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FIELD OF THE INVENTION

This invention relates to a method and apparatus
for three dimensional ingpection and, more
particularly, a method and apparatus for three

15 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

Prior art three dimensional inspection systems

20 have involved laser range finding technology, moiré
interferometry, structured light patterns or two
cameras. The laser range f£inding method directs a
focused laser beam onto the Ball Grid Array, BGA, and
detects the reflected beam with a sensor. Elements

25 of the BGA are determined in the X, Y and 2
dimensions utilizing a triangulation method. This
method requires a large number of measurement samples
to determine the dimensions of the BGA resulting in
longer inspection times. This method also suffers

30 from specular reflections from the smooth surfaces of
the solder balls resulting in erroneous data.

Moiré interferometry utilizes the interference
of light waves generated by a diffraction grating to
produce a pattern of dark contours on the surface of

35 the BGA. These contours are of known distance in the




detects the reflected beamwi th a sensor. Elenents 25 of the BGA are
determned in the X, Y and Z dinensions utilizing a triangul ation net hod.
This method requires a | arge nunber of neasurenent sanples to determne the
di mensi ons of WO3688A resulting in |longer inspection tinmes. ARIESRKEINRGd

al so suffers 30 from specular reflections fromthe snmooth surfaces of
the solder balls resulting in erroneous data. Mdire interferonetry utilizes
the interference of |ight waves generated -l -a diffraction grating to
produce a pattern of dark contours on the surface of 35 the BGA. These
contours are of known distance in the = -2- Z dinension fromthe
diffraction grati ifgdipgnséant frgmtthe RiffarcsioBoa¥dHIRI f r & one poi nt on
the BGA to anot hercdwcahgonhéhﬁma&& dhechitouaBC Erbh ol poidivemsitae

bet ween the two p:ﬁd}} $ L oggeg }iggn{p_ Qﬁ'\dt % BG Th{__ﬁerr&t_&oqwsuf{ erzJl fromthe

probl em of |ow co st EORTOUT FTHEs res f i ssed coun of the
nunber of contour & &ithensient bagween é?l?eori?é@u§° atg. camike Astfswminese
suffers fromg he cofilOdethoBesuffers from the problem of low contrast

contour lines resulting in missed counting of the
number of contours and resulting in erroneous data.
This method also suffers from the contour lines
merging at surfaces with steep slopes, such as the

10 sides of the balls on the BGA, resulting in an
incorrect count of the number of contours and
resulting in erroneous data.

Stxructured light systems project precise bands

of light onto the part to be inspected. The

15 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,
or alternately the part is moved with respect to the
light bands, and successive images are acquired. The

20 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
of the light bands resulting in erroneous data. This
method fufther suffers from increased inspection

25 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
and Y dimensions and the second camera to view the
far edges of the balls from an angle. The two images

30 are combined to determine the apparent height of each
ball in the Z dimension utilizing a triangulation
method. This method suffers from the need for a
higher angle of view of the ball from the second
camera resulting in looking at a point significantly

35 below the top of the ball for BGA’s having fine



merging at surfaces with steep slopes, such as the 10 sides of the balls
on the BGA, resulting in an incorrect count of the nunber of contours and

resulting in data. Structured light systens proj ecty ands
of |ight ont o%ﬁgg}g"gﬁ to be inspected. The 15 devi ati on OFQ{Lﬁ%/ﬁﬁl‘ﬁ

band froma straight line is proportional to the distance froma reference
surface. The |ight bands are noved across the part, or alternately the part

is moved with respect to the |ight bands, ~add-successive i nages are
acquired. The 20 maxi mum devi ati on of the |ight band indicates the

maxi mum hei ght of geg% i &E{]}I&‘qdaiHU s fso'?zﬁﬁlfﬁ‘ﬂnﬁi:eﬁeﬁlaﬁ%i ons due

to the highly focu nature of % erroneous
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view the BGA devi cqnsgeggengrgea{m?rnroec LRt ‘%iﬁ%eelrjtgplré% ?uggd ay dinmensions

and the second canera_tqQ view.the ges o rom an angle. The
two i mages 305  add¥ABEnaRd 1D IrA%esVAESEhe apparent hei ght of each bal |
in the Z dimension util Thengriot ramngivkeat hon pedwinik thhi sepairhed anéfers

fromthe need for gpposite side views permitting larger BGA’s to be
inspected or nonlinear optics to enhance the
separation between adjacent ball images in the side
10 perspective view.

It is therefore a motivation of the invention to
improve the accuracy of the measurements, the speed
of the measurements, the ability to measure all sizes
and pitches of BGA’'s and to measure other devices

15 including gullwing and J lead parts in a single
system.
SUMMARY OF THE INVENTION
The invention provides a calibration and part
inspection method and apparatus for the inspection of
20 BGA devices. The invention includes two cameras to
image a precision pattern mask with dot patterns
deposited on a transparent reticle to be inspected
and provides information needed for calibration. A
light source and overhead light reflective diffuser
25 provide illumination that enhances the outline of the
ball grid array. A first camera images the reticle
precision pattern mask from directly below. 2An
. additional mirror or prism located below the bottom
plane of the reticle reflects the reticle pattern
30 mask from a side view, through prisms or reflective
surfaces, into a second camera. A second additional:
mirror or prism located below the bottom plane of the
reticle reflects the opposite side view of the
reticle pattern mask through prisms or mirrors into a
35 second camera. By imaging more than one dot pattern,



hi gher angle of view of the ball fromthe second canera resulting in

| ooking at a point significantly 35 below the top of the ball for BGA's
havi ng fi ne -3- pitch. This nmethod also suffers fromlimted depth of
focus for thevessddBicanera linting the size of BGA' s that REFAUI00714

I nspected. This systemcan only inspect BGA' s and not other device types
such as 5 gullwing and J | ead devices. The prior art does not provide
two separate and opposite side views permtging |arger BGA's to be

i nspected or nonlinear optics to enhance the separation between adjacent
ball images in the side 10 perspective view. It is therefore a

moti vati on of the the anitsSsdmgt stREprAluashefatbar systeM qamebgeasur enent s,

the speed of the neRasInRERESn thtﬁﬁdddnhét&Qc”B@Mﬂ:rm | Thiez @8t 28%e Pi t ches

of BGA's and to neasyre.other . device el nclud I and J | ead
parts in a single Sy Ei: © SOVRRRY %crl—"ll‘:s IrﬁWEKI"ﬁi Uh's¥-30:81 |

and a BGA to be inspected is placed with the balls
5 facing downward, in such a manner as to be imaged by
the two cameras. The scene of the part can thus be
triangulated and the dimensions of the BGA are '
determined.
The system optics are designed to focus images
10 for all perspectives without the need for an
additional focusing element. The optics of the side
views may incorporate a nonlinear element to stretch
the image in one direction to increase the apparent
spacing between adjacent ball images allowing a lower
15 angle of view and inspection of BGA’s with closely
spaced balls.

' The invention provides an apparatus for
inspecting a ball grid array, wherein the apparatus
is calibrated using a precision pattern mask with dot

20 patterns deposited on a calibration transparent
reticle. The apparatus for inspecting a ball grid
array comprises a means for mounting the ball grid
array and a means for illuminating the ball grid
array to provide an outline of the ball grid array. A

25 first camera is positioned to image- the ball grid
array to provide a first image of the ball grid
array. A first means for light reflection is
positioned to reflect the ball grid array through a
second means for light reflection into a second

30 camera, wherein the second camera provides a second
image of the ball grid array. A third means for light
reflection is positioned to reflect an opposite side
view of the ball grid array into a fourth means for
light reflection and into the second camera as part

35 of the second image of the ball grid array. A means



The invention provides a calibration and part inspection nmethod and
apparatus for the inspection of 20 BGA devices. The invention |nc!udgs
two caneras tq inage a precision pattern mask with dot patterns deposite
on a transpar é’ﬁ?%’%ﬁ'cl e to be inspected and provides infor rrﬁ?i”_b’ﬁ”?@é’ded
for calibration. A light source and overhead light reflective diffuser 25
provide illumnation that enhances the outline of the ball grid array. A
first canera inmages the reticle precision-pattern mask fromdirectly bel ow.
An additional mrror or prismlocated bel ow the bottom plane of the reticle
reflects the retic ter .mask fr.oma _side view, through prisns or
reflective surface%{)ar P%%a arbséggﬁ lré. hpsr‘%fh @Ssg‘cgﬁﬂpgéﬁﬂ ional mrror or
prismlocated bel oW-eFRPURAESGPrpPENGiIGitahsignslc proressert PrdresyEmsSi t e

side view of the rehe of ergiativRbe BRAKsédorIGimadel SF5tRE PATT Qfsid Nto a 35

second canera. By_] [ h of..pattern, -4- the mssing
state val ues of thaei-s st%ig}a%%‘aﬁé ?ggo ve]éJi rs?'&rfj]lﬁtraaﬁi gononetric solution.
The reticle 5 The invention also provides a method for three

dimensional inspection of a lead on a part mounted on
a reticle. The method comprises the steps of:
locating a first camera to receive an image of the
lead; transmitting an image of the lead to a first

10 frame grabber; providing fixed optical elements to
obtain two side perspective views of the lead;
locating a second camera to receive an image of the
two side perspective views of the lead; transmitting
the two side perspective views of the lead to a

15 second frame grabber; operating a processor to send a
command to the first frame grabber and second frame
grabber to acquire images of pixel values from the
first camera and the second camera; and processing
the pixel values with the processor to obtain three

20 dimensiocnal data about the lead.

