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FIELD OF THE INVEN’I_.'ION
This invention relates to a method and appargths
for three 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
_1nterferometry,_structured llght patterns or two
cameras. - -The laser range flndlng 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:
i method requires a large number of measurement samples
to determine the dimensions of the BGA resulting in



2 |l onger inspection tinmes. This nethod al so suffers from specul ar
reflections fromthe snmooth surfaces of the solder balls resulting in
erroneous data. Mire interferometry utilizes the interfe f light
waves gener"ﬁ?%‘@‘fﬁ a diffraction grating to produce a pai’.&g&ﬁwgﬁs’gark
contours on the surface of the BGA. These contours are of known distance
Fn the Z dinension fromthe diffraction2yrating. By counting the nunber of
contours fromone point on the 10 BGA to another point on the BGA the

di stance in the Z dinension between the two points can be determ ned. This
met hod suffers flangerhdnppettbom ofimery cThisanethedming sufifersresulting in

m ssed counting @Gfont keclidbetefie SOUHY ESFoRNEhE ESHOSEH Gl FERISE0BEOUS dat a.
15 This nethod al.so sgfferg {Hiom t%h]lgstc.ont Qur lines merqging at surfaces
feXsPpAes E§

with steep sl oped® SodfeEs _ 0¥ e ®bEPPSR THE BGA, resulting in
an incorrect count &oirieinuebieraietoonuddddzgadthe etntienfiqyrengeer r oneous

data. 20 Struct Wed idhihtatist §88e UL Yy BI A8ESLabRIBIS gritigdikb onto the
part to be i nspectqefij. The ggw atlfn of tche I |?q1htortgatr}(%j frupr a, St ght line
i's proportionalPtYe 2PEEERER I HRTE SEPEPBRECT STHT A F3fife Ofi ght bands
are noved acr ossthend@ar t Thegeoeontounsh arel pit kaoyardistange d@ Wheh respect

Ej o the Iigpt ﬁa@ldﬁmﬁmgoﬁggsagsﬂ@ ciirzes%&%taba_ gﬁﬂﬂihﬁgﬁh B’gh;a max: ImeTh'
eviation of the I t I n cates t XL oum nel {. a . IS
met hod suffers 59 ?ﬁe%@’ﬁafﬂ"%ﬁe% it %c’&ﬁg F5°‘f'h%n?1?pgch’1n% ch?lggd nat ure

30 of the |ilht Bede meogherngoint an diwoBSRdathe dlstangeetimodheurt her

Suffersdf romincg Qmﬁﬂldi%psewe'eg ﬁﬂér&s:di@aihast&a&xmm?ﬁmiggagesl _
required. Two cangra systens utilize.one.canmera, to vj t he evice in
the normal di rec{ﬁblns t"%)éscé‘é’ eflr’fl%%eergg fl:%f' é:né_" ?raP;r%%s?%ﬁsowar?gr’t%ﬁgsgecond
canera to view t¢entour ddges sesuheing|ins misgafaroumiping ofhdbewo i nages

number of contours and resulting in erroneous data.

15 This method also suffers from the contour lines
merging at surfaces with steep slopes, such as the
sides of the balls on the BGA, resulting in an
incorrect count of the number of contours and
resulting in erroneous data.

20 Structured light systems project precise bands
of light onto the part to be inspected. The
deviation of the light band from a straight line is
proportional 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



11 WD 01/ 04567 PGI/ US00/ 18891 3 are.,conbined to determ ne the apparent

hei ght. of each ball in the Z dinmension utilizing a triangul ati on nmet hod.
Thi s-. math%o SE,;ars fromthe need for a higher angle ofofhRinssth the balk
fromthe secon canera resulting in |l ooking at a point signi 11| cantly

bel ow the top of the ball for BGA's having fine pitch. This nmethod al so
suffers fromlinted depth of focus for3the second canera limiting the
size of BGA's that can be inspected. This systemcan only 10 inspect BGA's
~and not other device types such as gullwing and J | ead devices. The prior
~art does not praxe deombigese sar determine disodprarepticheidits 9ferarbt i ng
l'arger BGA's tqaebﬂ i spRC Zed inenson ivi€an zapgi asttbamnilandent he 15

separat i on bet veer, ol acenl, fgthoh TGRS R chL dfeedGipgetive view. It

Is therefore a% IVati on-of I nprove the accuracy of the
measurenents, thkohgrangles #h@lﬁﬁa%%rté}?eﬂ?ﬁ‘%l frembhe is8FE nmeasure al |

si zes 20 ands pi é&m HedBGhingant 1sokiARs ateaopbint dmmcamayudi ng
gul l wi ng and J eflow ehrt%o nc@ %‘gg‘g@ Sfﬁ%tﬁﬁh % @3 nLEE | NVENTI ON 25
or | rrenS| ona [

The invention pl?ow des an par a | ns ection of an
el ectroni c par tPitfier eiThis Wé%ﬁﬁaﬁ%?‘h@%@%’él Fprnt kiif&chdeREBr eci si on
pattern mask wf hestals Fakt ehasSsdenodidaaedranlamtaindridid @izer afispar ent

reticle, the appay(al 45, 0kahbgesn eéﬂeergnswﬁegl o} AP LerPBnly an

el ectronic art r|S|n um nator for 1maging the
el ectronic ﬁh tmﬂ’&c%@ﬁ;@rﬁ aa@w%ﬁhqroﬂsa £8 CYRRSSHSR APrst view of the
el ectroni ¢ partguHwiggnandf or leadhdeviefdsecti.on positioned to reflect a 35

different view of t hl%eelp‘i%EOQLE 8sdd rllcﬁt 9er§de-two separate and
opposite side views permitting larger BGA's to be
inspected or nonlinear optics to enhance the
15 separation between adjacent ball images in the side
. perspective view. .
‘It is therefore a motlvatlon of the invention to
improve the accuracy of the measurements, the speed
" of the measurements, the ability to measure all sizes
20 and pitches of BGA's_and to measure other devices
including gullwing and J lead parts in a single
system.

SUMMARY OF THE INVENTION

25 The invention provides an apparatus for three
diﬁensional 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 positiomned to
obtain a first view of the electronic part, a means

- for light reflection positioned to reflect a

35 Jdifferent view of the electronic part into the .

camera, wherein the camera provides an image of the

aed



canera, wherein. the canera provides an imge of the WD 01104567

PCT/ USOQ' 18891 4 electronic part having differing views of the electronic
part, and a neans for inmage processing the inmage:of the gl o6 part
that appl i MOMPAIZ | ations on the differing views of the féngfgiée.fo{igdsg
calculate a three di nensional position of at |least one portion of the

el ectronic part. The invention further canprises aring light. The neans
for light reflection could further conprise a mrror, a prism or a curved
mrror. The electronic 10 part nay be a ball grid array, balls on a wafer,
or balls on a dilectfheicepamst flavinmdiiffepingidievs laf ithege to a frane
grabber board. Bl%cftﬁ:éﬁgcgéé’:b@,eraﬂﬁ)%r%eaﬁ%ofbgeﬁma"gﬂa' igf@Rseahg eHkput to-a
processor to 15 perfor hree di nensi on [N pect][.on of the part. The
appar atus may f HW9Er CCohPFi SEETABHIG REA t%?)?i%%ﬁ’ B%nent to magnify the
second i mage i n aaleuldtiensi om. the diffexppar uiews ofrbbiemimageptn of focus
of a side perspegllic(8areey ehlié¥safniingd chnategokOEien 24 westieasto i nspect

| arger el ectronic par i ective_ view i magi ng one portion of

tﬁ,,wtgﬁe pers Live
the el ectronic P POXHOR S PHUFE VB ew i magi ng . a second
portion of the el ect Thei ¢npention fuxther chEPrigearattidd ldghtrum dept h of

focus of a side gp F&r%faiee%'fvfi%h@%éﬂ@dﬂ% 2BuBd efurtfhdrh@ombeg keoni C
part including a center row of balls. Furthernore

od' MPERo af'l’le Ofletcg%op&lcl s on the
el ectronic part Fdy9F8%irn® PHLER’ rEsd (THI S n "t hersPe&tivVe Views for
each ball. 1®¥0 Tert magnbeoa kahbrdmiel axnayanbalds mspawberg oFul | wi ng and
J lead devices. Jdmad wept yoa. further provides a nethod for three

di ensi onal i nspect | g Ok 2,L€R: bl broblifies T ShalRG! 31 10 L

frame grabber board. The frame grabber board

provides an image data output to 'a processor to
15 perform a three dimensional inspection of the part.

The apparatus may further comprise a nonlinear
optical element to magnify the second image in one
dimension. In the apparatus a maximum depth of focus
of a side perspective view allows for a fixed focus

20 system to inspect larger electronic parts, with one
perspective view imaging one portion of the
electronic part 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



. 35 receive an image of the lead, transmtting the inage of the lead to a
frame grabber, providing fixed e i WD 01/04567 PCT/USOQO 18891 5 optical
el enents tQ. [N.a side perspective.view of the |ead,. Wil i ng the -

si de per sp‘gtc)?p{)/%w/i ew of the lead to the frame. grabber ?&g@g%i&tﬁg a
processor to send a command to the franme grabber to acquire 5 i mages of
pi xel values fromthe canera, and procéssing the pixel values with the
processor to calculate a three dinmensional position of the lead. State
val ues may be determ ned fromthe part itself. 10 The | ead may be a curved
surface | ead, #Wdigal glepapts ke Phiaiaya §iferPRFRATE Ve VieHnPEd net al
fTﬁr m or sim | afhedljeadt, tﬁahsﬁﬂftﬁ@ ithegedlaé r petdpert isepaiaeodi r ect ixons.
e processor c S [ v 0 A an
pl acenent val ug._r hgena'%%(aYt%I g%%rré%me'%zi%%e%f {:%ée%talhsg %eﬁ%tto%%gg 15 world X
and Y coordi niesemd pi AEVRINPHNtheofrrnargrikiar fo Aseuiggrt. The
i nvention fu§rt hiedageisoviEdpixéhevalaps fabm £he USangrsg, paid definition file

t hat contains Imeo%% g 2%11%2%%@%% fvg]lg@%ajflggﬁlﬂpgrérgc%%lsgw ghi ng an

expected posititon tor e or a” battomview using the
measur enent valEsWlasm ehehreardinpasisnal crositiomef the kepfacenent val ue
and Y 25. pl acsyated vedhee. mdfebe ristirindned ufdrert iy @ardted tkBRfst ep of
using .a search procedure on the inmage data to locate the |ead. The
invention further provides the step of 30Q deternmining alead_ center
| ocation arld a | ead Thgi ARREPRY Pk SMEVEAISW AT JPRe ReRBlte er
| ocati on and | eslldigatidt array, nenformedlvére nvedtampeidumebhal poowi des t he
step of 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




cal cul ating an expected position of a center of each 35 lead in both side
perspective views in the inmage using a known position of each side view
from ; uli \%g . 4;567 PcT/USOON8891 6. calibration. The invention further
provi des the of using a subpixel edge detection met RGEUEYBPate a
ref erence point on each |ead. 5 The invention further provides the step of
converting the pixel values into world | gations by using pixel values and
paranmeters determ ned during calibration wherein the world |ocations
represent physical |ocations of the lead with respect to world 10
coordi nat es def caddbdatiom. cali bration. The invention further provides for

the calculation of and DobdidiH RAERkCBFovINO KL £RY dENaLesgi N pi xel

val ues by conbiningba,lo atpon _of a.center q% a lead froma bottom vi ew
with a 15 refer 8nEEPBLFRT 9% HLTEETd OPBETRPNTA 19REe Fer specti ve vi ew.
The invention faefkrenpe gpoilts arheashepeafl. converting the world values to

part val ues gsing th@heriﬁﬁéﬂéﬁbntﬂﬂitﬁeﬁlﬁf s WdIgrapdohe Y pl acenent
20 val ue to define aﬁt [of0) rdina%gi fqr t he i deal Qﬁrt where the part

val ues represenF°BN§§ 08 et Y2 1yes: HREP MRF I JOFEHHGPeRY di aneteer,
| ead center | oc@tingnpireX yaluesmadYppartetens dietximenedddheddg hei ght in
Z wor | d coor di N@a83brabidhowhdWean itd LtiieloddMdrlesebiesahep of

valLes ¢ at ropPLYEtERy TeerEtons, o FrBnbead wEs esRetl S2avPThh 15 | deal

|l ocation. The ¢eoerdinahesadefinedhduriobudalilmatitirameter in 30 several

orientations wth regpeCinténtith XukReeNBhbvided U 2RMeY Pl acement val ue,

lead center in Egﬁc§lation of a 2 height of each lead in world
cbordinates in pixel values by combining a location
of a center of a lead from a bottom view with a

15 reference point of the same lead from a side
perspective view.

" The invention further proviaes the step of
converting the world values to part values using the
rotation, the X placement value and the Y placement

20 wvalue to define part coordinates for the 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.

