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di scl osure of this patent docunment contains material whi &8 Januaahped4 to 15
copyright protection. The copyright owner has no objection to the facsimle
reproduction by anyone of the patent disclosure, as it appears in the
Patent and Trademark O fice patent fi Iles or records, but otherw se reserves
all copyright rights_whatsqever. Fl ELD O THE #NV%\II;'I This i nvention
relates to a for thr S HAANE 6%%W§p§8§|ﬁ$ aP LY S , a nethod and
appar; 25 di mensional i AYPREETION 6F BLEGRRONIFCr CQMPOMEHNTSol der bunps on wafer
cali bration nethod. net hod and apparatus and, nore ~tus for three balls on

ball grid and die, and 5@%?_ ADDENELGY30 Prior art three
di mensi onal rg|jnspect| on syst ens have | nv}q: ?EI aser range finding
t echnol ogy) noire i Ahéefapmmsatyon sig decranethydtgion-pat®aith®ior two caneras.

The laser rangesdiqidigng. setApdidht 86t woa bogesedabaseredeam onto the Bal |

Gid Array, BGA d/e]tasgga' e!gte t(?t%tdSMEﬁ?otE(%NlDeﬁ MMk tfygepsensor . El enent s

of the BGA are rmne Imensions utilizing a
triangul ation rRRHAEIONRL SINGRERSEON (FUIELESTROY T GOMRONERETS of nmeasur enent
sanpl es to Ukt ernddrpotrheedivyerefonsnaf hislteiBGA resulting in 02 January
2004 2 longer inspection tines. This method al so suffers from specul ar
reflections fromthe smoth surfagg balls resulting in
erroneous data. Mire |nterferorretr§' 8% x%l ?gg%ﬂ&il nterference 5 of |ight
waves generated by a dpftxqctqfonhgr@tsqigsuoe prlodhée matrRitt ern of dark

contours on thedo%ﬂnfeaeec&ttatﬁ% B&ferithesaicontounsjace ©f known distance in
the Z di mensi ion_from %F %dlf ractio rating h%yogggptljlapsg the nunber of

contours from oR@YSOPAE B 6110 B co% Fier °pornt on the BGA, the
di stance in theOkztethféﬁsFQ)r?l'ﬁetf@E%ﬁmt]t?er?RbocbtﬁtﬁP§ BareenGePEr ni ned. This
met hod suffers fHoOmatbat pdllesusd, |vicoappeastis cantioeirpdtdenes resulting in

m ssed countin r igyt€r roneous dat a.
15 This net hod%ﬁg&?éﬁ%&ﬁ%ﬁf;ﬁg%ﬁﬂﬁﬁgn?ég{@ {rﬁggkﬁt@ q,;at surfaces with

steep slopes, sUCKHTHISERECSSTIES Bt! (IRPYBAPIS ’ﬂﬂhf'ﬁ Sulting in an
i ncorrect c%th of the nunmber of contours and resulti ng i n erroneous dat a.
20 Structured |ight systens projEriLproFcTEE haEnsIoN | i ght onto the part to

be i nspected. The de%l atigvrénf the ia{t%ht band fra gngtaF% _ght %]i ne is
proportional to the Pt HNCE T POM a6 erence Surrace e t bands are

nmoved across ttﬁ?ﬁn&h?ee dimensional inspection and, more
particularly, a method and apparatus for three

25 dimensional inspection of solder balls on ball grid
arrays and solder bumps on wafer and die, and to a
calibration method.

BACKGROUND OF THE INVENTION

30 Prior art three dimensional inspection systems
have involved laser range finding technology, moiré
interferometry, structured light patterns or two
cameras. The laser range finding method directs a
focused laser beam onto the Ball Grid Array, BGA, and

35 detects the reflected beam with a sensor. Elements
of the BGA are determined in the X, Y and Z
dimensions utilizing a triangulation method. This
method requires a large number of measurement samples
to determine the dimensions of the BGA resulting in




25 or alternately the part is noved with respect to the |ight bands, and
successive i mages are acqui red. The maxi mum devi ation of the Iight band

i ndicates the maxi num hei ght of a ball. This method suffers from specul ar
reflections due to the highly focused nature 30 of the |ight bands
resulting in erroneous data. This nmethod further suffers fromincreased

i nspection tines due to the nunber of images required. Two canera systens
utilize one canera to view the BGA device in the normal 02racuaon2@
determine X 35 and Y di nensions and the second canera to view the far edges
of the balls froman angle. The two i mages 02 January 2004 3 are conbi ned
to determ ne the apparent height of each ball in the 2 dinension utilizing
a triangulation nmethod. This nethod sufJfers fromthe need for a higher
angle of view of the ball fromthe second 5 canera resulting in |ooking at
a point significantly below the top of the ball for BGA' s having fine
pitch. This netlvadeal sosuftfionst fuemmn | This ecktdepdt Aled $uifiessf or t he second

camera |imting/hessias Qf BEfes IRl ££60 dR LASBesi&d-ralBLS,syst em can

only 10 inspect BGA s_an t other .device types such as gullw ng and J
| ead devices. THE 5??% rg’l’a‘[ﬂﬁo’éis "8y b’i}iecfgog\%uﬁe A%t e and opposite side

views pernitting | aMgeré BGAegfepvonsd riyngpekizes shenomtidafeneneptics to
enhance t he 515 cyepagnt iwiveiebveerud ageatdirgidact iBgesrdvingheosi de
perspective vi %W-oﬁhée'é theref,oge cféﬁ%"%%{%dlr%”ogf chd'Ssd,PLeAt Lpn to inprove
t he accuracy of the neasuremnments, e speed of the neasurenents, the
ability to measieeBah <ihees sentatrsprreHes KPWBGAIstanns 8 FBisure ot her
devi ces i ncl udingigehséidmgrandtde |Eddrpaticn igraaisg ngley system SUMVARY OF

THE | NVENTI ON ?c%uxbﬁnég NMRNLLRABe ProV icdasoaFs aRRAM 8ha!Sodite LAr efe di mensi onal
i nspection 1%f an eleciro ei n_the apgar atus i.,s cgl I brated using
s

ICc part, whe
a preci si on'pati®r h° rAR¥ERR* Eoﬂ%tt %f%‘gr%@'déﬁﬁ tEPHT d2cAPF bration
transparent retd dimensinen depuacen usief owot priad s30adi e rdsiteralinédspect i on of
an el ectronic panhtiﬁcmd@isngfergmﬁat@@%x@miehl 11 I Qont Psisd MR ngt hﬁ
el ectronic part mer.a_heing positioned t tain irst view of the
el ectronic Bar tcfongoﬁ]é;ﬁlsnefsorrgg?%x%r ZPI %%:isiegir] nggi?ﬂgor?efgtgg reflect a 35
di fferent vi ew™f"PEReCR|EEtPBRF AParesihta ke eanEresuswiek@in the canera
provi des anlsi maggsohetiel al83d Saffsaisy f2004 e ebreduONiiciepart havi ng

differing viewgQf;fhe el LGkLo0L qﬂ{lﬁ@{ gge d1308ans, &0l BRgE processing

the inmage of the €l eCirqQnic part a ies calculations on the differing
views of the i fBgESt oL FhEaPRLF At &Penfde deABAEIHhA™ BBsition of at | east
one portion of imgeretectaoantcoparite. ntihber mferbhbeufuankder conpri ses a ring

light. The neangshotihd aht ekebh&sld @gegoul d further conprise a mirror, a
prism or a2ocurved g%rrlic ru'reghfigllte%%/gggr%é: project precise bands
of light onto the part to be inspected. The
deviation of the light band from a straight line is
propertional to the distance from a reference
surface. The light bands are moved across the part,
25 or alternately the part is moved with respect to the
light bands, and successive images are acquired. The
maximum deviation of the light band indicates the
maximum height of a ball. This method suffers from
specular reflections due to the highly focused nature
30 of the light bands resulting in erroneous data. This
method further suffers from increased inspection
times due to the number of images required.
Two camera systems utilize one camera to view
the BGA device in the normal direction to determine X
35 and Y dimensions and the second camera to view the
far edges of the balls from an angle. The two images




10 part may be a ball grid array, balls on a wafer, or balls on a die. The
means for i1maging provides the image to a frane grabber board. The frane
grabber board provides an inage data output to a processor to 15 performa
t hree di nensional inspection of the part. The apparatus may further
conprise a nonlinear optical elenent to magnify the second i nage in one

di rension. In the apparatus a nmaxi mum depth of focus of a side perspective
view al lows for a fixed focus 20 systemto inspect |argeP2eleaanod®e4 part s,
wi th one perspective view inmaging one portion of the electronic part and a
second perspective view imaging a second portion of the electronic part.

Al so, in the apparatus a maxi nrum depth of focus of a side 25 perspective
view i ncl udes an area of the electroni@ part including a center row of
balls. Furthernore, all of the balls on the electronic part may be in focus
resulting in two perspective views for each ball. 30 The invention

conpri ses a nears tonbipghéct dagexuinenwichy aprhrknteheightviafesacThe i nvention
furtherhprovi ﬁ@agala net figd f QR mbhs B dﬂtaf@mgix@&l tirmsmﬁdamng; a lead on a
part, the metha rising t teps. o in r receive an

i mge of the Ié“a%?lgg?anghrﬁ t“lle%o?hse&r?ﬁaey%?m %ﬁ% ﬁg%g ’fcort% frame grabber,
provi di ng fixed'ighey aamimf yoew f &hei bat!l dioferbe $FBBtain a side

per spective 5vi eldmefrat hesdlpdcg inhahsikingi ag 4 heistdeigerSipaatilye vi ew of the
lead to the franm grahbelop QRELAL idlg 12 £BL OS@SSOhal Pnefdhed conmmand to the
frame grabber to a qwre,fi s of pixel values fror%# e canmera, and
processi ng the pditfg‘l' vﬁﬁ‘h%é“e&ﬁgﬁ e ﬁi'%g%%% Yo LEBH G SFETE t hree

di mensi onal pogsift iferusffethdéheeadco8t ahmeyal Liesiting bee duitzer pfned from t he
part itself. 1Gchhe tgad dmyvbeigsgdstwead stHfaggstemdar dpall, a ball grid
array, a folrorredinvg Le: }?Gg,t agp‘gdnggto%l foééQrPCre %i m;elqasrucqlbja%ct that can be

i mged fromtwo séparate di rect'ons h‘?ﬁe processor processes the pixel

val ues to find 991¥ipgtand onlead depicg€enent val ue and a Y pl acerment val ue
of the part rel ativehéopmid drX é@k Yio€oprdiidat eso byeddradiengn@oi nts on four

sides of the pay osggighéﬂée%'b% Sl BeE nPr i Adespbhe; stepg of 20 using a

part definitionfil at contal ns neasurenent” val ues for an ideal part,
cal cul ating an ‘BXFEEEEY PolPRbRF0PPEAER TR 4TNETCE h%‘epart for a bottom
vi ew usi ng Ibhe sepagar éomeritetwaknesdfacent t bel pamagdefimitthieonifiel e and the X
pl acement val ugeaiRgded: 25 Rliagenent value. The invention further provides

the step of using a_.sear procedure on the inmage data to.locate the |ead.
The invention furt hé? %)SF gt\t})ie Sgoﬁlea g‘fbgbv% l%gge&éef mlnrﬁer?glgnltze%d center

| ocation and a im®xaveli Bfetascuracyiofelthe apRRSIXGRERES 1 trdrel éagedent er | ocati on
and | ead di amets® the weddmemetbe, idheeabi Dity wot Redsyreoldesitde step of

cal cul ati Ngean a%pggEi?ﬂeQ%%' Ebﬂns gndatgerpéaesrurgf Ogﬁé:].h d%@’fll ggd In both side

. ic . .
perspectlve VI ews . e | nage u5|n% a known pOSItIOﬂ of each side view
from 02 Janudpf126629€9UIIW1ng and lead parts in a single

system.

SUMMARY OF THE INVENTION

25 The invention provides an apparatus for three
dimensional inspection of an electronic part, wherein
the apparatus is calibrated using a precision pattern
mask with dot patterns deposited on a calibration
transparent reticle, the apparatus for three

30 dimensional inspection of an electronic part
comprising a camera and an illuminator for imaging
the electronic part, the camera being positioned to
obtain a first view of the electronic part, a means
for light reflection positioned to reflect a

35 different view of the electronic part into the

camera, wherein the camera provides an image of the




calibration. The invention further provides the step of using a subpixel
edge detection nethod to |ocate a reference point on each |ead. 5 The

i nvention further provides the step of converting the pixel values into
worl d | ocations by using pixel values and paraneters determ ned during
calibration wherein the world | ocations represent physical |ocations of the
lead with respect to world 10 coordinates defined during calibration. The
invention further provides for the calculation of a Z heDghkanoare2@d | ead
in wrld coordinates in pixel values by conbining a |ocation of a center of
a lead froma bottomview with a 15 reference point of the sane lead froma
si de perspective view. The invention further provides the step of
converting the world values to part valgies using the rotation, the X

pl acenent value and the Y placenent 20 value to define part coordinates for
the ideal part where the part val ues represent physical dinensions of the

| ead i ncl udi ng ¢leadtrdhacgisart, hhefty cHEfiferihgcatdwenofntdeé part and Y part

coor di nat es and, { £adoRel Glrtl,N afa WO HdhnE0E i RS prdBeddieid RYENt i ON

further provides the step of conparing i deal valyes defined in the part
file to cal cul a‘t"é"l%e\??a'flir‘)eor?]\‘?ﬁftgg ¢ & Eg?tesaé’r?ﬁlﬁsdevi ation of the center

of the |ead froraliqudatderd drothei értfeFiagdevsws ioddnthal iragendy i ncl ude | ead
dianeter in 30 sgvenateof itieat HoRSHIMIHALr psPRGlont BEtAE Degdtacenent val ue

and Y placenent_val ue gao%](&%gt ﬁeé nd he X direction, Y direction and
TtCh ih The X diTegt

|
radial direction,. |Pé’§51% | ron and Y direction and m ssing

and deformed | eads, TPar PHeSntdORPEFSHIRT CREPEISS 6f Y389 chi®iH-ating the Z
di mensi on of thehd eednwi fdr raghectetledtienseailianguptaae dmagpedsen the Z

world data. 02 nkanuary, 2004y, TBe 4 n¥enthop: fAt Nehe REQyddeaibhe step of
conparing the deviation val gz}ato gdredet er m%%ﬁjs tol erance values with

respect to oh iRFFH "B¥rpe i AEtF 137 "BHe @Bt #nt3iYn le to provide
a |l ead 5 inspectaldrs pesaldie.BRI EF DESCRI PTI ON OF THE DRAWNGS To illustrate

this invention, a pratendfdt egbodhiming wrblide dascihdpd deewein with
reference to 1ofgarr1n% ggggb@ra%iggg dr,lahvg Eggmegl%%}%gﬁléogﬂpm t he apparat us of
igur

the invention for system calibration. shows "an exanpl e
cal i brati on patBEeidgAdeRexdifgredriqRSPYE thet PAPFBFERY 01F pattern 15
acquired byl3 hepeyrairena fthiguer didénsiowy an$pawiohast e pamet hod of the

i nvention used for %ﬂlaig’ép?alxia‘ﬁﬂs_orﬁa)} %z@ﬂ%%%’%@r@é’e_fir%Hl‘%n%ﬁrShOWS a flow

chart of a nethod of .the 1 nvention use r termning the state val ues,
and 20 the X anPSSRSr FHETIYr GPnBREE EYofhe e 9e5Et SRR el 6Pt he system
Fi gure 2C showsdandrsgenchaint tbf appestdtod afmaigunndepili orf deoedsf or

calibration of ¢he wide PReFsHREL Y & iEWeWS oW florJHT £ixkdd $hews a flow chart
of a net hodzq)f th ingenti on %s§d eterm.ni ng t he st %te val ues of the
€ O a [@]

si de perspe i V&' A0S C ot P TE sys’tﬁ%?c’)ﬁr egfaaﬁlfaemepsﬁ%?/\ls & PBFati onshi p of a
si de perspecti VRPEARGICELYD Vige ABRYNDfonehroRfeiospeétive 30 di mensions to the
non- per spect i veeIid®BaiO&NSart and a second perspective view imaging
a second portion of the electronic part. Also, in the
apparatus a maximum depth of focus of a side
25 perspective view includes an area of the electronic
part including a center row of balls. Furthermore,
all of the balls on the electronic part may be in
focus resulting in two perspective views for each
ball.
30 The invention comprises a means for inspecting
gullwing and J lead devices.
The invention further provides a method for
three dimensional inspection of a lead on a part, the
method comprising the steps of using a camera to
35 receive an image of the lead, transmitting the image

of the lead to a frame grabber, providing fixed



Figure 2F shows a bottom view and a side perspective view of precision dots
used in the nmethod for determi ning a side perspective view angle. Figure 3A
shows the apparatus of the invention 35 for part inspection. Figure 3B
shows exanpl e i mages of a part 02 January 2004 8 acquired by the system
Figure 4 shows a nethod of the invention for t he three dinensi onal

i nspection of balls on a ball grid array. 5 Figures 5A and 5B toget her show
a flow chart of the three dimensional inspection nmethod 68 Jangannhi@ds i on.

Fi gures 6A and 6B show an exanple ball of a ball grid array and associ at ed
geonetry used in a nethod 10 of the invention for deternmining the Z
position of the ball. Figure 7A shows one exanple of an inmage used in the
grayscal e bl ob nmethod of the inventions Figure 7B shows one exanpl e of an

i mage used 15 with the nethod of the invention to perform a subpi xel
measurenent of the ball reference point. Figure 8A shows a side perspective
i mge of the cabtiradt iedampats eron obbgin fd eddenpersreditiwrsivbew df gure 8B

shows a side perspasd, V@rhlﬁ@cﬂﬁ:tqfngt 13) 8 &daabéﬁs;@éﬁstav%%mwaﬁﬂl fied in one
di mensi on. Fi gg{lio% sh ws,_an appar gtr%s?for resentl ng._a GA for inspection.

Fi gures 10A an ow an exaElme 95 oPPE Pl § gr P 05?‘?%%; w th

associ at ed geoﬁ@t?%ﬁ%@ GSBERRA ttﬁ’ sBe of ramenggalber K€ PRUEBATF on for
det er mi ni ng5t hemZggoOift poRe Dfvaa ukal Eramsithg tweesd dender spective vi ews.