The invention also provides a method to inspect

a ball grid array device comprising the steps of:
locating a point on a world plane determined by a
bottom view ray passing through a center of a ball on

25 the ball grid array device; locating a side
perspective view point on the world plane determined
by a side perspective view ray intersecting a ball
reference point on the ball and intersecting the
bottom view ray at a virtual point where the side

30 perspective view ray intersects the world plane at an
angle determined by a reflection of the side
perspective view ray off of a back surface of a prism
where a value of the angle was determined during a
calibration procedure; calculating a distance L, as a

35 difference between a first world point, defined by an



with the pattern mask is removed after calibration and a BGA to be

I nspected is placed wwth the balls 5 facing downward, in such a manner
as to be inaged by the two caneras. The scene of the part can thus be
triangul ated 2MA%¥EMdi nensions of the BGA are determ ned. TREI/H§0BTH
optics are designed to focus imges 10 for all perspectives without the
need for an additional focusing elenent. The optics of the side views may
i ncorporate a nonlinear elenment to stretch the inmage in one direction to

i ncrease the apparent spacing between adjacent ball inmages allow ng a | ower
15 angl e of view and i nsgect ion of BGA's with cl osel ¥l spaced balls. The
i nvention provi des 1BREEPRAT 1PRLE Fhej hepeen iigvh 130 Wighi 4 &r9 ayerdsher ei n

the apparatus is cplbbeataudusisegrondpwerldimsimat idefingasky ik dot 20
patterns deposited;gReRscat i Ad QRet gil@é%{%;ef% yeck,g?v'rl;p%ﬁ%p%gﬁéus for

I nspecting a ball grid array conprises a I mount _ grid
array and a neans %5P Y’Prgﬁiﬁla%’?rgg“?‘ﬁ’éeb%l‘ra% & d-lsréffﬁﬁe‘ng|%e an
outline of thé bal digkadcarbayweeh 25thirdiwatld geEnt aadphsi téTawdd t 0

i mage-the ball gridoat! ay trd1Aguide a first inmage of the ball grid

tanf, = jz
1

Z = L,tan®,

wherein 2 is computed based on the angle; computing
an offset E as the difference between the virtual
point defined by the intersection of the bottom view

10 ray and the side perspective view ray and a crown of
a ball at a crown point that is defined by the
intersection of the bottom view ray with the crown of
the ball, and can be calculated from a knowledge of
the angle and ideal dimensions of the ball where a

15 final value of Z for the ball is:

Zeinay = Z - E.
The invention also provides a method for finding
a location and dimensions of a ball in a ball grid
array from a bottom image comprising the steps of:

20 defining a region of interest in the bottom image of
an expected position of a ball where a width and a
height of the region of interest are large enough to
allow for positioning tolerances of the ball grid
array for inspection; imaging the ball, wherein the

25 ball is illuminated to allow a spherical shape of the
ball to present a donut shaped image, wherein the
region of interest includes a perimeter of the ball
wherein the bottom image comprises camera pixels of
higher grayscale values and where a center of the

30 bottom image comprises camera pixels of lower



array. Afirst neans for light reflection is positioned to reflect the ball
grid array through a second neans for light reflection into a second 30
canmera, wherein the second canmera provides a second i mage of the ball grid
array. A thirdO®8¢8or 1ight reflection is positioned to r BEFAE/ QR4
opposite side view of the ball grid array into a fourth neans for |ight
reflection and into the second canera as part 35 of the second i mage of
the ball grid array. A neans for image Ppr-ocessing, such as a conputer
m croprocessor or digital signal processor, processes the first inmge and
second inmage of the ball grid array tq ingpect the ball qrid array. 5

The invention al S@I&Y&?F&gsvﬁl‘r‘r"et StRr BeTOPRERRS DM thespesiren of a
| ead on a part nowf dstereatr eonptissesT vamerthpixebspst Slesvetrhe steps of:

| ocati ng ?hf i lrstdvgaasefs%fa_tle ?svzgéy,e i?imdi'?ﬁgﬁng%pﬁf&it%%_cterr&%% ti ng.an
el enents 1o obt i LAY pEraHIRg (b VRERESoPOTRETR A BidElEing &
second caner & to rhecdinge pdel magtuer tthae are greater than a

predetermined threshold value; converting the region

of lower grayscale pixel values to higher grayscale

values using coordinates of the approximate center of

the ball; and finding the center of the ball.

10 The invention also provides a method for finding
a reference point on a ball in an image of a side
perspective view of a ball grid array comprising the
steps of: defining a region of interest in the image
from an expected position of a ball wherein a width

15 and a height of the region of interest are large
enough to allow for positioning tolerances of the
ball grid array; imaging the ball, wherein the ball
is illuminated to allow a spherical shape of the ball
to present a crescent shaped image having camera

20 pixels of higher grayscale values, and wherein a
remainder of the region of interest comprises camera
pixels of lower grayscale values; computing an
approximate center of the crescent shaped image by
finding an average position of pixels that are

25 greater than a predetermined threshold value; using
cooxrdinates of the approximate center of the
crescent; determining a camera pixel as a seed pixel
representing a highest edge on a top of the crescent
shaped image; and determining a subpixel location of

30 the reference point based on the camera pixel
coordinates of the seed pixel that define coordinates
of a region of interest for the seed pixel.

BRIEF DESCRIPTION OF THE DRAWINGS
To illustrate this invention, a preferred
35 embodiment will be described herein with reference to



two side perspective views of the lead; transmtting the two side

perspective views of the lead to a 15 second frame grabber;

processor to send a command to the first frame grabber and second frane

grabber to acoud9wssarages of pixel values fromthe

first canmGTURHATIhe

operating a

second canera; and processing the pixel values with the processor to obtain
three 20 di nensi onal data about the |lead. The invention also provides a

met hod to inspect a ball grid array devi ce g£onpri si

ng the steps of:

| ocating a point on a world plane determ ned by a bottom view ray passing
through a center of a ball on 25 the ball grid array device; |ocating
si de perspective ViksyagaonPasyingedy@fingspl ane determined by a side

perspective view ray i rtigjusectiAnghéwdalte rapparapas
intersecting the bptt Oérgs‘{:ieﬂchgﬂb e foryl rtual point
perspective view ray intersects the world pl ane at

reflection of the side Hér&SedBi FROVF AP e pBie 6R1
pri sm wher e asval ugndfestdmplandmhagassofiaitey aldbradti

wor |l d point, defined

PDittHe dhvicheibal | and
where the side 30

an angle determned b

Praidens patsegnof a
o gpatten br ati on

a

y a

procedure; calculatf zaedjib’i:t %B%%{rsté"n?. a 35 di fference between a first
y_an

Figure 2A shows a flow chart o
invention used for calibration of t

f a method of the
he bottom view.

Figure 2B shows a flow chart of a method of the

10 invention used for determining the
the X and Y world coordinates, of t
the system.

state values, and
he bottom view of

Figure 2C shows a flow chart of a method of the

invention used for calibration of t
1s perspective views.

he side

Figure 2D shows a flow chart of a methed of the

invention used for determining the
the side perspective views of the s

state values of
ystem.

Figure 2E shows the relationship of a side

20 perspective angle to the ratio of t

he perspective

dimensions to the non-perspective dimensions.

Figure 2F shows a bottom view
perspective view of precision dots
for determining a side perspective

25 Figure 3A shows the apparatus
for part inspection.

Figure 3B shows example images
acquired by the system.

Figure 4 shows a method of the

30 three dimensional inspection of bal
array.

and a side

used in the method
view angle.

of the invention

of a part

invention for the
1s on a ball grid

Figures 5A and 5B together show a flow chart of

the three dimensional inspection me
invention.

thod of the

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



-6- intersection of the bottomviewray with a Z=0 world plane, and a
second world point, defined by the intersection of the side perspective
view ray and the Z=0O world plane, where a value Z is defined as a 5

di st ance bet \/\é”&?’@“ﬁsﬁl rd world point and is related to L1 asPFEUSERo7I4
wherein Z is conputed based on the angle; conputing an offset E as the
di fference between the virtual point defined by the intersection of the

bottom vi ew 10 ray and the side perspectd v viewray and a crown of a
ball at a crown point that is defined by the intersection of the bottom
viewray with the crqw of the_ball, and can be cal cul ated froma know edge

of the angle and Pd&% AGFA¥NRPIrRSRACiATELgPPmRREY cuged 5in a mefhiodyal ue of
Z for the ball |sofathecanventzwmlﬁbrnaexemminmhgathalz posiciml logrid array
froma bottominmaggeCcggRLi, Sing the steps of: 20 defining a region of
interest in the bottom nage of %H?expected g05|t|on of a ball where a

wi dth and a hei ght of Fﬁguggg?%ns vg QNS EXRTRIE PE 3R HPRARHSSS dM ow for
posi tioni ng t%l er &heegrelsthde baldb gretdhod of the invention.

Figure 7B shows one example of an image used
with the method of the invention to perform a
subpixel measurement of the ball reference point.

Figure 8A shows a side perspective image of the

10 calibration pattern magnified in one dimension.

Figure 8B shows a side perspective image of the
balls on a BGA, magnified in one dimension.

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

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

20 for system calibration, utilizing a single side
prerspective view.

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

25 view, of the invention.

Figure 12A shows the apparatus of the invention
for ball inspection utilizing a single side
rerspective view.

Figure 12B shows an example ball grid array and

30 example images of the ball grid array for three
dimensional inspection, utilizing a single side
pPerspective view,.