25 The invention further provides the step of
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 2 dimension of the lead with respect
to the seating plane based on the Z world data.



direction, Y direction and radial direction, lead pitch in the X direction
and Y direction and m ssing and deforned |eads, further conprising the
step of 35 g@letadssy i N9 the Z dimension.of the lead with r th .
seating pl ane gased on the Z world data. WD 01/04567 PCT/%%@@&%@@&? 7 The

I nvention further provides the step of conparing the deviation values to
predeterm ned tolerance values with resfect to an ideal part as defined
in the part definition file to provide a lead 5 inspection result. BRIEF
DESCRI PTION OF THE DRAWNGS To illustrate this invention, a preferred
embodi ment wi || be d&8erimeertearefyriper Pepeider che stept RE acconpanying
draw ngs. Fi gur echpashngsthédapptishUgalbes Neo iprerniteeiinkar system

calibration. Figuse 1B..s, £W§§§H%1 aggggegglé réﬁlta;aaaé%ggn and exanpl e

i mges of the calrbration ern urre i gure 2A
shows a fl ow ch&efinpdainethe Pagit cgéininientfi lfébd’rPB'deEaﬁl eadion of

- the bottom vsewinspegtien?Besiiinvs a fl ow chart of a nethod of the invention
used for determning the state values, and 20 the X and Y world

coordi nates, of the botton1v e Fi gure ows a flow
chart of a nethod of the égre%?d?ﬁé@&fa%& gkl ga‘?‘?ﬁ?ﬁ&ﬁ]t he side
perspective views. 2%o. Elgwtaraz:la &thﬂws:.ﬂvéﬂmﬂbxchaf prefegredt hod of the

i nvention used fgf, oﬁ@{g%?‘@i%ﬁaﬂ%ﬁ%ﬁ%ﬁe& Phoithh@es éP&nc.S&ﬁ?&’eCt'Ve

vi ews of the syste ere atlonshlp of &
per spective QngF@BtGCFﬁ@P?EN%QQ(ﬂraﬁhﬁgﬁerspect|ve 30 dinensions to the
non- per specti ve. di neRs$gone . 14 ighews 2he sApparastusoictforhe davemdian si de

for system calibration.

Figure 1B shows an example calibration pattern
and example images of the calibration pattern

15 acquired by the system.

Figure 2A shows a flow chart of a method of the
invention used for calibration of the bottom view.

Figure 2B shows a flow chart of a method of the
invention used for determining the state values, and

20 the X and Y world coordinates, of the bottom view of
the system. :

Figure 2C shows a flow chart of a method of the
invention used for calibration of the side
perspective views.

25 ~Figure 2D shows a flow chart of a method of the
invention used for determining the state values of
the side perspective views of the system.

Figure 2E shows the relationship of a side
perspective angle to the ratio of the perspective

30 dimensions to the non—perspective;dimehsions.

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



perspective view of precision dots used in the nethod for determning a

si de perspective view angle. Figure 3A shows the apparatus of the invention
35 for partwbbmesest i on. Figure 3B shows exanpl e i-nages of parRRbdngeane i WO
01/ 04567 PCT/ US00/ 18891 8 acquired by the system Figure 4 shows a nethod
of the invention for the three dinensional inspection of balls on a ball
grid array. 5 Figures 5A and 5B toget her® show a flow chart of the three
di mensi onal inspection nethod of the invention. Figures 6A and 6B show an
exanple ball of a ball . gri d?arra and associ ated geonetry used in a nethod
10 of the invenfi“SH*F8H g%tté FiT T the Z position of the ball. Figure 7A
shows one exanpl e of Fagurengeshewsl a methpd gfatke alnventdlonndomoghef t he

i nvention. FigungréB shpuhsPoeaEXaiBpertabnaBsi BEUEs Usf G b%ilWFUidt he met hod
of the invention to performa subpixel nmeasurenent of the ball reference

poi nt. Figure BAR*8Ws a side perspective inmage, of the calibration
pattern magnidfied i nFégurdsnphsingh 5B EogethegBshowvn flow ¢dhagsr ofecti ve

i mge of the 20 hal kel aiRéisidmaniinspdctRofNRethd®sE @he Figure 9 shows
an apparatus for, re%enti ng a BGA for Inspection. Figures 10A and 10B show
an exanpl e bal | 158’35* B2l grid array with associated geometry as used with
25 a nethod of the i Aiouresnéhoandidlshonwi ay exewwledalli o of balbal | usi ng

two side perspegdive a‘ﬁ:ﬁ?ﬁand'%é&ﬁcﬁdt_%ﬁ_ geometipeusgpamiUmetholine
 nvention figr SYSUSL GALLREAL Osr Wdderhiiong A0 SotlilionPBESPECti Ve
the ball. _
Figure 7A shows one example of an image used in
the grayscale blob method of the invention.
Figure 7B shows one example of an image used

15 with the method of the invention to perform a

subpixel measurement of the ball reference point.
Figure BA shows a side perspective image of the

calibration pattern magnified in one dimension.
Figure 8B shows a side perspective image of the

20 balls on a BGA, magnified in one dimension.

Figure 9 shows an apparatus for presenting a BGA
for inspection.

Figures 10A and 10B show an example ball of a
ball grid array with associated geometry as used with

25 a method of the invention for determining the Z
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.



30 Figure 11B shows an exanple-calibration pattern and exanple imges of a
calibration pattern acquired by the system utilizing a single side

per spective ' of the invention. Figure 12A shows the of the :
i nvention %vg @}gﬁ all inspection utilizing a single si dep%gggas'gltg tive

view. WO 01/04567 PCT/USO0/ 18891 9 Figure 12B shows an exanple ball grid
array and exanple inmages of the ball gri®¥ array for three dimensional

i nspection, utilizing a single side perspective view. 5 Figure 13 shows

t he apparatus of the.invention for the three di nensional inspection of

ball grid array devFd8ereqliB Fhoysian examphy LR} egrifedrEay. ardgure 14
shows t he appar axampde fhegesvehtilen bafldr grhé diwae filixmehsieenal . i nspection

of parts 10 utilg;zi . e; 1Sy 15+ e aratus of the
.dlﬁeﬁglgﬂéﬁ Eﬁﬁgﬁﬁ%ﬁ’ 'ug'iﬁ.?.%lixg? ?%%él@ 388

i nvention configured wt ion re for use during
calibration of HEFFSPLEFLVGaYIRY%: of the system Figures 16A and 16B show an
exanpl e calilbrati on Figupati®zrshewsl theaapbarategest athet Haveatidsati on

pattern -acquir h ' SRR 1S i : 1S t he
appar at us of thg'%irﬁég%t ?%ﬁé@%ﬁ?i gu,r n%lvmx?%ﬁé%tﬁrgﬂfg%lgogggﬁi nspect ed by

e a par C
the system 20 3Gy 8EVIERE nfiH nghéﬁvécﬁ%r%)n%r‘?dl@?gnﬁlegm?%ages of a
part acquired by theFigstem4 REM EReDESORF#RIO fOE heHEnPEEEESIRED

EMBODI MENT 1 n Gog- %HBOEhP@é‘tdﬁﬁeﬂél%ﬂaﬂV@H&ﬂ:@ébiéxﬁ%f”?%@@.g 25 and
appar at us d|l§c! %ﬁi herein 1s a nethod and ‘apparatus fTor calibrating the
ci

system by pl 12589 ERTPR SR 4t i on dots of known spacing and size .
on the bottom pl ane 8figureal’ whawsorthectappixatus afi theeipvest®omon dots the

m ssing state valoneigRfedNPith a calibration reticle 1020 for use
during calibration of the state values of the system.
-Figures 16A and 16B show an example calibration
15 pattern and example images of the calibration pattern
acquired by the single camera system.
Figure 17 shows the apparatus of the invention
configured with a part 1040 to be inspected by the
system. : : : o .
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. In 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



30 systemare determ ned allowing for three dinensional inspection of
balls on ball grid array devices, BGA devices or balls on wafers or balls

on. di e. odi nent .of the invention the system na L nspect
gul I wi ng ar?gggl"f“g%g devices as well as ball 35 grid arraé@%ﬂh&ﬁnow to
Figure 1A which shows the apparatus nnmr. WO 01/04567 PCT/USOQO 18891 10 of
the invention configured with a calibratien reticle for use during
calibration of the state values of the system The apparatus obtains what

is known as a bottominmge 50 of the calibration reticle 5 20. To take the
bott om i mage 50 afthéhgpparvanuion igmwifiidused wihkera qolikindtign ens 11 and

cal }brati% refz‘e@.'l%tlgof%t??@ d;ﬁlzléiy %ED.QBrQ@i%ﬁ’rc?f &ab@@ttam@ bot t om

sur f ace. e calibratio ern 0 retic es preC|5|on

dots 24. The ca f0°%0€ﬁ§ R %@FO\‘?\‘PP?I’éaE‘é%t‘?bgﬁa n?&l

calibration retikilcem2@st 8 betedwcimage] HRgeL50he d@%bxbliﬁé?dqnn rebnpihﬁct i on

\ghth Figure 1B. Jo1 oRg tﬁHQOQhMtﬂd&ﬁlﬁﬁgﬁrgolghéiéHﬁﬁdﬁ%s?_ﬂ i mage seggor
e image sensor a char coupl ed "devi c e _canera is

connected to a fﬁ’%é‘d&saﬁbg?m ’g"’ba]rod wf%lhta‘ &Bg; ?rhcg 9%&6’§a§6°nThe frame

grabber board Ieticde 86swiabhiampdidaegiont pattemn 2prascddeor 13 to

performa two d'HHHi:%np%@.E'fﬁéé' bredd @a13srdesehi patkdrh ANjohnehon Wi th

Figure 2A. The 20 eSS0 store _an i 14. The
apparatus of t her?tleﬁfg‘ﬁt ?@ CS'B?xol’r%%s 010 [SRe) piof?'r We%‘r% \él 88r3er spective
views and i n@ udes igsilpgatedabelow tie wenbral| paxt 1f & a cal i bration

reticle 20. The caBratida kétieratRd tboréeéﬂré!eaﬁrh.tﬁa@hg@stﬁo 25 conprising

f d d d o B
Fiked optical demEipeden S5 Sinpity pavhaE it " cppont (1 T OUTE

embodiment the camera 10 comprises an 1mage sensor
The image sensor may be a charged coupled device

15 array. The camera 10 is connected to a frame grabber
board 12 to receive the image 50. The frame grabber
board 12 provides an image data output to a processor
13 to perform a two dimensional calibration as
described in conjunction with Figure 2A. The

20 processor 13 may store an image in memory 14. The
apparatus of the invention obtains an image of a pair
of side perspective views and includes using a camera
15 with a lens 16 and a calibration reticle 20. The
camera 15 is located to receive an image 60,

25 comprising a pair of side perspective views,
described in conjunction with Figure 1B. Fixed
optical elements 30, 32 and 38 provide a first side
perspective view and fixed optical elements 34, 36,
38 for a second side perspective view. The fixed

30 optical elements 30, 32, 34, 36 and 38 may be mirrors
or prisms. As will be appreciated by those skilled
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



perspective view and fixed optical elenents 34, 36, 38 for a second side
perspective view. The fixed 30 optical elenments 30, 32, 34, 36 and 38 nay
be mrrors r isns. As will be appreciated by those skilled in the art
addi t i onal %’g’t"i‘@gf;el enents may be incorporated. The ca /18801
connected to a frame grabber board 17 to receive the i mtage 60. The frame
35 grabber board 17 provides an i mage datld output to a processor 13 to
performa two di nensional inspection W81/04567 PCTI USOOn8891 11 as
described in conjunction with Figure 2B. The processor 13 may store an

i mage in. menory a4 desruiked dnbodniwmrctigin mishi Rignre 02B. t Mheappar at us may

contain a nonlingasc&idrcalz ek msaaré%ut qﬂa@anhhyméﬁ&ﬁ 4 de rpepggect i ve
| n_anot her “embodi ment of

i mage 60 in one di.mension a | .

the i nvent i on - GRFTete AE, EASg LRECAHASY  SBRI ARRATRSFL MY The

nonl i near opti ca¢01€tt@rna|ﬁt f0p3 inaar 3opHigalpelgmentvad tonmaanifyr thel ens. 10
Figure 1B shogns Q-ﬂi@)iﬂiﬂgp%c't@geléggé rmmaasaéadlﬂ@n@i&% @xownl e i mage 60

fromcanera 15 agcquirsed th St Th g 50 battom vi ew, of dot
pattern 22, shows” gEL )échqu?Pe%n% ﬁ&?’gdiﬂ a1t Bt 1]5‘3??“6?‘8 cont ai ns
preci si on dots chaﬂnmmfatdﬁmd?% samgndpaeanelenantyr e®hsi on dots 24

are |ocated on ﬁ&ﬂi&@éxo@sb&uaaacewﬁeﬂdse 3¢ahhlr 8% i ey BeLldl ehevéq. The
i mge 60. shows two sid pe;aplectwe views of the dot pattern 22. A first

side per spectlvtg Jf/‘l’c’elf/vc’r 860 cont ai ns i mages 62 of 20 dots 24 and is
obt ai ned by lhe ref| &iguse éﬁ ghaws | ampxagPlenimage | I dfixiosn creeral e dot
pattern 22 off pf draKesh e&hmpaé Dhaefe s £20m daméwrdl 138 dcgugreansya 15, A

second si de pers ct% \41“ esﬁ,é SOBB@E .rg\g%% g% of dots 24 and
re ec |on t [

i s obtained by t he &a ratlon reticle
dot pattern 22 RICLHTH |2>?edsBBV$c‘&?t9eI5é-’n§ﬁ=ﬁ§18§d 1% camera 10. The
dot pattern contains prec1s;on dots 24 of known

15 dimensions and spacing. The precision dots 24 are
located on the bottom surface of the calibration
reticle 20. ' The image 60 shows two side perspective
views of the dot pattern 22, A first side
perspective view in image 60 contains images 62 of

20 dots 24 and is obtained by the reflection of the
image of the calibration reticle dot pattern 22 off
of fixed optical elements 30, 32 and 38 into camera
15. A second side perspective view in image 60
contains images 66 of dots 24 and is cbtained 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



and 38 into canera 15. Optical elenent 36 is positioned to adjust the
optical path length of a second side perspective.view 30 to equal the
optical pa h of a first side. perspective view. T ' din the
art will Weba'bﬁg%t'that any nunber of perspective views can be 5)1{49 i zed by
the invention. In one enbodi nent of the invention, the maxi mum depth of
focus of a side 35 perspective view incll&es an area of the reticle

i ncluding the center row of dots. This allows for a 119181 WO 01/04567
PCT/ USO0/ 18891 12 fixed focus systemto inspect |ar parts, with one

perspective vi efAFRRGFRPHANSLER Fﬁel‘bﬁ??c%rﬂf% PégEﬁndwb'é? SPetive view
i magi ng the ot hpérbpéét:bsfe tHew faaging kabfiref 2hespant and| e di agram f or

the calibratiogealnh eI S¥eq s h5LEY SHRMOCHEE nATENOE @larts in

step 101 by prow |ng ansparent ret e 20 having a bottom surface
containing a doParpattern 22, conprising precision dots 24 of known 10
di mensi ons afd spacmggur'ré]ezxmberé 'anfl;bepdilaiyaranprfwi ttbe a canera 10

| ocat ed beneath gﬁgli%g@{@rpaggrl%e BQEES tSF Bells g,gtgm ipgge 50. In step

103 the processor sends a conman rane er 12 to .acquire an
i rage 50, conpr M&thgd p?mtﬁld%%eprbpﬂ-th% E@Véfr?g‘rg a1 ragfRATER It 0d t hen
proceeds to stemgetfldlanzio Imﬂagsaebothempsuﬁaml%a\mnhgaapd@icessor 13.