Figure 11A Sho%oéé&ﬁl&p@ﬁ@tﬂ;&e@ vhged 'M‘t’:ﬂt H?é‘ ﬁx%rce%)é&:e@&‘:m i bration,
utilizing a si ngLe Si dé perspeciive Vi e C?rgre 1% an exarrpl e
cal i bration paf ?Wa&ﬁd e',i]a’ﬁ%l éhl"‘ﬁﬁﬁb%n P&St%ﬁ At ©6f E?ﬁ ern acquired by
t he system ut Btatd nplaesi may eesiddeepeitedefroweths @artofitsdkf i nventi on.

Fi gure 12A shows the apparatus of the invention 35 for ball inspection

utilizi ng g SI ngl e gi da[ Qgr e%tl ve 1\{}Veevc\{ sp rg)‘_ﬂchalnu;éuiry 2 4 9 Figure 12B
shows an exarrpl e ba grl array an xarrp e 1 nages of 2t ]b’ grid array
for three di meR3ibriid aspett ifodorued |1izienga assatRgCemsFak %Err"Spectl ve Vi ew

or similar object that can be imaged from two
separate directions.
The processor processes the pixel values to find
15 a rotation, an X placement value and a Y placement
value of the part relative to world X and Y
coordinates by finding points on four sides of the
part.
The invention further provides the steps of
20 using a part definition file that contains
measurement values for an ideal part, calculating an
expected position for each lead of the part for a
bottom view using the measurement values from the
part definition file and the X placement value and Y
25 placement value.
The invention further provides the step of using
a search procedure on the image data to locate the
lead.
The invention further provides the step of
30 determining a lead center location and a lead
diameter in pixels and storing the lead center
location and lead diameter in memory.
The invention further provides the step of
calculating an expected position of a center of each
35 lead in both side perspective views in the image

using a known position of each side view from




5 Figure 13 shows the apparatus of the invention for the three di nensional
i nspection of ball grid array devices, gullw ng devices and J | ead devi ces.
Figure 14 shows the apparatus of the invention for the three di nensional

i nspection of parts 10 utilizing three caneras. Figure 15 shows the
apparatus of the invention configured with a calibration reticle 1020 for
use during calibration of the state values of the system Figures 16A and
16B show an exanpl e calibration 15 pattern and exanpl e | Rdg@suary 204
calibration pattern acquired by the single canera system Figure 17 shows

t he apparatus of the invention configured wwth a part 1040 to be inspected
by the system 20 Figures 18A and 18B show a part and exanple inmages of a
part acquired by the system DETAILED [BESCRI PTI ON OF THE PREFERRED

EMBODI MENT I n one enbodi nent of the invention, the nethod 25 and apparat us
di scl osed herein is a nmethod and apparatus for calibrating the system by

pl aci ng a pattermiibfatidn brati on dots of known spacing and size on the
bottom pl ane of a cah'é bfraxéntarioﬁehmﬂ&r bromddie theestp oI detisgt he mi ssing
state Val ues Of th plxe§ g%mdg gctdleo el{n Hgéi LZQJ ll% E]g ior thr ee dl rrenS| Onal
i nspection of Balfts gri array evi ces, devices or balls on
waf ers or bal | srefgrange 99iﬁ§néneﬁﬁ86|ﬁ§ t of the invention the syst em nmay
al so i nspects gul | wi mge antbehtlieadfaetezreprasided Ithassba [035 grid arrays.

Refer now to Figure, Lé,yhigh shovs hihesapRas aldisa 19&@@&1éaby 2004 10 of
t he invention con gure W th a calibration reficle.f i ng

dur
calibration of YH&IsParer VAES B¢ (B 8FETEM efﬁgméﬁ%aré]t ﬁggobt ai ns what
is known as a botltibmwethegeiEGesh thre woalfblerdtdpneereRIeEeRt20. To take the
bottom i mage SOQHJ@camp%@é&%nbnsfwd@1aaaammarbepwt hca@awoend 11 and
calibration detlmr 1%91:34“ t251 1ne brat| 0y arpn 22 on the bottom surface.
The callbra I on"pattern on e et e conprlses preci sion dots 24.
The camera 10 10 |sTﬂi@ca@‘é@?tﬂépoﬁﬁ%rcéﬁw%ﬁespafﬁ BRethe calibration
reticle 20 to receiwiatasdnidmge z5he dfsChiEbesch Neadnjiometrilosh with Figure 1B.
I'n one enbodi me %S zfél‘ﬁﬁﬁggf‘;mpme‘fwae%eﬁy%mgﬁ gSENSUaribhe i mage sensor
e e

may be a charg cou evice arra%'ﬁl ra 10h| S connected to a
frame grabber bdard cf?‘:F’E) 9%@e|l$é then B‘étrscff‘ VtRE Y1%hE grabber board 12
provi des anli nagefa@haeopeput ofothe prageedsad HIM 6 9é¢¢ orma two

di nensi onal cal ﬂ)@fs%elc@@vésvﬂgﬁcrl bed in conjunction with Figure 2A. The 20

processor 13 may stqQre an | 4. The 2P aius of the
i nventi on obtains a hlerré e él f‘éﬁ? %lodledeserseectééle vi ews and i ncl udes

using a canera 4EA¥EUtAng t@svorédaml%%émm%& |V6‘|Jru?%t‘f%lln€ 58% The canera
15 is | ocated tgot2Genyetnd i Hgeewéht 2alaengd sihegYapeaament si de

per spect | ooy | Yy figscLpad g%aGOQéé%Ha@QsVMﬁ tFEQyE&a1l Barki xed opti cal

el ements 30, rovi d frrst sid rspective vi. oW, and fixed
optical el errent‘§ %’-ZF t@G PRRC FVGLUES SEWRTTBF %@Fége%%‘“% Vi‘éw. The fi xed
30 optical el enefitshe3Qpad2indUdisg bemtl I8amesehe LepdrefEadr prisns. As will
be appreci ated bycidiese iakklpad laHdt‘lﬂq:a&Fct casigifriaenal anptlezadl el enents may

be incorporated T%l%cangra ]]r%c ¢ ted to a frane grabber board 17 to
receive the im hé Y94ure °38 gra 58¢ board 17 Erow des an inmage data

out put to a2processdthel 3nventiarf Gurtres WoULARhiP6ngFeP Ripection 02
January 2004 comparing ideal values defined in the part file to

calculate deviation values that represent a deviation
of the center of the lead from its ideal location.
The deviation values may include lead diameter in

30 several orientations with respect to the X placement
value and Y placement value, lead center in the X

direction, Y direction and radial direction, lead

pitch in the X direction and Y direction and missing

and deformed leads, further comprising the step of
35 calculating the Z dimension of the lead with respect

to the seating plane based on the Z world data.




11 as described in conjunction with Figure 2B. The processor 13 may store
an image in nenory 14. In one enbodi nent of the invention, the apparatus
may contain a nonlinear optical elenent 39 to nagnify the 5 side
perspective inmage 60 in one dinension as shown in Figure 8A. |In another
enbodi nent of the invention optical elenent 38 may be a nonlinear elenent.
The nonlinear optical elenments 38 and 39 nay be a curved mrror or a |ens.
10 Figure 1B shows an exanple image 50 from camera 10 an82aanegahdd4 i nage
60 fromcanmera 15 acquired by the system The inage 50, a bottom view of
dot pattern 22, shows dots 52 acquired by canmera 10. The dot pattern
contains precision dots 24 of known 15 di nensi ons and spaci ng. The
precision dots 24 are |l ocated on the bgttom surface of the calibration
reticle 20. The i mage 60 shows two side perspective views of the dot
pattern 22. A first side perspective viewin imge 60 contains inmages 62 of
20 dots 24 and is obhaiinsenbyon hiintékkectowiniesf thestiamage of t he
calibration retdghe,-dol At heyMhdia0fhi1 s fixedeaptdffilneel ements 30, 32 and
38 into canera 13. A secorid si de }Eer sgectl ve Vi eg |£ |aq:%g%SGO cont ai ns
i mages 66 of d&PSeEA"FhdF EBbY HihéGd=BF T ne 25 F8FFe&ion°8f the i mage of
t he cal i brati odleféned| i dbe part alafinptven foflef treprBptGecal Lepénents 34, 36
and 38 i ntoscamekpedbioOelsGat . el ement 36 is positioned to adjust the
optical path length of a second side perspective view 30 to equal the
optical path length of a fi L CLLV. i se skilled in the
art will realize that any n‘%ﬁ#@f%&%ﬁ@%@c%v@ié\lli@vngggg be utilized by
the invention. |In one Erhediraeattlofs ttheentiment roprefdreravaxi num dept h of
focus of a si dg.3aqPRESPRANNYEe VAL i Bl WSS ;AN Bt R dHferlhBer €61 Cl &
including the center row of, do%s. This allows for a 02 January 2004 12
fixed focus%systEnPEEoTRRYEEE FaTH& = parts, with one perspective view
i magi ng hal f of theFpawte dAdshres Sdeondprpeatsiseet| Ve INRTEARBI ng t he ot her
hal f of the parflor sybt&uri12bretiss a flow diagramfor the calibration of
t he bottom vi ew of e tanrts_ Lo b roviding a
%gguﬁ%ﬁsng}l%‘l%g[nn%&gagﬁ AN 8L G ﬁo%gt%g}g y p g

transparent reticle . tom surface contal nin ot pattern 22,
conpri si ng pred@’si sKaws 17298F RhSRS 0! thERASPoPREETE spaci ng. The net hod
in step 1025r adqesed lgampeasgéedracat ed beneath the transparent reticle 20

to receive an i mageppQurd BaStaByd U3 iB§ PRAGLS3I0h dekRNdE ansommand to a
frame grabber 12 to acquire %n I n%gs% 50, conpr i si Qgttol x%lie%al ues fromthe
15 camera 10. THYSRELRDF I ehChr Gteddadtt3” e T0°and prétesses the pi xel
val ues with a proce&soure 2B Fhows & ZBowheoharta of| avmelikegr & £B® det erm ni ng
the state val uemvehttibg ld @8y Vi urafinihe SieSkehte lvalsleep add the nethod
begi ns by findi he S 52 .20 1tk r I t he
calibrati onid(;otts 51( a‘f‘ﬁg& ﬁrogcgsg%(grpdflflfqlggga O% r?%%s%%ﬁ%gtﬂ lggsﬁ)i on for each
dot visible in ihfag¥ssemin subpi xel val ues using well known grayscal e

met hods and stores thesee \zal sasws i rfapwr yhdrk oByacosgiard g these results to
known 25 val ues; 3f0fedn i udBFBEYcalileaPEGE &S RheCalgdll ates the nissing
state values for the bottomcalibration in steps 112 and 113. In step 112
the processor EETERPEOIYE €5%fe optical distortion of lens 11 and the
camera roll2angl e wFiburesfeshovs & Hfdodothaeft todr A Phagp ot ehe 113

cal cul ates the fivRlk 1whdideRRdrPax@rnigh gty seatpardngst Be subpi xel data

of dots 52 with_the known dinensions of th recision dot pattern 22. The
pi xel aspect ratio Sllséed%?res rﬁgﬁé‘(ﬁef\?l&r‘?ﬁ ﬁ% %?egesslg\%\ngﬂat h and pixel height. In

step 114 the proces$éguss Fehavs e rrlaktPENSr PH TGUGi nates and the Z=0
pl ane from the pémgRcbvefardle poettisirapidadif pakt perspective

30 dimensions to the non-perspective dimensions.

Figure 2F shows a bottom view and a side
perspective view of precision dots used in the method
for determining a side perspective view angle.

Figure 3A shows the apparatus of the invention

35 for part inspection.
Figure 3B shows example images of a part




02 January 2004 13 22. The processor then stores these results in nmenory.
These results provide conversion factors for use during analysis to convert
pi xel values to world values. S Figure 2C shows a flow diagramfor the
calibration of the side perspective views of the system The nethod starts
in step 121 by providing a transparent reticle 20 having a bottom surface
containing a dot pattern 22, conprising precision 10 dots 24 of known
di mensi ons and spacing. The method in step |22 provides P2xéauapt 2034
el ements 30, 32, 34, 36 and 38 to reflect two perspective images of the
precision dot pattern 22 into canera 15. The nethod in step 123 provides a
canera 15 located to 15 receive an inmage 60. In step 124 the processor 13
sends a command to a frane grabber 12 t8% acquire an i nage 60, conprising
pi xel values fromthe camera 15. The nmethod then proceeds to step 125 and
processes the pixel values with a processor 13. 20 Figure 2D shows a flow
di agram for detaIHiReAPY I’Fé‘es?&f"ée‘sal ues of the side perspective views of
the system |n stepFigdrd He shewhoa resdiodsobytte Adivernt dut SB2tha | nage 60,
correspondi ng @, heaeabidicahh O sl 124. off N8 INE06RSS Wa Tl Res4a di mensi on
and 25 position for each dot visible, conprising the group of dots 62, in
i mge 60 for a ¥t side perspective view in subpixel values and stores
these val ues i n menbigutes SByagdniartioggthrestesdufev tPaGToRh val ues
stored in NENDrahe theepr OGRSSAONER iHHpatesod hetdOdnossitg state val ues for
a side perspectiye vigw, conprising the group of dots 62, in steps 132 and
133. In step 137 € processor 13 calculates the o tical distortion of |ens
16 and the camera rGFPUERRyIR RPENCH sHP¥C AT t AR g? ]pacﬁé?‘r%ag . In step 35
133 the processsridlarcay carldatesotimcqsi gebmek it msgddipi xatetiedght by
conparing tie sybriekndata Rf rdot SeterRdndaduaiey 72884 débrB2eWi th the known
di nensi ons of t%? g{ﬁgl sion dots 24. The pixel aspect ratio is determ ned
fromthe pixel Ne nd pixel height. In step 134 the processor defines
the X and Y worl d c&épdinatreshand g lexamebe fiafe {PIFR t4F€9deEs 62 in i mage
60 of the dot paid efraydalelRopraeassDbEt bpd istvehesot hese results in
menory. These 1 esul 3 Brovi e, CADVAISIQInb BE LS $uf SfadisGudlir i ng analysis to
£o values. In step 1

convert pixel val ues wor ) S 35 the nethod of the 10
i nvention chhputdd the Beeheds PEW BhgIerF o> th PESETHE net hod i s repeat ed
for a second siskempaed peedsurenenevwiisinegbahe wdegeBée ippintage 60. Figure 2E

shows the rel ationshi;g,pf ¢ $hdfs PEISRRCHEYSHANANVE Ifadd@fr @hk0 of the
perspective 15 dinmension to the non- e%r.sgecti ve gi.mens.l on. Ray 171, 172,
and 173 defi ni nBP P RETIBPIEpRIET ’@1 0 TRYE7A "5 %hd 176 defi ni ng
poi nt 182. Poi nt 18Fignde ;&R whow82a |gigleonersysichnde 1Mpgsarcdl FBE to a pl ane
180. The i np@rse£iiLBn0h B@Y, hdGnafikd ay ddd diekhBeopoi nt 20 186. The

intersection of ray 176 1 fi j nt 4. _.The iin section of
ray 173 and ray 172 Fégflf%yﬁ{)hlgﬁf %‘g#}%‘?kg@?ég?ﬁs %fg?%rhtlo‘ raaééé[m and ray

172 define poi nfor g®sP¥REiqTef | ecting plane 179 intersecting plane 180 at an
angle D is defined IRigidbes ayoal d2danak rsapwlath eadhpléieod ldwadf ar ef | ect ance.

Ray 172 and ray,iid Jakessegt wekﬁngsgo@a%dag]go%gkf de Lisddeleering to
Fi gure 2E |&5can be “'shown: ﬁear{gier%ge}l Ct:or le herefore:. C =L sin Asin A

cos B = Ds % Ds?|MgShed—_opgt etermining the 2
position of a ball using two side perspective views.

Figure 11A shows the apparatus of the invention
for system calibration, utilizing a single side
perspective view.

30 Figure 11B shows an example calibration pattern
and example images of a calibration pattern acquired
by the system, utilizing a single side perspective
view, of the invention.

Figure 12A shows the apparatus of the invention

35 for ball inspection utilizing a single side

perspective view.



