cul ating neans, 4 s fyrther sai d ref erence point to
cal cul ate spati aIsZA‘COor ﬁB?aégm%? PP 3 ulther cof Cofmprising
a plurality of light shutters including a first light shutter and a second light

shutter, said first light shutter being interposed along an optical path of said first image
between said grid array and said beam splitter, said second light shutter being
interposed along an optical path of said second image between said grid array and said
beam splitter; and

a control circuit connected to each of said light shutters for simultaneously
coordinating control of each shutter such that, while a selected shutter of said plurality
of shutters is open, the non-selected shutters of said plurality of shutters are closed,
thereby providing a desired image to said image capturing device at a given time.

25.  The apparatus of claim 22 wherein said first image is a left oblique
image of said grid array, and said second image is a right oblique image of said grid

array.

- 26.  The apparatus of claim 24 wherein the first light shutter is interposed
between the grid array and the reflective device.

27.  The apparatus of claim 24 wherein the first light shutter is interposed
between the first reflective device and the beam splitter.

S L \



sai d substrate portion. 32. The apparatus of claim31 further
I ncl udi ng conparing nmeans for conparing said cal cul ated spatial coordinate
val ues with predeterm ned values to determnmne whether the electronic
package neets ac@8pt afhe apparaisnsiclaim g whereinizaidiefleciivg devices includgher ei n sai d
conpari ng NegRdrs dtgridAgS means for conparing the spatial coordinate val ues
of said substrate portion to the spatial coordinate values of each of said
connectors to determ ne whet her physical paraneters of each connectorfall
wi t hi n accept abl &9par ditretppasatassofcddimrdi wietkib yachvf sa plurity efchutthriiatans of

t he substra 1 b0, 33. The apparatus of claim 32 wherein
said illum tﬁgetcggfqlégg@rsgﬁ%% point is located at a center portion of the
el ectroni ¢ package. 34. An i nspection apparatus for an

el ectroni c package. hawhedpgaratid 6f ciih2? f@fthef HNRAGEVaRURBM ¥neshs dhpted to

substrate, said cor}ln(gfct@rz bgi n?_. used f?r ﬁ? terpal lead co nect%on of the
el ectroni ¢ PACKEFAN YR BAYBAY SF HReSE HARFY S ﬁ)bs_ax image captifingeg¥Iss 1% y of i mage
capt uri ng desingatleast o afk plgralityf of captuiedimages &ptalnuiatgyspatial coerdinatd valusecond

i mage capt urgragehd¥h&tor of tedridianay. | Mage capturing device positioned to
capture a first imge of said grid array froma first perspective, said
second i mage capturing device positioned to capture a second i nage of said
grid array from auseccmhéapperrapsa@ﬁdlamalrpifﬁﬁmemucﬁﬁgomg@m d’nﬁdihgge_rSpective;
converting I vert | et | nd.sal. econd | nage to
respective irmrr%g%%{e\gﬁfgﬁ%gcaerﬂéﬂetgg ﬁ%ﬁé‘%ﬂé’ér"%}’? %brgg-ag,i v?llbﬁr%n &8 ?%‘fuﬁag’tné system
and means is further adapted to utilize said reference point to caldigate spatial coordinates of

cal cul ati ng saRaABstAEAPIrash.t O receive each converted image from said
converting nmeans for ‘using at least two of a plurality of captured inmages
to cal cul ate spatial coordinate val ues of each connector of the grid array.
35. The appar atd@s ofThelapparat@loffalaitnt8d rfurtherlinodiiding empaseg means f@r ovi di ng an
i1l um nated : ' 4 ' : rein said
cal oul ati ng SRR Bftulke Ao PR AR e O p RS TAET T, ST

cal cul ate spiicrainedsigr e elesiresic packepednessy csentablsnenufasturing standards, 36, The
appar at us ofand@l ai m 35 further including conparing means for conparing said
cal cul ated spati dinate val ues_ .t redeterm ned val ues .to determ ne
Shether the orecotstaR 4 BB SRR el B DhERE kR LIRS e (60 85, ondar do.
and oppulinatevatues @f saidrpibsirate portiam to the spatidlewordimtesvaluss ofemipaf i ng t he

spati al said connectors to determine whether physical parameters of each connector fall within

acceptable parameters as determined by the spatial coordinates of the substrate portion.