Figure 13 shows the apparatus of the invention
for the three dimensional inspection of ball grid

35 array devices, gullwing devices and J lead devices.



array for inspection; imaging the ball, wherein the 25 ball is
illTumnated to all ow a spherical shape of the ball to present a donut
shaped i mage, wherein the region of interest includes a perineter of the
bal | wher ei n Wh#/36881t om i mage conprises canera pixel s of hi §REVSYYMMcal e
val ues and where a center of the 30 bottom i mage conpri ses canera pixels
of | ower -7- grayscal e value and wherein a renai nder of the region of

i nterest conprises canmera pixels of |ower Xrayscal e val ues; finding an
approximate center of the ball by finding an average position of pixels 5
havi ng pi xel values that are greater an_a predeterm ned,threshol d val ue;
converting the region B?g?fﬁwéi §ch8 Eé%aRﬁﬂlﬁﬁyqﬁﬁ APYRBF QP ayscal e
val ues usi ng coor fibnaths tirdcclimemsdirnaht nspentwiorofoft pexbal | ; and findi ng
the center of theybahkzidd three camkl@sinvention also provides a method for
finding a reference pojpt ' | i ye view
of a ball grid array c #&Iﬂ%éI?&étgg J&%%ﬁfﬁ?}l‘%ﬁr g:&ggﬁgﬁ#n?nterest
in the images In one embodiment of the invention, the method

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

10 the precision dots the missing state values of the
system are determined allowing for three dimensional
inspection of balls on ball grid array devices, BGA
devices or balls on wafers or balls on die. 1In one
embodiment of the invention the system may also

1s inspect gullwing and J lead devices as well as ball
grid arrays.

Refer now to Figure 1A which shows the apparatus
of the invention configured with a calibration
reticle for use during calibration of the state

20 values of the system. The apparatus obtains what is
known as a bottom image 50 of the calibration reticle
20. To take the bottom image 50 the apparatus
includes a camera 10 with a lens 11 and calibration
reticle 20 with a calibration pattern 22 on the

25 bottom gsurface. The calibration pattern 22 on the
reticle 20 comprises precision dots 24. The camera
10 is located below the central part of the
calibration reticle 20 to receive an image 50
described in conjunction with Figure 1B. 1In one

30 embodiment the camera 10 comprises an image sensor.
The image sensor may be a charged coupled device
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

35 13 to perform a two dimensional calibration as



froman expected position of a ball wherein a width 15  and a height of
the region of interest are |large enouglhI tov\zl | ow foL pgs: ][ I oni nlgI t ol er?nges
of the ball grid array i magi ng the ba erein the ba is illum nate
to allow a sgmﬂ? %C8¥8 shape of the ball to present a crescent FHARYhge
havi ng canera 20 pi xel s of higher grayscal e values, and wherein a

remai nder of the region of interest conprises canera pi xel s of | ower
grayscal e val ues; conputing an approxi nat< ldent er of the crescent shaped

i mge by finding an average position of pixels that are 25 greater than
a predeterm ned thyeshagld val ue; using, coordi nates of the approxi mte

center of the cre ribed é‘PrrFﬁPPlbn‘é TR Bdgures 28 . seThepi xel
representing a hi ghestessgge 18nmayt sponé 4ieinagps dentmembaped4i magre and

determ ning a subpiglyddeAbliroRKef nff‘pentlch}ﬂecr]ﬂﬂl §'}9161919 at oPag §a9£ the
canmera pixel coordli?at efehof t he 81 xel efine co rd| na

regi on of interest® 835388"5?‘3(@ 18¥E B usee O‘QSE-PQTFIECMNGS To
illustrate th?s i Mfemitdna depselérand SScalilmtodimmetinlel 2be deseri bed

herein with refereifRd 15 is located to receive an image 60,
comprising a pair of side perspective views,
described in conjunction with Figure 1B. Fixed
optical elements 30, 32 and 38 provide a first side

10 perspective view and fixed optical elements 34, 36,
38 for a second side perspective view. 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 additional optical elements may be

15 incorporated. The camera 15 is connected to a frame
grabber board 17 to receive the image 60. The frame
grabber board 17 provides an image data output to a
processor 13 to perform a two dimensional inspection
as described in conjunction with Figure 2B. The

20 processor 13 may store an image in memory 14. In one
embodiment of the invention, the apparatus may
contain a nonlinear optical element 39 to magnify the
side perspective image 60 in one dimension as shown
in Figure 8A. 1In another embodiment of the invention

25 optical element 38 may be a nonlinear element. The
nonlinear optical elements 38 and 39 may be a curved
mirror or a lens.

Figure 1B shows an example image 50 from camera
10 and an example image 60 from camera 15 acquired by

30 the system. The image 50, a bottom view of dot
pattern 22, shows dots 52 acquired by camera 10. The
dot pattern contains precision dots 24 of known
dimensions and spacing. The precision dots 24 are
located on the bottom surface of the calibration

35 reticle 20. The image 60 shows two side perspective



t he acconpanying drawi ngs. Figure 1A shows the apparatus of the invention
for systemcalibration. Figure 1B shows an exanple calibration pattern 5

and exanpl e i mages of the calibration pattern acquired by the system

Fi gure 2A sho@9986881ow chart of a method of the invention ugé'a"}ﬁl?ﬂ’“""”
calibration of the bottomview Figure 2B shows a flow chart of a nmethod of
the 10 I nvention used for determning the state values, and the X and Y
wor |l d coordi nates, of the bottomview of-tie system Figure 2C shows a flow
chart of a nethod of the invention used for calibration of the side is
perspective views. Figure 2D shows a fl ow chart %Fra net.hod of the

i nvention used foViges Pkt Fth®aEEEFB 321 uds TFShE&28rde perspective
vi ews of the systpearspeguies 2Heshans inhger €9 atdroresinisp iohgassedeo0
per specti Vet ang| gdBE’stéW 42d i::& @bc%%%e&ﬁﬁ?p@t?é if“{’fiﬂdﬁ!&ﬂ gestha t _hg
non per Spect Vo UL TES! QP G2t s SHONE, AP B2 % 1O
5 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 obtained by the
reflection of the image of the calibration reticle
dot pattern 22 off of fixed optical elements 34, 36
10 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
perspective view. Those skilled in the art will

15 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
perspective view includes an area of the reticle
including the center row of dots. This allows for a

20 fixed focus system to inspect larger parts, with one
perspective view imaging half of the part and the
second perspective view imaging the other half of the
part.

Figure 2A shows a flow diagram for the

25 calibration of the bottom view of the system. The
method starts in step 101 by providing a transparent
reticle 20 having a bottom surface containing a dot
pattern 22, comprising precision dots 24 of known
dimensions and spacing. The method in step 102

30 provides a camera 10 located beneath the transparent
reticle 20 to receive an image 50. In step 103 the
processor 13 sends a command to a frame grabber 12 to
acquire an image 50, comprising pixel values from the
camera 10. The method then proceeds to step 104 and

35 processes the pixel values with a processor 13.



for determ ning a side perspective view angle. 25 Fi gure 3A shows
the apparatus of the invention for part inspection. Figure 3B shows exanple

i mages of a part acguired by the system Figure 4 shows a ne e
i nvention forw?ﬁ%@6§g' t hree di mensi onal inspection of bal |I;@§/ﬂs9§;°g‘ép|

grid array. Figures 5A and 5B together show a flow chart of the three
di nensi onal inspection nethod of the invention. 35 Fi gures 6A and

6B show an exanple ball of a ball -9- -gkBd-array and associ at ed geometry
used in a method of the invention for determning the Z position of the

ball. Figure 7A shows gne exappl o‘;s ané réawg%iuseg iln__1°5 de tlhe. rayscal e
bl ob net hod of the mvgﬁﬂ%ﬁ. Er% %ﬁ?e B ghovxs SHe g'xanfl 2%t “é’f{%l ge used
with the method othehethrhgeMelvastef gdre dantemsvBpxef whassystrmt of the
bal | reference poitat step 111 the method begins by finding the dots 52

in image 50, corresponding to the calibration dots

5 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

values stored in memory, the processor calculates the

10 missing state values for the bottom calibration in
steps 112 and 113. In step 112 the processor 13
calculates the optical distortion of lens 11 and the
camera xoll angle with respect to the dot pattern 22.
Step 113 calculates the pixel width and pixel height

i5 by comparing the subpixel data of dots 52 with the
known dimensions of the precision dot pattern 22.
The pixel aspect ratio is determined from the pixel
width and pixel height. 1In step 114 the processor
defines the X and Y world coordinates and the 2=0

20 plane from the image 50 of the precision dot pattern
22. The processor then stores these results in
memory. These results provide conversion factors for
use during analysis to convert pixel values to world
values.

25 Figure 2C shows a flow diagram for the
calibration of the side perspective views of the
system. The method starts in step 121 by providing
a transparent reticle 20 having a bottom surface
containing a dot pattern 22, comprising precision

30 dots 24 of known dimensions and spacing. The method
in step 122 provides fixed optical elements 30, 32,
34, 36 and 38 to reflect two perspective images of
the precision dot pattern 22 into camera 15. The
method in step 123 provides a camera 15 located to

35 receive an image 60. In step 124 the processor 13



Figure 8A shows a side perspective imge of the 10 calibration pattern
magni fied in one dinmension. Figure 8B shows a side perspective i mge of the
balls on a BGA, nagnified in one dinension. Figure 9 shows an apparatus for
presenting a BOWE1j nspection. .15 Fi gures |1 OA and I@g??&ﬁi"én
exanple ball of a ball grid array with associ ated geonetry as used with a
nmet hod of the invention for determning the Z position of a ball using two
si de perspective views. Figure 11A shows -tha apparatus of the invention 20
for systemcalibration, utilizing a single side perspective view. Figure

| 1 B shows an exanple calibration pattern and exanpl e i mages of a
calibration pattersPRdsy® coamppd: ke 3y&Hang g¥EbPesi A4 LosRFFrE-Liane

per spective 25 imsye 6, thaprhsbmng imixelFivgilueslZoahohs ¢dmerpms .at us of
the invention for I }ﬁﬁgﬁ LAN Ld d 7 ' ' DECT T ve view
Figure 12B shows a.ir&\}?éeffrrp e Ehléﬁ gﬁ%é%%;% %rtl%bggbg agggprrg éeél mages of the
bal| grid array forP¢ ReeldivALHEF oL R % S§RT &firlizing a single side

per spective vbew. 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

10 position for each dot visible, comprising the group
of dots 62, in image 60 for a first side perspective
view in subpixel values and stores these values in
memory 1l4. By comparing these results to known .
values stored in memory, the processor calculates the

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

20 133 the processor 13 calculates the pixel width and
pixel height by comparing the subpixel data of dots
62 with the known dimensions of the precision dots
24, The pixel aspect ratio is determined from the
pixel width and pixel height. In step 134 the

25 processor defines the X and Y world coordinates and
the 2=0 plane from the dots 62 in image 60 of the dot
pattern 22. The processor then stores these results
in memory. These results provide conversion factors
for use during analysis to convert pixel wvalues to

30 world values. 1In step 135 the method of the
invention computes the side view angle. In step 136
the method is repeated for a second side perspective
view using the dots 66 in image 60.