~05 a 02 January 2004 1S Substituting: Ds tan B = cos B = Ds Do Da cos B
(tanB) (co0s9)=Ds =sin6 De B = arcsin ~ Ds Ds Figure 2F shows a bottom vi ew
and a side perspective view of precision dots used in the nethod for
determ ning a side perspective view angle 177 as shown in Figure 2E of the
system A bottomview inmage 5 200 conprising precision dots 201, 202 and
203 of known spacing and di nensions fromthe calibration nmethod described
earlier can be used to provide a reference for detern nafRol@anyena2edde
perspective view angle 177. The value D' and DH are known from 10 the
bottom view calibration. A side perspective view inmge 210 conpri sing

preci sion dots 211, 212 and 213, corresponding to bottom view dots 201, 202
and 203 respectively, of known spaci ng9nd di nensions DS and Dh fromthe
calibration nmethod described earlier, 15 can be used to determ ne the side
vi ew perspective angle. The ratio of (Dh /_ DH) fromthe bottominmge 200
and the side perspeEiJiee i13BgehoMD FaR*xpEPIB &3 Lilnd¥ e H3RYoAYi ew to
calibrate DH i rxkhplsaimmdsri bs €lise tHa@ 1SHdEd parapeedr vehndeew as fol | ows:
DHCal = Ds ~Dh/ I LUt j Motk -gg%gi : he side perspective
view angle 177 dgéégrl ,edl ég%%?g$iéﬁ'elu§2?l talJggﬂéa?éy %%%4 16 B = arcsin ~
D ss ~ = arcsi PEESPECB"DA26Y'B = arcsin ~ D$ Dx Da Dn Figure 3A shows the
appar atus of5 the i nVesren3f shoes tthecepdaransi ofiath¢ ngpeatiion of the balls
of a ball grid @i afe diec2BRRAEAS 1A 1hESdtivaNbE Bl NGrydes a part 70 to
be i nspect ed. TQeraapga\;@teths Sulwrltnherd jvncésuda%% g fg‘g;rcﬁav]ig %/ith a lens 11,
| ocat ed bel ow thé*Eentral 4rda o ﬁarte 70°° %% ecel ve da bof3 om i mage 80,
descri bed in conj unEigwie didt Ehevgurhe sprapAtysapt Ve Iyengaftra 10 is
connected to a fiorafRe OtialeediheRsbnkd bAspRtAoMect headdsge 80. The 10 frame

grabber boayd 12 :REoyiges,.an L gdata output to a processor 13 to perform
a two di nensional 1 nspection as described in conjunction with Figure 3A

The processor 13 ma{iS¥%5 & afilPHade’s APRRRATY 24, “Bhe™§Par8fus of the

i nventi on obt aigenfaguregd thbaofakbilpationfregiidée petzpdetti veeviews with a
camera 15 and c’?d_u'r@ﬂi é@aibmeisar@{ & nbdststd %3&@51 c_B% H1RC 8y ¥ e i[r!age 9_0£ "
conprising a pair of,side spect.ive Vi ews escribed .in_conjunction w
Figure 3B and utili zf%%r‘?sl Qgé %f) i ¢4 ng“énaedntegagf)?e S?qallr? agégl#or a 20 first
si de perspebt i watrew A eiprpde oiftddesl okl tdireRpdiBzatizy RAHCSF for a second
si de perspecti\wqutiesd By thaesendindicarata afystcled.i nventi on, the apparatus

may contain a nonli pegt, ORYi GAbug! GPRbpAhd.8 BROMS YirdiGesbale perspective
' mage 'n OrK%onfigured with a part 1040 to be inspected by the

system.
20 Figures 18A and 18B show a part and example
images of a part acquired by the system.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

In one embodiment of the invention, the method
25 and apparatus disclosed herein is a method and
apparatus for calibrating the system by placing a
pattern of calibration dots of known spacing and size
on the bottom plane of a calibration reticle. From
the precision dots the missing state values of the
30 system are determined allowing for three dimensional
inspection of balls on ball grid array devices, BGA
devices or balls on wafers or balls on die. 1In one
embodiment of the invention the system may also
inspect gullwing and J lead devices as well as ball
35 grid arrays.
Refer now to Figure 1A which shows the apparatus



25 di nension as shown in Figure 8B. In another enbodi nent of the invention
optical elenent 38 nmay be the nonlinear elenent. The fixed optical elenents
30, 32, 34, 36-and 38 may be mrrors or prisnms. As will be appreciated by
those skilled in the art 02 January 2004 17 additional optical elenents
may be incorporated without deviating fromthe spirit and scope of the

i nvention. The canera 15 is connected to a frane grabber board 17 to
recei ve the image 90. The frame 5 grabber board 17 provi 82saaHaim¥ dat a
output to a processor 13 to calculate the Z position of the balls,

described in conjunction with Figure 3B. The processor 13 nay store an
image in nmenory 14. Figurée 3B shows an exanple inmage 80 from canera 10 10
and an exanple inmage 90 from camera 15j@cquired by the system The inmage 80
shows the bottomview of the balls |ocated on the bottom surface of a part
70. The inmage 90 shows two side view perspectives of the balls |ocated on
part 70. A firsif shdeiperspest tarefibhredewitim a radeb®d icont ai ns i mages of
balls 91 and is.gbLabned biet he sief Legthon oh Lhechangacefl the part 70 off
of fixed optical elenments 30, 32 and 38 cane A second side

per spective vi & Pﬁsl?r%g%‘egﬁy%ﬁ? ai neei ﬁ%aersa%‘fs Baﬁlnsgé” and Ts obtained by
the 20 refl ect ikmowof a¢ e Horrige Dfiageh&0paf tthr0 coflibrit ¥a&gtdptecal el ements
34, 36 and 38 ifnto eaMEsie the EPidERlimebenmNtthdbappaposist i oned to adj ust
the optical pathlendlh, ol.d gefond 348l SBeChh Ve Midclgnequal the

t a 5

optical path Iéﬁ’g perspecti ve Vi ew. I'n one enbodi nment
of the inventi gietiche %M%ﬂ?nﬁd%ﬁ%%}“?’bcﬁﬁtt@f"n 22 P ér specti ve view
just includes aptabgaseffddee pahé daldbudiimn tda¢teentzd amowhef balls. This

al lows for a fixed.focs ke cbxlem@aﬁ A@crsg@a Pafies cawekh one 30
perspecti ve Vi ew i.ma hal f o % gt‘d t he second
f

per spective 18,j &\f |lﬁagi’?|ﬁteéit bﬁiagttliané?e%ﬁ%]r %he part. Those skilled
in the art wil lcalgdlrazion hattiahy mrtbereoél\ﬁeraglpe@@%/es% ews can be

utilized by theyddaveBts ot c'oﬁjaﬂ@iﬂﬁ‘lr wephodigiet 185 ofn tdhe i nvention, all
of the balls are in.focus fromboth si ggp]p ssogglt wgﬁls%\pgogesul ting in two

02 January 2004 "fé’ 5e?spec Ve Views Tor ea ermts two Z

cal cul ati ons fdfheedBAIDHFINSHE BROKE |ancéﬁ¥ﬁei?r16lof“8ﬁe%qe}¥l|§regures 10A and

10B. Figureis Sshﬁ:\é@ a thowatieagr Bmifsorohhectdwr ee & Gramengrehatri nspection

of balls on a tld:o05hdealicdisvd f@ue@tﬂa@g 54 ar el frrasﬁee@rmgepy providing a
a

part 70 having I'ls faci ng g t hod |tn A4 ngw des a
canera | 0 Iocat@frﬁeﬁ%a?’ﬁ"ﬂ‘?@ pﬁ‘?t”‘?@et ‘;‘“'raecoéit\?é1 aFlOI gé> §6 Th step 143 a
frame grabber| 213100 pepiowi detwe cdimepsioral walibugei®0 & om canera 10. In

step 144, fixedyRidigal ﬁl%&%ﬁcw&l p&@unﬂ@&omobtmmn ng two side
perspectlve vi ews of the

3 SQ re an i LSt optl ?"I% }?tﬂ I scgLovi ded by
optical el effent®¥ %6553 n&la§8 KséEond %ptl ca hi's provided by 15
optical el ementarr3Fatss efhdhsginyentdesngb ’éaa]t?érénwm?%‘%é?fvéspéhrl mage 90 of
two side per Spedcﬁ isd@eVberEpddt i 8¢ epi elvdb andl Nistledet46s s econdefa ane gr abber

board 17 is pr o ghtg [&RELLChAS ITR96- A0 IF QL EAIETA 15Tnd processor 13
sends a connan ranme bers 20 12 and 1o acquire imges 80 and 90

conpri si ng pi xe‘Fa“%P&lauéé ¥ ollﬂcééﬁ%r"e% re§e YR af‘slm?’ﬂ% t hod then proceeds to
step 147 anzb promgssesnyhe mriixebf veildgepevspdrtaver vcessor 13 to obtain three

di mensi onal dat@e%‘ﬂt&dp%tco?Qunct% Mehlm@eﬁ@ 98. RNl ates the
i nspection of parts haﬁ ave | eads etpier or, Rot packaged as

a ball grid arr ﬁng aslzsc?n og? I ares Hepaction of |eads that
present a gener@ﬂ%ve@@w?I‘rlr?e'alan@r@fﬁeldeOP’él%ﬂ ierafenserifor 3680 Figures 5A
and 5B toget her3§m a Etewahase mirsphetivy edeth. nenisd ciakedi nspecti on

method of the | oy Q{Moeleﬂé}&spaec%s hggi 55 44y %fse‘nﬁﬁ;le RMr¥8ising for an
i I’lSpECtI on SI gn nal ch anges state S ?m initiates the
i nspection. The°T prisms. As will be appréciated by those 1

in the art additional optical elements may be
incorporated. The camera 15 is connected to a frame
grabber board 17 to receive the image 60. The frame
35 grabber board 17 provides an image data output to a
processor 13 to perform a two dimensional inspection



35 processor 13 sends a command to frame grabber boards 12 and 17 to
acquire images 80 and 90 respectively of 02 January 2004 19 part 70
having balls 71. In step 152, canmera 10 captures an i nage 80 conpri sing

pi xel values and canera 15 captures an inmage 90 conprising pixel values and
the processor stores the images in nenory 5 14. The inmages conprise
information fromboth a bottomview and two side perspective views as shown
in Figure 3B. In step 153, the inspection system sends a02iJgRu@nt2PQ4 part
handl er shown in Figure 9 to allow the part handler to nove the part out of
the 10 inspection area and allows the next part to be noved into the

i nspection area. The handl er may proceed with part placenent while the

i nspection system processes the stored jijnage data. The inspection system
processes the pixel values 15 of the stored image 80 in step 154 to find a
rotation, and X placenent and Y placenent of the part relative to the world
X and Y coor di nas edesciidepr g essgundet@r minésFidese 2Bl.acement val ues
finding points gp.iou,,Shesapfsihe ol thenddy 1h0 Shepne0 155, the
processor enpl ogs a part definition file tlﬂat cont ai ns gal ues for an ideal
part. By using ERROHENEr Betlt® VAVERE THom thePRAA - def Thition file and the
pl acement val uesouetior @ nedlineayn eptisal alismepk oredsoraghllenl@ees an
expected 25 positih®pd@peeacte biadageoto tite opar Bihensilohe aboslicwm vi ew
contained in imge, 80, The Pracessohe SRS nBn S& ThePEAGEMAI, ON the

i mge data to Ioca}feglfnne all's I'n 1 mage 8 The processor, then

det er mi nes. eacRPhiFal €leBAPEr3§ Jext PRrP ASFLdPadetSe R pi xB1° 30 val ues

usi ng grayscal enbhbindaacbpt fjcels edendessrideddi B9 Fisgube ZAcurfted results are
stored in nenory; 4., Te pregessor proceeds in step 156 to calculate an
expect ed poahti on of_the center of each “l})ﬁa” .in b%t hfsfiogec rr(1a(a‘rrsapecti ve Vi ews
in i mge 90 'Using t HEBFUADWIP P PP OFF B “edlASide "V PEW TTOM cal i brati on.
The processor elpl @yd an sebppielimedgetcinont canera 32 2aawHrsA 2004 20 net hod
described in Fi gHeesy/ R dnQ | ORAthager 66 SrLMRRLPAI PilewoBfeash bal | in step
157. The results e stared, in r 4 r Fi gur B. In step
158 the 5 procegggée%nor%\%ér?gé‘f'%,e%sq?o%éa?ﬁu)%e}gdv% S%gkgﬁo%&stgr&% 154 and 157
into world | ocaBPbrRaiheris FABEHINEePToatTie® 4RES p2t QfetBPE det er mi ned duri ng
cal i bration.l5Thaimerd tbrisoaadi gp-ingpr eRentprphysigaldotecatiares of the balls

with respect to;ppe wordderoossliRat 85, A0kl PRI QunibRgccad i bration. In
step 159 the Z hel ggt of each ball is cal e coordinates in

culated in world

pi xel val ues. TRESHEYHAL pr 682 eF2IBy ° L STHAVR ﬁﬁotcﬁléirél BEATFPHH O0F the center
of a ball from vhewdoifi Girevilety B8O teknh2d heAl5iref ¢vidace point of the sane
ba{jl 6fB r 0$1ha si dQeP%&&ﬁki VQeWiiQNVihHgiF] negeoffaass deseesbes dm F: gures 6A
an : e ,progessor, then.conver.ts .t he wor t val ues using

t he cal cul atzgd %8?? £r4otaa |(:5?1,°atna&nidp?%ct\gr%e%gfg%&%%%pgjgc@ﬁ%nt in step 160
20 to define palfagecridithat ealiknatine refd&ilepdpt PaFherPat? I ues represent
physi cal di nenso@nsiedd tdpeibal |elesnhs a0 ,bakl agld esetiere dmmdracent er

llocation in X pakt a0d YoRarLi &P YedbpaleSa0dePaHd ihabghtoin 2
contains images 66 of dots 24 and is obtained by the
25 reflection of the image of the calibration reticle
dot pattern 22 off of fixed optical elements 34, 36
and 38 into camera 15.
Optical element 36 is positioned to adjust the
optical path length of a second side perspective view
30 to equal the optical path length of a first side
perspective view. Those skilled in the art will
realize that any number of perspective views can be
utilized by the invention. In one embodiment of the
invention, the maximum depth of focus of a side
35 perspective view includes an area of the reticle

including the center row of dots. This allows for a




worl d coordinates. 25 In step 161 these part values are conpared to the

i deal values defined in the part file to calculate the deviation of each
ball center fromits ideal |ocation. In one exanple enbodi nent of the
invention the deviation values may include ball 30 dianeter in several
orientations with respect to the X and Y part coordi nates, ball center in
the X direction, Y direction and radial direction, ball 8itch in the X
direction and Y direction and nissing and defornmed bal | sO2Pgeuaryv@d@4 dat a
can be used to 35 define a seating plane, using well known mathemati cal
formul as, fromwhich the Z dinension of the balls 02 January 2004 21 with
respect to the seating plane can be cal cul ated. Those skilled in the art
will recognize that there are several Yossible definitions for seating

pl anes fromthe data that may be used wi thout deviating fromb5 the spirit
and scope of the invention. In step 162 the results of step 161 are
conpared to pr E4EERriAGEdSYRYULFGI dESHRTh [PETPECRE S 't WA Pd¥M part as
defined in theppagpeddive vdeprimsgdeganakt edt tbaipadialand nbpectl on result.
I'n one enbodi mept, 19 JheRLedat eninedad HLERBCE N WA £i BE| teke pass

t ol erance val ues and fa|P tol erance values fromindustry standards'. If the
nmeasur ement vaP@ES-are | ess than or equal to the pass tol erance values t he
processor adsigns aFimws passhaws or flpe Pagram £o¥ Hde15 nmeasur enent val ues
exceed the failcat ObLLEAINGE oY A W Dot BR PIOL@ESOhe asywiteyms Fhéail result for

the part. If t he 3‘5&!,4{&'{2”% Vﬂeﬁioi‘rﬁ)ﬁg&r‘%@ﬁﬁiné han thepRass: t ol erance

val ues, but | eSS PRAN GF tol erance val ues, the
processor desi grateke tafe hzl‘.’i“fﬂ%lrac BO5tRR PG Re N TS o&eg r reports the
i nspection resyattéom dd)ecpaptisimgspepcisinn donpl 24 |Qfg kpawe inspection. The
process theqg r%%é&ﬂﬁlér% $h8Psgdadi g0 a’fﬁétmétm%dnﬁiitsdé@SQ@Qtl on si gnal .

Fi gures 6A and ow an exanpl e -bal | %L arL and

associ at ed geomEPYyIR & FPREH? njeot t}é’ﬁa’é? ]?1eé’ nvenlill on a’fpoP det ermining the Z
position of theebakle Zthécneetwivedeneimare$t-helZ H6d £%8ntB¢ a ball with
respect to the gaekds60arndisBatess dohnaad thira Hganalddabdieiron2 td4sing

parameters determ, ned from e § OGLOINL raSmStiewn i n Figures
2B and 2D to défiin&" maggo%ér]dlc%g%wgﬂﬁ g%x?or the bottom gl ew and the

two side pédfspeemeya Wemé'hec'ﬁﬁ‘b‘TCi%ltﬁ@nV\b?‘?C&eéﬁoF%ll?fe?tpe 18t aR® 250 with
wor | d coor di natgroeesged el parel warlhdsceobridiangrecesds %3252, Y 253 and 35 Z

254 shown in Fi gur eff, 204 8nhidl fa $olMBaSE-A0randdrasnshoun in Figure
3B) the processor co ute 2 Jaguar% Q04 2 three |Hen5| onal
| ocation. Now rdrefteb® Ff feé B, EPPRBOBF R §4€8r OF oe'ht &¢°° a_point 258 on the

wor |l d pl ane 250rdetepniiedhbymetist begins aw fapdPss essiohy through the
center 257 gf 5;@19@&;43 90, @BraeHs¥dding. tdhehePatessdidnodates a side

perspective vie po 260 on_the world ?Pq SOn&lelsyivipade by a side

perspective vi€ 'TQ ‘chr?tsg?geﬁ I'ng la dg'l' ré glrngnc lp(%l nt.259 on ball 71
and intersecti rﬁjlqhhéoboﬂ%}r’hl@l EW%‘WEZQB i syubpireha2 14658 hEY 261. Ray 256
intersects the waul dnph@nera?s0abé rathadgl an@ 62 odes erhriasedabyeshe refl ection

of ray 256 off gof .t grltoa% SHLT AGkhA93g OT:hePJé %@b&@tsﬂlﬁm&«ue of angle 262
was deternined durin I|brat|on Plroce fer,do Figure 6B.

The di st anc® Ll""‘}lé‘eéaFE?Ff%ﬁ é& B e f SC%E%C&SS% ﬁlku\g[aft?er énce between

wor | d poi nt 258pisighgnethatsy valiees rier $bet et a5t CRAYOTES R iR the z=0 world

pl ane 250, and ywudd1p9isMa 360. defidteg by tde pRbessent iion of ray 256 and
t he

calculates the optical distortion of lens 11 and the
camera roll angle with respect to the dot pattern 22.
Step 113 calculates the pixel width and pixel height
by comparing the subpixel data of dots 52 with the
known dimensions of the precision dot pattern 22.
The pixel aspect ratio is determined from the pixel
width and pixel height. 1In step 114 the processor
defines the X and Y world coordinates and the Z=0
plane from the image 50 of the precision dot pattern




20 Z=0 worl d plane 250. The value Z is defined as the distance between
worl d point 261 and 258 and is related to L1 as follows: Z tan e, = L~
Z=Lr~Br Z can be conputed by processor 13 since the angle 262 is known from
calibration. The offset E 25 265 is the difference between the virtual
poi nt 261 defined by the intersection of ray 255 and ray 256 and the crown
of ball 71 at point 264, defined by the intersection of ray 255 with the
crown of ball 71, and can be cal cui ated fromthe know edg§éJanuane2Qidyl e 30
262 and the ideal dinmensions of the ball 71. The final value of Z for bal
71 is: 02 January 2004 23 'Final = Z - E Figure 7A shows one exanpl e of
an image used in the grayscale blob nethod of the invention. The inage
processing nethod finds the | ocation angg8 5 di nensions of a ball 71 froma
bottom i mage 80. Fromthe expected position of a ball 71, a region of
interest in image 80 is defined as (X1, Y1) by (X2,Y2). The width and

hei ght of the r@&gi onTlf preresest tdrea bheyes éehesghresulald dw f or positioni ng

10 tol erances OheRdfy. 7@nkee +&SPAG pbeBviddi@chOet foasicgB8f £dhe i ghting
for the bottomvi EW, 1g;ihne S Q rical_s alls 71 of part 7(9 present a

us sls to ag&éég Qx valuyes to w
donut shaped i mage Wwher@ the ¥Yegi on 281 S MErEat nt 1458 p&r 'Ret@r of the
bal | 71, conpri ¥88ueanera pi xel s 15 of hi gher grayscal e val ues and where
the central BSegi on 28ByuwenpCi siesw<Camelaw pidaghkamofod @y grayscal e val ues.