Fi gure 2B shows a L .de éd}_% a s of the
bot t om vi ew, Of lp%tEEQW gl ¢ gcf zfl%lng % 889 §T4 IBﬁSMg%M?l adi ng the
t

e
dots 52 201Pn ﬂ*ﬁ‘&@s?ﬁ@nsc"’tﬂqm fng TBet'FF’e |"5‘r3 PBnt 24. The
processor finds prostideasa ocrameich pos lbrcaned drenegddh tiet tyassbaxenth | nage 50

| nI subpi xel val li%%luiéngo Y8l dedENQUN AHT RYSEQ! 50 net;[lﬁoggegngoﬁ@i@s t hese
values in memof X‘ocesso% 10r‘g)e%rdsn% tcgr%r?lgnéesu' tsf:::[a(t)ne gr\é\ﬂber 12 to

acquire an image 50, comprising pixel values from the
15 camera 10. The method then proceeds to step 104 and
processes the pixel values with a processor 13.
Figure 2B shows a flow diagram for determining
the state values of the bottom view of the system.
~ In step 111 the method begins by finding the dots 52
20 in image 50, corresponding to the calibration dots.
24. The processor finds a dimension and position for
-each dot visible in image 50 in subpixel values using
well known grayscale methods and stores these values
in memory 14. By comparing these results to known
25 wvalues stored in memory, the processor calculates the
missing state values for the bottom calibration in
steps 112 and 113. In step 112 the procesesor 13
calculates the optical distortion of lens 11 and the
camera roll angle with respect to the dot pattern 22.
30 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. In step 114 the processor
35 defines the X and Y world coordinates and the Z=0
plane from the image 50 of the precision dot pattern



- 25 values stored in nenory, the processor calculates the mssing state

val ues for the bottomcalibration in steps 112 and 113. In step 112 the
processor ulates the optical distortion of |ens fsbf canera’
roll angl e \ﬂ“t"ﬁ%ﬁispect to the dot pattern 22. 30 Step 1%?@’§Igocul ates the
pi xel w dth and pi xel height by conparing the subpixel data of dots 52
with the known dinensions of the precisildn dot pattern 22. The pi xel
aspect ratio is determned fromthe pixel wdth and pixel height. In step
114 the processor 35 defines the X and Y world coordinates and the Z=0

pl ane fromthe i3fage THe proraeser dgierl @roxss pheserresmdt@lAB4567

- PCTI'US00718891 . pledncidsr Thﬁe@éOﬁ@é@Iﬁs thievigboseavéieinm IFasttors £or nmenory.

These results provi convers 1 Q a to
convert pi xel vdfst?eg‘e d Ao P13 Y?/Jéﬁ" ues. |vfge%£:epg%&5ho ldé% ?I% wg?ggr am f or
the cali brati orvalfugshe si de perspective views of the system The net hod
starts in stegp 121 by g anQhoﬁs t4 pepaBeagramtfed k20 having a bottom
surface contai ni patt [ dots 24 of
known di mensi ons® ‘g;;‘ % %%%%%FEE{;{% p&%‘,ssro(%l é‘gs fixed
optical el ement ssBikeng?, Ths4me%°<&rﬁFaQ¢8:9c olPeFF%Etl%WYpé’\r%ééﬁ?Qe i mages
of the precisiog Mng@&&batnraemm @ diERtiagls. bditen meidfatei n step 123

d J te 124. th
br ocessor 15, SeRIEARSR AN PRt FaE 2%, ShpRrPathe e LB e

- 60, conprisiHy picks 3dalofekneypniitensions andssPatiidret 8¢ PRERHr oceeds to

step 125 and pr%@se&%@ 1T2|2€p?b'¥ﬂcﬂes/aﬁzlm wptheal psloessar 303. 3220 Figure 2D
shows a flow di ;’g{ dggeggq pé ctt Qg,o g% ée(a{lqpes lq{agtegeogl de

perspective vie met hod egyns by finding
dots 62 in i magetl% P@?ﬁﬁé?ﬁoﬁﬂ'f— r@]a‘i‘??%ézcéPF‘Br%?‘\“?ﬁ?

method in step 123 provides a camera 15 located to
15 receive an image 60. In step 124 the processor 13-
sends a command to a frame grabber 12 to acquire an
image 60, comprising pixel values from the camera 15.
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 valués 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. In 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

- A ;



dots 24. The processor finds a dinmension and 25 position for each dot
visible, conprising the group of dots 62, in inage 60 for a first side

per spective hEeMN Subpi xel values and stores these values in nenory 14.
By conpari ngv.thoﬁgg%ﬁresults to known values stored in memSCH/USPHs891
processor calculates the 30 mssing state values for a side perspective
view, conprising the group of dots 62, i steps 132 and 133. In step 132
the processor 13 calculates the optical distortion of lens 16 and the
canera roll angle with respect to the dot pattern 22. In step 35 133 the
processor 13 cal 6@l ¥tk thee Ygowm dimpashorsPL pibeePrreighenbgoednpari ng t he
iubpi xgl dat a of 240t SThe pike MNAspecB42a7i &G tmraaf.aa £+émb62hed th the
nown di mensi ons._.Q : | S tg. . T ' p ratio is
determ ned from P%ei&%&ej{}?vﬁ %qéc%?i ﬁF)‘l(%ﬁtheiqgh%t)é%nlggegﬁ§34 t he
processor defi neBrPResseRReiings: thecSord nhtveaxr lgh gosrehsaked grdne from
tEe dot s 6|2 i | ghgez60 ptazihé]efzdﬁt thpatibes N62ZAn Thager GoeSSOthéhﬂﬁtS]'Eores
these results i Yeyry T r Oyl eL&l or use
during anal yai s PRCCORb-2%- ity BFaHehBop Alef RAROEPERLAE, LIREES O 0
net hod of the 10ifnWERPTHNn CCIRAR E€SHAES sPHRVide\RoRYgreiopnfaeeera36 the
met hod i s repeat €drf ase adweinaNndlgeipets peaivert pikew sralagstte dots 66 in

i mge 60. Figure 2F,ghoys, dhe rfgj %Fti?gn%gptlgg +Ho3e oePERSPECt i Ve angle to
|

the ratio. of bhe,per;gectlve nsi;Qn to the non-perspective

di mensi on. RAY 1iRvention gompukesiibenphde potsn apgles far 8FeRI13% ray
174, 175 and 176 tHef mathod pis ntepk@dZedPfibnt a 1dEcanid sifei per&épective on a

pl ane 170 paral | gh ot,0u81 0 3% WRis 6ENE im%eseeﬁ,t.i on of ray 175 and ray 176
define point 20 18%. %ﬁ?éﬁ)%nt er sectsi OE o? r 176 and ray 17Eddefi ne point

184, The intersection Bt9Wgy 2E78haNg PRy FSirtionship of’a side

perspective angle to the ratio of the perspective
15 dimension to the non-perspective dimension. Ray 171,
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 intersectlplane 170 at an angle 177.
Referring to Figure 2E it can be shown:

Ds
_C =,L Therefore :C=L
sin4 sin
cos€=2£=&
L C
Ds

cos 8



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 ?m&%&} ray 175 and. the law of reflectance. Ray 172 and ray 175.
intersect plane 1/0 at an angle 177. Referring to Fi gur ePCRUSO/I888h be
shown: tan O = - E-Do C _ L Therefore: C=L sin Asin Acos B=Ds = Ds
L C C= Ds cos O WD 01/04567 PCT/ US00/ 188391 15 Substituting: Ds tan 6= .
cosh = Ds DB D8 cos 9 (tane)(cose)= Ds =sine DB B = aresin Ds De Figure
2F shows a bottomview and a side perspective view of precision dots used
in the nethod f@uksstienningng a si de perspective view angle 177 as shown
n Figure 2E of the system A botton1V|eM/|nage 5 200 conprising precision
dots 201, 202 and 203 of known spacing anflsdi nensions fromthe calibration
met hod described earlier can be usedyyppeesf de Bs reference for

determ nation of a side perspective view Bagl &5£8§¢ The value D. and D.
are known. from 10 the bottOHIV|em/caI|brat|on p& side perspective view

i mage 210 conpri sing precision dot § 3mé4) (%9 )z =imd corresponding to
bottom vi ew dots 201, 202 and 203 respectivel y, of known spacing and
di nensi ons D. 9= msm(D )

. Dp

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

S 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 Dy 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 Dy
and Dh'from the calibration method described earlier,

15 can be used to determine the side view perspective
angle. The ratio of (D, / Dg) 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 Dicas = Dp (Dn/Dy)
Substituting into the equation for the side
perspective view angle 177 described earlier yields:




and D. fromthe calibration nmethod. described earlier, 15 can be used to
determ ne the side view perspective angle. The ratio.of (D., / D.) from
the bottomy 200 and the side perspective inmage 210 1 din

t he bottom%\%g%‘g calibrate D. in the sane units as the’Pgﬁggﬁngs?gpective
view as follows: 20 DB.a = DB (DI,/Dx) Substituting into the equation for
fhe side perspective view angle 177 destibed earlier yields: WD 01/ 04567
PcTlI USO0/ 18891 16 O = aresin Ds = aresin Ds (DBJ (DBi 0O = aresin Ds Ds
DB Dr, Figure 3A shows the apparatus of the invention for a three

di mensi onal inspection of the balls of Z bal | grigd ariay. The appar at us of

the invention includes a part 70ptgrchig|Baspegicsd|-Bhe|apparatus 5 further
includes a canera 10 with a lens 11, |ogaed bel Q@stne central area of

part 70, to receive a bottominage 80, desgrjbedyn conjunction with
Figure 3B, of part 70. The canera 109i=$msinl:@ to a franme grabber
board. 12 to receive the inmage 80. The 10 fr sdhabber board 12 provides an
i mage data output ..to a processor 13 to performa two dinmensional

i nspection as described in conjunction with Figure 3A.. The processor 13

Trage 15 of a pair oFLOSPRCH e LhsHPERRs I (4 S eaiBY 8 b and a leng
16. The canera Ibri s tbre¢edinensicpelyénapectinmyeoDEhecbaplesthgra pair of
si de perspectiveaiyi g¥5a 4£84F] Dagel agga%tl@&t&prtn@ tihvEhgese 3B and
utilizing fixed ,opﬁll al el erren_t7s 0, .and g%f;.or e20 fl:l’r [,S de
perspective vi edt™§ Hgfﬁxﬁdp%’btt i altC BfeiBAPEC S 3éﬁan8p§§ %o’]'1 a second
si de perspecfi véurthew. ihaledss arivadersni0ovitihe iJepeniilonloeiked
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 perspecti#e 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 perspeétive 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
25 dimension ag 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



apparatus may contain a nonlinear optical element 39 to magnify the side
perspective i mage 60 in one 25 dinension as shown in Figure 8B. In another
enbodi nent @1;) t@é;nvent ion optical elenent 38 may be the nonlinear
elenent. Th YOABE optical elements 30, 32, 34, 36 and 3ECHESOMNE8Y; ((or s
or prisms. As wll be appreciated by those skilled in the art WO 01/ 04567
PCTI USO0/ 18891 17 additional optical eldfents may be incorporated w thout.
deviating fromthe spirit and scope of the invention. The canera 15 is
connected to a fr;ﬂrre grabber board 17 to receive the image 90. The frane 5
grabber board 17addigviched enticayeslementeumpyt beoircoqpamdessor 13 to

cal cul ate the Z ppsidutOdediatNBy PAbh theld @Sk Befnd sy WECkhgh Wi th
Figure 3B. The processor 1& ma§ storeiﬁn mag_e i grenor f14. Fi gure 3B
shows an exanpl e TYEE80 f FB c&PetA 1513516° ﬂacgﬁ etsé’ar%l &3 ffage 90 from
canera 15 acqui rexhbber bhardyi?che Rreiveagbesdmasevd0 + h&heofreamevi ew of
the balls | oont egrfibdr®ohiolit 2 Skéd AL @n AmAget ddh JgnitmR8€590 shows
two side view pelsﬁg %Cﬁtslﬁ\ée o%otgae]c%‘%?%:ers] tll-ﬂ%C tggsg#licggrqtf . Afirst side
perspective 15 [ 69 S (S and is

obtai ned by the b@klsactdiegnrgbe@htnimipngwyahtﬁweoﬁﬁ-oﬂ‘hei xed
optical el ement S%:?&eé’s%ramd ﬁ&yiﬁﬁ&?e G MAgeSin Ans@8Nd asi de perspective
view in i mge cont.ai ns i s of_balls nd | i ned by _the 20
reflection of the inrlyl 5?3 lt’ﬁfelgiﬁo%‘f? afbeéﬁaf“pgf% ?‘f’g %586(;%% (I:na%até‘%?rents 34,
36 and 38 intb ch‘?m’#l}ﬁ; BD. exgppieaimage dhEre ranexn ik afsiredabyust the
optical path |enghé s3istemseCTnd Hmdlfe B Shewbi ¥Be beMidnd vagwabtt he opti cal
path |ength of g rb%ll%'egﬁﬁa(g)gdp&{ SHRC ol Bol! Sutedd Ui 2ol gpNt Of the

invention, the nmaxinmum focus of ~a side  perspecti Vi ew j ust
i ncl udes an ar ea Bie tifegpaPP shews UNhFidge viewtRersRegtdeBarf stheahi s

allows for a balls located on part 70. A first side perspective

15 view in image 90 contains images of balls 91 and is
obtained by the reflection of the image of the part
70 off of fixed optical elements 30, 32 and 38 into
camera 15. A second side perspective view in image
90 contains images of balls 92 and is obtained by the