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



Figure 13 shows the apparatus of the invention for the three di nensional

i nspection of ball grid 35 array devices, gullw ng devices and J | ead
devi ces. 10 - Figure 14 shows the apparatus of the invention for the

t hree di nensiwoabadssispecti on of parts utilizing three canmer RETURYMTIED
DESCRI PTI ON OF THE PREFERRED EMBCODI MENT S I n one enbodi ment of the
i nvention, the nmethod and apparatus disclosed herein is a nethod and
apparatus for calibrating the systemby plaginhg a pattern of calibration
dots of known spacing and size on the bottom plane of a calibration
reticle. From 10 the precision dots the mssing state val ues of the
system ar e det er nddednalibowiagtHomanhpeasteabhve ohEmensiomect Reyw d¥1bal | s on

ball grid array devwhCegnaBtfs devt GAKPpRak! ss0NiyaiLi81@n k8l kayon die. In
one enbodi nent of the ipgyentio %hfe. ystem ma taié ) 159_. I DgRec gul I wi ng
and J | ead deviced’4s M-Flaﬁé JSE I gfrsll d"dr PAYY: "?er r?o‘\ﬁttg' i §life 1A
whi ch shows the appdn&t 462 lie on a plane 170 parallel to a plane 180.
S The intersection of ray 175 and ray 176 define point
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
10 intersecting plane 180 at an angle D is defined by
ray 172 and ray 175 and the law of reflectance. Ray
172 and ray 175 intersect plane 170 at an angle 177.
Referring to Figure 2E it can be shown:

tand = &

D, .
-19— =-1£— Therefore: C = L
sind  sinAd

D D

cosf = —= = 3

L C
c-2s
cos6

Substituting:



of the invention configured with a calibration reticle for use during
calibration of the state 20 val ues of the system The apparatus obtains
what is known as a bottomimge 50 of the calibration reticle 20. To take

t he bottom i nH§#%8E81 he apparatus includes a canera 10 wit h REIVESI007I4 and
calibration reticle 20 with a calibration pattern 22 on the 25 bottom
surface. The calibration pattern 22 on the reticle 20 conprises precision
dots 24. The canmera 10 is |ocated bel ow thggcentral part of the calibration
reticle 20 to receive an inmage 50 described in conjunction with Figure 1B.
In one 30 enbodi mrent the canera 10 conprises an image sensor. The i nmage
sensor nmay be a charged coupl ed device array. The canera 10 is connected to
a frame grabber board 12 to receive the | e 50. The frame grabber board
12 provides an i mage data out put tqmﬁ,gr@odtgpr Bs 13 to performa two
di mensi onal calibration as - 11 - descn&bedzhpmapnjunction wi th Figure
2A. The processor 13 may store an image in nenory 14. The

Dy .
(tan6)(cos@) = — = sin0
DB
D
6 = arcsin[——s]
Dy

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

5 200 comprising precision dots 201, 202 and 203 of
known spacing and dimensions from the calibration
- method described earlier can be used to provide a
reference for determination of a side perspective
view angle 177. The value D, and D, are known from
10 the bottom view calibration. A side perspective
view image 210 comprising precision dots 211, 212 and
213, corresponding to bottom view dots 201, 202 and
203 respectively, of known spacing and dimensions D,
and D, from the calibration method described earlier,
15 can be used to determine the side view perspective
angle. The ratio of (D, / DH) 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 Dgeay = Dp(Dpn/Dy)
Substituting into the equation for the side
perspective view angle 177 described earlier yields:



apparatus of the invention obtains an inmage of a pair of side perspective
views and includes using a canera 5 15 with a lens 16 and a calibration
reticle 20. The camera 15 is located to receive an inmage 60, conprising a
pair of side P€r®pedli ve views, described in conjunction w tFCTPHHOE4B,

Fi xed optical elements 30, 32 and 38 provide a first side 10 per spective
view and fixed optical elenents 34, 36, 38 for a second side perspective
view. The fixed optical elenments 30, 32, -347 36 and 38 may be mrrors or
prisns. As will be appreciated by those skilled in the art additional
optical elenments may be 15 I ncorporated. The canmera 15 is connected to
a frame grabber board 17 to receive the /iy/gge 60. ,The \franme grabber board
17 provides an i mage data out put g o ages SS @fcsth performa two

di mensi onal inspection as described in déhjjuncti ohDgi,ih Figure 2B. The 20
processor 13 may store an inmage in nmenory 14. In one enbodi nent of the

invention, the apparatus may contain a_ndwDnear optical element 39 to
magni fy the side perspective i made=eucs PE i mension as shown in Figure
8A. In anot her enbodi nent of the inventi‘orf optical elenment 38 may be

a nonlinear elenent. The nonlinear optical elenments 38 and 39 may be a
curved Figure 3A shows the apparatus of the invention

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

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

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

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

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

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



mrror or a lens. Figure 1B shows an exanple inmage 50 fromcanmera 10 and an
exanpl e image 60 from canera 15 acquired by 30 the system The i mge
50, a bottom view of dot pattern 22, shows dots 52 acquired by canera 10.
The dot pattewo98688hi ns precision dots 24 of known di nensi G¥IF/UAYOEHaci ng.
The precision dots 24 are |located on the bottom surface of the calibration
35 reticle 20. The inage 60 shows two side perspective - 12 - views
of the dot pattern 22. A first side perspeggive view in inmage 60 contains

i mges 62 of dots 24 and is obtained by the reflection of the inmage of the
calibration reticle dot pattern 22 off 5 of fixed optical elenents 30,
32 and 38 into camsiditli®nald sptical s¢lbenendiss peyt beein¢@panatiedage 60

contains imges 66,qfAet §edtapifyi BraPi@i @i PY et BRa r SEdREJORRf the
i mage of the calibyation retlﬂ_‘]e dot pattern 22 off o% f1 xed optical
el enents 34, 36 10RVeRi®r3g TABOCSRETHT a°15° EPPPESFeRI E¥héh*38 s

posi tioned to adj ustakbee board 17 to receive the image 90. The frame
5 grabber board 17 provides an image data output to a
processor 13 to calculate the Z position of the
balls, described in conjunction with Figure 3B. The
processor 13 may store an image in memory 14.
Figure 3B shows an example image 80 from camera
10 10 and an example image 90 from camera 15 acqpited by
the system. The image 80 shows the bottom view of
the balls located on the bottom surface of a part 70.
The image 90 shows two side view perspectives of the
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
othexr 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



optical path length of a second side perspective view to equal the optical
path length of a first side perspective view. Those skilled in the art wll
15 realize that any number of perspective views can be utilized by the

i nvention. | n ¥R& di nent of the invention; the maxi num dEGTASEVHH s
of a side perspective view includes an area of the reticle including the
center row of dots. This allows for a 20 fi xed focus systemto inspect

| arger parts, with one perspective view iraypng half of the part and the
second perspective view inmaging the other half of the part. Figure 2A shows
a flow diagram for calibration . of the bgttom vi ew of the system

t he 25
The method starts ihr?tg’t E30RCESPETHIVIEWE EPERSHEREA® S¥Ci cl e 20 havi ng
a bottom surface ceo®rspecthdgve dbewpaidereack2batbnprTlsinpepmdtissiad dots 24

of known di mensi ongaAR%18R26hB9ford NEadRAd hE §h&R 102 ABjunchigyi des a
canera 10 | ocated beneath the tggzgs%gée 53 reticle 20 to recCelve an inmage
€

50. In step 103 thé”’ff' o E&SHEFS 1 command to a franme grabber 12 to
acquire an i meye 50, coFpeureng phows a flewsdiiagnam hfow aiher £hieée The net hod

then proceeds to stameh@4oaBd SRspect AL TSBAILHCR! XUaal4ed '%&'Qy@

processor 13. The method starts in step 141 by providing a part 70
having balls 71 facing down. The method in step 142
provides a camera 10 located beneath the part 70 to

10 receive an image 80. In step 143 a frame grabber 12
is provided to receive the image 80 from camera 10.
In step 144, fixed optical elements are provided for
obtaining two side perspective views of the part 70.
A first optical path is provided by optical elements

15 30, 32 and 38. A second optical path is provided by
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

20 15. A processor 13 sends a command to frame grabbers
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 .

25 about part 70.

The invention contemplates the inspection of
parts that have ball shaped leads whether or not
packaged as a ball grid array. The invention also
contemplates inspection of leads that present a

30 generally curvilinear profile to an image sensor.