The remai nder 283 of,4hen egi%ogidlen{osﬁﬁéct%@g CONN IFegpganera pixels of
| ower grayscal e val ues.gglg I n_one enbodi ment of the invention the processor

13 inpl enent s i FAGESPr oCEESPRGIILFERFBRs Wi FEERNIZh WhETeVHEHRF anmi ng

| anguage. The Cal angpergeehontetione’ BonBrigigCanbertom asirdeseri bed bel ow, is
called to find tbetappXanabe R teent 83, ombbesPd lprélibYod i nding the
average posii ogogf Py xogl ? g@gtdianegsgr eat er thag. a knge{,\gn th{%m d val ue.
Usi ng the coordinates & 8" approxi nat e FENPRFCHIT t ndBal'F 2 the regi on
282 of |ower gra}steR 13icxprovidafesivad Eicahvelanagdtiso3Ri gher 30 grayscal e
val ues by cal |l i ng, the fad apguagefllenet twn perbpd BaikkCentges, oms descri bed

bel ow. The exackhg?%e«%r&sqlfmtgn& %pkaﬁﬁlcﬁ?gf]% fqind gg'cagzllé' ng the C

| anguage function ndBal | Cent er g SO returns an world and Y

wor | d coordi nat E‘?t’ﬁc}e i SHER er?oPTI81E%R HERMeTA adoratedI Ul ated by the C

| anguage fudéti oarelRadinusmsep t60Ar e 3stied) 124 Thize gregessed i 02 January

2004 24 the di agBh@F L£bomibad it aC@PRRE BALHEE SHMOECRLXSL Sd N regi on 281

and .282' F! gureir?laB es%mcgrgperlesxi% lp?xg V%. uiegagreomu%%g y:\'iauglgra'x[ t’i%met hod of

the invention to 1E%rfor’m a

The method then proceeds to step 125 and processes
the pixel values with a processor 13.

20 Figure 2D shows a flow diagram for determining
the state values of the side perspective views of the
system. In step 131 the method begins by finding
dots 62 in image 60, corresponding to the calibration
dots 24. The processor finds a dimension and

25 position for each dot visible, comprising the group
of dots 62, in image 60 for a first side perspective
view in subpixel values and stores these values in
memory 14. By comparing these results to known
values stored in memory, the processor calculates the

30 missing state values for a side perspective view,
comprising the group of dots 62, in steps 132 and
133. 1In step 132 the processor 13 calculates the
optical distortion of lens 16 and the camera roll
angle with respect to the dot pattern 22. 1In step

35 133 the processor 13 calculates the pixel width and

pixel height by comparing the subpixel data of dots




5 subpi xel nmeasurenment of the ball reference point. The nethod of the
invention finds a reference point on a ball 71 in an image 90 of a side
perspective view-as shown in Figure 3B. Fromthe expected position of a
ball 71, a region of interest 290 in inage 80 is 10 defined as (X3, Y3) by
(X4,Y4). The width and height of the region of interest are |arge enough to
allow for positioning tolerances of part 70 for inspection. Due to the
design of the lighting for a side perspective view the §ghlanuert 280hpe of
balls 71 of 15 part 70 present a crescent shaped image 291 conpri sing
canera pi xels of higher grayscal e val ues and where the renmai nder 293 of the
‘region of interest 290 conprises canera pixels of |ower grayscal e val ues.
20 The C | anguage function "FindBl obCaater" is called to conmpute the
approximate center of the crescent inage 291 by finding the average
position of pixels that are greater than a known threshold val ue. Using the
coordi nates ofe? hﬂta:pphekam&red@snnexor@f of5thperacdSd Rt Phfage 291, the C
| anguage funct | an "ﬁie Qf‘diﬂeEQPrat:.ﬁo q&I heteimi et €ronnehd he caner a
pi xel , or seed é% reseqth?ggg qhggg%;IgQQghgn the top of the

t

crescent. The B e?n ordi na e.seed gl are used as the 30
coor di nat es of paocegficandefineft dhes¥ i Ydé’f’é?"f]n R ltnﬁ *§uHH xel | ocation
of the sidesperspegid vaahal frdarefierences i nn. iGmee éPambl ERdfdYr ayscal e bl ob

anal ysi s and'r eler enee ol i, detertbnalin biBkesmniesd kasthes C 35 | anguage
is presented af? 2 anu

//////////////FLP/WWW//T}"??? RS ﬁ#/?’i?"lf’ﬁ/ FPRYSTSPY FREF AdBl obCent er -
finds the X Y ceptese afurtihg ddalpisiel SOtmveﬁévéléeha’la&é‘eérE%ter t han

THRESHOLD in // }_??///gj QN (X , é;d 105 (X yh%);th of the

IITITTITIT1L 1T [1T71] LLTISS TEBLT [, lsR8
Fi ndBl obCenfer (PNEPRIST i “‘Wé PRthe % HZJ Eéié ! Bors

dou le* pY) { int
X,y; 10 | ong Faobedmetigd [igngeseaned fGr ?O?fg’oggnﬁ’lg GPIJ %(V?(I X<=X2; X++)
15 { for (y=yl ,V)iéwyasydgl')th{e gbt ¢ Riexeh[ xhqgd €8 .THRESHOLD) { 20 SunX += X;

Sumy +=y; Found ++ 29 % dn Pélétloaéhrp (soublsesunX /
V doub

* . :
(doubl e) Found, 30perspectlve ang%eg S’gom{the ngk‘glo %'éngerspectlve

15 dimension to the non-perspective dimension.
172, and 173 defining point 181 is parallel to ray
174, 175 and 176 defining point 182. Point 181 and
point 182 lie on a plane 170 parallel to a plane 180.
The intersection of ray 175 and ray 176 define point
20 186. The intersection of ray 176 and ray 172 define
point 184. The intersection of ray 173 and ray 172
define point 187. The intersection of ray 174 and ray
172 define point 183. The reflecting plane 179
intersecting plane 180 at an angle D is defined by
25 ray 172 and ray 175 and the law of reflectance. Ray
172 and ray 175 intersect plane 170 at an angle 177.
Referring to Figure 2E it can be shown:

Ray 171,

tan 9 = _g.
Ds
¢ L Therefore :C=1L
sin A sin 4
cos@= % = %s
Ds

cos @



return Found; 35 02 January 2004 26

FEEEEEErrr i rrrrr i rrrrrirrirrr il 17 FillBall Center -
fills the center of the BGA // donut™
FEEEEErrrrrrrrrrrrrrrrrrrrrrrrr b rrrrrrrrrrrrrrrirrilrl 5 void
FhLIBaIICBnter(double Cent er X, doubl e CenterY, double Dianmeter) { int Xx,y;

x| (|m)umnmx- Dianter / 4.0); 10 int x2 = (int)(CenterX +
Dianter / 4.0); int yl = (int)(CenterY - Dianter / 4.0); O%Hﬁn9§UE2004
(int)(CenterY + Dianter / 4.0); for (x=xl;x<=x2;x++) 15 { for (y=yl;y<=y2
y++) { Pixel [x] [y] - 255 : } 20 } ’
4{/3//{%//;/Q/////////é//ﬁ/////////////////////////// /1 FindBall Center -
i nds e X, Y center of the a BGA 25 /15 ball using the
/{///////////////////////////////////////////////?/// |gﬁgyscale values
FindBal | Center(int xI,int yl,int x2,int y2, double* pX double* pY, double*
pRadi us) 30 { i ntupstirukong: Found =0;1 ong Total = 0; | ong SumX- 0;35 | ong
?ngéloi | FZ]Jan$aEéSEEEg 27 for (x= xI_Q%¥x2 x++) for (y=yl;y<=y2;y++) if
X y] > SunX += x*P| X ="y
. Total += Pixel [x] [Y] ) [ ]Q¥] sumy e= yrpxel 1]
Du DBcosH

(mne)(mm9)=§?-=mn0

B

@ = arcsin (2-5]
Dsg

Figure 2F shows a bottom view and a side
perspective view of precision dots used in the method
for determining a side perspective view angle 177 as
shown in Figure 2E of the system. A bottom view image

5 200 comprising precision dots 201, 202 and 203 of
known spacing and dimensions from the calibration
method described earlier can be used to provide a
reference for determination of a side perspective
view angle 177. The value D, and D, are known from

10 the bottom view calibration. A side perspective
view image 210 comprising precision dots 211, 212 and
213, corresponding to bottom view dots 201, 202 and
203 respectively, of known spacing and dimensions Dg
and D, from the calibration method described earlier,

15 can be used to determine the side view perspective
angle. The ratio of (D, / Dy) from the bottom image
200 and the side perspective image 210 can be used in
the bottom view to calibrate D in the same units as
the side perspective view as follows:

20 Dgcar = Ds (Dy/Dy)

Substituting into the equation for the side
perspective view angle 177 described earlier yields:




10 Found ++; } 15 if (Found > 0) *pX - (double)SumX / (double)Total; * -
(doubl e) SunY / (double)Total; *pRadius = sqrt(%double)éound /)3.14159295)'
20 } return Found, 25_///////////////////////////////////////////////////}/
/'l FindCresentTop - finds the X, Y top position of a // BGA cresent
LECEEEEEEr e rr e e rr e e e i e e e r e rrr i e r e r e rll void

Fi ndCresent Top(int CenterX, int CenterY,int 30 Dianmeter, int* pX int* pY)
int x,y, Edge, Max, TopX, TopY; int x| - CenterX - Dianter /02dJapgann20G® -
CenterX + Dianter / 2; int yl - CenterY - Dianter / 2; 02 January 2004 28
int y2 - CenterY; *pY = 9999; 5 for (x=xl;x<=x2;x++) Max = -9999; for
(y=yl;y<=y2;y++) 10 Edge = Pi xel [X] [*2 - Pixel [x] [y-1] ; if (Edge >
Max) Max - Edge; TopY =vy; 15 TopX = x;°if (TopY < *pY) 20 *pX = TopX; *pY
= TopY; (c) 1997 Scanner Technol ogies Inc. 25 Figure 8A shows a side ’

perspective image of the calibration pattern magnified in one dinensi
Fi gure 8A shows a side perspective i 2 nsi on.

00 of raticle i i
pattern where the space 303 30 lpetavsin %§e§=8©ﬂn Dy aot SOZC?LIﬁ;SL:??ed
i ncreasing the number of |ower value rayscal e Peels when conpared to é
non magnified image. Figure 8B shows a sjdepppyspective inmage of the balls
on a BGA, nmagnified in one di mensi of.= &t i'gype /35 8B a side perspective

;ggge 310 of two views are shown where the space 313 between ball imge 311

Figure 3A shows the apparatus of the invention

for a three dimensional inspection of the balls of a
ball grid array. The apparatus of the invention
includes a part 70 to be inspected. The apparatus

5 further includes a camera 10 with a lens 11, located
below the central area of part 70, to receive a
bottom image 80, described in conjunction with Figure
3B, of part 70. The camera 10 is connected to a
frame grabber board 12 to receive the image 80. The

10 frame grabber board 12 provides an image data output
to a processor 13 to perform a two dimensional
inspection as described in conjunction with Figure
3A. The processor 13 may store an image in memory
14. The apparatus of the invention obtains an image

15 of a pair of side perspective views with a camera 15
and a lens 16. The camera 15 is located to receive an
image 90, comprising a pair of side perspective
views, described in conjunction with Figure 3B and
utilizing fixed optical elements 30, 32 and 38 for a

20 first side perspective view and fixed optical
elements 34, 36 and 38 for a second side perspective
view. In one embodiment of the invention, the
apparatus may contain a nonlinear optical element 39
to magnify the side perspective image 60 in one

725 dimension as shown in Figure 8B. In another
embodiment of the invention optical element 38 may be
the nonlinear element. The fixed optical elements
30, 32, 34, 36 and 38 may be mirrors or prisms. As
will be appreciated by those skilled in the art




02 January 2004 29 ball image 312 is magnified, increasing the nunber of

| ower val ue grayscal e pi xel s when conpared to a non magnified i nage. The

i ncreased nunber of |ower grayscal e value pixels allows for the successful
5 application of the subpixel algorithm In another enbodi nent of the

i nvention, the nmethod and apparatus disclosed herein is a nethod and
apparatus for calibrating the systemby placing a pattern of calibration
dots of known spacing and 10 di nensions on the bottom pl 83dappagy 2004
calibration reticle and for providing for two side perspective views of
each ball for the three dinensional inspection of parts. Fromthe precision
dots the mssing state values of the systemare determ ned 15 allow ng for
t hree di nensional inspection of balls qan BGA devices or balls on wafers or
balls on die. Figure 9 shows an exanpl e apparatus for presenting a BGA to
the system for inspection. An overhead light reflective diffuser 5 includes
a 20 vacuum cupa@titeshhy dptithe ¥hemsHBsCtpyassemdoyparyteadtach to a BGA

part 70 having vblaéggo;f;?&e@{%ﬁgisgﬁm &1 SBERs Palda CBopel ow dde over head

light reflective user ures 10A show aPIE exanple ball on a

25 bal | grid art#ersdaRasshs SPRETYoher FORBTC Tk *Ri #ntTHY net hod of the
i nvention for detasbeirnbogrd N9 Zopostaiventbe imdwd 90w t Bhe e(3@@t to t he

}Norl d Cﬁoﬁd:?at iRf BE&kgur ngggaé's)raeqt !ifﬂﬁ'%e ;ﬁtagoﬁwutpec_rcﬁ@ec_ti ve views
or each ball. Using parameters et erni ped fromt i bration
procedure as shB%cq%ﬁ Ei gﬁ?té’s 384 fz%ht‘?ogd%?sﬁntgg]é‘ agrflgg coordi nate system
for the bottom baEs .addsehidadrdnsieri yatdpacyitie RPEHR, 3R oS sing wori d
coordi nate pl angrdfxseict 13 wery dreporsh nakgeoin giemoz@l1and worl d coordi nate

axis 35 X 702) Y 703, o] ' hgu a [ 10B, and a
pair of inmages 80 a%&gggegssg%ﬁlg\%% %{\Qn éﬁgghga%ﬁzggeoégoggorgofmg&are 3B, the
processor cohput@s2nd efr B LFeARRSRAl0 15503t FUET NI ?‘é‘?‘é]rretcg i gure 10A.

The processor | ocatsstampoiTite 108gensa hower tik glcatem70Dewietfer mined by a 5
bott om vi ew ray {05, 338S1 Hek i QHOnL N rGont 8EreH08 6 & hadd 7617. The

processor |ocates a first_side perspectjve.view point. e world
pl ane 700 detern?lﬁ%dm}??eagiisg“é’w\?i éwg)rsalyde?ffée‘f' eef%g’ggh%%&aoﬁathg ref erence
poi nt 710 on bab#llx 2ogated mrepastt Thg Phé i1t bHtICoRFTPRSFT A 705 at a
virtual poins 7¥dew Ray i#@8e i 98 @baesiss tiagesrbfl Yallares70dndatisan angl e 715
determ ned by the refl [ ¥ 5 f£.0f id Backhswface of prism
30. The val ue OPE%%]lrIeéieg’%'Sg\?e\}ageégt é%%&ﬁgg durilnga@:ehe ga} ;%ati on procedure.
The 15 processor | 8fards FaxeadBidcat R PErspetli vé e, %).O]irﬂ:to 713 on the
wor | d pl ane 700cde¢es misneda bsecndi diede immwspayt A7 ViigaWekReMdadey a bal |
ref erence poi nt 572,003l Lodiel 88dhni£3CRRANG: WBeabRLd asp chew ray 705 ai
a virtual pqint 718. Ray 707 1 ntersect e_wor 2Q.p : at an angl e
716 determ %d Eﬁ%fﬁ%tﬁ%lf ch'il?eor’rmS?er fgsl%??%ﬁ —g’f O?ﬁegﬁgglk)zesgarface of
prism 34. The vabbicaof edpgeety P@.was zrd S8nilpked RNEFAgiPhe cal i bration
procedure. Now pgtesal @1EmEHE E361QB. pdéie: idingtiabs eadjust sthe

optical path length of a second side perspective view

to equal the optical path length of a first side

25 perspective view. In one embodiment of the

invention, the maximum depth of focus of a side

perspective view just includes an area of the part

including the center row of balls. This allows for a

fixed focus system to inspect larger parts, with one

30 perspective view imaging at least half of the part

and the second perspective view imaging at least the
other half of the part. Those skilled in the art
will realize that any number of perspective views can
be utilized by the invention. In another embodiment
35 of the invention, all of the balls are in focus from

both side perspective views resulting in two




25 cal cul ated by the processor as the distance between world point 709 and
worl d point 711. The distance LZ is calculated by the processor as the

di stance between world point 713 and world point 709. The value Z1 is
defined as the distance between world 30 point 714 and 709 and is rel ated
to L1 as follows: Z~tan g, L~ ZI =L~ t~ 8~ 02 January 2004 31 The val ue
ZZ is defined as the distance between world point 718 and 709 and i s
related to L2 as fol lows: ZZ t3ri el= LZ z1- LI t~ Bl ThE2a@Braye2#4 z1 and