20 reflection of the image of the part 70 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
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 gide perspective views resulting in two



fixed focus systemto inspect |larger parts, with one 30 perspective view
I maging at least half of the part and the second perspective view i magi ng

at |east theyopiguge; hal f of the part. Those skilled in thepaé_ ;(ﬁ ]
realize that any nunber of perspective views can be utilized gﬂs#é

i nvention. In another enbodi ment 35 of the invention, all of the balls are
in focus from both side perspective viewresulting in two WO 01/ 04567
PCT/ US0O0/ 18891 18 perspective views for each ball. This permts two Z

cal cul ations for each baJl as shown in Cﬁggunction wth Eigures 10A and

10B. Figure 4 shBfESBeFFHE isyEadororarRePrht e BiG PERRLGRaFY"Prépect i on
of balls on a bakhlgulatiwna\for Eachnbhhbddastshdwn iim sbaguhétidy provi di ng

a part 70 havinqigglb§?€?e%qﬁhpgugpq@B_The method in step 142 provides a
canera 10 | ocated benea the part 70 éo receive an imge 80. In step 143
o%??"{soarg gry

a frame grabberl2 10 Figprov d1aFean fofe t86 ERBREcanera 10.
In step 144, §i xedmepsiocmkl elmespernitsionr of pbavlslash faobaldbgaidi agréawo si de

perspective viewstgt hOChORMdtahte Anf btab 201 iGRlpRALRING Br BYkdesh by
optical elenments, 6 30, 3

d 38._A ,secqnd optjcal th 1.S provided by 15
optical el errentshglf,m§6g3 38 R oﬁﬂ“’"&arre léef“;tﬁ’@gei"\‘}e t8R 1HBge 90 of
two si de perspectprovidesws ¢amerst a9 lébated bermmthiGhe parbnddftane grabber

board 17 is proyiededvhOat eaRige dole TRRGReP14d UNGRAR' drabBerfe PrOCESSON
13 sends a ¢ gmand to fr,‘grrg r?r abbers 20 12 and 17 tfo acquire i mges 80 and
90 conpri si na pitfePrFRLded ¥9 dficehver 8o 18magR 8% LoAfe CREERBALP hen

proceeds to step InMBtendlpt ocisess cprdcpilxelenaitesarenprovadpdotessor 13 to
obtain three di mypshondhgdewd si@%rﬁ?é&ﬁi@e viewH'® e RKeNphep ¢entenpl ates
S

e ehoct ! on of a BEELE LOEL- TG L BRaREdd 3 entliel 090 2ar)
: " 30, 32 and 38. A second optical path is provided by

15 optical elements 34, 36 and 38. A second camera 15
receives an image 90 of two side perspective views in
step 145. 1In step 146 a second frame grabber board
17 is provided to receive the image 90 from camera
15. A processor 13 sends a command to 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 contémplates 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



contenpl ates inspection of |eads that present a generally curvilinear
profile to an i mage sensor. 30 Figures 5A and 5B together show a fl ow chart

of the thuRQueisgensi onal inspection method of the invep{d process -
begins in step 151 by waiting for an inspection signal. %@ﬁm&%si gnal

changes. state, the systeminitiates the inspection. The 35 processor 13
sends a command to frame grabber boards1912 and 17 to acquire i mages 80 and
90 respectively of WO 01/04567 PCT/USO0On8891 19 part 70 having balls. 71.

In step. 152, canera_10_ captures. an _i mage. 80 co i sin i xel val ues and
canera 15 capt RS 49 PAYY 9563%;7 i'si ng PFRRI ]@%'al‘i?é‘%%nagt he processor
stores the i nagmptiureseanr ymagd 460 Toprieges piwek ivvduesf endat i on from bot h
a bottom vi ew apd, W9 5SLUELRAES NEE LimkGeV bBVEomSr SN pikB1Fi gure 3B. I n
step. 153, the inspectio sgstem sends %Slgnﬁé to aepar.t handl er shown in
Figure 9 to alV th@n.Ba © TR HHE 0 SBYES t he® IS Ut "o PeRREY 10

i nspecti on &r ed4and Takl dmegeh ecompatigeannfoompei g viapm betd &he i nspection
area The hand'ﬁ‘&uﬁyvet&acsﬁétw tsﬁcciiéabiarﬂ ﬁ@@mtthwjé ast ba?mspection
system processes the stored jnmage .. e, inspection_system processes
the pixel val ued® FIUgF ?ﬁe s?%r%oeﬂ a&gé §Beihn%?%§:1f§‘4s¥3¥§'|"nd a

rotation, and >semidaceamsagnahdty dipeedmbandber t shoyurin Figuaei 9eteo the
world X and Y cOOrfli R&kepart NBand<iC @%S AbvE et ks BAAS dultese phacement val ues

finding pojnts, on four sides of_t body, of t Lt. Ip.s 0 155, the
processor ettpl oy¥PE5APE 85??@?‘? c%}%wfexh?h%?’?tgﬁﬁa% NS \ggl {(Jlége or an ideal
part. By using itt® rbesdnspentiomianes .f r Thethandkgn mageprareedn file and

the placenent waldiepadet glabaRENt ivhideePhdSinspdter ivmOeestan cal cul ates an
expected 25 position.for ball ,of th Spart for the bottom view

ach
contained in i %&eg .esTFigep?%%es. ot dipfays: a

The inspection system processes the pixel values
15 of the stored image 80 in step 154 to find a N
rotation, and X placement and Y placement of the pért
relative to the world X and Y coordinates. The
processor determines these placement values finding
points on four sides of the body of the part. In step
20 155, the processor employs a part definition file
that contains values for an ideal part.

By using the measurement values from the part
definition file and the placement values determined
in stép 154, the processor calculates'an expected

25 position for each ball of the part for the bottom
view contained in image 80. The processor employs a
search procedure on the image data to locate the
balls 81 in image 80. The processor then determines

each ball's center location and diameter in pixel .
- 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




search procedure.on the inmage data to locate the balls 81 in imge 80. The
processor then determ nes each ball's center |ocation and dianeter in

pi xel . 30 UEousssSi N9 grayscal e bl ob techni ques as descr?’gi&g&dﬁff' gure

7A. The results are stored in nmenory 14. The processor p step
156 to cal cul ate an expected position of the center of each ball in both
si de. perspective views in image 90 usinglthe 35 known position of each
side view fromcalibration. The processor enploys a subpixel edge detection
WO 01/ 04567 PCT/ US00/.18891 20 _nethod described in Figure 7B to |locate a
reference poi neERoGagRsEEHPeq ity Fdgurs77BTHR 1ecfis & #Heferepseed in
menory 14. Now pefiat ba €aghrisaldB.in mtepeps5158 The fequlaseaxer converts the
stored pi xel Va'é&%’?}eﬁr R sk 194 and 157 into world locations by using
pi xel values and paraneters determ ned during calibration. The world

| ocations represent PRYSFERET| R Fianre SB- [ReSHER 18T respect to the
wor | d coor di hat exrctesgetli nenvelrts nthe altolbedt piwel |valisap fioh shepd hei ght

of each ball is al Gl d; | | ues. The
nmet hod proceeds lb5Ql aEM 357 1h£bV\9:§111‘11 ??’QEQ!L?%%Y 1(E:]seléll!‘ltg)e(‘riJ x}‘éqa ball fromthe

Dot £ om 11 o 80 VA eSh Snd=PRERES ks SERPLBPS e Sttt aF i B & i do
perspective vi ew,Then wordde 188ationie smpriesent npkygileals lagations68E The

processor then qQuVeizhyst t,}@twofégpeeealtkseéhgowa@ia é’@éf&%alt%lsng the
cal cul ated part _rot at| n§lfl8 c%g E acenent and Y placenent in step 160 20
r

to define pad &Hideta na¥dQf-part. The part val ues represent
physi cal di mensions dh shep ba$|thes & hedghbadf eachmdtadr), ilsal | center
location in X paficARted Qﬁr&ofﬁpréadﬁtlﬁatégdlrb%ixﬂekﬁrlhe'sn Zrpyor | d

coordinates. 25 . th%dStp?:' cee&stkb}? Sce airntlngal:ﬂe 1ocat1onrrpo%r %gx to

center of a ball from the bottom view 80 with the

15 reference point of the same ball from a side
perspective view in image 90 as described in Figures
6A and 6B. The processor then converts the world
values to part values using the calculated part
rotation, and X placement and Y placement in step 160

20 to define part coordinates for the ideal part. The
part values represent physical dimensions of the
balls such as ball diameter, béll center location in
X part and Y part coordinates and ball height in Z
world coordinates.

25 . In step 161 these part values are compared to
the ideal values defined in the part file to
calculate the deviation of each ball center from its
ideal location. In one example embodiment of the
invention the deviation values may include ball

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 2 world data can be used to

35 define a seating plane, using well known mathematical
formulas, from which the 2 dimension of the balls



the ideal values defined in the part file to calculate the deviation of
each ball center fromits ideal location. In one exanple enbodi nent of the
i nvention t%n‘iﬁ#s t|on val ues may include ball 30 dianeter in several
orientationS W th respect to the X and Y part coordi nat e¥CTHIWISENt or i1
the X direction, Y direction and radial direction, ball pitch in the X
direction and Y direction and mssing agd deforrred balls. The Z world data,
can be used to 35 define a seating plane, using well known mathemati cal
formul as, fromwhich the Z dinension of the balls WO 01/ 04567

PCT/ US00/ 18891 pithiireigpeespeetthe sankisgapilage ptamde malvaletkbdul at ed.

Those skilled in flssealciM bl hecaw'a&ez Whal +866&hiA @naeVenarepossible

definitions for seatln a t ata_t e used w t hout
devi ating from 5 theSpi !l bs{ceopraee’{)ifu%ﬁgnlsng%rntsleoa)r(fmpn P3PRE%162 the

resul ts of step fm &he ééﬁ?a\iw way pecteedr vitthent deydnsling fiFoh respect
Lo”the ldealt 5 pate aslfpﬂqi;l asd éébﬁélabﬂ%hb flm{rienﬁ::brprowt de an delt ectroni c

all inspection resu odi redeternm ned tolerance
val ues i nclude pass I: ISeFBncez\e/tar}if) 2%1 § £foé) %g‘ &&SvaPtBE 7 om

i ndustry standart Pﬂ@%ﬁ@mm&ml@él Hé%halF%SPEICé'-séFOt rha ddeaijual to
thet pa|st Eﬁl erlgrxsaactv&wa&flha@ uprmaaiﬁeg assegmlpacq?as aasult for th;ah
par e n ai r : e
P ocessor assi grit R erie, balf, M Sttagh tpfi{ I 'y Br8l SRESURUET,
are greater %aﬁh%@rﬁéﬁembﬂlﬂdﬁ@@r@&%egal‘b%ﬁ IncdaudenBAs8r not equal to
the fail tolerasleradlceevalide O FRIIoEolesagratvaluelsef26mpart to be

revorked. The pracaasel LEARRLAadNe e RARCRLLANIRI LalLetdgepart in step
163, conpleting part _inspection. T process en returns step 151 to
await the next i &bPENno%i Al th & £eBa8R ‘é‘?f‘tfx@B%hUﬂ/l‘dﬁsex‘h*ﬁ)l e ball of
a ball processor assigns a pass result for the part. If the

15 measurement values exceed the fail tolerance values,
the processor assigns a faillresult for the part. 1If
the measurement values are gréater than the pass
tolerance values, but less than or not equal to the
fail tolerance values, the processor designates the

20 part to be reworked. The processor reports the
inspection result for the part in step 163,
completing part inspection. The process then returns
to step 151 to await the next inspection signal.

Figures 6A and 6B show an example ball of a ball

25 grid array and associated geometry used in a method
of the invention for determining the Z position of
the ball. The method determines the Z position of a
ball with respect to the world coordinates defined
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 2 254 shown in Figure 6A, and a pair of images 80 and
90 as shown in Figure 3B, the processor computes a




25 grid array and associ ated geonetry used in a method of the invention
for determning the Z position of "the ball. The nethod determnes the Z
position of . a ball with respect to the.world coordinates defined during
cal i brati orWOOKMEY par aneters determned from 30 the cal i BEAUSHMSBMocedur e
as shown in Figures 2B and 2D to define a world coordinate systemfor the
bottom view and the two side perspectivegzviews, conprising world

coordi nate plane 250 with world coordinate origin 251 and world coordi nate
axis X 252,'Y 253 and 35 Z 254 shown in Figure 6A, and a pair of images 80
and 90 as showthirgeFagtétsfdhal NHqatdeassor conputes a WO 01/ 04567

PGI/ USCO/ 18891 22 t{ree.. %lf gts%gg}%*lj &gﬁg}t hoﬁerﬁp}‘% Sg;et hechtgHrg 6A. The

processor |ocates a gm n %é(m ned by a
bot t om vi ew r ay PP§5tpaB8i oy 4R HRALS lﬁ’éai‘}@n? %"?e‘ﬂ'l‘lr’f? 71 on a part
70. The prOCESSQj'otltaﬁ\a{rESW&réyCESS [Pssiagt theongleveigicent2G025A bfie worl d

plane 250  dal e agq BY 8nSh S RPCCHhLCRYLELLAY Tthedshbebaag! I ng 2

bal | referenCe poin ersectin botton1V|em/ray
255 at a Vi rtuaIP%PSGFhYeZEReWW%@“ﬂ?&%’é‘%t‘@ﬂfg Rmed 28Pane 250 at
an angl e 262 detateragdelybyhe #ihdd qerispecolve ayi@bGrayfds56of the back
surface 263 of pieupsdQes1hea VBLLP rferRRBbCp3Rg: VRS0 da famined during the
calibration procedure BINBw Tefer to ure 6B e distance L1 is

cal cul ated by tPﬂ?ﬂn%ﬁ&é§§6?té39tFR?(PQQQQFE 8V HETY oA THEPAL 258,
defined by thk |pﬁymmsesnlonRay 2%¢ itErsecth the wlldwpllaghepl&nea’50, and

worl d poi t - 260,y defhaedehyal Aemhd 357 thENr0F1 SaM DGyt 8620 220

wor | d pl ane 250 al ue |stanc bet ween worl d

poi nt 261 and 2FEfRE the Pé?lét%‘élr#%’i 2553°Fo?¥b‘§% 3Q-an Te-vpiue

of angle 262 was determined during the calibration
procedure.