Figures 5A and 5B together show a flow chart of
the three dimengional inspection method of the
invention. The process begins in step 151 by waiting
for an inspection signal. When the signal changes

35 state, the system initiates the inspection. The



- 13 - Figure 2B shows a flow diagram for determ ning the state val ues of
the bottomview of the system In step 111 the nethod begins by finding the
dots 52 in inage 50, corresponding to the calibration dots 5 24. The
processor fi naeo esrdsatensi on and position for each dot visi bl RCT/HS®MAMIE 50

i n subpi xel values using well known grayscal e nmethods and stores these
values in nenory 14. By conparing these results to known val ues stored in
menory, the processor calculates the 10 _ ,gissing state values for the
bottom calibration in steps 112 and 113. In step 112 the processor 13
calcul ates the optical distortion of lens 11 and the canera roll angle with
respect to the dotpypatassor 22. s€ndp 4 1@mmEncukat Esandcgrablelr hicdirdsand

pi xel height 15 1i)yarfa)rﬂ@zarclongc Hﬁréuﬂﬂd sdataadoéo dﬁsspe‘z%lwetlp bge known
di mensi ons of theH££ECISI dot g éiern E §£ ect ratio is
det er ni ned from t RRATY xeq AU pi Lt H[é'ﬁ GhEl steP P4 1he processor
defines the X and damwntes @mmdlagat 88 conpnisdn@=pirel valblemeand om t he
i mage 50 of the preghet LR slUapRakb8r &n image 90 comprising pixel
values and the processor stores the images in memory
14. The images comprise information from both a
bottom view and two side perspective views as shown
in Figure 3B. In step 153, the inspection system
10 sends a signal to a part handler shown in Figure 9 to
allow the part handler to move the part out of the
inspection area and allows the next part to be moved
into the inspection area. The handler may proceed
with part placement while the inspection system
1s processes the stored image data.
The inspection system processes the pixel values
of the stored image 80 in step 154 to find a
rotation, and X placement and Y placement of the part
relative to the world X and Y cooxrdinates. The
20 processor determines these placement values finding
points on four sides of the body of the part. In step
155, the processor employs a part definition file
that contains values for an ideal part.
By using the measurement values from the part
25 definition file and the placement values determined
in step 154, the processor calculates an expected
- 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
30 balls 81 in image 80. The processor then determines
each ball’s center location and diameter in pixel
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
35 an expected position of the center of each ball in



22. The processor then stores these results in menory. These results
provi de conversion factors for use during analysis to convert pixel val ues

to world valu Figure 2C shows a fl ow diagram f
calibration osﬁ?ﬁéggyde perspective views of the system Thegﬁgﬁﬁgﬁm§Vhrts

in step 121 by providing a transparent reticle 20 having a bottom surface
containing a dot pattern 22, conprising precision 30 dots 24 of known
di mensi ons and spacing. The nethod in step122 provides fixed optical

el ements 30, 32, 34, 36 and 38 to reflect two perspective images of the

preci sion dot patt . b0t TR : Jqet, | @S rovi des a
canera 15 | ocat ed ?éggéglagﬂ%ielveggﬁéﬁﬁﬁég?égsJH%%es?gpgﬁg%}t359processor
13 - 14 - sendskBovB PRI £If parR dppEew LroR gayibrationi nage 60,
conpri sing pixel vahdeprésasrdhenpanpsaa ldubpliitelmeidgeddetbest pswceeds to

20 1221 e eSS B [t M e B
lgure Shogs a pognt on each ball in step 157. The results are

stored in memory 14.
Now refer to Figure 5B. In step 158 the
processoxr converts the stored pixel values from steps
154 and 157 into world locations by using pixel
10 values and parameters determined during calibration.
The world locations represent physical locations of
the balls with respect to the world coordinates
defined during calibration.
In step 159 the Z height of each ball is
15 calculated in world coordinates in pixel values. The
method proceeds by combining the location of the
center of a ball from the bottom view 80 with the
reference point of the same ball from a side
perspective view in image 90 as described in Figures
20 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
to define part coordinates for the ideal part. The
part values represent physical dimensions of the
25 balls such as ball diameter,-béll center location in
X part and Y part coordinates and ball height in 2
world coordinates. -
In step 161 these part values are compared to
the ideal values defined in the part file to
30 calculate the deviation of each ball center from its
ideal location. In one embodiment of the invention
the deviation values may include ball diameter in
several orientations with respect to the X and Y part
coordinates, ball center in the X direction, Y
- 35 direction and radial direction, ball pitch in the X



the state values of the side perspective views of the system In step 131
the nmet hod begins by finding dots 62 in inage 60, corresponding to the
calibration dots 24. The processor finds a dinension and 10 position for
each dot vi si V@ 9928kpri sing the group of dots 62, in i nage BETAUEIYORTH st
si de perspective view in subpixel values and stores these values in nenory
14. By conparing these results to known. values stored in nenory, the
processor cal cul ates the 15 m ssing statgzval ues for a side perspective
view, conprising 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
canera rol | angl e WirRcEéepeardi$ dixecgdernpand cnissing prdsdefopmed 133 the
processor 13 cal culbales.t henpi zelorlidiidatandapi &l udrl @it gBgigenpari ng t he

subpi xel data of dqt ] he_ ki L MENSi on f the eci sion dots
24. The pi xel aspe%te%}:gﬁg\é\%’?‘%%i'eﬁe%% ggqgﬁﬁéﬁeéﬁtﬁ?&at\}mc h and pi xel

height. In step 13£crRulas, fremgiulalyithgefi dtmengionK ofnghy hatls
coordi nates arsd t heviZaOrpkpaet f tomlidaecdtingb@lame idayg®ebRabéul H€ed ot

pattern 22. The pr%%%%%k&*‘pfé‘dsiri’r@?e tal}%sﬁ'if.syééo}]x{'r%engﬁg{:ythgpgse .
results provide conversion factors for use auu ng a:ﬁy5| S to convert pixel
val ues to are several possible definitions for seating planes

from the data that may be used without deviating from

the spirit and scope of the invention.

10 In step 162 the results of step 161 are compared
to predetermined thresholds with respect to the ideal
part as defined in the part file to provide an
electronic ball inspection result. In one embodiment
the predetermined tolerance values include pass

15 tolerance values and fail tolerance values from
industry standards. If the measurement values are
less than or equal to the pass tolerance values, the
processor assigns a pass result for the part. If the
measurement values exceed the fail tolerance values,

20 the processor assigns a fail result for the part. If
the measurement values are greater than the pass
tolerance values, but less than or not equal to the
fail tolerance values, the processor designates the
part to be reworked. The processor reports the

25 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
grid array and associated geometry used in a method

30 of the invention for determining the 2 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
the calibration procedure as shown in Figures 2B and

35 2D to define a world coordinate system for the bottom



30 worl d values. 1In step 135 the nethod of the invention conputes the
side view angle. In step 136 the nethod is repeated for a second side
perspective view using the dots 66 in image 60. Figure 2E shows the

rel ati onshi p WO %/36888e 35 perspective angle to the ratio BFI/UHRI/00714

per spective - 15 - dinmension to the non-perspective dinensioen. Ray 171,
172, and 173 defining point 181 is parallel to ray 174, 175 and 176
defining point 182. Point 181 and point 1823lie on a plane 170 parallel to
a plane 180. 5 The .intersection of ray 175 and ray 176 define point 186.
The intersection of ray 176 and ray 172 define point 184. The intersection
of ray 173 and raywiew2addf the twe midegperfhectivereiand,ocompriging74 and

; gxé 1t72 defi nle p%ivaair1§8f§po;fgﬁ%5@é |;ﬂ.@d$g@sbljﬁﬂ€h1x{%ﬂ& cooﬂﬁih%&ec]gi ng plane
190, 2t an 2n9Le D ofelbOECLY Sebhel ReAMinte A5 Al ey 0y
Referring to FigurZ 28& showanincFEnuvn6Asubbei & PRy of images 80 and
5 . 90 as shown in Figure 3B, the processor computes a
three dimensional location.
Now refer to Figure 6A. The processor locates a

point 258 on the world plane 250 determined by a

bottom view ray 255 passing through the center 257 of

10 a ball 71 on a part 70. The processor locates a side
perspective view point 260 on the world plane 250
determined by a side perspective view ray 256
intersecting a ball reference point 259 on ball 71
and intersecting the bottom view ray 255 at a virtual

15 point 261. Ray 256 intersects the world plane 250 at
an angle 262 determined by the reflection of ray 256
off of the back surface 263 of prism 30. The value
of angle 262 was determined during the calibration
procedure. '

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

25 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:

tan@, = 22
L,
Z = L,tanB,

Z can be computed by processor 13 since the
angle 262 is known from calibration. The offset E
30 265 is the difference between the virtual point 261