ZZ are calculated and used as the value for Z of the ball. This nethod is
nore 5 repeatabl e and accurate than nmethods that use only one perspective
view per ball. In still another enbodi nent of the invention, the nethod and

appar at us disclosed herein is a method8and apparatus for calibrating the
system by placing a 10 pattern of calibration dots of known spaci ng and

di mensi ons on the bottom plane of a calihratign, reti cl.g apd for providing a
singl e side pePSpERIINFCVYEGFE dort RECE e - di MBHiRSTA! an“é%c ion of parts.
From t he preci shdeudationthgorriessiingadl st shakwnedn gfoniBnERecsyst em ar e
determ ned al | QWi RO fRI-ebhige Hidpsi onal inspection of balls on BGA

devices or balls on wafers or balls.on di [ 1A,.shgws the apparatus
of the invention fof SVt zn%%%ﬁ% 5 3%%&""????& gﬁ]%% Si Iggl e_si de 20
0

per spect i veSvi éamemieonsdt ApaPetid CApparka s £Bra 1oAY t he bot t om
view is identicahetmeddta sethod andtappariabyspdesotinged partit in. Figure

2A and 2B for the.tyq siide,perspe! kien Vi s ABERQ inTheeppparatus for an
i mge of a side perspective view 2Z5 i?r:%g_des a c rrer%r]t57\§,i EQ a lens 18 and
[

a calibration PEPVERes 20 CamREA chhers® 7e8ERt B 6 redéi Ve an i mage 64

of a side perspeetive ad awagen®l i silngstlen 14852 feaes i BédPERIEonj uncti on

with FiguregllBg g?gvf&éd vzl pOcdiveednopingRl sel epmnteamé@aand. 42. The fixed
30 optical elenent 40 1 i

42 15 & nonl | nodh SEFRAAR FRECS TR EL 008 38 SNAa T £ Che fmage i n
one direction. dbtaantihdmoerbéeirrrsrert kel VaprFcal % k@it 40 may be this
nonl i near el enent rifsc Wigdiche BRI aei predided bhoset iskill ledements he art
additional optigal .61 GIPNLS MRYsD&un LPEAAOLALED:: Hidvaadarsy 15 s
connected to a3fr’e_1me grabber board 17 go receive the image 64. The frane
grabber boald ©PtpFaYi eS| Mhge fdaPd Ut pdt SEER FECESsof 13 to perform
a two di nensi onaiceiinepent iioagassteaesic tivbesliden pegapPeFictMeO Y IRWEhI i gure 2B.
The step 145. In step 146 a second frame grabber board
17 is provided to receive the image 90 from camera
15. A processor 13 sends a command toc frame grabbers
20 12 and 17 to acquire images 80 and 90 comprising
pixel values from cameras 10 and 15. The method then
proceeds to step 147 and processes the pixel values
with a processor 13 to obtain three dimensional data
about part 70. _
25 The invention contemplates the inspection of
parts that have ball shaped leads whether or not
packaged as a ball grid array. The invention also
contemplates inspection of leads that present a
generally curvilinear profile to an image sensor.
30 Figures 5A and 5B together show a flow chart of
the three dimensional inspection method of the
invention. The process begins in step 151 by waiting
for an inspection signal. When the signal changes
state, the system initiates the inspection. The
35 processor 13 sends a command to frame grabber boards

12 and 17 to acquire images 80 and 90 respectively of




10 processor 13 may store an inmage in nenory 14. Figure 11B shows an
exanpl e calibration pattern and exanple inages of a calibration pattern
acquired by the system wutilizing a single side perspective view, of the
invention. Figure 11B shows an exanple 15 imge 50 from canera 10 and an
exanple image 64 fromcanera 15 acquired by the system The inmage 50

showi ng dots 52 acquired by canera 10 includes a bottomview of the dot
pattern 22, containing precision dots 24 of known di mensf3dendaeyy 23¥ci ng,
20 |l ocated on the bottom surface of the calibration reticle 20. The inmge
64 shows a side perspective view of the dot pattern 22, containing

preci sion dots 24 of known di nensi ons and spacing, |ocated on the bottom
surface of the calibration reticle 20.19A side 25 perspective view in inmge
64 contains images of dots 65 and is obtained by the reflection of the
image of the calibration reticle dot pattern 22 off of fixed optical

el ement 40, pa®3rhg’e Maydgs BROWIS Aéar Bt &iERt 133" SRS At 6%camera 15. 30 The
si de perspecti vaptatddraat inage 8ad denprising eikhe yelyssd asRown in Figure 2C

except the fi X%gmgﬁéifsa'cagkeggglta% TRYgDaE Bhblesany duxeperties. The
determ nation of _t

e state values for " the side [ i W is
i dentical to tN8lHet R §§‘esﬂ’6‘\’/ﬁ‘ﬁsﬁrF?§ T 5 _eegﬁ%%%)se%le%%né%}g opti cal
el enents nay be4di f tles dagandcetraise snfprmptdne §refe POtH22January 2004 33
perspective Vi @¥ccdhevidi RePtRs A@d persddaishi psewhasn shawki gure 2E and
Figure 2F apply. Ln stil], anofh e di ts i t8hngl e side
perspective vi ew, %f’ﬁ%r‘“? n3|\]/3ént ?%n&rcf' e?%bt%cﬁnﬁgggg%rph%yﬁoﬁl Lnhear el enent
42. Figure 12AsshéfisatHonappapat RIS MERRLS PRI ot fFod B8l F fhspecti on
utilizing a singhewsthe mpatspasdiare toi sove e apparettusiothehe i nvention

| ncl udes a par intle 0; e JsPegh efl1 ofhecRPRALR! BErd Ocd Wet heved ncl udes a
canera 10 with a Fens 11, |ocated bel owrt hen cent rrarlnaar cg];dpart 70, to
receive a bottditPrhe HFPGELRT | HER | nT RO AN o Wt Frgure 12B, of
part 70. The canmhapdft islacenarttwd leothe fiaRec§iabb®fs48ard 12 to recei ve
the image 80. Theclasés R grabberidagardad. provides an image data out put

to a processor 13t erforma twy di I I pgPestiangsudescribed in
conjunction with Fi 3{} SIS TR ?'rsggg;g %éé)l er?ay sl';élre ar‘; ilrlrage in menory

14." The applr atafs ther sterddrdgagefth & PR H4UE26 Her%spect i ve vi ew
i ncl udes a canefcxatBonj tdhda ¥l ebscén@ntThed canBraehént soff dbat rArt o recei ve an

| mage 04, COMPrisiRGyE 54 NGCuSkie PeLsPeCidsaivaess. dageribed in
conjunction wt igure 12B and ut |}1 i Zi n? fi xeq: opt i csglfﬁl gpent 40 and
nonl i near, fixeRFSEEFEEIIFSTBREATES, PEACTHEEN 3t he o de Per spect i ve
view i n one di nerisitenen| fownetides «iisdei hedit Gf thAePIThredli 8REBPt I cal

el ement 40 $RY gt ReeNIRdR3E ehEIBRt a Jhe fdexedi opdd cdlieel ement 40 may

be a mirror or prism As.wl| .be appreci hose skilled in the art 30
ﬁ%h?%‘w%%ue %g% %% ?&é%h:gérE

addi tional opti'cH" &FBHE y-De 1ncor por ~"The camera 15 is connected
to a frame grabber Byapging uhe reemixpBepRevdyHege £6a™ Hife PPrhne grabber
board 17 provi destiaficiBRgei dakadotiipyl atementprvadessodetledmioedal cul ate the Z

position of the;balls, ;82saPedollstn eaNkuNald:0aneskddtiegure 12B. The

processor 13 may store an inage |$ rrefgogg 14, £ OZEég uar. m2004 34 Figure

12B shows af’ exBfpiteBaFPr At SrrhyPiald=eR&pI 8% ages of "t he bal | grid

array for threevikwensitemasdd iimsposye @9, uTh¢ ipziasgsacs| eRfleYSi de perspective

view. Figure 128 rBRe XA Rhet héBiGRgE &4 4 renmeasss ahk0 and an exanpl e

image 94 fromc a 15,acquired.by the [ hows t he
??T)gfsoa?lll &7y a}géacgto Tt £ %ég%%[tgtro-mgn ifled

bott om vi ew of éd on _ m surface jf a part 70. The
i mge 94 shows each dwmlidesprnisty oG EwropRE HELaPEPE ¥ B:3€at ed on part 70.

30 values using grayscale blob techniques as described
in Figure 7A. The results are stored in memory 14.
The processor proceeds in step 156 to calculate
an expected position of the center of each ball in
both éide perspective views in image 90 using the
35 known position of each side view from calibration.

The processor employs a subpixel edge detection




10 The side perspective view in inmge 94 contains inmges of balls 95 and is
obtained by the reflection of the inmge of the part 70 off of fixed optical
el enent 40 and passing through the nonlinear fixed elenent 42 into canera
15. 15 In an alternate enbodi nent of the invention, the system can be used
to inspect other types of electronic parts in three dinensions, such as
gullwng and J |l ead devices. By utilizing only one canera and addi ng an
additional set of prisms on the 20 reticle 400 these ot he? Jasvaye20Qday be

i nspected. The advantage of being able to inspect different devices with

t he sanme systemincludes savings in cost, and floor space in the factory.
Additionally this design allows nore flexibility in production 25 planning
and resource managenent. Figure 13 sh@@ds the apparatus of the invention for
the three dinensional inspection of ball grid array devices, gullw ng
devices and J | ead devi ces. The appar atus degcritl:‘)aec‘:sil igfelfli, yre 13 allows the
30 i nspection BetHRIALeFEFIRGEhgRahdTF e d5d eV Ees §11°0R the same system
The apparat us patttudeseacpas411408 $toehaSi/nsptee expsidEat 8%F over the central
area of a trangpaf&tr gkh&he 1400 with prisnms 401 glued to the top surface
to receive side pers ectifve Vi ?,ws of %prtI 33 %QZJ'bSBAtgH”Wi ng and J | ead

i nspection device “may - be §% g}lﬁ?e ) nPQ % e ball grid array inspection
02 January 2008r8Sesior cOnveXfe ERANPIYE EhBOUPheffti 6 gﬁ‘&‘ﬁ ST 1 wing and J

| ead i nspecti onsgemica sisihte wodltr Bdbatioseahpersigomi®hnner Technol ogi es
of M nnet onka, nnesot a T it BeFidd daudssadigzanera 5 10A
wth alens 11 M?%%aﬁ%ggpgg%gﬁvt%?%ea%gérﬁlﬁée rBea o?lpargiéllg)% d reticle 400
to receive a boTheneAiEWwlaRAC G Fe *HRT SHELT ipg SVFews of - par O?]02. The canera
10A i's connect edetbarl < mank grspsoer thodrd woZAdt ePqrsi@RYES an | mage. The

frame grabhgr hoatded2A18gPepMiIgs i8R, | Mage data output to a processor 13A

to performa three di nensiopal_.i nspecti f t, 4025 sThe processor 13A
may store an i nmage th %ﬁ%}?glﬁ %T 88 r%g(?%pgﬁg}?lt s conprise the hardware of

the gul | wi ng amdldulatai iinspertd GrogeRaEe InaRiKYr 2158 hardtf by the bal |
grid array inspeehb@npriveae By davinibedheleraticthe@fUrbeaVi mis descri bed
in United States _patent a b catd i Wabers®d8&/i8a0rdd3 entitl ed THREE
DI MENSI ONAL IN§I§I§%ﬁd\# &%%Ek/l %{/d“gggtg%&?ém{\l.f 20_filed May 5, 1997 which

i s i ncor porkt e¢efRTERGE diiPFePy TP rsé%%?%ﬁ'@e FREr 2t "°Ref er now to Figure
14. In still aneidspecentodiimenin dimaghed rAedesenibehesyi®etttmy use three
caneras to i magg dikegh! Y ey RHd QB ViRsn anmhvewes Xheswdelder specti ve Vi ews

as shown in Figure 14, Figure 14 shows the the invention for a
three di nensi oﬁ’é\luieﬁsb‘écﬁaig‘ n’d u?%é‘%ﬁ?lés}neo%%ggga%'[ earagga{é'ﬁ]us of the

i nvention i ncl udesitaoparandy @, phpgaressl paA M RIGOBRET hsiFe S e appar at us
further 30 jgnclydes ransapmia céOraiddtea kenschkl idkabataatt -beFbw the central

area of part 70, to_recelve Is0B9f HGhendesss id¥ednkn conjunction
with Figure 128°2%f VBAFE® f&.p?‘?ﬁgﬁ‘%%a 10 s egognecfoed &g a;frame grabber

board 12 to recedde snehiamdeliodianeéery At B5Yr&bbet board 12 provides an
i mage data out putpdr@ anprogessorodBiimetperdwt fpad 1t WiEttéAsfonal i nspection
02 January 2004 36 P£5.06586{dded in conjunction with Figure 12B. The
processor 13 may store an |nmge, |

ge.in nenpry 14, The a Alsofor an i mage of
a first sidé perspedfi 8R4 Fﬁﬁf%c}’eagga};%%ﬁeesra 5 % 2 lens 19 The
camera 5 15 i s tneaded]t vakwsseidedingd iipaghe PRTCEABFi ST ng a single side
perspective viewy;dosehi beE doviaenprind eanhvb41l Eeguee f2B ahd utilizing
fixed optical e"g”ei“ 0381140 MagnLLy lé,ﬁ%p‘ﬂed&uﬂaa&ﬁeﬁ@téﬁ/e;h\éi ewin one -
di mensi on. The t&%et a8t ¢ connected to , Al
invention the deviation values may include ba
30 diameter in several orientations with respect to the
X and Y part coordinates, ball center in the X
direction, Y direction and radial direction, ball
pitch in the X direction and Y direction and missing
and deformed balls. The Z world data can be used to
35 define a seating plane, using well known mathematical

formulas, from which the Z dimension of the balls




10 a frame grabber board 17 to receive the inmage 94. The franme grabber
board 17 provides an inage data output to a processor 13 to calculate the Z
position of the balls, described in conjunction with Figure 12B. The
processor 13 may store an inage in nmenory 15 14. The apparatus for an inmage
of a second side perspective view includes a canera 15 with a lens 19. The
canera 15 is located to receive an inmage simlar to 94, conprising a single
si de perspective view, described in conjunction wth Fi gQ2elaneBna#@04o
utilizing fixed optical elenment 38, to magnify the side perspective viewin
one dinension. The canera 15 is connected to a franme grabber board 17 to
receive the image simlar to 94. The franme grabber board 17 provi des an

i mge data output to a processor 25 132to0 calculate the Z position of the
balls, described in conjunction with Figure 12B. The processor 13 nay store
an image in nenory 14. In another enbodinent, the nonlinear fixed optical

el ement 38 nay wiehnrsspect. tiontbei $datdmgt heangFaanbediFemilagrdt he i nvention,
only one side pefgRaCLkYEIaE 8W PRY f1& Whilli Z&sbgnline ativdthatheerbodi ment of

t he invention, the nethod and. ar aft. Lscl I N4 met hod and
appar at us usi nff’& §FX§F%Pcpé’r?grlgggoéea%gliitg?g%j%Srge%ﬁgg%g rsl?lsa?lergn by pl acing a
pattern of califwaat itba @t tEREKHAWPS BEEF NG Y s ASE B 1 & *BBt t om pl ane
of a 02 Januathe 2PA4iB7amcnlsicbpatdédrrheetineémticd®r.om t he precision dots the

mssing state val ueg,oLcLie &Y Shenah (deber sidpedsal haui dgplgeat hir e

di mensi onal inspection of balls on bal rid ar ra%%tdgé"{re?s’idg devi ces or
ball's on 5 waf et® RieIGEFFBIRST 5?‘@?51@3& bt YTHS Gur @ whi Ch shows one
exanpl e of the paparat dsfiofed e theavartofitentd gUeEddidth a cal i bration
reticle 1020 fog)4s8cd4Ei BELcahisBeat ian rebulbe Siabee vahiesimehtt he system
Calibration 10 reticl 020, i Liione v canmera 1008.