15 Now refer to Figure 6B. The distance I, is
calculated by the processor as the difference between
world point 258, defined by the intersection of ray
255 with the 2Z=0 world plane 250, and world point
260, defined by the intersection of ray 256 and the

20 Z=0 world plane 250. The value Z is defined as the
distance between world point 261 and 258 and is
related to L, as follows:

Z .

tanol=._.
L;

Z=[,tang,

Z 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:



Z=L,tanBl Z can be conputed by processor 13 since the angle 262 is known
from calibration. The offset E 25265 is the difference between the
virtual poi goeifedseydefi ned by the intersection of ray 255 and ra 256 and
the crowmn of ball 71 at point 264, defined by the int er sdcti oo T ay 255
with the crom of ball 71, and can be calculated fromthe know edge of the
angl e 30 262 and the ideal dinensions of 28he ball 71. The final value of Z
for ball 71 is: WD 01/04567 PCT/USOQ 18891 23 ZFinai = Z - E Figure 7A
shows one exanple of an inage used in the grayscal e bI ob net hod of the
i nvention. The image processing nefsved < ndsEt he | ocation and 5

di rensi ons. of a bal |IFigizfer G ahtrod tame lexagel80of Fannimddee warede dhed

position of a balje 7 | f r n 5@19@1 | smefined as (X1,
Y1) by (X2,Y2). Theﬁﬁﬁcﬁqgnsmoigigg&ﬁghrbell on C§“l‘pl ntsrer est are |arge

“enough to al | ow ¥M9HFEAEFIRY e Shf lﬁﬁ?“fl% F6' i nspecti on.
Due to the desidimeisidnes lofght ball 7 fivem bobobbowi bvagd l8®. splremi cal

shape of balls 7ndfepiideeiOpBbrest dr loagh ghapgd.dJmge opher e the region
281, including fhe erlrreter of é‘? %# [1S€g Camera pi xels 15 of
hi gher grayscal e“?/ta?{)f&t A 10ALE 89 e Osfdpsf a?gglpo'n 15‘92 ¥onpri ses canera
pi xel s of |ower (F2yi&al e Theaidsh &k hedghtndértid8ragiarhefr egi on of
interest 280 CO{EPJéz%%% %%@enargé@&g@ﬂ‘ bowiogrf’zyls%s%.t‘i%h'iﬁé 20 I'n one
enbodi ment o{ h‘h nvention_t [Tg ts e processing
functions w1t t e iﬁ? anhE eprﬂﬁ‘lf’)aﬂomeﬁ?& Ilﬁﬁﬁﬁ‘&b?e n'I'hep"’(? Ité’n gﬁge function
" Fi ndBl obCent er "desiisgn s hebdéghfeingyfors thel bettom fiewd the approxi mate 25
center of the baipnefdidal bhagengr thl1avenage past ti®present a
donut shaped image where the region 281, including
the perimeter of the ball 71, comprises camera pixels
15 of higher grayscale values and where the central
region 282 comprises_qamera pixels of lower grayscale
values. The remainder 283 of the region of interest
280 comprises camera pixels of lower grayscale
. values. _ _
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



of pixels that are greater than a known threshold value. Using the
coordi nates of the approximte center of the ball 71, the region 282 of

I'ower grayscal e pi xel values can be converted to higher al e

val ues by | QPVPﬁGPthe C | anguage function "FiIIBaIICentgggﬁgé@%éégcribed
bel ow. The exact center of the ball 71 can be found by calling the C
fanguage function "FindBall Center" whicl24al so returns an X world and Y
worl d coordinate. The dianeter of 35 the ball 71 can be calculated by the C
| anguage function, "Radius=sqrt(Area/3.14)". The area used in WO 01/04567
PCT/ USOO 18891 tle dimmetieanmendeutatton saomaricespitnsesun ref RS pixels in

region 281 and 282-eJdi3H2@17Bnghgg. one exanple of an inmage used with the
met hod of the inventjon to _performa 5 subpi.xel S t he ball
reference point. Th lgﬁﬁ%gﬁ 8F'°Y’ﬁe°??1vee’r‘ﬁ“|??or? ﬂfggg g&gggése%:e point on a
ball 71 in an |iwhge 9t ofethodi df pbe shevention, itewpPasfoEhodn in Figure 3B.
From the expgct ggipOsdl inastirefenbabl tHe BallegeFarehce npeimst BRO in inmage

?gg: 2n18f diel;llt greg??}s’%‘& >e(§§ at}’ge)e i%&s&gﬁb%{g%%?%%% \%fe g%gggggt %%1??;0% 0 e'; gﬁces of
part 70 for inspatli®h. iman timagRe98eef gd H¥Aq PREYEPERELVY THFY £5i de
perspective Vi edholhei® Rfireabpshapeonf tiieldxpettedf podbt patitoffGa present a
Vel s and whePBIEREL WGP D55 BFeFREE B 3" sfgl B0 CLe 07 SyoCA! €
conpri ses cifrer defined sasmf (¥3ow¥B) gbsty $84t ¥) va|Thes widbhTRrd deighfuage
function "Fi ndBbgbgrat fégidis ofc dhtedesd apeTisyel kRoaghr bai akiltaw cent er of
e e ERCHE ) LR L6t 05008 cbanuilpitouy (et ore
appr oxi mat e cent Bpregko 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
vFindCrescentTop" 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 1language is presented as follows:



25 the crescent image 291, the C | anguage function "FindCrescent Top" is
cal |l ed to determ ne the canera pixel, or seed pixel 292 representing the

hi ghest 3‘? on the top of the crescent. The camera pi xel coordi nat es of
the seed pi YQ 0144367 ysed as the 30 coordinates of a r egi on RET/USOU/BB8HSt f Or
determ ning the subpixel |ocation of the side perspective ball reference

point. One exanple of grayscale blob analgsis and reference point
deternmination inplenented in the C 35 |anguage is presented as follows: WO
01/ 04567 PCT/USQQO 18891 25 FindBl obCenter.- finds the X, Y.center of the

-pi xel s that have//a/Na(l/de‘/gjﬂéﬁ!éf/M}’MY/VHRE$H&D/!N/M//VV€'/V¢QV¢N(X| yl)

to (x2,y2) long fi 'ﬂ?ﬂd@@.@ﬁ@éﬁi’:étm f&ndé“ﬁ:h)é' Xi ﬁtcé%éﬂtofy%he doubl e”
pX, doubl e* pY) {,}nt, X ¥ opg Sumy =

0; for (x=x|;xcoREFe} Eéa'{* IF%‘? (i/%?l “3?<g§?a§ﬁ£ haf{ TFFEE’BP&BH x] [y] >
THRESHOLD) 20 SUfithe=regiGunixk-y3), to-derdya¥; } } 25} if (Found > 0)
Fgfjn; (doubl &) Sumg A7 /99y 2YFPEIER, 1 A9 710V 171 K BPERLENSYYY 11 14 2P1P! €)
long FindBlobCenter (int x1,int yl,int x2,int y2,
double* pX,double* pY)
{
int x,v;
10 long Found
: long SumX
long SumY

0;
0;
0;

for (x=x1;x<=x2;X++)
15 {
for (y=yl;y<=y2;y++).
{ . _ o _
- if (Pixel[x] [y) > THRESHOLD)
{ _
20 : osumX  += X;
SumY += y;
Found ++;

25 }

if (Found > 0)

{ . .
*px

30 *pY

(double) sumX /- (double)Found;
{double) SumY / (double)Found;

return Found;

35



return Found;

35 WO ' O1/ 04567 PCTI USOQ' 18891 26 FiliBaliCenter - fills

the center of the BGA // donut"” S void FillBall Center(double

Cent er X, doque&WterY double Diameter) { int x, y; int x| Sl nt%(CenterX
- Dianter / 10 int x2- (|nt)(OenterX+ D|anTer | XGEYU =
(int)(CenterY - Dianter / 4. 0) int y2 = (int)(CenterY + D|amer / 4 0);

for (x=xl;x<=x2;x++) 15 ( for (y=yl;y<=y26y++) { Pixel [x] [y] = 255; }
20 } } // FindBallCenter - finds the X,Y center of the a BGA 25 ball

usi ng the grayscal e, val ues

Cent er int x2, |nt

t xl,int vyl
0o " e o S R 2y 150 46k LV 3L T k6 D TR AL A e -
| ong Total = 0; /4 @iglBalikcenbfer 35 fiulg Shelcenber WE Gl 4/
PCT/ USOQO' 18891 /2/7 for (x=xl;X<=XZ3X:&im

5

10

15

20

25

30

35

L1177 T77770 71077777777 707777777077777177777777777/777
void FillBallCenter (double CenterX, double
CentexrY,double Diameter)

{
int x,y; _ _
int x1 = (int) (CenterX - Diamter / 4.0);
int x2 = (int) (CenterX + Diamter / 4.0);
int yl = (int) (CenterY - Diamter / 4.0);
int y2 = (int) (CenterY + Diamter / 4.0);
for (x=X1;X<=xX2;X++)
{ |
for (y=yl;y<=y2;y++)
{ _
pixel [x] [yl = 255;
}
)
}

[711701777777777777077777707777777777777777777777777/7
// FindBallCenter - finds the X,Y center of the a BGA

// ball using the grayscale values

J177771171177777777777777777/177777/77777777777/77777
long FindBallCenter (int x1,int yl,int x2,int y2,

double* pX,double* pY,double*

pRadius)
{
int x,y;
long Found = 0;
long Total = 0;
long SumX = 0;
long SumY = 0;



{ for (y=yl;y<=y2;y++) { 5 if (Pixel [x] [y] > THRESHCLD) { SunX +=

x*Pi xel [x] [y] ; Sun¥ += y*Pi xel [x] [y] ; Total += Pixel [x] [yl ; 10
Found ++; %g? 5 if (Found > 0) *pX = (doubl e) SumX / (doubl e) Total ;
*pY = doubl e / (doubl e) Tot al ; pRadl us = sgrt ( ( doubPE/PI9niREsT

3.14159279) 20 } return Found; } 25 FindCresentTop - finds the X Y top
position of a BGA cresent void FindCresea® Top(int CenterX,int CenterY,int
30 Dianeter, int* pX int* pY) { int Xx,y, Edge, Max, TopX, TopY; int x1 =
CenterX - Dianter / 2; 35 int x2 = CenterX + Dianter / 2; int yl =
CenterY - Dianter / Por Wx-xl:045&2;REF) US00118891 28 int y2 = Center;
*pY = 9999; 5 for (x§xl;x<=x2;x++) { Max = -9999;

for (y=yl;y<=y2;y++)

{
5 - if (Pixellx) [yl > THRESHOLD)
{
SumX += x*Pixel [x] [v];
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 SLIITLTTTEIHL0EETTTII LT IT i1 71111 i117177717777
// FindCresentTop - finds the X,Y top position of a
/! ' BGA cresent '
[17771777777770277777707777777777777727777277777777777
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;

CenterY - Diamter / 2;

int vyl



for (y=yl;y<=y2;y++) { 10 Edge = Pixel [x] [y] - 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 Technologies Inc. 25
Fi gure 8A YONO4E67si de perspective inmage of the cali brat PEHUSHYISEN
magni fied in one dinmension. Figure 8A shows a side perspective inmage 300
of a reticle calibration pattern where tjge space 303 30 between dot 301
and dot 302 is magnified, increasing the nunber of |ower val ue grayscale
pi xel s when conpared to a non nagnified inmge. Figure 8B shows a side
perspective i nage ofidthg2 balbénﬂaﬁﬂ BGA, magnified in one dinension. In
Figure 35 8B a side perspective image 310 of two views are shown where the
space 313 between ball imge 311 and WO 01/ 04567 PCT/ US00118891 29 bal

i mage 312 is magni fi’®¥ = #8P8asi ng the nunber of [|ower value grayscale
pi xel s when conpared to a non nagnified i mage. The increased nunber of

| ower graysggle vayﬁe lee s aII f.or. the successful 5 application of
t he subpi xel algorlt hofﬁ ﬁgodlnent of the invention, the

Max = -9999;
for (y=yl;y<=y2;y++)