33.  The apparatus of claim 32 wherein said illuminated reference point is
located at a center portion of the electronic package. '

34.  Aninspection apparatus for an electronic package having a grid array of
connectors mounted on a substrate, said connectors being used for external lead
connection of the electronic package, said apparatus comprising:

a plurality of image capturing devices, including a first image capturing device
and a second image capturing device, said first image capturing device positioned to
capture a first image of said grid array from a first perspective, said second image
capturing device positioned to capture a second image of said grid array from a second
perspective different from said first perspective;
converting means for converting said first image and said second image to respective
images which are each mappable to a single coordinate system; and

-18-

* c L M S *



coordi nate values of said substrate portion to the spatial coordinate

val ues of each of said connectors to determ ne whet her physical paraneters
of each connector fall within acceptable paraneters as determ ned by the
spati al coor di natcakulating inearsadsjitedtoaeqeieteachnconverted image fvth said ddneertippar at us

f claim 34 ' ' ' ' ' CCD
canra. - GRS ol of R b B ARG o el a0 Gl T 2 B
connect ors rReardinaie vHues of ardxdonprestasof e gadareY.oni ¢ package, the system

i ncludi ng an i mage ‘capturing device, a nmethod for conputing spati al

coordi nate val ue f ch _connect qr. 1 d. met hod coppri.si ng.. .. (a)
providing to theS‘Pﬁage fﬁ?ﬂ?ﬁ“ﬁa%‘ga‘m %@ﬁgh‘?’ilp‘g?&%ﬁ‘ (gorilﬁ&agmg@t he grid
array, said iflimgatedreigeencapdiotdinagpagtidn of seidshistrale; whereih saidagleulgtiignt s
correspondi Ngedn@; @&h&ltauaﬁéd ltoxﬁtm&ex ﬁﬁierafe?érfeé ﬁom&owm&e hﬁtigfréog)ﬁinates of (D)

assigning to sal I rst I'mage an X coordf nate syste escri bing

rel ative posidYR&trase PASOR | nage points: (c) providing to the

i mage capturing device a second oblique inmage of the grid array, said
second i mage i nclydin | ur ald fo ] e points _corresponding to
the plurality of %gginnglél?oai)gg%@gf ﬁ‘é‘g‘é‘ﬁ éd’g‘1 épfr?ral?/(fh?asalgg %J)rgpeasg%ﬂje%rbslf?rque I mage
bei ng di f f ereomparing prid ealeplatpq spatiaisoprginate; valuge with predetermiged) values tossi gni ng t o

sai d second defgfineSdhctheKthe €14ca0Hid phdkage MY¥&s &kptable manufadi@iing stanifidflg sai d X
Y coordi nate values of said first and second i'mage points to conpute

repr esent atﬁPg spatial coordinates X, Y, Z of each connector of the grid
array. wherein said comparing means includes means for comparing the spatial 39.

The met hod ofoofdiRddhaBes gﬁiﬂ'sﬁbsg‘g{e%gﬁdoﬁ% tHe@Pzgﬁhéo%ng At@\f/&luégl&le&H%ff i mage of
said grid array, and said second 1rmage is_a right o ?lque I mage of said
grid array. Saidconnectoryp determyine Whathes @hysicat paspmeters of mbr:@mctgaﬁ%H Wit di ng
step (a) i ncdcugirsblélparembiersgs datefnihed By tht BRIl dodrdinagRof ihalshbstaefpofednl ve beam
splitter, and wherein said providing step (c) includes directing said
second image to said beamsplitter. 41. The net hod of claim40
further including7. The appgraiusgf elaifi 34 whereinlatleast aup itage capturivgdevieet sai d

first inmage fmemlide depPampld tter; and using a second reflecting
device to direct said second image to the beamsplitter. 42.