Figure 2F shows a bottom view and a side perspective view of precision dots
used in the method for determ ning a side perspective view angle 177 as
shown in Figure 2E of the system A bottomview inage 5 200 conpri sing
preci sion dot ¥VOPB688102 and 203 of known spaci ng and di mensiRGRUS/BM4 he
calibration nethod described earlier can be used to provide a reference for
determ nation of a side perspective view angle 177. The value DH and D. are
known from 10 the bottomview calibrati@a - A side perspective view
i mge 210 conprising precision dots 211, 212 and 213, corresponding to
bottom vi ew dots 201, 202 and 203 respectively, of known spacing and
di mensi ons D[ ERR] SRELBAI[PHNEIHEnEEFFBFRI DS ITERN0aSEeaRd i TRxl 25 | i er, 15
can be used to det andi nhet town def Wad WY perapqxﬁﬂmtezanglgefﬂ'mwlzt-_fi;ff o
err fromthe b g@g&f ' er t can be
t(J[sed Pn t he bottomqéitg\gvg%o ca ?%Sgggd%%gﬁ?!}?%}%hgiggﬁebﬁﬁ?%?gé't he side
per specti ve vi ew a@PPoFppyRe oglculated from the knowledge[%ﬁrqhqiﬁﬁgﬁetut|ng
into the equatS on RéR &hd sheleideal dimensions of the ball 71. The

final value of Z for ball 71 is:
Zpspay = 2 - E
Figure 7A shows one example of an image used in
the grayscale blob method of the invention. The
10 image processing method finds the location and
dimensions of a ball 71 from a bottom image 80. From
the expected position of a ball 71, a region of
interest in image B0 is defined as (X1, Y1) by
(X2,¥2). The width and height of the region of
is interest are large enough to allow for positioning
tolerances of part 70 for inspection. Due to the
design of the lighting for the bottom view, the
spherical shape of balls 71 of part 70 present a
donut shaped image where the region 281, including
20 the perimeter of the ball 71, comprises camera pixels
of higher grayscale values and where the central
region 282 comprises camera pixels of lower grayscale
values. The remainder 283 of the region of interest
280 comprises camera pixels of lower grayscale
25. values.
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
30 described below, is called to find the approximate
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
35 grayscale pixel values can be converted to higher



perspective view angle 177 described earlier yields: - 17 - Figure 3A
shows the apparatus of the invention for a three dinensional inspection of
the balls of a ball grid array. The apparatus of the inventiaon_ includes a
part 70 to be“f%%?&é%‘ged. The apparatus 5 further includes P&TEEAHEI4E40
with a lens 11, |ocated below the central area of part 70, to receive a
bottom i mage 80, described in conjunction with Figure 3B, of part 70. The
canmera 10 is connected to a frame grabber- lmgard 12 to receive the i nage 80.
The 10 frame grabber board 12 provides an image data output to a
processor 13 to performa two dinensional inspection as described in
conj uncti on w th Fixpwsca® vpiaesr BYeSabiing thyg Gtlanguage fugetianmenory
14. The apparatus ofillEalloitero) abtaéssritied MRgOW.S Theokxacpair of side
perspective views yiifl 2 SATHALET 1290 8ol W Afind 1§ (AHRLAGENLSC! Ocat ed
, of side

to receive an i mageé conprising a paLr erspecti_vé views,

described in conj uh%%éi‘bﬁﬂ%?"f?qtii@@r EF3pIBALLERRY ST i &d sepErERFDS

el ements 30, B2 angn38 warld and Y world coordinate. The diameter of
the ball 71 can be calculated by the C language
function, "Radius=sqrt (Area/3.14)". The area used in
the diameter calculation comprises the sum of pixels
in region 281 and 282,

10 . Figure 7B shows one example of an image used

with the method of the invention to perform a
subpixel measurement of the ball reference point. The
method of the invention finds a reference point on a
ball 71 in an image 90 of a side perspective view as

15 shown in Figure 3B. From the expected position of a
ball 71, a region of interest 290 in image 80 is
defined as (X3, Y3) by (X4,Y4). The width and height

of the region of interest are large enough to allow
for positioning tolerances of part 70 for inspection.

20 Due to the design of the lighting for a side
perspective view, the spherical shape of balls 71 of
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

25 290 comprises camera pixels of lower grayscale
values.

The C language function "FindBlobCenter" is
called to compute the approximate center of the
crescent image 291 by finding the average position of

30 pixels that are greater than a known threshold value.
Using the coordinates of the approximate center of
the crescent image 291, the C language function
"FindCrescentTop" is called to determine the camera
pixel, or seed pixel 292 representing the highest

35 edge on the top of the crescent. The camera pixel



20 first side perspective view and fixed optical elenents 34, 36 and 38
for a second side perspective view. In one enbodi nent of the invention, the
apparatus may contain a nonlinear optical elenent 39 to nagnify the side
perspective iwWagwessl i n one 25 di nensi on as shown in Fi gliC@ 800714

anot her enbodi nent of the invention optical elenent 38 may be the nonlinear
el enment. The fixed optical elenents 30, 32, 34, 36 and 38 nmay be mrrors or
prisms. As will be appreciated by those skiEled in the art - 18 -

addi tional optical elenments may be incorporated w thout deviating fromthe
spirit and scope of the invention. The canera 15 is connected to a frame
grabber board 17 tcoor@dmhvestof thegeedd) piked Araneséd as grtebber board 17

provides an image dafa;auteyt okoaargéﬂﬁﬁ%%orm%%rtegccaef%@emlhﬁré pOSI tion
of the balls, descrlbe& In con unc %ﬁ\ g yre 3B. . q§§3? 13 may
store an image in Yemsprixelrig &W? E 8x8ﬁﬁ?@§?$¥§% rom
canera 10 10 am&f&me&manpbéntnage 90 from canera 15 acquired by
S One example of grayscale blob analysis and
reference point determination implemented in the c
language is presented as follows:

ﬁ///////////////////////////////////////////////////

10 // FindBlobCenter - £finds the X,Y center of the.
pixels that have a value greater than THRESHOLD in
the region (x1,yl) to (x2,y2)

%///////////////////////////////////////////////////

15 long FindBlobCenter(int x1,int yl,int x2,int y2,
double* pX,double* pY)

{
int x,y:
long Found = 0;
20 long SumX = 0;
long SumY = 0;
for (x=x1;x<=%x2;X++)
25 for (y=y1;y<=y2;y++)
if (Pixel([x] [y] > THRESHOLD)
sSumX += X;
30 sumY += y;
: Found ++;
}
}
35 if (FPound > 0)
*pX = (double)SumX / (double)Found;
} *pY = (double)SumY / (double)}Found;
40 return Found;



the system The inmage 80 shows the bottomview of the balls | ocated on the
bottom surface of a part 70. The inage 90 shows two side view perspectives
of the balls located on part 70. A first side perspective 15 View in

i mage 90 contwPAY3¥ages of balls 91 and is obtained by the PEVPEROPEA of
the image of the part 70 off of fixed optical elenments 30, 32 and 38 into
canera 15. A second side perspective view in inmage 90 contains inages of
balls 92 and is obtained by the 20 refleetion of the inage of the part
70 of f of fixed optical elenents 34, 36 and 38 into camera 15. Opti cal

el ement 36 is positioned to adjust, the optical th |Len second side
perspective viem/59/éﬁﬁé[/44zy}[ﬁﬁﬁﬁﬂ//défﬁ//266?2/6(/Z?éQZZAyZA?ﬁffig
perspective view. %/l n, odi nent he,in Lon, ot i mum dept h of
focus of a side péégﬁé@?ﬁéﬁi&%é&?ﬁLwﬁgé%%lgagsxgﬁL%?e%Fp Egﬁ%art
including the cenygy yow pfspat}ees /g /39057 17972/ 11 KED FRGYS 7yst em to
i nspect |arger papys, wth one 30 perspective view imaging at | east half
of the part and tkeideEbhiBaklCGHemy (deoublewCenhgrBgdatbleast the ot her hal f
of the part. Thos€eskerYedowhle Haiameatex) | realize that any nunber of
perspectivelx;ems{canigg gti[ized by the invention. In another enbodi nent

’

int x1 = {int) (CentexrX - Diamter / 4.0);
int %2 = (int) (CentexrX + Diamter / 4.0};
int y1 = (int) (CenterY - Diamter / 4.0);
int y2 = (int) (CenterY + Diamter / 4.0);
15 '
for (x=x1;x<=x2;X++)
for (y=yl;y<=y2;y++)
20 pPixel [x] [yl = 255;
}
)
;;///////7///////////////////////////////////////////
25
// FindBallCenter - finds the X,Y center of the a BGA
// ball using the grayscale values
;;///////////////////////////////////////////////////
30 long FindBallCenter (int x1,int y1,int x2,int y2,
double* pX,double* pY,double*
{ pRadius)
int x,y:;
35 long Found = 0;
long Total = 0;
long SumX = 0;
long Sum¥ = 0;
40 for (x=x1;X<=Xx2;X++)
for (y=y1l;y<=y2;y++)
if (Pixel [x] [yl > THRESHOLD)
45
SumX += x*Pixel [x] [y];
SumY += y*Pixel [x] [y];
Total += Pixel (x] [y];
Found ++;
50 }



35 of the invention, all of the balls are in focus from - 19 - both
side perspective views resulting in two perspective views for each ball.
This permits two Z calculations for each ball as shown in conjunction with
Fi gures 10A amwb 9988815 Figure 4 shows a fl ow di agr amPC@fUse2i@7réhr ee
di mensi onal inspection of balls on a ball grid array. The nethod starts in
step 141 by providing a part 70 having balls 71 facing down. The nethod in
step 142 provides a canera 10 | ocated beneath_the part 70 to 10 receive
an image 80. In step 143 a franme grabber 12 is provided to receive the
imge 80 fromcanera 10. In step 144, fixed optical elenents are provided
for obtaining two sidg perspective views of the part 70. A first optical
path is provided by optical elenents 15 30, 32 and 38. A second optical
path is provided by optf c&ousBemreRls 34, 36 and 38. A second camera 15

receives an image 90 of t i de perspecti we, Vi i,n ep.145 I n step 146
a second frang gr abber bo&%ﬁfl? is;pigggﬁgﬂéiﬂgfgiéﬁg Eiﬁg?i@gbp 90 from

camera *pRadius = sqrt ((double)Found / 3.14159279);

return Found;

10 ;5/////////////////////////////////////////////(/////

// FindCresentTop - finds the X,Y top position of a
BGA cresent

5;///////////////////////////////////////////////////

15
void FindCresentTop (int CenterX, int CenterY, int
Diameter, int* pX,int* pY)
int x,y,Edge,Max, TopX, TopY;
20 int %1 = CenterX - Diamter / 2;
int x2 = CenterX + Diamter / 2;
int yl1 = CenterY - Diamter / 2;
int y2 = CenterY;
*pY = 9999;
25 for (X=x1;X<=X2 ; X++)
Max = -9999; '
for (y=yl;y<=y2;y++}
30 Edge = Pixel{x] [yl - Pixel[x] [y-1];
if (Edge > Max)
Max = Edge;
TopY = y;
35 TopX = X;
if (TopY < *pY)
40 *pX = TopX;
*pY = TopY;
}
(c) 1997 Scanner Technologies Inc.
45 Figure BA shows a side perspective image of the

calibration pattern magnified in one dimension.