{

10 Edge = Pixel [x] [y] - Pixel[x] [y-1];
if (Edge > Max) '
{ |
Max = Edge;
TopY = y;
15 ; TopX = Xx;
b
} |
if (TopY < *pY)
{ )
20 *pX = TopX;
*pY = 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



met hod 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 mensi ons on the bottom plane of a calibration reticle and
for provi dlvﬁﬁ”WtV\o si de perspective views of each bal FETBP0013®1 ¢ 1y e

di rensional inspection of parts. Fromthe precision dots the mssing
state values of the systemare determ ned9l5 allow ng for three dinensional:-
i nspection of balls on BGA devices or balls on wafers or balls on die.
Figure 9 shows an exanpl e apparatus for presenting a BGA to the systemfor

i nspection. An bakbl higeatd 313t isehbguified diincresribgi tizd unlesbesr 2 vacuum

cup assenbly 6. T@ﬁef%&lﬁé giﬁyﬁéﬁg 80bYxdBY whith! aeﬂPAPe&tﬁ% i 70 having

balls 71 and suslﬁend par 70 bel ow the over he %t ref | ective

diffuser 5. Figu %%n’l%‘ﬁ e, s F 1BCS BUpRer bal | grid
array and associ grayscplevalpef pixete atldws tflow hbhehsacedsafhd i nvention for

det er i ni ng. t41e ZopO&didN off tAeDBbboikd] 1geREShn] O he worl d f
coor di nat es defi ne us; er spective views for
each bal |. Using par ta&%§%§6 Hﬁ?é’r'r‘ﬁ’h%a"*?%ﬁ] i‘ﬂ‘ég’& T d%n procedur e

"as shown in Fi gm@goctB%@PPBrFQUdetﬂerl%e@ohbaemomhmaneétlmﬁstaadl for the

bottom view andag%%ré% $£‘ecaii§9§@iﬂgf&hews?%em 1 iy wor | d

coordi nate pl ane oord ate and rld coordinate
s 3nox 702 \PHOEhet, HIALERERRE P Se kbR doar B A Tom. and
pair of |magla% 8@1@@1@51%15&9“5hbﬁ@@ﬁt%ﬂ%49§7a%11mlm891 30 Figure
3B, the processoreididita®@d FokhpeevidimyFcango b&idaigerspdiewveefer to

Figure 10A. The gr%‘gﬁetom ac%cggff g%g_'q_{entthz,gg ﬁﬁér@eﬁi rI d plane 700

determ ned by a Vi ew ra e center 708 of
inspection of parts From the prec1s10n dots the

missing state values of the system are determined
15 allowing for three dimensional inspection of balls on
BGA devices or balls on wafers or balls on die.
Figure 9 shows an example apparatus for
presenting a BGA to the system 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.ZB 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

HAIEE |



a ball 717. The processor locates a first side perspective view point 711
on the world plane 700 determ ned by a side viewray 706 intersecting a

bal | refer_enqcﬁ %i nt 710 on ball 717 and intersecting thpciidsdenkiopm vi ew
ray 705 at WO G943 point 714. Ray 706 interse¢ts the world plane 700 at
an angle 715 determned by the reflection of ray 706 off of the back

surface of prism 30. The value of angle B0O5 was determ ned during the

calibration procedure. The 15 processor | ocates a second side perspective
view point 713 on the world plane 700 determ ned by a side viewray 707
i ntersecting a bRidurefi@.etite pybaesFar campurss| a?EKraﬁde-‘Pﬁféﬁ”s%}ﬁ]i ng the
bottom view ray y8&t#dn.2 virtual point 718. Ray 707 intersects the world

20 plane 700 at an angle 716 determ ned t retl ' 707 of f of
the back surface of "fsrrﬁjfff. %?hélg‘é{%e{)%ﬁ- 2‘2‘@’1 grﬁ%%ﬁég ic}ge?a{et?érlrsl ned
during the cal i bpaintori7qf credbeewordd ping 109 Beggreined b¥he di stance L1

isd25 Ci'iljcul asedb@fzt&he«ﬂvp%@sebsaﬁawﬁ@it?iwm gnbv\eeﬁtemmdai gii nt 70ﬁ
and wor point 711._ T i stance L2 IS t . processor as the
di stance bet vveeﬁlﬁﬁjr} rc}ﬁp7g‘i nt 1§r8ﬁasﬁ%’€%°§a£e%t %58.¥sﬁ‘h§l&%al ue Z1 is
defined as the dbstspeectixs wiew moint 301 pent rithey yordddr¥aveaflis rel ated

to Lﬁ as }‘ol ! Omaet%ﬁ]?i&% byla bidgzvfbwtM)Bﬂd@i@dté@ééﬁiiﬂ@ﬁUSC[I 18831
31 The value Z. is_defined as.t i st . i 0t 8 and 709
and is related t5SESTERE] (}?91&}655 OaﬁntngZgF} ﬁ%imékg‘i"?g‘lh&o he

average of ZJl0ankozpomreiew xay FO8daknd Vik¥eralaPoipé Jatue RI¥ Pof the
ball. This methognt8r§8¢€s the world plane 700 at an angle 715

determined by the reflection of ray 706 off of the
back surface of prism 30. The value of angle 715 was
determined during the calibration procedure. The

15 processor locates a second side perspective view
point 713 on the world plane 700 determined by a side
view ray 707 intersecting a ball reference point 712
on ball 717 and intersecting the bottom view ray 705
at a virtual point 718. Ray 707 intersects the world

20 plane 700 at an angle 716 determined by the
reflection of ray 707 off of the back surface of
prism 34. The value of angle 716 was determined
during the calibration procedure.

| Now refer to Figure 10B. The distance L, is

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 91=.é
L

1

Z;=L, tan 6,



5 repeat abl e and accurate than nethods that use only one perspective view
per ball. In still another enbodi nent of the invention, the nethod and
apparatus disclosed herein is a nethod and apparatus for calibrating the
system by POR¥7 a 10 pattern of calibration dots of kXGMYS®U®Lg and
di mensi ons on the bottom plane of a calibration reticle and for providing
a single side perspective view for the shree dinensional inspection of . |
parts. Fromthe precision dots the m ssing state values of 15 the system
are determned allow ng for three dinensional inspection of balls on BGA
devi ces or bal [TheovahnéeZs ier defilihed car dihe dEegunee 1Bdewdwivawvotrla appar at us
of the inventiorgaifer Sk, [ + O (A i.z] L gl e side 20

per spective vi e%?l%ﬁe'?%%t%g%ngﬁd ﬁ%&?a?ﬁ%%%é tzdcg?iﬁzjﬁ%r?%gf' t he bottom
viewis identical to the nethod and apparatus_described earlier in Figure
2A and 2B for the two side perspective mﬁ@/yséet hod. The apparatus for an
i mage of a side perspective view 25 includes Z& canmera 15 with a lens 18
and a calibration reticle 20. The canegg= iptansg) ocated to receive an

| mage 64 of a side perspective view conprising dots 65, described in
conjunction wth Figure 11B, and wutilizing fixed optical elenents 40 and
42. The fixed 30 optical element 40 may be a mrror or prism The fixed
optical elenent 42 |The angtdgeedt 8l anshiz, tare dElcolavedOdnd Assa

PCT/ US00/ 18891 a32tRBOWIuEEdNe bfBfEe iBaINe @hi8ChibERod | 1k &yeher

enbodi nent fkgxe ] el eqrent 4 ~be this . nonljnear el.ement. As
wll.be apprgci gfggégéﬁf%oas% sclgf‘lrgtéga%ﬁaf ﬁ"eer%ﬁ?fisagg‘?%i%%edlow I cal

el enents may be°Be| ReXFRRFtVed vieWepenkal .15 i s connected to a frane
grabber board 17 to rgcstiR @EhotheRgenddinEde bEatRe MhvwdiGlophoard 17

provides an inagﬁedﬂééhé&néﬂg'a%%égatus disclosed herein is a method

and apparatus for calibrating the system by piacing 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 pérspective 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 persgpective 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




processor 13 to performa two dinensional inspection as described in
conjunction with Figure 2B. The 10 processor 13 may store an inage in
menory 14. Figure 11B shows an exanple calibration pattern_ _and exanple

i mages of AV@BNMHTation pattern acquired by the. system SEFPPYIRYa single
si de perspective view, of the invention. Figure 11B shows an exanple 15

I mge 50 fromcanera 10 and an exanpl e i?ge 64 from canera 15 acquired by
the system The inmage 50 show ng dots 52 acquired by canera 10 includes a
bottom view of the dot pattern 22, containing precision dots 24 of known

di nensi ons and spagniKies’@nkOSahge 2R I BAULLTLRU FACEnOEndhe calibration
reticle 20. The 'r@%ﬁ% 64ts QU 4 sgde%:ﬁers e%%‘isvg view of  fhe dot pattern
22, contai ning pt M50 S &S AP bR S P e A% BA¥ BRd™BYhci ng, | ocated
on the bottom sephkineagf eliemevsl i e awibh heepprec28ted By dehae per specti ve
view in inmage 64skpnied ih itHRIGSOLIAOE fonfd pRdch ebtaénes iy, e
reflection ofctheg ma&ef&f tgllg calibratjon reticle dqt ﬁgttgrn 22 of f of
fixed optical el RHERCTATeYa Fnﬁa‘f‘ﬁ’rﬂ%uig% o PPRESFE8| BReht™ AP %and into
canera 15. 30 Tharabkrr heegdedfli te redeivetthen imagedéat i The fxawet he net hod
shown in Figure gfalpaeMoarde 17 peeviads ianlirtigemants savphave & fferent
properties. The determ narL#gon of tge stateova.ues for_the S| q%éjperspect Ive
view is identical*?OTHE Mot FOdPSETSHBvA S lﬁﬁf’glﬁﬁa xjclé?ﬁ ™ i xed

opti cal el enent sasn@gsdrikeid oy ean]ungt ioremiths FaghyeodB. sThie WO O1/ 94567
PCT/ USOO 18880 gRopessdeals wayVeedre The iMdgeciipl aemapg 1£] ationshi ps

shown in Figure JF angd, bl.Qune2E,ap0l ¥, LiLshl La30gLhes oenhadiament
enploying a single si it perspectrve Vi ew, € CAvVention does _ntﬁn i ncl ude

5 the nonlinear 8nénefampiz imagescof2a enbibratienapphfermsaesuimed i nvention

by the system, utilizing a single side perspective

view, of the invention. Figure 11B shows an example
1S 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,

20 located on the bottom surface of the calibration
reticle 20. The image 64 shows a side perspective
view of the dot pattern 22, contéining precision dots
24 of known dimensions and spacing,'located on the
bottom surface of the calibration reticle 20. A side

25 perspeétive 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.

30 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

35 shown in Figure 2D except the fixed optical elements
may be different and there is only one side



for ball inspection utilizing a single side perspective view The
apparatus of the invention includes a part 70 to be inspected. The
appar at us IWobuessever i ncludes a canera 10 with a | ens 11,8bﬁggh§&P'below
the central area of part 70, to receive a bottomimge 80, Bed in
conjunction wth Figure 12B, of part 7Q, The canera 10 is connected to a
frame grabber board 12 to receive the imdge 80. The 15 frame grabber board
12 provides an imge data output to a processor 13 to perforn1a t wo
dlnenS|onaI S cri nc n ure 12B. The
pr ocessor ng§é%§éﬁéy%g% F%%aé |¥ﬁéhé£knég%2% %ﬁg ﬁw%ara ¥5r an i mge
of a S|ngle Si QHF[ﬁﬁwﬁiS9FF SEV?%QVE¥ﬁHr@d8§ aPE&ﬁera 15 with a |l ens 18.
The canera 15 is | ocat etild aRGEher @ibddim@atdémplEPIny iHidinglesi ngle side

perspective Vi e nj4nce A| re. . 12B and utilizing
fixed opti cal g\éfder‘;?etcgi%%@lgénon neﬁ::il{rIe L"Wl‘nl xe\g%]otff&'gskJ iy é1nei gf‘ 42, to

magni fy t he i d@ﬁ)é?@ﬁééﬁa&'ee@?@%? #2-0ne di nension. In another enbodi ment
of the invention OFRJlglﬁde &hﬁﬁsﬁéwél&ﬁﬁi)apbarhhﬁsnﬁfﬂttlﬂﬁ&]’nv@n@iﬁﬁt- The

fixed optical e e_me]p:% I aP WI |1 be appreciated
by those skill elﬁ I n ]he a;;?%ggﬁ lgld'mfjlflolna opt %%‘3 eI errents may be

i ncor por at ed. PRYSRAFRIVE Tieps ThmARREAES Rff Fheel ingfedieon board 17 to
recei ve the i mapecPdiesThe phrango gralierinsparded? The\déparatasi mage data

out put 10 aiPr OGRS lihchAaeban el 1oy £eROS! 14N 13, hlR gah' S,
described in 35 conjunction wth gure pr ocessor i store
an image in mentfiPw AFhe\/\Be@EFBkS"S‘?eéP(?ﬁ Bags/ 18894° @F%"’&uﬁe 12B shows an
exanpl e bal | gribekaom aynagred 80¢xdegptibedhdes cofij et fual wighi Biguray for

three dinmensiopgd iJBRRELE 99. ﬁéléaﬂé}g 30SkDOLEnd e g REr gpective view

Fi gure 12B sho an exampl e from,canera 10 and an exa | e i mge
94gfr0nlcanerawgrame gr;ﬂ% 93 12 to receive the image 80. The P g

15 frame grabber board 12 provides an image data output

to a processor 13 to perform a two dimensional
ingpection 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

' opticai element 40 and nonlinear, fixed optical

25 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 way be incorporated. The
camera 15 is connected to a frame grabber board 17 to
reeéive the image 94. The frame grabber bcard 17
provides an image data output to a processor 13 to
caiculate the Z position of the balls, described in

35 conjunction with Figure 12B. The proceséor 13 may
store an image in memory 14. '