The nethod of claim4l further including using said inmage capturing device
to capture said f38.st Iarakbystemdodinspeatiesarn arcayof enteiniidedd cophdctdremounted

on a substrate of an electronic package, the system including an image capturing device,
a method for computing spatial coordinate values of each connector, said method
comprising: '

(a) providing to the image capturing device a first oblique image of the grid
array, said first image including a first plurality of image points corresponding to the
plurality of connectors of the grid array;

(b) assigning to said first image an X, Y coordinate system for describing
relative positions of said image points;

(©) providing to the image capturing device a second oblique image of the
grid array, said second image including a second plurality of image points
corresponding to the plurality of connectors of the grid array, said second oblique
image being different than said first oblique image;

(d)  assigning to said second image said X, Y coordinate system;

(e) using said X, Y coordinate values of said first and second image points
to compute representative spatial coordinates X, Y, Z of each connector of the grid
array.

ST



43. The nethod of claim42 further including: using at | east one
| i ght shutter device to selectively provide to said inmage capturing device
a single selected i mge; and capturing said single selected i mage
during a specific tine interval using said i mage capturing device.

44, The net hod 3¢ clThiemett®dioficlaime B8 whereindriddirst image is a left oblique inwigag a

first 11 ght oFGuligi ofigyo siif s8R mdbelid HfikhiRBldhethuadirdaligiblaguRoe whi l e

said i mage captufing device IS capturing sal con | mage;
using a second |ight shutter device to block a light path of sald second
i mage whil e said 4|0rragd‘ma1imhtrddfglaﬁiﬁ\zs,o»eheransai@pwvid‘tg sf?(d) intlugds i mage.

A et 0ol LR AR B0 O AR L0 BRGrERANGES O ToUN ed

on a substr an e Pon sal r|5|ng
(a) pr ovirgeviding sisp (@)dngledes dfreqtmag@ sespnd heagg ta wchbqamwphtberan i mage
capturing device, each of said plurality of images corresponding to a

di fferent perspec | ve ew of said I.d_ ary each of said plurality of
i mages further béi! rﬁ‘ﬁﬁ%%ﬁ‘@?&laﬁng{’ﬂﬁ?h@“@%?'av ‘nate system (b)
using at | east twsmgfa farstireflquking advideyto ditect sqid firseithagetughs bdam spiittayihiad e
spatial coordi natg;, vall sH&%dQ%ﬂe%ﬁﬁgd%'?@ &k 54 setcgifd il e}jto%é @ﬁ{nns%ﬂﬂer

(c) conparing sar at ed” spati a coordi na
predet erm ned val ues to determ ne whether the el ectronic package neets

a(zlgept abl e manuf &, ur iT@ redtidickTicti$m 41 ﬁ%rther including using said image capéurmg 4

- 20- of ¢ er.ei n sai'd providing
step (a) |ncqew§et° iP tur%fﬁl%grsggnr’agseg%{%ﬁmﬁesgﬁ"Hsab [ Tof I mges to a
partially reflectlve beam splitter. 47. The nmet hod of cl ai m 46

further includingaysi ﬁg,eslﬁétﬁbdd}‘%%nqgmrg{efﬁglugkﬁgl ce to capture each of the
plurality of inages fa&lci):m sai The net hod of

cl ai m 45 further YSHEAERAHGRe ﬂ"ht Sﬁ“tteba J“i?cf? F‘ﬂ?f“&el)’ aéoé{fdelﬁ‘é%’ﬁ B8 a portion
of said subsiaptatieg demcfeaacengl@smwabﬂnaghaxai reference point; using said

reference point tcgpéﬁﬁhg kﬂx@%ﬁﬂQ sélgét gfd\%/ ﬁ'llé"é%Péc?maﬁthﬂter\?al @sur;g Qgrum

per m ssi bl e hei ght eac tonnec
1mage capturmv device.

44.  The method of claim 43 further including;:
using a first light shutter device to block a light path of said first image
while said image capturing device is capturing said second image; and
using a second light shutter device to block a light path of said second
image while said image capturing device is capturing said first image.

"45. A method for inspecting an array of external lead connectors mounted
on a substrate of an electronic package, said method comprising:.