20 15. =~ A processor 13 sends a command to frane grabbers 12 and 17 to
acquire images 80 and 90 conprising pixel values fromcaneras 10 and 15.
The net hod then proceeds to step 147 and processes the pixel values with a
processor 13 WO9%MB&I n t hree di nensional data 25 about paPCT/NS9/0pRl

I nvention contenplates the inspection of parts that have ball shaped | eads

whet her or not packaged as a ball grid array. The invention also :
contenpl ates i nspection of |eads that presgpt-a 30 general ly curvilinea
profile to an i mage sensor. Figures 5A and 5B together show a flow chart of
the three dinensional inspection nethod of the invention. The process
begins in step 15Fifgyreaddishowsra sidenpeyspechiveghnage Vieh ehea si gnal
changes 35 statgrithe syBivFALivd ipHt@erhh@heRePeRti §Pace W3 - 20 -
processor 13 sends_a comand 5 fra N r%ﬁgsa b%ards %2 angd é? to _acquire
‘mages 80 and 90 PEEBSEE| YaryS Gt M (2% WaviAgTBAPIEIod, 1RO
canera 10 capt ur eshanniimbge 80 bewsr ivdiwe girryiscadpupixehs when
5 compared to a non magnified image.
Figure 8B shows a side perspective image of the
balls on a BGA, magnified in one dimension. In Figqure
8B a side perspective image 310 of two views are
shown where the space 313 between ball image 311 and
i0 ball image 312 is magnified, increasing the number of
lower value grayscale pixels when compared to a non
magnified image. The increased number of lower
grayscale value pixels allows for the successful
application of the subpixel algorithm.
15 In another embodiment of the invention, the
method and apparatus disclosed herein is a method and
apparatus'for calibrating the system by placing a
pattern of calibration dots of known spacing and
dimensions on the bottom plane of a calibration
20 reticle and for providing for two side perspective
views of each ball for the three dimensional
inspection of parts. From the precision dots the
missing state values of the system are determined
allowing for three dimensional inspection of balls on
25 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
vacuum cup assembly 6. The vacuum cup assembly may

30 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
ball grid array and associated geometry for use with
35 the method of the invention for determining the Z



5 camera 15 captures an inmage 90 conprising pixel values and the
processor stores the images in nenory 14. The images conprise information
fromboth a bottomview and two side perspective views as shown in Figure
3B. In step 1899984881 | nspecti on system 10 sends a signal PCr/UsyMnTI4
handl er shown in Figure 9 to allow the part handler to nove the part out of
the inspection area and allows the next part to be noved into the

i nspection area. The handler may proceed-va¢ h- part placement while the

i nspection system 15 processes the stored inmage data. The inspection
system processes the pixel values of the stored inage 80 in step 154 to
find a rotation, RAALNEPR ReeRaldn¥ithpraseeehtteftheverardd relative to
the world X .and YcOOﬁdﬂhﬂﬁé@Sﬂeﬂﬁﬂéd?Quring&ﬁﬁfﬁ?fﬁtiﬁﬁﬁ”ﬂﬁi&?ﬁtﬁbese C

| acenment val ues {Lngdj | u the. be e part. In
gt ep 155, the pro%ggg%??%w+ g{/%%]p;fgr}t Eaébi ﬁ%%lfbn l?%‘?%&ft%mce%ﬁfgi ns val ues
for an ideal part@eB9rﬂ§P%€ £ hhes grddbratian jReosedmme 156 shown2in
definition fisl e aRdgthespiBcamk D tal defidet arworbdl dooratieRttS4ystba
processor cal cul aggs Eﬂeeﬁ@@&&@QﬁRﬁﬁ?hbpehgoﬁwgaﬁfhé’ éréﬁéJEQ%epart for the

80. ep e oys a

om view contai ned I n | nage |, rocessor )
bot t views, compék51ng world coordinate plane 700 with

world coordinate origin 701 and world coordinate axis
X 702, Y 703 and Z 704 shown in Figure 10A and Figure

10 10B, and a pair of images 80 and 90 as shown in’
Figure 3B, the processor computes a three dimensional
location.

Now refer to Figure 10A. The processor locates a

point 709 on the world plane 700 determined by a

15 bottom view ray 705 passing through the center 708 of
a ball 717. The processor locates a first side
perspective view point 711 on the world plane 700
determined by a side view ray 706 intersecting a ball
reference point 710 on ball 717 and intersecting the

20 bottom view ray 705 at a virtual point 714. Ray 706
intersects 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

25 pProcessor 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

30 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
35 calculated by the processor as the distance between



search procedure on the inage data to | ocate the 30 balls 81 in inmge
80. The processor then determ nes each ball's center |ocation and di aneter
i n pixel values using grayscale blob techniques as described in Figure 7A
The results ar‘@°§?’6§88’d in menory 14. The processor proceeds iRETYSOPOONE t o
cal cul ate 35 an expected position of the center of each ball in - 21
- both side perspective views in inmage 90 using the known position of each
side view fromcalibration. The processor_egpl oys a subpi xel edge detection
met hod described in Figure 7B to |ocate a reference 5 poi nt on each bal
in step 157. The results are stored in nenory 14. Now refer to Figure 5B.
In step 158 the prworidopotnnyvidl andavoridr pdipt &1l v Lheeslifstancet Bps 154

and 157 into worl diboéﬁlhﬂnﬁt@d%ﬁﬁiﬁ}ﬁa @irbiebsétgr as vakéleﬁs%%?lclaar a_ﬁetlers
determ ned during calibration e, o, ogatio [ epre sica _
| ocations of the bng'ge?\nntH°1|;1e%ppe%ltn\qfc');ltqhgn%?’?ﬁﬂio%?%f%glt%gs 38% ned during
calibration. value Z, is defined as the distance between world

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

ZI
tanﬁl = -E-
1

Z, = L tan8,

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

o, =
L,
Z, = L,tan 0,

The average of 2, and Z, are calculated and used
as the value for Z of the ball. This method is more
10 repeatable and accurate than methods that use only
one perspective view per ball.
In still another embodiment of the invention,
the method and apparatus disclosed herein is a method
and apparatus for calibrating the system by placing a
1s 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
20 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



In step 159 the Z height of each ball is 15 calculated in world

coordi nates in pixel values. The nethod proceeds by conbining the | ocation
of the center of a ball fromthe bottomview 80 with the reference point of
t he sane bal IWDP®B688! si de perspective view in i mage 90 as deBEVP$E{Q0%I4

Fi gures 20 6A and 6B. The processor then converts the world values to
part val ues using the calculated part rotation, and X placenent and Y

pl acenent in step 160 to define part coor.dgpates for the ideal part. The
part val ues represent physical dinensions of the 25 ball s such as ball

di aneter, ball center location in X part and Y part coordi nates and bal |

hei ght in Z worl| d pegspeéchivesview. Sfhg meghodhesd paparatusictomre conpared

to the ideal val ugealdekheedni 8rtfige PsBttdn M elw0i80iden€id Ll @S e

devi ati on of each ball .center fromits,ideal l.ocation. ln one e di nent of
the frvent  on'the Tavedt BRBapAERtig, PedEibea B 20 AR I 3 o1 a

orientations w thanssg8cEorothfetye #ithey RrIsPessdvei Nagws merhad.center in
the X direction, Yhidappadthtast f6p andivafl df di seaki porspaddivai tvalkw N the
X 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
10 utilizing fixed optical elements 40 and 42. The fixed
optical element 40 may be a mirror or prism. The
fixed optical element 42 is a nonlinear element that
magnifies the image in one direction. In another
embodiment fixed optical element 40 may be this
"15 nonlinear element. 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 64. The frame
grabber board 17 provides an image data output to a
20 processor 13 to perform a two dimensional inspection
as described in conjunction with Figure 2B. The
processor 13 may store an image in memory 14.
, Figure 11B shows an example calibration pattern
and example images of a calibration pattern acquired
25 by the system, utilizing a single side perspective
view, of the invention. Figure 11B shows an example
image 50 from camera 10 and an example image 64 from
camera 15 acquired by the system. The image 50
showing dots 52 acquired by camera 10 includes a
30 bottom view of the dot pattern 22, containing
precision dots 24 of known dimensions and spacing,
located on the bottom surface of the calibration
reticle 20. The image 64 shows a side perspective
view of the dot pattern 22, containing precision dots
35 24 of known dimensions and spacing, located on the



- 22 - direction and Y direction and m ssing and deforned balls. The Z
worl d data can be used to define a seating plane, using well known

mat hemati cal formulas, fromwhich the Z dinension of the balls 5 with
respect to thwoswassshg pl ane can be cal cul ated. Those skil | e BCFASIHI7I4r ¢

wi |l recognize that there are several possible definitions for seating

pl anes fromthe data that may be used w thout deviating fromthe spirit and
scope of the invention. 10 In stepa3k62 the results of step 161 are
conpared to predeterm ned thresholds with respect to the ideal part as
defined in the part file to provide an electronic ball inspection result.