15 acquired by the system The irfmage 80 shows the bottomview of the balls
71 located on the bottom surface of a part 70. The inmage 94 shows a side
perspecti vewd @issth the balls 71 located on part 70. 10 The side .
perspective view In i mage 94 contains images of balls 95 2HfU$08/1881 ai ned
by the reflection of the imge of the part 70 off of fixed optical

el ement 40 and passing through the nonli¥ear fixed elenment 42 into canera
15. 15 In an alternate enbadinment of the invention,-the systemcan be used
to inspect other types of electronic parts in _three dinensions, such as
guliwing and J | ead Bégneesi2B3hows| ARj AEAEAS RiHd @xA6r ar5AY a8 ng an
addi ti O”S' seL ekapple nbmaged RE the Iglellcd;ﬁ&%ﬁabeferoth%ede\d/i ces may bﬁ
i nspected. The o} ' . ot dihfe evices wt

t he sane systemd?ﬁéflg%ggﬁsa%%gés&%ﬁﬁ'cgg%?l%{nk?oé)%osol?lgé%a%ga%n the factory.
Additionally tRPE¥SBESFYYR ariedin Figreer 1eRi BrOV] B0 #X8FBAGcLTRFE 25 pl anni ng
and resour ce5SnaBagerent cahexnirid®d hahdshanwsxahplapege 92 Gromheamewnt i on

for the three dhgeggégg%diw% Ls%%tgin.b@fx 54 ee‘a\,r %ﬁgﬁgegil‘ges, gul I wi ng

devices and J | ead | ces. arat us_descr] LN gure 13 al |l ows
the 30 inspecti HREEPPBYReY RF |thehdadhgd T1| tacrtrd iesbs PobRo™t he sane
system The appauataesei af| adesrta 70ar t TAQ2image o isheywactedildecat ed over the

central area of j2,gbbapshar @iy ' ikhletndfPs i MU ofOdagt ugg. Lo the
of part 35 402.

top surface to recefve _side perspective VI ews A gul I wi ng
and J | ead illspedProfide\PeecRectiyy VBEY; iR elPade P4 FOItRABShal | grid array
I nspecti on WO O0liMagésPET/ balX® 188%ind 38 dbuvaimed (e theamplftectbomi nent of

such a guliw ng ofabafkeJiJnseQ SOSARC PR JEVEEL 46 difleq Hhtiayin  scanner
from Scanner Technol o IE% ofdM nne onlég, oul\/llintrheésoto%li;l;ggragggggt us further
i ncl udes a caneliemen and passing throug n

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

20 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



5 10Awith a lens 11A, |ocated below the central area of part 402 and
reticle 400 to receive a bottomview and side perspective views of part
402. The camelo439A i s connected to a frane grabber boar%gﬁ, ceive
an i mage. The frame grabber board 12A 10 provides an i nage data gut to a
processor 13A to performa three di rrens'? nal inspection of part 402. The
processor 13A may store an inmage in merm@ 14A. These conponents conpri se
-the hardware of the gullwing and J | ead inspection device 21 and are 15

shared by the baleligeld G54 BdraROChbBAIAEN G Thcndeschhbgtaberel n. The

UtraVimis described_in United States  patent applicat on Nunber
08/ 850, 473 enti BPEdY FeRECIFRGSNSOONAEVERSPEC RSN "SHEYENAB) Beaty et al .
20 filed May 5, st@fidewhfrdm iScarmesr fechhollogies tdf Mé.nheteh];aby ref erence
thereto. Ref er M%Ego&g““ﬂael‘éﬁap'a'%a%b' ‘fuPEl&E clﬁﬁggdh”@% t he

I nventi on, em may use three. camera irectly the bottom
'vi ew and tvvo g’?‘d@lbﬁ %p]e‘?ﬁsl Vi é®§35§ds}1’ﬁ5‘ﬁ’f" |t|1i‘eFFSHF€al4ar?4 gure 14
shows t he appar @ﬁupam‘: 402 amil aritiiclef 400 atd hrezeivei achotboml viewspect i on of

the balls of a BGh 5188 paHAtLNR Q&e&erffB&¥E'¢%E | nghydesméepart 70,
with balls 71 to_be. |ns ect eddO The gggarat furt her 3g?l ncl udes a canera

10 with a lens PR EBcE?P Ww° @h ‘é?\t$ eRogFd %, to receive a
bottom inage 8@ecedverameiinage.coffhenfrane gwakipe gaaedw% of part 70.

~The canera jf | %arBQE&ESt&Q' itn%g% et BB ouBp AP RS abg%éeégoioliﬁ% ve the '
I mage 80. The fr m; ng a}%) er hoard.12 frpw des .an |€%g dat a output to a
processor 13 top&5 PEPNT & RERSLERR ’r’?ﬁﬁ?é’&ﬁf’&f [oahgloritsioy

PCT/ USOQ 18891 TBé Rrodessor HEd maycehprecian dmaget inFnguoxy 128 . The

processor 13 mth&b@ﬂ@oﬁébﬂéfﬁﬁecb&pﬂﬂ@rﬂhéﬁarmreasﬁaﬁﬁéUS for an image

of a first SldeggiisgggtéggaJ lead inspection devxce 21 and are

15 shared by the ball grid array 1nspectlon 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 apparétus of the invention for a three
dimensional inspection of the balls of a BGA. The
apparatus of the invehtion includes a part 70, with
balls 71 to be_inspeéted. 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 to perfqrm'a two dimensional inspection



view includes a canmera 15 with a lens 19. The canera 5 15 is located to
receive an image 94, conprising a -single side perspective view, described
i n conj uncwo®irdsi h Figure 12B and utilizing fixed opthgﬁggégﬁgpt 38, to
magni fy the side perspective viewin one dinmension. The c
connected to 10 a frame grabber board 17 to receive the image 94. The
frame grabber board 17 provides an |nagé data output to a processor 13 to
calculate the Z position of"the balls, described:in conjunction W th
Figure 12B. The processor, 13 may.store, an.i e in 15 14. The

i bEeErs UPBu |

apparatus for aft iTHge O % I ESRIRT e “élrtshp S E i 7% udes a canera
15 with a | ens BOocesHAY cle?rm!\aé{ g5ore apcimage tie memoryeldn iMege simlar

to 94, conprisi agp@rﬁdtglﬁarslaehelﬁagép@sta VELPEte Wi ddepekspedtiwe Conj uncti on
with Figure 128,800 20.1iddd 3l nEnLEXSH Qpidicdl 1ehemsal Se togmant fy the
si de perspectlve Vi eW T Hone “di-Menst on € canera i s'Cohnected to a
frame grabbet bdaris 1foqared doeireeeivie Jhediads P acomprigingtr frane

gr abber board gznglé)vgidjg pYtspaRgeveafrtewUidddori®ed pROCESSOr 25 13 to
calculate the Z QOEI;[&I on, of tlﬁe bsufg 12§iea§m{ |ul%q_q'l|zg#§ogh_¥n§tlon wth

Fi gure 12B. The® B% AR rean 1 ma I n anot her
embodi ment, theonéwahe%}emqr;teé%pt:pcmgnbﬁsém saslenﬁyrsae%%‘sq ng. In
still anot her 301iewbili srentd indenistioni Nveid | Gdmex@n 1 ABEecShfl€ctg@rispect i ve

2nd apparat 19 psEfine Pl 6oat 55 {8 Hedbio EnRREL S, 10 Thgle.
carmera for cal i Bhrat Frme rerabbesy bpariby7? rﬂ’%lﬂfsaaﬁatlt“égﬁ %?t%al i bration
dots of known speputigtard ictesedrt 1B twtdaroylazree the 2 PEs{Hiad567

PCT/ USCo/ 18891 87, f; o*%%} ! %sc?&bgheizaetcﬂiﬁ‘tﬁl&%&B&e%ﬁhoﬁlgtﬁé the

m ssing state Va ues temare
. The processor 13 may store an image in memory

15 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

20 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

25 13 to calculate the Z 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 wmissing. In still another

30 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

35 system by placing a pattern of calibration dots of
known spacing and size on the bottom plane of a



allowing for three dinensional inspection of balls on ball grid array
BGA devices or balls on 5 wafers or balls on die. Refer
Fi gure 15 wWwebigakgws one exanple of the apparatus of the_ invent

devi ces,

configured with a

now t o
i on

calibration reticle 1020 for use duri ngPCHVBREPI on

of

the state values of the system Calibration 10 reticle 1020 is positioned

to be viewed by canera 1008. Canera 10087 f ur t her conprises a |l ens 1006.

Canmera 1008 receives a conposite imge of the calibration reticle 1020,
portion of the i

t hrough, mi rror. 1002 and an, addi t.i onal  port
directly. A fraﬁgﬁggﬁﬁﬁé?nl’é;%iﬁ ei TESM HRGPTIHITRalrEA H‘gm the camera

i mage 1024 sho
~dot 1030 and’a wiadersi ew W@PBs conddieni ng an i mage of

- 100. 8 and provi thdssipgoseatervalllEs wift hhe nagetemfaorendetermbhed he

cal i bration retiagh8wlfgOfod NGB meREOLART | b 100hNBE LQﬁg&C&i on
i nformati on may

pUCK I RN L L op A

t al

ion 15

ns an

one

8 Of a precision

preci sion dot 1032 of

the calibration retigbeelOzdly &@uk-B ThoMkEch GhowbNbiiel 8RGMp1IH24 15 shown

in 25 Figure 16B
of illum nation

take t

t he apparatus .ingludes a neans

. 1024
Sfot8e" Pt O Eheo iVl R Senrs e B oy & 1008,

with | ens 1006, cadabrabiomreatisie a0l foxopee Wuning calibratiam pattern
1021 on tlhe boz b%nggeréa&@e%;ﬁd& %Li:fiéaéj;[rﬁbrﬁol rcguﬁskstw@?; IA sig% ate
el e n ) sjtioned.pe e C Lpr.afiron retlicle (0]
o Tai eanare bl ats maisiotrdcte e, e hy Pata g an ' fnage of
preci sion dot 103%98ef €amera 4% furbher cronprisEEe. 188s| HOMMe enbodi nent
of the inventiogambia 00H8 GPdceife@MBNEHPOFITERinagEPHESERE Pri sm

anot er W00/ 0436 PCTY HSOQ/ RS, 1350 STR98 U3 o ok Nend WElld o7

opti cal
provi de

opti cal

el enent

15

20

25

30

35

through mirror 1002 and an additional portion
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
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
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
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.

In one embodiment of the invention, the optical
element 1002 may comprise a prism. In another

In
, the



may conprise a mrror. As will be appreciated by one skilled in the art,
the invention will work with any nunber of side views. The calibration
pattern 102Wwom1a4s6t he reticle 1020 conprises precision dOt%an? é 88 The
camera 1008 is | ocated bel ow the central part of the calibra A PLiicle
1020 to receive an inmage 1024 described,in conjunction with Figures 16A
and 16B. in one enbodi nent- of the invent ?% the canera 1008 10 conpri ses
an i mage sensor. The i mage sensor may be a charged coupl ed device array.

The camera 1008 odﬁﬁlgﬂgb% i ﬁgggngreﬁge%%@@@gldeﬂmng pggei ve  the

I mge 1024. The T ra S an im a output to
a processor 1012‘afr'oc95pﬁb??cﬁ P BORT e e P g Wé%l%aﬁpl&ﬁqlﬁrt&@l B¥ @8edescri bed
i n conjunction wkillEagimecidRrtlheher iaveat £on antll el waBRhagg shown in

Fi gures 2E and I ess 1 I I n menory
1014. Now ref er%tlami,’gB %?e%h%%A an he 9;?%1 gﬁytférp P%é' rhngrgg lon reticle
1020 havi ng Bre@F‘sFBﬁ getiche 020 WQHF&SEBBPEW% SRFodPRR i mage 1024
of the calibratimhe cameecacldd® (s Theatett baluwerhd mtxadwparpr 6€i si on dot s

1030 with a fi rnghfp%'éiﬁﬁféﬁi’&\Qeet"ycﬁ@dloaoshgﬁé{é&*‘\’rel%81§1 WS4 ghgci sion

dots 1030 with secqQnd perspective Vi ew. tem pro essor
processes the coRFSEiped |h’&g%°’11}’£ﬂ:t&@€0!”aFHgF%%“’E% 168, &ndmLER - equat i ons
descri bed herei mnnche ebodihémmosyitde i0F6naionsitle \damerd0280pr ovi di ng

i nf ormati on q4f org &:% 1§9E%ﬁ°ﬂn&§e tsfé%s%XSt eg}lgf if tée‘?{é%r '&Qﬁ B8Q principles

and rel atlonshl vvn in Figure 2E and ure 9&% anot her
enbodi nent of tr%l%rﬁ&@‘nFPBﬂ ed ilevigs REFa¥nd 'ﬁlb?)a?%ﬁ 3098 é8ed herein is
‘a nethod and appenzcteduseng Rrasuiengirabbarebaafdrlld eegreg@idenensi onal

i nspection of balyes i9RgRa1 62! | rf%medgaéhssér BEEVLIf@evi ces or ball's
on wafers or balls \ 81/ 04567 P 891
provides an image ata 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
20 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 shown 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



on die. Refer nowto Fi gure' 17 which shows the apparatus of the invention
configured with a part 1040 to be inspected by the system The apparatus

obt ai ns an o osags7 1044 showi ng a bottom view 1046 contai iy L | mage of .
a ball 1050 and a side view 1048 containing an inmage of am‘%gﬁa&iﬁggﬂof t he

part 1040. To take the image 1044, the ﬁpar atus includes a neans of
i1 lumnation 1017 which nay be a ring Iig t, canera 10 1008 with a |l ens
1006 and a part 1040 with a ball 1042 on the bottom surface. In one

enbodi nent of t javention, the means of illumnation 1017 lights the
bottom surface o tdhe'part 104.0 to allow imaging the perinmeter of the
part 1040. In anot heReépBouPYerR Kigures 17hwhiel criawsh theyephasates f f user