Caner a 10081¢ur’E}‘ﬁeerprggﬁ%?f%%%e%aggzﬁgéﬁ%og?&g%%rn\glﬁ%gpﬁscei ves a conposite
i mage of the cat¢lgzancenvakigsclpad1bpd. i&*HBFe iVGHUEF EFi nage, through
mrror 1002 and;gdusaddi kten@lrdgeor t i prenkb mdasecdnent Kalvesrangr abber 1010
receives | mage | 0OTRLI 8D dhAM thefATREE 100GAd paovidlesnar ocessor 1012

with image information o he cal 1 bration re]ﬁ.i cl (;)81020{: T it age

i nfor mati on andPERFRFSFnEPREIIDA PRAFOAREE On" Moy HeP&t or ed i n renory 20
1014. The appar atasurvieat nsalures grgeed 02¢ Shblvi trg exapoee t FAVESew 1026

cont ai ni ngf an i E_ﬁgepfﬁcgéseii%ézsiig?@ ﬁoﬁaﬂlO_%@san_d forSiHe p'é:ﬁ;woég%hcont ai ni ng
an i mage of precjsion dot the cali i r shown in

Fi gure 16A. Thi 51"? RSG5 svagﬁg\?\ma]fenadfggﬁ%u%nlg%%Cé’%stl ke the image
1024, the appar apberanye yabees Fpinse®d SHRPUAT MRS 6AY3HIR over head
light diffuser %Q1P,tdlkeasaserauk8)8thaviddockensr 386gnanes ddlei brati on

reticle 102Q,w th al.ibrati at HRRL0p £ bettun surface of the
calibrati onggo ng?c e bfo%gﬁé%bggpa?g%e% 0 ti,(s:al eelti)gggnt 1002 is positioned
i

bel ow t he cal i bABEPRFFIB: FeFeltIFPE £BE RV 4B S5FFaddrti onal perspective or
side view 1028 eemphémimy pant i ivepecoiopr edhsi prockes tH82 BICWHE cal i brati on
reticle 1020. 3%l B-gne Ambgdivmnt cat Ade iiAvpaddion stibeabptical el enent
1002 may conprise a prism ég another, 02 Januay 2094,88; eihqdi ment of

B% may co%%\i '

the invention, the opty¥ar ef fent =16 rise amrror, As wll be
appr eci at ed 2y aédskitdeanfnagsnsigeed FIRTELRY MDA PERSI% wi t h any
nunber of side Wrewse fentabhbf@t idenepairtiownti®2 p®séhiemectr eticle 1020

conpri ses preci 5:'61%“ 99{_5 T}‘[%-Za?t%f’gé%@tg%ﬁ‘e]soggei 5 dRerted delow the central
0
8

part of the calibratron reticle receive,an i mege, 1024 described in
conj unction wit PaRilghiel TEEReGR(EO Be world coordinates

during calibration. Using parameters determined from
30 the calibration procedure as shown in Figures 2B and
2D to define a world coordinate system for the bottom
view and the two side perspective views, comprising
world coordinate plane 250 with world coordinate
origin 251 and world coordinate axis X 252, Y 253 and
35 7 254 shown in Figure 6A, and a pair of images 80 and

90 as shown in Figure 3B, the processor computes a




I n one enbodi nent of the invention, the canmera 1008 10 conprises an i nmage
sensor. The i mage sensor nmay be a charged coupl ed device array. The canera
1008 is connected to a frame grabber board 1010 to receive the inmage 1024.
The frame grabber board 1010 provides an i mage data output to a processor
1012 to 15 performa three dinensional calibration as described in
conjunction with Figure 16B. The principles and rel ati onshi ps shown in

Fi gures 2E and 2F apply. The processor 1012 may store an02dageanyrGidory
1014. Now refer to Figures 16A and 16B which show a 20 calibration reticle
1020 havi ng precision dots 1022. Figure 16B shows a conposite inmage 1024 of
the calibration reticle 1020. The bottom view 1026 shows precision dots
1030 with a first perspective view andya side view 1028 shows precision
dots 1030 with a 25 second perspective view. The system processor processes
the conposite i mage 1024 according to the system of equations descri bed
herein with thephett @mardsawni02bc@tdoai.de vi ew 1028 providing information

for the solution of .the t uati o Qs P 11ydzrkeSs and
rel ati onshi ps shovvnN%Wﬁ %)gé%r gg]zﬁi%ﬁ% E?QUP%GZ I}Egéila%é%l n anot h%r enbodi ment

of the inventi @PinEndSiarhsaeatior LhFAraEus Yidss éfei®n is a method and
appar at us usi Nz tsinnglew cayeras fprssnghteoRS dhaersitaral25’/nspect i on of

bal I's on bald ofid;qr4ay.deviees. 1BGArEsPfidsses DEcarrdd @ endwafers or
bal | s 02 Januarry 2004 39 i

.on die. fer_naw I o hoghi ch shows the
apparatus of tRETREERT DR ESnPP Y e% Ovmof‘h&ée %%F{fh%a%ltc?sbe i nspected by
the system Thelespainedwlbt sids rarsperhbYRe VEG¥4T8 Moty a bottom vi ew
1046 cont ai ni ngiARrkEBEENDT Babal tefldiShcansbintsizde vhawall048 cont ai ning an
| mage of a ball, ]aOEI%tQLséc'Len%aEf, @&Q‘ongié@l&ea_}; besi prae LiQ4darthe
appar at us i ncl (s YA ReENs OF i [T um nation 101 ring light,

_ L c\\;\ﬁi ch, may 21%% a
canera 10 1408 RRit 261 enRAH0OBEE atRf SFSSEFE TUF NP B2 1052 on the
bott om surface.ard rnghe eébeiiteenined dyhehe mesilteiconaont dle 1pyaRS e of

i11um nation 10]¢# lj:obts $ha RALEQR Siysf 8€epiifsn BE. parie MdQet 0 al | ow

i magi ng the perineter of the pgrt 10.40.d Ln_another . fpg!d%%gt of 15 the

i nvention, overMed®Idrf 5k &2s16T5° RIS T i n&tTon Tor i magi ng of the
peri neter of therqreduré040. A separate optical elenment 1002 is positioned
bel ow the bestom pl ane sfrgant 0464 Grpr oné diisaan2é mddist i onal perspective
or side view 1048 of _th rt 1 LRI N¢ FgRGS- Of all 1052 of
the part 1040. ‘faﬁic&%gkgﬁb%gittr}rlgngg%&?%ga%%v% ?i(r)ir%E t he é(;:teittgfglegel ement 1002
may conprise a ¥RYIPOLRt AfdthEptthrdAYmERE ’thetrﬁECFh%rf?' SRY the optical
25 el enent 100225@mwitanphé SB-0awnrld qlands2w | landewappd exdistted by one

skilled in the ged . dhe,lauantingn; widlsew@tkn Wet Ragnysurercnel side views.
The canera %&28 I's |l ocated bel ow the central party g; Part 1040 to

d be t he
recei ve an 9= P 1HeRtF1DHER % n IEAPErE tiTon Wi TR K gures 18A and 18B.
I n one enbodi nedistwcehketwrmnwioshd pdidtcaperand 68 @¥Hprs ses an i mage
sensor. The inagel fseph NR¥sbeor Kfzar ged coupl ed device array. The canera
1d08 is connected to a frame grabber board 1010 to receive 35 the i mge
1044. The frane grabber board 1010 provides gan i nage data output to a
processor 1012 to 02 January 2004 40 tan91=1-

1

Z=[,tang,

7 can be computed by processor 13 since the

angle 262 is known from calibration. The offset E

25 265 is the difference between the virtual point 261
defined by the intersection of ray 255 and ray 256
and the crown of ball 71 at point 264, defined by the
intersection of ray 255 with the crown of ball 71,
and can be calculated from the knowledge of the angle

30 262 and the ideal dimensions of the ball 71. The
final value of Z for ball 71 is:




performa three di nensional inspection of the part 1040 as described in
conjunction with Figures 18A and 18B. The principles and rel ationshi ps
shown in Figures 6A and Figure 6B apply. The processor 1012 5 nmay store an
image in nenory 1014. Now refer to Figures 18A and 18B whi ch show a bal
grid array 1040 having balls 1042. Figure 18B shows a conposite inmage 1044
of the ball grid array 1040. The bottom view 1046 shows ball 1050 with a 10
first perspective view and a side view 1048 shows bal | 1830/agueky éP@4cent
shape 1052 with a second perspective view. The system processor processes
the conposite i mage 1044 according to the system of equations descri bed
herein with the bottom view 1046 15 and side view 1048 providing
information for the solution of the sy®tem of equations. The principles and
rel ati onshi ps shown in Figures 6A and 6B apply. The invention has been
descri bed herein in considerable detail in order to conply wth the 20
Patent Statutes and to provide tiHese sk¥l1& in the art with the
information needed #onaRpPhy bhewdevel epdnplel pEesnaimhdeo usedstnuct and use
such specialiZ%HFE§EB%§%H%§b%§D%&ﬁgggqg@réﬂg 1HOWBVESL . | frhes tO be

[

under st ood t hat vention can be carrltg,% gut by 25 %peci fically

di fferent equi pfede BFRFEFEIPEReERdgfiRds g FBGR TStiF cat i ons, both as to
the equi pmest dehahssormncbfopebaltl Mg froeedipogsomcamadse 8dccofPPT shed wi t hout
departing from t}@ee%f@@@eé%o&b@iérﬂ\b%nhiﬁﬂli teel b. rSfidthatt is clainmed is: 35
02 January 2001[' 41 AIMS . 1. An anpar a%uge(; Qr t(QEeeYﬂi sional inspection
of an el ect r oni*®tEEFET (FOAFPICWHErE At HE R ParatUs |'s cal i brated using a
preci si on pattea,¥ask 5'he whddetansabessis fesbsi FeHBh Of calibration

transparent retjigkeebelre t1AegapRtughusofarldwhifee posinisindndl i nspection of
an electronjc part (1040) IS4 ng.. ¢ aper apd Q8 knand an

i |1 uni nat orio( 1d'f'/1)er%6c?%r°t|c%agg? nzd F%g (% ge%%rtg%?{g g?irt (1040), the canera
(1008) bei ng poksisigsnedl the dBEAF S toFr ERe RAWCPLO4BY 0"t he el ectronic .
part (1040); (hgpherieanssiape bEgbillsef’llect imart( ZO0RYesB PHEsiti oned to

refl ect a di ffefent. yheyed 1048) Meidhenel aitnoeiparicluias) i nto the
canera (1008), erein the c a 0 p i an_ | : 4) of the

el ectroni ¢ par t*HeLBEE} RERA N ngf‘?féearjlﬁnggoéé\?n:gerqv\géglgidg%g Alfg)l?éand (c) a
neans for i hageohirogbesi aepysta}et freluegpgad (WoLs) L8F THE*A ect roni c part
(1040) that appldonCabsWatgranss oardia gitdler iofg luvens ay8461e1048) of the

i mge (1044) to cal cy ate a. I pensy iPAShHE | pirbsat | east one
'&'f'xe reui% %1?%12%8@ gg éﬂxl_é) ']:%Ig BR S

portion of the € €ttronit par . The apparatus of claim1 wherein
the illuni nator280 qEPEIF§es HARER RIS S AT ﬁSaYFCg"ﬁ S 3. The apparatus
of claim1 whereitudhe neans for |ight
20 In one embodiment of the invention the processor
13 implements image processing functions written in
the C programming language.
The C language function "FindBlobCenter", as
described below, is called to find the approximate
25 center of the ball 71 by finding the average position
| of pixels that are greater than a known threshold
value. Using the coordinates of the approximate
center of the ball 71, the region 282 of lower
grayscale pixel values can be converted to higher
30 grayscale values by calling the C language function
nFillBallCenter", as described below. The exact
center of the ball 71 can be found by calling the C
language function "FindBallCenter" which also returns
an X world and Y world coordinate. The diameter of
35 the ball 71 can be calculated by the C language
function, "Radius=sqrt(Area/3.14)". The area used in




reflection (32, 36, 38) further conprises a 35 mrror. 02 January 2004 42
4. The apparatus of claim1l wherein the neans for |ight reflection (30, 34)
further conprises a prism 5 5. The apparatus -of claim1 wherein the neans
for light reflection (32, 36, 38) further conprises a curved mrror. 6. The
apparatus of claiml1 wherein the electronic part (1040) further conprises a
ball grid array. 10 7. The apparatus of claim6 wherein the electronic part
(1040) further conprises balls on a wafer. 8. The appar ad2adappan2004 6
wherein the electronic 15 part (1040) further conprises balls on a die. 9.
The apparatus of claim 1l wherein the neans for imaging (1080) provides the
imge to a frane grabber board (1010). 20 10. The apparatus of claim?9
wherein the frame grabber board (1010)2%rovi des an i nage data output to a
processor (1012) to performa three dinensional inspection of a part. 25
11. The apparatus of claim1 further conprising a nonlinear tical elenent
to magnify the tihnfageafi‘%e@néahqi%PBnco‘B@rlffs %ﬁ% %l'ﬁ‘bé’rfaf’%eg claimi1
wherein a maxi mun-dgpsh 28f Bacuwsxnf a side perspective view allows for a

fixed focus system spec [oT=Y gkgg 1r€p|3,|fc pafd WskhA one perspective
view (1026) i magi ng;“P%d& gr%t %%é\@g "é oniac paaﬁe (1040) and a 35

second per spect4i§é W%v‘i‘e(ti‘ﬁés‘)’fﬁP&gllﬁEjeﬁtjsoéb&ﬁdper ion of the electronic
part (1040) 5 s@Bpiaeliaveps2fedent3 qorheopr bl TEAETRIGEGREe FAFL (1040).
13. The apparatfdsngh &t aiHd inWoer Rin fandBXd MeTedenptd efinktoonsaof a side

per spective vi T%a&;n Iudr(ialsfna%\'HS ar&p ?f tgg% 1?%%59&1(;,30@,&(%,(;940) i ncl udi ng
|1 a

a center row o pparat us o wherein all of the

bal I's on the elshowrobh cFisare BBO4CG 8y Ehe PARECHEA 1RPH ™ Phg®in two
perspective vi eugif o1, eacheqdahl of interest 290 in image 80 is

10 defined as (X3, ¥Y3) by (X4,Y4). The width and height
of the region of interest are large enough to allow

for positioning tolerances of part 70 for inspection.
Due to the design of the lighting for a side
perspective view, the spherical shape of balls 71 of

15 part 70 present a crescent shaped image 291
comprising camera pixels of higher grayscale values
and where the remainder 293 of the region of interest
290 comprises camera pixels of lower grayscale
values.

20 The C language function "FindBlobCenter" is
called to compute the approximate center of the
crescent image 291 by finding the average position of
pixels that are greater than a known threshold value.

Using the coordinates of the approximate center of

25 the crescent image 291, the C language function
"FindCrescentTop" is called to determine the camera
pixel, or seed pixel 292 representing the highest
edge on the top of the crescent. The camera pixel
coordinates of the seed pixel are used as the

30 coordinates of a region of interest for determining
the subpixel location of the side perspective ball
reference point.

One example of grayscale blob analysis and
reference point determination implemented in the C

35 language is presented as follows:




15. The apparatus of claim1 further conprising a nmeans for inspecting
gullwing and J |l ead 15 devices. 16. A nethod for three dinensional

i nspection of a |lead on a part, the nethod conprising the steps of 20 (a)
using a camera to receive an inmage of the lead (142); (b) transmtting the
image of the lead to a frame grabber (143); (c) providing fixed optical

el enments to obtain 25 a side perspective view of the |ead (144); &i@b
transnitting the side perspective view of the | ead to thE2feanany er
(146); (e) operating a processor to send a command to the franme grabber to
acquire images of 30 pixel values fromthe canera (147); and (f) processing
the pixel values with the processor to calculate a three dinensional
position of the lead (147). 35 17. Thesmethod of claim 16 wherein the step
of processing the pixel values further conprises 02 January 2004 44
determ ning state values fromthe part itself (104). 18. The t hod of

clai m 16 wher ey /2 b/ \/ddd/ 1 5/ /2 3/ 0 Gty 1V T &t/ /ddd/ 719/ / Al /met hod  of
claim 16 wherei/n {1&sp1886ehSer -D2ihaé Ahe x,¥0céterThé nee¢hod of claim 16
wherein the part 1s ball _grid arr 7 : e Best.®fincl ai m 16
wherein the prééé% sp?h%%%??? thgg%$§ég%3§%ﬁé¥£?bT??%d a rotation, 15 an
X pl acement val/vietkadegiynplaloddentovEFid20f the part relative to world X
and Y COOfdBnaV??/kWVﬁﬁ/V¢Vﬂg/4MM/ﬁVS/ﬂrVﬁAﬂXV/éyéM%JﬁﬂV/Vﬁé/é%%A//(20) . 20 22.

The method of GLaL M ZhhUbbOe.CANPT k) N Ygiat aps iok: yga) using a par
efinition filé at contal ns nmeasu nt, va * an |1 deal part;
T

cal cul ati ng an expected position ead "of the part for a bottom
vi ew usi ng the {measurenent values fromthe part definition file and the X
pl acement val ue ang,Y jpliacement value. 30 23. The nethod of claim 16
further conprising.the ste Qfoysing a search procedure on the inmage to

| ocate the i%ad. 2&9“5?&? hod' of claim 16 further conprising the 35 step
usi ng a subpi xel edgesdmZct Fo®i method to | ocate a reference point on each

| ead. long SumY = 0;

for (x=x1;x<=X2;X++)
15 {
for (y=yl;y<=y2;y++)
{

if (Pixel(x][y) > THRESHOLD)

{

20 SumX += X;
sumY += Yy;
Found ++;
}
}
25 }

if (Found > 0)

{

(double)SumX / (double)Found;
(double) SumY / (double)Found;

*px
30 *pY
}

i

return Found;

35



02 January 2004 45 25. The nmethod of claim 16 further conprising the step
of determning a |lead center location and a | ead dianeter in pixels and
storing the lead 5 center location and |ead dianeter in nenory. 26. The
met hod of claim25 further conprising the step of cal culating an expected
position of a center of each |ead in the side perspective view 10 in the

i mage using a known position of the side perspective view fromcalibration.
27. The method of claim25 further conprising the step oP2ckenuarnt 200 t he
pi xel values into world 15 | ocations (158) by using pixel values and
paranmeters determ ned during calibration wherein the world | ocations
represent physical |ocations of the lead with respect to world coordi nates
defined during calibration. 20 28. The2éet hod of claim 27 wherein a Z

hei ght of each lead is calculated in world coordinates (159) in pixel

val ues by conbining a location of a center o I ttom vi ew
with a 25 ref er/e’n(dé/bbl/h‘[//df//t’ﬁé//s/a(r’fé/}/ééﬁ/4‘@62/&2?6&@@/262&i ve view.
29. The nmet hod reh b 2Ryt hefildenphe sceargrerhef stlep BHA converting the

wor | d coordinagg; to part 30 val ugs,160) using a rotation, X placenent
val ue and Y pl a&enent val ue to  def r [ iydeal part
where the part A&ﬂﬁjéé/féﬁﬁ&éﬁéﬁ{gz%&227{27/%{fZZZA;ézgygf/{4z¥/?2éé i ncl udi ng

| ead di anetey, J@ar reeiBarldencari@mlile $8nsePardeuRk8 Y part coordi nates and
| ead height in g;ggy;&?dgggﬁﬂhaahe§er) 02 January 2004 46 30. The nethod of
cl aim 29 furthe{ conprising the step of conparing ideal values defined in a
part file (162)tto calculate deviation values that 5 represent a deviation
of the center of thatlsadifromits ideal |ocation. 31. The nmethod of claim
30 wherein the devigki @f values (taytérkl-udeanend /ditafeter in several 10

orientations_w th respect _tp. Lehlacenent axgd e and)a Y pl acenent val ue,
| ead center??n the]fidfgeétﬁgﬁﬂ(YegérectiggamqgrgaQng_direction, | ead
SSi

pitch in the X direet g4 antine)dFBEYY on ng ahd deforned | eads, 15
further conprising idteyst ep(ft)daeouert in§ianesz /ditmlhsi on of the lead with
respect to a seating plane based on Z world data. 32. The nethod of claim
31 further conprising the 20 step of,conparing the deviation values to

pr edet er mi ned toIer%ﬁbéxﬁéFU§§”§ﬁfﬁ+}espect to an ideal part as defined in
a part definstion f{le to provide a lead inspection result.

for (y=yl;y<=y2;y++)
{
Pixel [x] [y] = 255;
}
20 }

}

/////////////////////////////////////////////////////

// FindBallCenter - finds the X,Y center of the a BGA
25 /7 ball using the grayscale values

/////////////////////////////////////////////////////

long FindBallCenter (int x1,int yi,int x2,int y2,
double* pX,double* pY,double*

pRadius)
30
int x,¥;
long Found = 0;
long Total = 0;
long SumX = 0;
35 long SumY = 0;