(a) providing a plurality of images of the grid array to an image capturing
device, each of said plurality of images corresponding to a different perspective view of
said grid array, each of said plurality of images further being mappable to a single
coordinate system;

(b)  using at least two of said plurality of captured images to calculate spatial
coordinate values of each connector of the grid array; and

(c) comparing said calculated spatial coordinate values with predetermined
values to determine whether the electronic package meets acceptable manufacturing
standards.

gy gy



49. The met hod of claim 48 further including: converting
pertinent paraneters of the spatial coordinate val ues of each connector to
absol ute I ength readi ngs, wherein said absolute |length readings i ncl ude a

value relating to a height of each connector; and onparing the

hei ght val ue of e#gh Mh@doftcdﬂlMdehelﬁmsemovdmgéteP@)d@ql'édem ne whet her
each connect &Fecflﬁ’é safd dch Bf ﬁlc?ﬂﬁﬁmyaé? |11%a§3:|3¥§h ﬁé’t{lall}a{eﬁgﬂ?’fv@ b&am splitter. 50.
The net hod of clalma46 further 1ncluding i ng at Ieast one |ight
shutter device to selectively provide to sai d |nage capturlng device a

sel ected inmage of4&ai driplmethdd éfyclaifhn 46rfagles inchnding using said image capturipgsai d

sel ected i ma l Qg i mage capturing
devi ce. @e%lcg% rge%ﬁeo%ﬁ qil rghtg;ﬁ £c%§ @h‘# Em%ﬁfl tgec] udi ng:

using a first light shutter device to bI ock a Ilght path of a first inmage

while said i rrgg:a 4:gra]t|tot U{]ﬂe{}getﬁ&;ébmalhmsqaﬁﬁaqﬁdm,@ second | mage and 4
usi ng a secon i shu evi ce i d secon
mgs whi e sai d THEGRESBEGEFTE CHo ARl sagethal Lt ¢ pdiishange.

52. The rrerelfmchcepomt aim51l wherein said first inage is a left oblique

i mge of said grighdy sfafélyrefe?égl eﬁ&hﬂo%ﬁﬁﬂ&% ar@i@ﬂ:ﬁcé vahi rElh@AUto%%hﬂhkﬁn' mage of

said grid array., . I nspecting an array of
ext er nal Ieaﬁemw&h%%@fm?h%nﬁﬁﬁo@fé%&ff %ﬁaé! of an el ectronic package,

sai d net hod conpri sing: -21-
(a) provi di ng an.i ma turi vi. first oblique inmage of the
grid array, -said %?rs?r?engg@oﬁ?ﬁp Pﬂﬁ’i@gugﬁ rilﬁz? lﬁﬁ urality of image points
‘correspondi ng to ednveging petineny patametsrad thaospatid coertimagrvilyesefeagh (b)

nmappi ng sai deddne&tbr foABEutd [bngﬁh réadiRf! $hoRinSaRDedidiiE length readitgdlincluddd OVi di ng

to the inage r|n econd o bl i.que image 6f the grid array,
sai d second |$rﬁ‘g'§ t‘ﬂ%&lfg}i‘ th%a(?gSﬂWeﬁtP&raHfjl ty of inmmge points -

correspondi ng t o tdmepaping tiel Height eflucafieadct@msctafto s&id raferenteaaluiayg sai d second

cor _ id referabea s
mapping sar oeerna i Sa Lonh R R Al b b n @k bRl Rl Rt (9

using X, Y coordinate values of said first and second i nage points to
conput e represent a9 veTep@bthad ofagitadgYatther ificluding: Z) of each connector of
the grid array; a{llsqng at least one light shutter device to selectively provide to said image
capturing device a selected image of said plurality of images; and
capturing said selected image during a specific time interval using said image

capturing device.

51.  The method of claim 50 further including:
) using a first light shutter device to block a light path of a first image
while said image capturing device is capturing a second image; and
using a second light shutter device to block a light path of said second

image while said image capturing device is capturing said first image.

52.  The method of claim 51 wherein said first image is a left oblique image
of said grid array, and said second image is a right oblique image of said grid array.