1015 provi des i'Idﬂlntih:&aﬁ.hoéntEDdSnidm@mxeﬁ when perpaRs anvaof tbhgepalrt 10?0.
A separate opti ' si t k.npne ' tom plane o
Cﬁﬁlsa)%cgga%y ;%8% t%%sr%%. R %gafligaltgx‘r@ tsolﬁgaQRL 2

part 1040 to provide an I perspe e view 1048 of the
part 1040 cént diMFigeglaf4i phgeing a hotham view AqH6 qeatpaping aw40. I n one

enbodi nent of thmaigﬁveﬁékoﬁhll hfosmramidcal sedenendw 1043 aan}:ﬁmmgrse a 002
prism In another . | pent t ept | pti el enent 1
hel 15‘?38 Aég\?mgl}.rﬂble fbg,g Q¥ Eﬁ% 3%}“{}{, % 4QP Eﬁlg e

i
may conprise a mrror. preciate one ski I'n the art,
the invention e igER WP4h e ARPBERLYE LnglaidAscfsMedRE @Binera 1008 is

| ocat ed bel ow t halemihaeiopardiDiwHil® maytbe 1D463 oo lighe] veamsra mage 1044
descri bed ing30 1&)%@ WReh! 9“10%}48& *hd%‘eg%asaléfr@rifbéoff@ith“a %1e”b°d' ment of
t canera 1 conp

t he invention, e rrses an | mage sensor. e i.mage sensor

“may be a char géd®4200B| khe RREY FurfgceThelt fRS £Mbodamert bfhtted to a
frame grabber bdaweéntféf, tthe assinee o¥5il hemimsgeonl Q447 Thehts arke gr abber

board 1010 pro 'o@%gmaQuéf@&? SR PEPHE 1 560 & PT09655 Phadfld die VO
01/ 04567 PCT/ USO0/ 18891 .
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. 1In
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



40 performa three di nensional inspection of the part 1040 as described in
conj unct i on with Figures 18A and 18B. The:principles and rel ati onshi ps
shown in and Figure 6B apply. The processor 1012 5 may store an
i mage in n'e #B‘E}%‘%A Now refer to Figures 18A and 18B whi ERTARWASET pal |
grid array 1040 havi ng balls 1042. Figure 18B shows a conposite inmage 1044
of the ball grid array 1040. The bottom4f ew 1046 shows ball 1050 with a
10 first perspective view and a side view 1048 shows ball 1050 with
crescent shape 1052 with a second perspective vi ew. The system processor
processes the coepbein e ithrpe tdmenaienatiinprestia ofisthenpArt equati ons
described herei nighd had heedrgtilved ‘ihek&bﬂﬁ)d@ctll%rﬁmitﬂ #egui-ew fé&dy ovi di ng

i nformation for | utian qQf .the_s uatlos The principles
and rel ati onshi pigﬁhoaﬁ" d’lpé‘éaSGin e‘@éﬂon ﬂ'psTﬁ owﬂvje'rﬁt i on has been
descri bed her ei nFiguresrih cﬂndalﬂle'uefet 6P| aEFﬂ)brdé‘rhet STeeRBrYT WAX2 t he 20

Patent Statutgs aggd gtgoﬁcaﬁcienatgtéog_g ﬁgmé,f@dlolm the art with the
i nformati on needed t(éqp&ppl fet e ?éslfxregrié}f' s_m%ng,h&g cgﬂésv%ruct and use

such speci ali zed onent’s as a e U|red wever,
under st ood t hat bhélumyhtamakér@%ehemm&ﬂdm 1425 Ebﬁ‘éﬁliﬁdﬂ ly
di fferent equi preRbwand cnpicite dRdget Do44 VGF ivdies bandi Grgatdonsy . both as

to the equi prent ggt ai ,{.%e%({t%e g%#ngogg 0G& O%%llcaaﬁp wg}cﬁml i shed

wi t hout departi n rom scope o he i nven tSe S
clained is: 185 Freemenrquctm Virw488G 3 sndq view LPEP shaws 11101 ii
111 * ¢ L s -"1' bBD01 488t kexlsbe® 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

15 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

20 Patent Statutes and to provide those skilled in the
art with the information needed to apply the novel
principles and to construct and use such specialized
components as are'required. However, it is to be
understood that the invention can be carried out by

25 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.

30 What is claimed is:

35



1.. An apparatus for three dinensional 1Tnspection of an electronic part
(1040), wherein the app ' i i ted using a precision pattern mask
5 with dot walbi/eises depgﬂm"ﬁm“nﬁﬂmmfatlon t ranspar epbrigiogies (20) :
the apparatus for three Hinfendi ofal i nspection of an electronlc part

(1040) conprising: (a) a canmera (1008) and an illum nator (1017) 10 for

I magi ng.the electronic part (1040), the 4baneré (1008) being positioned to
obtain a first view (1046) of the electronic part (1040) ; (b) a neans

for light reflection (1002) 15 p03|t|oegg &g reflect a different view
(1048) of the electronic part (1040) 'in he canera (1008), wherein the
canera (1008) pr-ovi &ssapparatue for04hyresf dihensiiredt dospecpaoh ¢4040)

having differing 20 ynhewsetdfdbic 1&4@ (1020¢, (WHerRiTERRS B%aw@.gg
processing (13) the i,ma t he. el ecfronic part ) that

e 40
appl i es cal cul ati ons *n*f é]gﬁ"i"i‘ef%ﬂst’}é‘gv?e%ec’(‘i’fﬁfb a’f@&é’)’ BRS¥he i mage
(1044) to 255cal cul amdth dbe epattiommssdepabipedion on ceflibaatienst one

portion of the el ect keahSpRA&ht z(ek%i)e (ao)Th@a@Wﬁﬁﬂﬁsofoﬂ aim1 wherein

the illum nator 017) further ri se &ﬂ q The appar at us
of claim1l mhereln R 111 s S o) e gﬁ SPE? %035 e§%r°%§§ further
conprises a 35 n1rr@nrtvw1@AQXMn§mprnsﬁngr||| II1|I1 LLijl i 111111

PCT/ US001 18891 * C Lap 42 céhefguir@ﬂﬂaraﬁ&Saﬁﬁilidﬁiﬁhioﬁh¢i@iﬂ)the nmeans
for 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 cémera
(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 iﬁage

(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.




light reflection (30, 34y—further—conprises a prism 5 5. The apparatus of
claim1 wherein thg meam"m;ﬁ'l“ “Imm“ml‘l ecti OP (|32 36, 38) further
conprises mr atus of claim1l wpger

el ectroni c%gl?t{d 1040 et conpriges a ball :grid array ,%@8“}? The
apparatus of claim®6 mhereln the electronic part (1040) further conpri ses
balls on a wafer. 8. The apparatus of cf&im6 wherein the electronic 15
part (1040) further conprises balls on a die. 9. The apparatus of claim1
wherein the nmeans for_ inagi 1080) prOV|des the inmage to a_frane

gr abber board (£010) Tk EOaHRPré%H§aﬂ§p§FEPBs 1oy %ﬁ%ﬁan?ewﬁéﬁéﬁnf?ﬁe frame
grabber board (1010) 1pgyhvi ceflegtiomdeodasa) Hutther tcomprpsesessor (1012)
to performa three _ggggﬁgional i nspection of a part. 25 11. The apparatus
of claim1l1 further conprising a nonlinear optical element to magnify the

I mage in one dinension. 30 12. The apparatus of claim1l wherein a maxi mum
depth of fo6ussaf aThedapparspestdfyelaiawl avhersin dheamehngefiofocus system
to inspect |arger el gebrpnieryddliich (Mol N38N1C1PLIARRTER eolipeield 026)

i magi ng one portion of the_electronic part (1040) and a 35 second
perspective view (1028FUFFedi M 2P%econd portion of the el ectronic part
(1040). WO 01104567 Phe/ afspan 389 bf 43agwr Li @imexEirt lkhecledettoonicpart

(1040) . 13. The appapgi-ts (Pbaé) aﬂﬂt%e%%ﬁbﬁ@ewlﬂmm geRkharphyfocus of a
si de persperltol ve view I ncludes an area of the electrdonic part” (1040)

i'ncluding a
7. The apparatus of claim 6 wherein the electronic

part (1040) further comprises balls on a wafer.

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

8. The apparatus of ciaim 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).



center row of balls. 14. The apparatus of claim 13 wherein all of the
balls on the elect;onic part (1040) are in focus 10 resulting in two
perspective views for each ball. 15. The apparatus of c t her
conpri si ng“OOM®As for inspecting gulimﬁngpgnd J lead 1g%§§§ﬁ%ggh . A
nmet hod for three dinensional inspection of a lead on a part, the nethod
conprising the steps of : 20 (a) using d43canera to receive an inmage of the
| ead (142); (b) transmitting the image of the lead to a franme grabber
(143); (c) providing fixed optical elenments to obtain 25 a side
perspective view of * pertieadof 17k ;elecgyroniardadt t (190 he si de perspective
V|e3/of t he gead to th? frame grabber (146); (e) operatlng a processor to
send a conmand tQ ra 0.acqu o X val ues
fromthe canmera 1(3147&g aﬁapa’f%“%r%(r:é"é‘?llﬁ‘ggt‘ﬁlée’b?’x l@‘sm‘wl %&? he
processor to cal cul abd fochs eef di rrdidis) pnaspeﬁkmﬁq|W¥¢Wbﬂnpﬁ§dﬁéa@ﬂ(l47) 35

17. The nethad of cl g Ehlé V‘Eh?éeélréét%nibe?aﬂf. (ﬁllﬁ)eiﬁbngdii‘l%l 2' xel val{ues
' R IR

further conprises | II' "1 111 Lo

WO 01104567 PGT/ USO0FEBEST rﬂﬁ‘ﬁéﬁ??ﬁ\ﬁlng state val ues fromthe part
itself (104). 18. The nethod of claim 16 wherein the lead is a 5 curved
surface | ead. 194 Thengehppshiuslcd BLAEGmBHexdile all@adfi 8ha

balls on the electronic part (1040) are in focus
10 resulting in two perspective views for each
ball. '

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

15 devices.

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

20 (a) wusing a camera to receive an image of the
lead (142); o
(b) transmitting the image of the lead to a
frame'grébber (143);
(¢} providing fixed optical elements to obtain
25 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 processor to send a command to
the frame grabber to acquire images of
- 30 : pixel values from the camera (147); and .
(f) processing the pixel values with the
processor to calculate a three dimensional
position of the lead (147).

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

/
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ball (71) . 10 20. The nethod of claim 16 wherein the part is a ball grid
array (70). 21. The method of claim 16 wherein the processor processes the
pi xel valu jnd a rotation, 15 an X placenent value_and a Y placenent
val ue of tﬁioé)‘z"r‘g’r elative to world X and Y coordi nates B ’PWGFWS poi nts
on four sides of the part (20). 20 22. The nmethod of claim21 further
conprising the steps of: (a) using a pad#g definition file that contains
measur enent val ues for an ideal part; (b) calculating an expected position
for each 25 lead of the part for a bottomview using the neasurenent

val ues fromthe part degefrminingnstfate widheshérdmpthe oot Madald and Y

pl acement val ue. 30 2Q3.4jhe nethod of claim 16 further conprising the step
of using a search procedure on the inage to |ocate the |ead. 24. The

met hod of claim 16 further conprising the 35 step using a subpixel edge
det ection net hodt&o Thecmethadref exlarioe Ysomwhereinetlod lesadl.id lal hi1j 11111!
FETTT 11111 151 1111 SuiRedlsldbidde AGHJJIS60/ 18891 45 25. The nethod of
claim16 further conprising the step of determning a | ead center |ocation
and a lead dianeter in pixels and storing the |ead 5 center |ocation and

| ead di anet er i tSendhp. nepBod R gigtimod 6ofvheraim 2te fleddhdrs aonpri sing t he
step of cal culating ®dalexpeeied position of a center of each lead in the
si de perspective view 10 in the image using a known position of the side

perspective view fromcalibration.
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 wvalue.

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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27. The nethod of claim25 further conprising the step of converting the

pi xel values into world 15 |locations (158:) by using pixel values and
paranmeters determ ned during calibration wherein - the world | ocations .
represent PHOOVMEE? | ocations of the |ead with respect toP@EYSI88Yr di nat es
defined during calibration. 20..28. The method of claim27 wherein a Z

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

val ues by conbining a location of a center of a lead froma bottom view
with a 25 reference point of the sane |lead froma side perspective view
29. The nethod of claim 28 further conprising the step of converting the

wor | d. coordi nates toppaiie+ndQ ggl SESi o a@&ugﬁhggng?@ﬁ%%nthé pl acenment

val ue and Y placenent value to define part cqor - an i deal part §
where the part val ueStsPeffeSeher PR iT A 1gPReRenbrs Weatien @ad ai ncl udi ng |
| ead di aneter, |ead denidedibhmetéroin ipix@] sXapdr stanthg’ i tleador di nat es and

“lead height iyn Z word g 005 dL084 635 ardd tileid Kibkmdtéin | 1/ 04567

PCT/ USO0/ 18801 46 30 ko Rorhors;nd Tead, ipmot erl%énr?pwﬁ ing the step
of conparing ideal values defined in a part file (162) to calculate

devi ati on val ues2é hatThe mephedeof claiawi2®t farthértdemmeastioy chet he | ead

fromits ideal |ocatiQRy 3k cdNCulBRINRA & ekbalbftdLIdids@nnokhg deviation
val ues may include | ead dia ter%tipg several 10 gri entations wWth respect

to an X pl acenent valSF&®taHd°5 §2 AR Fheugide RRYsPEGEVe| Fie¥he X
direction, Yi0directi dm &he imagealusing a known position of the side

perspective view from calibration.

27. The method of claim 25 further comprising the
step of converting the pixel values into world
15 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.
20 _ .
28. 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
25 reference point of the same lead from a side
perspective view. . '

29. The method of claim 28 further comprising the

step of converting the world coordinates to part

30 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

35 X part and Y part coordinates and lead height in
2 world coordinates.
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direction, lead pitch in the X direction and Y direction and m ssing and
deforned | eads, 15 further conprising the step of calculating the Z

di mension of the lead with respect to a seating plane based on Z world
data. 32. TW@OHMS6fod of claim 31 further conprising the PGTRIS018871
conparing the deviation values to predeterm ned tolerance values with
fespect to an ideal part as defined in aggpart definition file to provide
a lead inspection result. 25 Ilillll 111111 1Qjl 111111 11 CS

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 wvalues to
predetermined tolerance values with respect to
an ideal part as defined in a part definition

file to provide a lead inspection result.
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