25 47 02 January 2004 33. A nethod for three di nensional inspection of a
| ead on a ball array device, tha nethod conprising: illumnating the |ead;
providing fixed optical elenents to obtain both a bottomview of the | oad
and a side perspective view of the |lead; receiving at | east the bottom vi ew
and the side perspec rive view of the lead using a canmera; transmtting the
bottom view and the side perspective view of the |lead to nenory as pi xel

val ues; deternining a first |ead reference pixel positiof2Janyary om
view, determ ning a second |ead reference pixel position in the side view,
converting the first and second | ead reference pixel positions into a world
val ue by using pixel values and paraneters deternined during a calibration.
3a. The nethod of claim 33, wherein ilJumnating the |ead is achi eved using
a single light source. 3~. The mamet hod of claim 33, wherein illumnating
the lead is achieved using nore than one |ight source. 36. The nethod of
claim 33, wherein fhe Bekborrwiew+e) the | ead and a side perspective view
of the lead are obtained in a single inmage. 37, The nethod of claim 33,
wherein the bottomview of the | ead and a si de perspective view of the |ead
are obtained in nore tif ¥AEli¥Egé, Y38, The nethod of claim 33, wherein
the paraneters deternifped during the calibration are selected fromthe
group consi gting of: pixeljgs¢alef@stprs, mmresagls) at a particular point in
a view, and correspondenaﬁ of one or nore pixel values to world raiues. 39.
The met hod of cl ai m 33, erein the calibration includes resolving m ssing
state val ues of an inspectionS%W§téﬁ1B§El¥QH%ﬁ]ﬁB]é preci sion pattern of
hnow~ di mensi ons and spaci ng. sumy += y*Pixel [x] [y]:

Total += Pixel[x] [yl;

10 Found ++;
}
}
}
15 if (Found > 0)
{
*pX = (double)SumX / (double)Total;
*pY = (double)SumY / (double)Total;
*pRadius = sqgrt ((double)Found / 3.14159279) ;

20 }

return Found;

}

25 /1711707 110710010711111771710117771177117117771111777
// FindCresentTop - finds the X,Y top position of a
// BGA cresent
J1117770171071100707170111711771111117107717177717777
void FindCresentTop (int CenterX,int CenterY,int
30 Diameter,
int* pX,int* pY)

int x,y,Edge,Max, TopX, TopY;

int x1 = CenterX - Diamter / 2;
35 int x2 = CenterX + Diamter / 2;

int yl1 = CenterY - Diamter / 2;




4% 02 January 2004 40. The nethod of claim 33, wherein the calibration

i ncl udes determ ning and storing pixel values of features of a precision
pattern of known di nensions and spacing. 41. The nethod of claim 33,
wherein the calibration includes determ ning and storing deviations from

i deal world | ocations of features of a precision pattern of known

di nmensi ons and spaci ng. 42. The nethod of claim 33, wherein a Z value is
cal cul ated by combining a deviation of the first |ead rePéranganp2ll4
position &omits ideal position with a deviation of the second | ead
reference pixel position fromits ideal position. 43. The nethod of claim
33) further conprising: converting world values to Z deviations by

cal cul ating deviation values that repregent the deviation of the |ead from
its ideal position. 44. The nmethod of claim 33, further conprising:
converting world values to coplanarity values by cal cul ati ng devi ati on

val ues that represeit tyBe detaretergm of the | ead froma reference plane. 45.
The net hod of claim 33, further conprising: converting world values to
coplanarity val ues gﬁfqalgygating devi ation val ues that represent the
deviation of the le fré a’ seating plane. 46. The nethod of claim 33,
wherein the illumnating is with a diffuse light. 47. The nethod of claim
33, wherein the ill o8 natkngxiscmixt-hy a difftise light for the bottom view
of the |ead. 48. Thﬁ met hod of claim 33, wherein the illumnating is with a
diffuse light for the side perspective view of the | ead. 49. The net hod of
claim 33, wherein the Maﬁuﬁihﬁﬁgﬁg is wwth an overhead reflective diffuser.
~0, A nethod for three frnépsyloryakyRngpecti on of a | ead on a ball array
device, tl~Le method cqnpri sing: 02 January 2004 49 illum nating the

| ead; providing fixed optigal elenren obtain a.bottom view of tha
| ead and a gpde perspectivggéﬁéMﬁgfeiﬁgtﬁgad;B%%%Qﬁ@ﬂﬁgl t :east the bottom
view and the side perspectife(Bdgew>oflaxhe | ead using a canera; transmitting
the bottomview and the side perspective view of the lead to nenory as

pi xel values; determning a fiyfst Lee%ggﬁference pi xel position in the
bottom vi ew, determining a second [ead r'eference pixel position in the side
Vi ew, TopY = y;

15 TopX = X;

}
if (TopY < *pY)
{
20 *pX
*pY

TopX;
TopY ;

}

(c) 1997 Scanner Technologies Inc.
25
Figure 8A shows a side perspective image of the
calibration pattern magnified in one dimension.
Figure 8A shows a side perspective image 300 of a
reticle calibration pattern where the space 303
30 between dot 301 and dot 302 is magnified, increasing
the number of lower value grayscale pixels when
compared to a non magnified image.
Figure 8B shows a side perspective image of the
balls on a BGA, magnified in one dimension. In Figure
35 8B a side perspective image 310 of two views are
shown where the space 313 between ball image 311 and




converting the first |ead reference pixel position into a first world val ue
and the second | ead reference pixel position into a second world val ue by
usi ng pi xel values and paraneters determ ned during a calibration. 51. The
met hod of claim50, wherein illumnating the lead is achieved using a
single Iight source. 52. The nethod of claim 50, wherein illumnating the

| ead is achieved using nore than one |ight source. 53. The nethod of claim
50, wherein the bottomview of the lead arid a side persf@clanuary2ed¢ of tze
| ead are obtained in a single inmage. 54. The nethod of claim50, wherein
the bottomview of the | ead and a side perspective view of the |ead are
obtained in nore than one inmage. 55. The nethod of claimb50, wherein the
paranmeters determned during the calibrgtion are selected frora the group
consisting of pixel scale factors, an angle at a particular point in a
view, and correspondence of one or nore pixel values to world val ues. 56.
The nethod of chalmirdgevBes eid rabaicddd briatredsimelcudesufiesolof ng m ssing

stal e val ues of 1gp.J %ﬁﬁgtgpé}s%}%ﬁteegh?éﬁ t hoghn(?ol%iat}re@icgél on pattern of

known dlnenS|ons and 'S aci erein the
calibration i ncF‘ﬁ%l%‘sfltTéit é‘t"ﬁ?‘?ﬂ ng Pand" St eaSeAg TR FalBESTof features ef a
preci si on patt egraydcalieovalge rrEn®ilensl ok §pactmsg succ@Bsfahuary 2004 50 -~8.

The net hod of cg%mca@loﬁhg{ qmg rsngpg@gl erggk%ﬁ ncl udes determning and
storing deviations atur egl?of a precision

0
pattern of known di réh?f‘%ge’én\g%gﬁgerhrg e ggef‘hréve tR8d cl ai m 50,
wherein a Z val uethed eadcapraratusy deerdnsednfere deisagi Bethed ande fir st
wor | d val ue froappiratudedbr Pesl ibira i g tﬁheasgievérathyomaleh@ea second worl d

value fromits ég&aémog%l E%gﬂ% QQOISITQ&%%EWHO‘% Ia%%y calil Cf urt her

conpri si ng: ertin eviatio ul ating
devi ation va uegl'{‘?ﬂftlotnép?%s%hrﬁ PohECRRARE 812 R IEREAFLIY fromits i deal
position. 61. Thetidteheddofoxr|mioni8Ong fiigrt hee solyppesspgetiognverting worl d

val ues to copl apagid brvVahdgSpdm Qékc%@téh%ed&i/rﬁéisii%ﬂaym ues that represent
the deviation of the l.ead from.a re{éer en The nethod of claim

| ane..
50, further conﬁ??%‘?%d‘onﬁ VREES -i ngm b 8 gﬁ?%ssloPodSBﬁ%{ha“ ty val ues by
cal cul ati ng devirassiorw wahbesvalvers pepthssensteheanfedeserainest the | ead from
a seating phanealbsvinghéorethest dimehdidnal0inyheitdion bhebdllsudnnating is

wih a diffuse bi@ adiicel ?ﬁgﬁéﬁ]ﬁ{%ﬂ%ﬁrs%@ﬂﬁ% ophgrel n the

illTumnating is wt he bottom view of the |ead. 65.
The met hod of cl ai m%@urﬁh%r%hwst ﬁE PIAMPENAPRFRFEUS BWPF¥h a diffuse |ight
for the side pepspsottiing i B ¢fo the $ygaem for inspection. An

overhead light reflective diffuser 5 includes a

20 vacuum cup assembly 6. The vacuum cup assembly may
attach to a BGA part 70 having balls 71 and suspend
the BGA part 70 below the overhead light reflective
diffuser 5.

Figures 10A and 10B show an example ball on a

25 ball grid array and associated geometry for use with
the method of the invention for determining the 2
position of a ball with respect to the world
coordinates defined during calibration, using two
perspective views for each ball. Using parameters

30 determined from the calibration procedure as shown in
Figures 2B and 2D to define a world coordinate system
for the bottom view and the two side perspective
views, comprising world coordinate plane 700 with
world coordinate origin 701 and world coordinate axis

35 X 702, Y 703 and Z 704 shown in Figure 10A and Figure
10B, and a pair of images 80 and 90 as shown in




66. The nethod of claim50, wherein the illumnating is with an overhead
reflective diffuser. /N@N= / N4/ Ne= /NG NSFGE N /N@NM N, Z/N, =/ NyP
I N=Z/ Nf =4/ N*/ Nf =M Nf =/ Nf =/ N=/ N, =2/ NP/ NS* G NSP/ N, G N, P/ N=z/ Nf *z/ NP/ Ny=4/ Nf */
Nf * i NP/ N@P/ NZ/ NP / Ndml N=/ NP4/ N, G N, 4/ N, P/ Nf d/ N, / NS" / Ny/ Nyd/ N
/ NW NF-/ N3/ NF} zacsvnST] »
/ 1n| wr mhc”™Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cay caEca] ca]calca] ca]ca
U] ca] caU] ca] cal] ca] caU] ca] cal] ca] ca] ca noh i 02 January 2004
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25 calculated by the processor as the distance between
world point 709 and world point 711. The distance L,
is calculated by the processor as the distance
between world point 713 and world point 709. The
value 2, is defined as the distance between world

30 point 714 and 709 and is related to L, as follows:

tan g,= 2

L

Z)=L, tan G,
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The value Z, is defined as the distance between world
point 718 and 709 and is related to L, as follows:

tan 62=_Z_2
L
Z:=1L, tan @,

The average of Z, and Z, are calculated and used
as the value for Z of the ball. This method is more
5 repeatable and accurate than methods that use only
one perspective view per ball.
In still another embodiment of the invention,
the method and apparatus disclosed herein is a method
and apparatus for calibrating the system by placing a
10 pattern of calibration dots of known spacing and
dimensions on the bottom plane of a calibration
reticle and for providing a single side perspective
view for the three dimensional inspection of parts.
From the precision dots the missing state values of
15 the system are determined allowing for three
dimensional inspection of balls on BGA devices or
balls on wafers or balls on die.
Figure 11A shows the apparatus of the invention
for system calibration, utilizing a single side
20 perspective view. The method and apparatus for
calibration of the bottom view is identical to the
method and apparatus described earlier in Figure 2A
and 2B for the two side perspective views method.
The apparatus for an image of a side perspective view
25 includes a camera 15 with a lens 18 and a calibration
reticle 20. The camera 15 is located to receive an
image 64 of a side perspective view comprising dots
65, described in conjunction with Figure 11B, and
utilizing fixed optical elements 40 and 42. The fixed
30 optical element 40 may be a mirror or prism. The

fixed optical element 42 is a nonlinear element that
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gr abber boar 17 to receive the image 64 The frame
grabber board 17 provides an image data output to a
processor 13 to perform a two dimensional inspection
as described in conjunction with Figure 2B. The
processor 13 may store an image in memory 14.

Figure 11B shows an example calibration pattern
and example images of a calibration pattern acquired
by the system, utilizing a single side perspective
view, of the invention. Figure 11B shows an example
image 50 from camera 10 and an example image 64 from
camera 15 acquired by the system. The image 50
showing dots 52 acquired by camera 10 includes a
bottom view of the dot pattern 22, containing
precision dots 24 of known dimensions and spacing,
located on the bottom surface of the calibration
reticle 20. The image 64 shows a side perspective
view of the dot pattern 22, containing precision dots
24 of known dimensions and spacing, located on the
bottom surface of the calibration reticle 20. A side
perspective view in image 64 contains images of dots
65 and is obtained by the reflection of the image of
the calibration reticle dot pattern 22 off of fixed
optical element 40, passing through nonlinear
element 42 and into camera 15.

The side perspective calibration is identical to
the method shown in Figure 2C except the fixed
optical elements may have different properties.

The determination of the state values for the
side perspective view is identical to the method
shown in Figure 2D except the fixed optical elements
may be different and there is only one side
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In gtill another embodiment employing a single

side perspective view, the invention does not include
5 the nonlinear element 42.

Figure 12A shows the apparatus of the invention
for ball inspection utilizing a single side
perspective view. The apparatus of the invention
includes a part 70 to be inspected. The apparatus

10 further includes a camera 10 with a lens 11, located
below the central area of part 70, to receive a
bottom image 80, described in conjunction with Figure
12B, of part 70. The camera 10 is connected to a
frame grabber board 12 to receive the image 80. The

15 frame grabber board 12 provides an image data output
to a processor 13 to perform a two dimensional
inspection as described in conjunction with Figure
12B. The processor 13 may store an image in memory
14. The apparatus for an image of a single side

20 perspective view includes a camera 15 with a lens 18.

The camera 15 is located to receive an image 94,
comprising a single side perspective view, described
in conjunction with Figure 12B and utilizing fixed
optical element 40 and nonlinear, fixed optical

75 element 42, to magnify the side perspective view in
one dimension. In another embodiment of the invention
optical element 40 may be the nonlinear element. The
fixed optical element 40 may be a mirror or prism. As
will be appreciated by those skilled in the art

30 additional optical elements may be incorporated. The
camera 15 is connected to a frame grabber board 17 to
receive the image 94. The frame grabber board 17
provides an image data output to a processor 13 to
calculate the 2z position of the balls, described in

35 conjunction with Figure 12B. The processor 13 may

store an image in memory 14.
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example images of the ball grid array for three
dimensional inspection, utilizing a single side
perspective view. Figure 12B shows an example image

5 80 from camera 10 and an example image 94 from camera
15 acquired by the system. The image 80 shows the
bottom view of the balls 71 located on the bottom
surface of a part 70. The image 94 shows a side
perspective view of the balls 71 located on part 70.

10 The side perspective view in image 94 contains
images of balls 95 and is obtained by the reflection
of the image of the part 70 off of fixed optical
element 40 and passing through the nonlinear fixed
element 42 into camera 15.

15 In an alternate embodiment of the invention, the
system can be used to inspect other types of
electronic parts in three dimensions, such as
gullwing and J lead devices. By utilizing only one
camera and adding an additional set of prisms on the

70 reticle 400 these other devices may be inspected.

The advantage of being able to inspect different
devices with the same system includes savings in
cost, and floor space in the factory. Additionally
this design allows more flexibility in production

25 planning and resource management.

Figure 13 shows the apparatus of the invention
for the three dimensional inspection of ball grid
array devices, gullwing devices and J lead devices.
The apparatus described in Figure 13 allows the

30 inspection of BGA, gullwing and J lead devices all on
the same system. The apparatus includes a part 402
to be inspected located over the central area of a
transparent reticle 400 with prisms 401 glued to the
top surface to receive side perspective views of part

35 402. A gullwing and J lead inspection device 21 may
be integrated into the ball grid array inspection
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device. One example embodiment of such a gullwing
and J lead inspection device is the "Ultravim"
scanner from Scanner Technologies of Minnetonka,
Minnesota. The apparatus further includes a camera
5 10A with a lens 11A, located below the central area

of part 402 and reticle 400 to receive a bottom view
and side perspective views of part 402. The camera
10A is connected to a frame grabber board 12A to
receive an image. The frame grabber board 12A

10 provides an image data output to a processor 13A to
perform a three dimensional inspection of part 402.
The processor 13A may store an image in memory 14A.
These components comprise the hardware of the
gullwing and J lead inspection device 21 and are

15 shared by the ball grid array inspection device as
described herein.

The UltraVim is described in United States
patent application Serial Number 08/850,473 entitled
THREE DIMENSIONAL INSPECTION SYSTEM by Beaty et al.,

20 filed May 5, 1997 which is incorporated in its
entirely by reference thereto.

Refer now to Figure 14. In still another
embodiment of the invention, the system may use three
cameras to image directly the bottom view and two

25 side perspective views as shown in Figure 14. Figure
14 shows the apparatus of the invention for a three
dimensional inspection of the balls of a BGA. The
apparatus of the invention includes a part 70, with
balls 71 to be inspected.' The apparatus further

30 includes a camera 10 with a lens 11, located below
the central area of part 70, to receive a bottom
image 80, described in conjunction with Figure 12B,
of part 70. The camera 10 is connected to a frame
grabber board 12 to receive the image 80. The frame

35 grabber board 12 provides an image data output to a

processor 13 €O perform a two dimensional inspection
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as described in conjunction with Figure 12B. The
processor 13 may store an image in memory 14. The
apparatus for an image of a first side perspective
view includes a camera 15 with a lens 19. The camera
15 is located to receive an image 94, comprising a
single side perspective view, described in
conjunction with Figure 12B and utilizing fixed
optical element 38, to magnify the side perspective
view in one dimension. The camera 15 is connected to
a frame grabber board 17 to receive the image 94.
The frame grabber board 17 provides an image data
output to a processor 13 to calculate the 2 position
of the balls, described in conjunction with Figure
12B. The processor 13 may store an image in memory
14. The apparatus for an image of a second side
perspective view includes a camera 15 with a lens 19.
The camera 15 is located to receive an image similar
to 94, comprising a single side perspective view,
described in conjunction with Figure 12B and
utilizing fixed optical element 38, to magnify the
side perspective view in one dimension. The camera
15 is connected to a frame grabber board 17 to
receive the image similar to 94. The frame grabber
board 17 provides an image data output to a processor
13 to calculate the 2 position of the balls,
described in conjunction with Figure 12B. The
processor 13 may store an image in memory 14. In
another embodiment, the nonlinear fixed optical
element 38 may be missing. In still another
embodiment of the invention, only one side
perspective view may be utilized.