53. A method for inspecting an array of external lead connectors mounted
on a substrate of an electronic package, said method comprising:

21- —
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(f) conparing said conputed spatial coordinate values with predeterm ned
val ues to determ ne whet her the el ectronic package neets acceptable
manuf act uri ng st andards. 54. The net hod of clai.m 53, wherein said

provi di ng step (ah)i ngrovéing ¢b arciadaige capharing dfcvmsaﬁtsﬁalgtquéhn@emmei@idd
reflective b ' | u es
di recting sal S%@oﬁéz ﬁ{nﬁe%ﬂ’ d“% %Js‘gpe&%hg' q‘?ﬁr@%(%&ioﬂﬂs Corfelp &8% 1Bl

net hod of cIBlerﬂlyZPfFBMeﬁ@Fs er‘i’@,qgftﬂ HERYs using a first refl ectl ng

device to direct @yid thigpstg saiEaet bl éﬂexbmmua%tetsyﬁém, and using a
second reflecting ?eV|ceWh g ect sald sec
& 8819

8 gthe beanigalltter.
56, The method ©1 clHP e TR G oo Ao SRl GHS TGOkt ur | ng
device to cagﬁdjarmyssaictlsebomcbmnagnmcmecmmaﬁty@ﬂlmageqbome splitter.

S57. The rreég}gg?&,fdl | GHD photai otf B&net B! i darra n?ijo%ﬁé\?éqg a | aser
beam onto a port sai'd substrate. sur o et erence
poi nt ; 1mag9 bring g@F@‘ﬂ'@Féﬁf“@ﬁESéo tﬁ“ﬁfm{‘%":cal cul ate a reference val ue

relating to a ni nQdemmeppmgsaidﬁeeoﬂuanggétofsard)eacbo&@mﬁteeyswmof the grid

array. hod. rt clu

Convorting perti rioht P Lregpdiends Al At ol IR 8 each
connect or t oCURBW FPEs¢nsatiye hpat@h@nqr@sate Ye £hofserchicerinsasbunfdhd gidyt h

readi ngs inc ea@ val ue relating to a he| ght of each connector; and

conparing the hei ght val ue .of each con f, sai d reference val ue to
det er ni ne whet her ach°°6‘Hﬁ‘HE€fad Cqrapyt tt“ﬁf:?lmg‘eﬁtﬁﬁf‘l&ﬁ wit Wé‘?‘%‘gpned

par amet er s. values to determine whether the electronic package meets acceptable m2@ifacturing

59. The meghod @f claim55 further including: usi ng at | east one
light shutter device to selectively provide to said i nage capturing device
a selected inmage of said first and second i mages; and capturing said

sel ected i nage dus4.ng ’aheimetﬁbd bfcclitd 53, iwheRinvsald ptswaﬁo&@p@a)lumﬂ&scapt uring
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55.  The method of claim 54 further including:
using a first reflecting device to direct said first image to the beam splitter; and
using a second reflecting device to direct said second image to the beam splitter.

56.  The method of claim 55 further including using said image capturing
device to capture said first and second images from said beam splitter.

"57.  The method of claim 53 further including:
projecting a laser beam onto a portion of said substrate surface to establish a
reference point; '
using said reference point to calculate a reference value relating to a minimum
permissible height for each connector of the grid array.

58.  The method of claim 57 further including:

converting pertinent parameters of the spatial coordinate values of each
connector to absolute length readings, wherein said absolute length readings include a
value relating to a height of each connector; and

comparing the height value of each connector to said reference value to
determine whether each connector falls within acceptable physical parameters.
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using a second |ight shutter device to block a light path of said second
I mge while said inage capturing device is capturing said first inmage.
61. The nethod of claim60 wherein said first inage is a left oblique
i mage of said grid array, and said second inmage is a right oblique inage of
said grid array. s . including:
- 23. 9.  The method of claim 55 further including:
using at least one light shutter device to selectively provide to said image
capturing device a selected image of said first and second images; and
capturing said selected image during a specific time interval using said image

capturing device.

60.  The method of claim 59 further including:
using a first light shutter device to block a light path of said first image
while said image capturing device is capturing said second image; and
using a second light shutter device to block a light path of said second
image while said image capturing device is capturing said first image.

61.  The method of claim 60 wherein said first image is a left oblique image
of said grid array, and said second image is a right oblique image of said grid array.
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