In another embodiment of the invention, the
method and apparatus disclosed herein is a method and
apparatus using a single camera for calibrating the
system by placing a pattern of calibration dots of

known spacing and size on the bottom plane of a
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calibration reticle. From the precision dots the
missing state values of the system are determined
allowing for three dimensional inspection of balls on
ball grid array devices, BGA devices or balls on

5 wafers or balls on die.

Refer now to Figure 15 which shows one example

of the apparatus of the invention configured with a
calibration reticle 1020 for use during calibration
of the state values of the system. Calibration

10 reticle 1020 is positioned to be viewed by camera
1008. Camera 1008 further comprises a lens 1006.
Camera 1008 receives a composite image of the
calibration reticle 1020, one portion of the image,
through mirror 1002 and an additional portion

15 directly. A frame grabber 1010 receives image
information from the camera 1008 and provides
processor 1012 with image information of the
calibration reticle 1020. The image information and
other inspection information may be stored in memory

20 1014. The apparatus obtains an image 1024 showing a
bottom view 1026 containing an image of a precision
dot 1030 and a side view 1028 containing an image of
precision dot 1032 of the calibration reticle 1020
shown in Figure 16A. This image 1024 is shown in

25 Figure 16B. To take the image 1024, the apparatus
includes a means of illumination 1017, an overhead
light diffuser 1015, the camera 1008, with lens 1006,
and calibration reticle 1020 with a calibration
pattern 1021 on the bottom surface of the calibration

30 reticle 1020. A separate optical element 1002 is
positioned below the calibration reticle 1020 to
provide an additional perspective or side view 1028
containing an image of precision dot 1032 of the
calibration reticle 1020.

35 In one embodiment of the invention, the optical

element 1002 may comprise a prism. In another
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embodiment of the invention, the optical element 1002
may comprise a mirror. As will be appreciated by one
skilled in the art, the invention will work with any
number of side views. The calibration pattern 1021
S  on the reticle 1020 comprises precision dots 1022.
The camera 1008 is located below the central part of
the calibration reticle 1020 to receive an image 1024
described in conjunction with Figures 16A and 16B.
In one embodiment of the invention, the camera 1008
10 comprises an image sensor. The image sensor may be a
charged coupled device array. The camera 1008 is
connected to a frame grabber board 1010 to receive
the image 1024. The frame grabber board 1010
provides an image data output to a processor 1012 to
15 perform a three dimensional calibration as described
in conjunction with Figure 16B. The principles and
relationships shown in Figures 2E and 2F apply. The
processor 1012 may store an image in memory 1014.
Now refer to Figures 16A and 16B which show a
90 calibration reticle 1020 having precision dots 1022.
Figure 16B shows a composite image 1024 of the
calibration reticle 1020. The bottom view 1026 shows
precision dots 1030 with a first perspective view and
a side view 1028 shows precision dots 1030 with a
25 second perspective view. The system processor
processes the composite image 1024 according to the
system of equations described herein with the bottom
view 1026 and side view 1028 providing information
for the solution of the system of equations. The
30 principles and relationships ghown in Figure 2E and
Figure 2F apply.

In another embodiment of the invention, the
method and apparatus disclosed herein is a method and
apparatus using a single camera for a three

35 dimensional inspection of balls on ball grid array

devices, BGA/CSP devices or balls on wafers or balls
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of the invention configured with a part 1040 to be
inspected by the system. The apparatus obtains an

5 image 1044 showing a bottom view 1046 containing an
image of a ball 1050 and a side view 1048 containing
an image of a ball 1052 of the part 1040. To take
the image 1044, the apparatus includes a means of
illumination 1017 which may be a ring light, camera

10 1008 with a lens 1006 and a part 1040 with a ball
1042 on the bottom surface. In one embodiment of the
invention, the means of illumination 1017 lights the
bottom surface of the part 1040 to allow imaging the
perimeter of the part 1040. In another embodiment of

15 the invention, overhead diffuser 1015 provides
illumination for imaging of the perimeter of the part
1040.

A separate optical element 1002 is positioned

below the bottom plane of part 1040 to provide an

20 additional perspective or side view 1048 of the part
1040 containing an image of the ball 1052 of the part
1040. In one embodiment of the invention, the
optical element 1002 may comprise a prism. In
another embodiment of the invention, the optical

25 element 1002 may comprise a mirror. As will be
appreciated by one skilled in the art, the invention
will work with any number of side views. The camera
1008 is located below the central part of the part
1040 to receive an image 1044 described in

30 conjunction with Figures 18A and 18B. In one
embodiment of the invention, the camera 1008
comprises an image sensor. The image sensor may be a
charged coupled device array. The camera 1008 is
connected to a frame grabber board 1010 to receive

35 the image 1044. The frame grabber board 1010
provides an image data output to a processor 1012 to




f-10041& ()-q “f-10%\,& ()-f f-10%,8& ()-f f-10% (& v
\y@loo%\/&l()- v y@10%& ()- vwxy| obUa#! f!(lz)o/&'()-lo\(g(10\$)10\\f
\f0100/<}\&()-f " 101090D& ()- fO10%66& ()- f f-100k& ()-.21:|[:bUs#! f z
floo/«&l()-@# v f10%& ()-@f g Ufl0%& ()-@f b f109%& ()-@ fY ' 109%& ()-
f],cloo/&()l-:LVgh|[i-410Plf f|f,510%& ()-' fnf,510%& ()-'f f f109%& ()- @f
fsloA% & ()-@ f109& ()-@ " f10%tT#& ()- @hijz}bAALOP f Sy1098*}1& ()-
f y100/<?& ()-' f 10%& ()- f@O%& ()- f!lO%&'()-10P10PgUU|‘{)2AﬂDLOW2€04}
y109%& ()-$ q "y109%& ()-$ v "y10%& ()-$ q P yl090& ()-$ g y10%& ()-$
fSy10% ()-' 8B| obUA10 f!10%& && ()-10-.-10-.-10-.- "y10%.-& ()-$

£, y100& ()-$ “yl09%& ()-$ |

40

perform a three dimensional inspection of the part
1040 as described in conjunction with Figures 18A and
18B. The principles and relationships shown in
Figures 6A and Figure 6B apply. The processor 1012
may store an image in memory 1014.

Now refer to Figures 18A and 18B which show a
ball grid array 1040 having balls 1042. Figure 18B
shows a composite image 1044 of the ball grid array
1040. The bottom view 1046 shows ball 1050 with a
first perspective view and a side view 1048 shows
pall 1050 with crescent shape 1052 with a second
perspective view. The system processor processes the
composite image 1044 according to the system of
equations described herein with the bottom view 1046
and side view 1048 providing information for the
solution of the system of equations. The principles
and relationships shown in Figures 6A and 6B apply.

The invention has been described herein in
considerable detail in order to comply with the
patent Statutes and to provide those skilled in the
art with the information needed to apply the novel
principles and to comstruct and use such specialized
components as are required. However, it is to be
understood that the invention can be carried out by
specifically different equipment and devices, and
that various modifications, both as to the equipment
details and operating procedures, can be accomplished
without departing from the scope of the invention
itself.

What is claimed is:
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CLAIMS
1. An apparatus for three dimensional inspection of

an electronic part (1040), wherein the apparatus
is calibrated using a precision pattern mask

5 with dot patterns deposited on a calibration

transparent reticle (20), the apparatus for
three dimensional inspection of an electronic
part (1040) comprising:

(a) a camera (1008) and an illuminator (1017)

10 for imaging the electronic part (1040), the
camera (1008) being positioned to obtain a
first view (1046) of the electronic part
{1040) ;

(b) a means for light reflection {1002)

15 positioned to reflect a different view
(1048) of the electronic part (1040) into
the camera (1008), wherein the camera
(1008) provides an image (1044) of the
electronic part (1040) having differing

20 views (1046, 1048); and

(c) a means for image processing (13) the image
(1044) of the electronic part (1040) that
applies calculations on the differing views
(1046, 1048) of the image (1044) to

25 calculate a three dimensional position of
at least one portion of the electronic part

(1040) .
2. The apparatus of claim 1 wherein the illuminator
30 (1017) further comprises a ring light.
3. The apparatus of claim 1 wherein the means for
light

reflection (32, 36, 38) further comprises a

35 mirror.
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4. The apparatus of claim 1 wherein the means for
light reflection (30, 34) further comprises a
prism.

5 5. The apparatus of claim 1 wherein the means for
light reflection (32, 36, 38) further comprises
a curved mirror.
6. The apparatus of claim 1 wherein the electronic
part (1040) further comprises a ball grid array.
10
7. The apparatus of claim 6 wherein the electronic

part (1040) further comprises balls on a wafer.

8. The apparatus of claim 6 wherein the electronic
15 part (1040) further comprises balls on a die.

9. The apparatus of claim 1 wherein the means for
imaging (1080) provides the image to a frame
grabber board (1010).
20
10. The apparatus of claim 9 wherein the frame
grabber board (1010) provides an image data
output to a processor (1012) to perform a three
dimensional inspection of a part.
25
11. The apparatus of claim 1 further comprising a
nonlinear optical element to magnify the image
in one dimension. ‘

30 12. The apparatus of claim 1 wherein a maximum depth
of focus of a side perspective view allows for a
fixed focus system to inspect larger electronic
parts, with one perspective view (1026) imaging
one portion of the electronic part (1040) and a

35 second perspective view (1028) imaging a second

portion of the electronic part (1040).
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portion of the electronic part (1040).

The apparatus of claim 1 wherein a maximum depth
of focus of a side perspective view includes an
area of the electronic part (1040) including a
center row of balls.

The apparatus of claim 13 wherein all of the
balls on the electronic part (1040) are in focus
resulting in two perspective views for each
ball.

The apparatus of claim 1 further comprising a
means for inspecting gullwing and J lead
devices.

A method for three dimensional inspection of a
lead on a part, the method comprising the steps
of:

(a) using a camera to receive an image of the
lead (142);

(b) transmitting the image of the lead to a
frame grabber (143);

(c) providing fixed optical elements to obtain
a side perspective view of the lead (144);

(d) transmitting the side perspective view of
the lead to the frame grabber (146);

(e) operating a proceséor to send a command to
the frame grabber to acquire images of
pixel values from the camera (147); and

(£) processing the pixel values with the
processor to calculate a three dimensional
position of the lead (147).

The method of claim 16 wherein the step of
processing the pixel values further comprises

OF

f




109%L& ()- .( "3 10%& ()- .( "3 109 ()- .( "3 109 ()- . 3 109% ()-
vU410 ' 10%_S& ()--& J 109K W& ()--& f@O0%k s& ()-& f!109%k

s& ()-&101010 ~3 10%&' ()- .|[:vU410 f ~ 109P& ()--J ~ 10% & ()--f °
109& ()--f ° 109 ()--

02 January 2004

44

determining state values from the part itself
(104) .

18. The method of claim 16 wherein the lead is a

5 curved surface lead.

19. The method of claim 16 wherein the lead is a
ball (71).

10 20. The method of claim 16 wherein the part is a
ball grid array (70).

21. The method of claim 16 wherein the processor
processes the pixel values to find a rotation,
15 an X placement value and a Y placement value of
the part relative to world X and Y coordinates
by finding points on four sides of the part
(20) .

20 22. The method of claim 21 further comprising the
steps of:
(a) using a part definition file that contains
measurement values for an ideal part;
{b) calculating an expected position for each
25 lead of the part for a bottom view using
the measurement values from the part
definition file and the X placement value

and Y placement value.

30 23. The method of claim 16 further comprising the
step of using a search procedure on the image to
locate the lead.

24. The method of claim 16 further comprising the
35 step using a subpixel edge detection method to

locate a reference point on each lead.
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The method of claim 16 further comprising the
step of determining a lead center location and a
lead diameter in pixels and storing the lead

center location and lead diameter in memory.

The method of claim 25 further comprising the
step of calculating an expected position of a
center of each lead in the side perspective view
in the image using a known position of the side

perspective view from calibration.

The method of claim 25 further comprising the
step of converting the pixel values into world
locations (158) by using pixel values and
parameters determined during calibration wherein
the world locations represent physical locations
of the lead with respect to world coordinates
defined during calibration.

The method of claim 27 wherein a Z height of
each lead is calculated in world coordinates
(159) in pixel values by combining a location of
a center of a lead from a bottom view with a
reference point of the same lead from a side
perspective view.

The method of claim 28 further comprising the
step of converting the world coordinates to part
values (160) using a rotation, X placement value
and Y placement value to define part coordinates
for an ideal part where the part values
represent physical dimensions of the lead
including lead diameter, lead center location in
X part and Y part coordinates and lead height in
Z world coordinates.
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30. The method of claim 29 further comprising the
step of comparing ideal values defined in a part
file (162) to calculate deviation values that

5 represent a deviation of the center of the lead
from its ideal location.

31. The method of claim 30 wherein the deviation

values may include lead diameter in several

10 orientations with respect to an X placement
value and a Y placement value, lead center in
the X direction, Y direction and radial
direction, lead pitch in the X direction and Y
direction and missing and deformed leads,

15 further comprising the step of calculating the Z
dimension of the lead with respect to a seating
plane based on Z world data.

32. The method of claim 31 further comprising the
20 step of comparing the deviation values to
predetermined tolerance values with respect to
an ideal part as defined in a part definition

file to provide a lead inspection result.

25
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33. A method for three dimensional inspection of a lead on a ball array device, the
method comprising:

illuminating the lead;

providing fixed optical elements to obtain both a bottom view of the lead and a side
perspective view of the lead;

receiving at least the bottom view and the side perspective view of the lead using a
. camera;
transmitting the bottom view and the side perspective view of the lead to memory as

pixel values;

determining a first lead reference pixel position in the bottom view;
determining a second lead reference pixel position in the side view;
converting the first and second lead reference pixel positions into a world value by using

pixe] values and parameters determined during a calibration.

34, The method of claim 33, wherein illuminating the lead is achieved using a single

| light source,

35. The method of claim 33, wherein illuminating the lead is achieved using more than

. one light source.

36. The method of claim 33, wherein the bottom view of the lead and a side perspective

, view of the lead are obtained ina single image.

37. The method of claim 33, wherein the bottom view of the lead and a side perspective

view of the lead are obtained in more than one image.

* 38. The method of claim 33, wherein the parameters determined during the calibration
. are selected from the group consisting of: pixe] scale factors, an angle at a particular point in a

view, and ¢correspondence of one or more pixel values to world values.

39. The method of claim 33, wherein the calibration includes resolving missing state

values of an inspection system by imaging a precision pattern of known dimensions and spacing.
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40. The method of claim 33, wherein the calibration includes determining and storing

pixel values of features of a precision pattern of known dimensions and spacing.

4]1. The method of claim 33, wherein the calibration includes determining and storing

deviations from ideal world locations of features of a precision pattern of known dimensions and

spacing.

42. The method of claim 33, wherein a Z value is calculated by combining a deviation of

the first lead reference pixel position from its ideal position with a deviation of the second lead

reference pixel position from its ideal position.

43. The method of claim 33, further comprising: converting world values to Z deviations

by calculating deviation values that represent the deviation of the lead from its ideal position.

44. The method of claim 33, further comprising: converting world values to coplanarity

values by calculating deviation values that represent the deviation of the lead from a reference

45. The method of claim 33, further comprising: converting world values to coplanarity

values by calculating deviation values that represent the deviation of the lead from a seating

46. The method of claim 33, wherein the illuminating is with a diffuse light.

47. The method of claim 33, wherein the illuminating is with a diffuse light for the

bottom view of the lead.

43. The method of claim 33, wherein the illuminating is with a diffuse light for the side

perspective view of the lead.

49. The method of claim 33, wherein the illuminating is with an overhead reflective

diffuser.

30. A method for three dimensional inspection of a lead on a ball array device, the

method comprising:
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camera,

transmitting the bottom view and the side perspective view of the lead to memory as
pixel values;

determining a first lead reference pixel position in the bottom view;

determining a second lead reference pixel position in the side view;

converting the first lead reference pixel position into a first world value and the second

lead reference pixel position into a second world value by using pixel values and parameters
determined during a calibration.

51, The method of claim 50, wherein illuminating the lead is achieved using a single
light source.

52, The method of claim 50, wherein illuminating the lead is achieved using more than
one light source.

53. The method of claim 50, wherein the bottom view of the lead and a side perspective
view of the lead are obtained in a single image.

54. The method of claim 50, wherein the bottom view of the lead and a side perspective

! view of the |ead are obtained in more than one image.

55. The method of claim 50, wherein the parameters determined during the calibration
¢ selected from the group consisting of: pixel scale factors, an angle at a particular point in a

view, and correspondence of one or more pixel values to world values.

{
i
i
i

56. The method of claim 50, wherein the calibration includes resolving missing state

 values of an inspection system by imaging a precision pattern of known dimensions and spacing,

57. The method of claim 50, wherein the calibration includes determining and storing

pmel values of features of a precision pattern of known dimensions and spacing.
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59. The method of claim 50, wherein a Z value is calculated by combining a deviation of

the first world value from its ideal position with a deviation of the second world value from its

ideal position.

60. The method of claim 50, further comprising: converting world values to Z deviations
by calculating deviation values that represent the deviation of the lead from its ideal position.

61. The method of claim 50, further comprising: converting world values to coplanarity

values by calculating deviation values that represent the deviation 6f the lead from a reference
plane.

62. The method of claim 50, further comprising: converting world values to coplanarity

values by calculating deviation values that represent the deviation of the lead from a seating
plane. )

63. The method of ¢laim 50, wherein the illuminating is with a diffuse light.

64. The method of claim 50, wherein the illuminating is with a diffuse light for the
bottom view of the lead.

65. The method of claim 50, wherein the illuminating is with a diffuse light for the side
perspective view of the lead.

66. The method of claim 50, wherein the illuminating is with an overhead reflective
diffuser.