I n one enbodi nent hdtetgm eutface pédthel eahilpmtigniaetiigdeude. padsside

tol erance val ues angh-diide ival RAUCENYRRNLGS §4 WBARAWS! A¥aghbandardses | f the
neasur enent values_are | ess than or Eﬂu toélrecl{xass togﬁramce val pyes, the
d PYothe tetlsg

processor assigns & g YR SNPRS L L S0P MBATE VY Ues
exceed the fail totke grdibritien regiclet fet pPajemor2a9§Egaf Siked| result

for the part.g If ¢heiFEReraiit 463 YaSsie QR nldddlinkhe pass
tolerance values, bpt less, 1 Naf qneBoLg9Kg! 4 0 the
The side perxspective calibration is identical to
the method shown in Figure 2C except the fixed
optical elements may have different properties.

10 The determination of the state values for the
side perspective view is identical to the method
shown in Figure 2D except the fixed optical elements
may be different and there is only one side
perspective view. The principles and relationships

is shown in Figure 2E and Figure 2F apply.

In still another embodiment employing a single
side perspective view, the invention does not include
the nonlinear element 42.

Figure 12A shows the apparatus of the invention

20 for ball inspection utilizing a single side
perspective view. The apparatus of the invention
includes a part 70 to be inspected. The apparatus
further includes a camera 10 with a lens 11, located
below the central area of part 70, to receive a

25 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 grabber board 12 provides an image data output
to a processor 13 to perform a two dimensional

30 inspection as described in conjunction with Figure
12B. The processor 13 may store an image in memory
14. The apparatus for an image of a single side
perspective view includes a camera 15 with a lens 18.
The camera 15 is located to receive an image 94,

35 comprising a single side perspective view, described



fail tolerance values, the processor designates the part to be reworked.
The processor reports the 25 I nspection result for the part in step 163,
conpl eting part inspection. The process then returns to step 151 to await

t he next insprowdsesssi gnal. Figures 6A and 6B show an exanplRCTHE/00314 g
ball grid array and associ ated geonetry used in a method 30 of the

i nvention for determning the Z position of the ball. The nethod determ nes
the Z position of a ball with respect to.thg world coordi nates defined
during calibration. Using paraneters determned fromthe calibration
procedure as shown in Figures 2B and 35 2D to define a world coordinate
system for the botimomonjuncg3on wiehw Bigiinehd2Buendi wel plrinm dtined vi ews,

compr i sing wor | d caadinates ckAney 8 Shaisidh ueicnd  Cookea gL il 9i n 251 and
wor |l d coordinate axis X 252 own_in Figure 6A .and a pair

of images 80 and §’emQE§ 42 sﬁBmﬂagﬂﬁngﬁFbséé PRESBFOLESR o ifut es a
t hree di nensi onal drecatiremsiNow Iefamotherieqpipodigant The thecianemtiloncat es a

5 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
additional optical elements may be incorporated. The
camera 15 is connected to a frame grabber board 17 to

10 receive the image 94. The frame grabber board 17
provides an image data output to a processor 13 to
calculate the 2 position of the balls, described in
conjunction with Figure 12B. The processor 13 may
store an image in memory 14,

15 Figure 12B shows an'example ball grid array and
example images of the ball grid array for three
dimensional inspection, utilizing a single side
perspective view. Figure 12B shows an example image
80 from camera 10 and an example image 94 from camera

20 15 acquired by the system. The image 80 shows the
bottom view of the balls 71 located on the bottom
surface of a part 70. The image 94 shows a side
perspective view of the balls 71 located on part 70.
The side perspective view in image 94 contains images

25 of balls 95 and is obtained by the reflection of the
image of the part 70 off of fixed optical element 40
“and passing through the nonlinear fixed element 42
into camera 15. '

In an alternate embodiment of the invention, the

30 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
reticle 400 these other devices may be inspected.

35 The advantage of being able to inspect different



poi nt 258 on the world plane 250 determi ned by a bottomview ray 255

passi ng through the center 257 of 10 a ball 71 on a part 70. The
processor |ocates a side perspective view point 260 on the world plane 250
det er mi ned bywQ98B@81 per spective view ray 256 intersecting FOEVIP¥Lr ence
poi nt 259 on ball 71 and intersecting the bottomview ray 255 at a virtual
15 poi nt 261. Ray 256 intersects the world plane 250 at an angle 262
determ ned by the reflection of ray 256 aof f3gf. t he back surface 263 of
prism 30. The value of angle 262 was determ ned during the calibration
procedure. 20 Now refer to Figure 6B. The distance L, is calcul ated
by the processor atewinesdivitdr sheespuee¥stamwrintlydest sasdngsicin ned by t he

i ntersection of raypaAS5 ald 108 £pAc¥oih kY FRtd2Y. andayeidshig) nt 260,

defined by the interseciian of .cay 256 and the .25 .Z=Q rld. pl ane 250.
The value Z is deft?%h’é% §Wea&ﬁ?¥5n@8r%eﬁ%§%ﬁ rtlydlf)’oPﬁ(\t’A&ﬁ%T%hd 258 and
is related to L, asli¥mling\snds regaubcecOaprgenen®ys processor 13 since the
angl e 262 is gnown fromgigaldednat isBbws ThRe Odptatus3®f thebinvéntith

difference betmeenfégmiﬁg'gﬁ¥ge ghg%sgg%al inspection of ball grid

array devices, gullwing devices and J lead devices.
The apparatus.deécribed in Figure 13 allows the
inspection of BGA, gullwing and J lead devices all on

10 ' 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
402, A gqullwing and J lead inspection device 21 may

15 be integrated into the ball grid array inspection
device. One example embodiment of such a gullwing
and J lead inspection device is the "UltraVim"
scanner £rom Scanner Technologies of Minnetonka,
Minnesota. The apparatus further includes a camera

20 10A with a lens 117, located below the central area
of part 402 and reticle 400 to receive a bottom view
and side perspective views of part 402. The camera
10A is connected to a frame grabber board 12A to
receive an image. The frame grabber board 12A

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

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

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

35 filed May 5, 1997 which is incorporated in its



- 24 - 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 fromthe know edge of the angle 5 262
and the ideal wdissesssi ons of the ball 71. The final value oqul‘ﬁft?P’o‘HMI 71
Is: [err] Figure 7A shows one exanple of an inmage used in the grayscale

bl ob net hod of the invention. The 10 | mge processing nethod finds the

| ocati on and di nensions of a ball 71 froq1?6bgtton1inage 80. Fromthe
expected position of a ball 71, a region of interest in imge 80 is defined
as (X1, Y1) by (X2,Y2). The width and height of the region of 15

I nterest are | argemidwdly by akEevedos thexetiooni ng tol erances of part 70

for inspection Due !ogdg dﬁweooﬁ pdNtkNge il Aol tom view. the
spherical shape of bhalls i resent a donut aped i e where

the region 281, i rRMRRALINGE0oL Pﬁe1?¥§¢) r the FHEtB%JTa M o Sses
canmera pi xel s of hiagderasgraysnape ddtewslyyadhevborborheiee rand|two

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

10 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 camexa 10 is connected to a frame
grabber board 12 to receive the image 80. The frame

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

20 view includes a camera 15 with a lens 19. The camera
15 is located to receive an image 94, comprising a
single side perspective view, described in
conjunction with Figure 12B and utilizing fixed
optical element 38, to magnify the side perspective

25 view in one dimension. The camera 15 is connected to
a frame grabber board 17 to receive the image 94.

The frame grabber board 17 provides an image data
output to a processor 13 to calculate the Z position
of the balls, described in conjunction with Figure

30 12B. The processor 13 may store an image in memory
14. The apparatus for an image of a second side
perspective view includes a camera 15 with a lens 19.
The camera 15 is located to receive an image similar
to 94, comprising a single side perspective view,.

35 described in conjunction with Figure 12B and



region 282 conprises canera pixels of |ower grayscal e values. The renai nder
283 of the region of interest 280 conprises canera pixels of |ower

grayscal e 25. val ues. I n one enbodi nent of the invention or 13
i mpl ement s i M¥GEYHB¥cessing functions witten in the C prog&Qﬁﬁ$%9&9§

| anguage. The C | anguage function "Fi ndBl obCenter”, as 30 descri bed
below, is called to find the approximate center of the ball 71 by finding
t he average position of pixels that are gr2ater than a known threshold
val ue. Using the coordinates of the approxinmte center of the ball 71, the

region 282 of | ower grayscal e el _val ues gan be converted to hi her
- 25 - grayscal e \}bﬂ%}észw é&?‘Fiinﬁp‘ifFé’)Squ&H‘GBElg% fuﬁ%tq‘%‘ﬂlﬁe the °

"FillBall Center", @mdmrsphedlbelmﬂww'ﬁtmomﬁadumeeaiem of Thehecam@dta 71 can
be found by cal I ng, the g%@%égéofé'“ﬁa{n@‘grEbBQ@aioJaé‘f@tﬁ" eahi ch al so

returns 5 an X mor di nat T anet er the bal
71 can be calcuIaI%QF%ﬁV%I%?eclpaﬁﬁu%iE? 2 W8 8. THRe LA 9ré£

5 board 17 provides an image data output to a processor
13 to calculate the Z position of the balls,
described in conjunction with Figure 12B. The
processor 13 may store an image in memory 14. In
‘another embodiment, the nonlinear fixed optical

10 element 38 may be missing. In still another
embodiment of the invention, only one side
perspective view may be utilized.

The invention has been described herein in
considerable detail in order to comply with the

15 Patent Statutes and to provide those skilled in the
art with the information needed to apply the novel
principleé 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

20 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.

25 What is claimed is:



function, "Radius=sqrt(Areal/3.14)". The area used in the dianeter

cal cul ation conprises the region 281 and 282. 10

Fi gure 7B shows one exanpl ﬂmmuﬂﬂmm l”“ild with the nmethod of the

i nvention to wepdasesh a subpi'xef neaduréneht of the ball ref BFEHEWOPHANt .

The met hod of the invention finds a reference point on a ball 71 in an

I mge 90 of a side perspective view as 15 shown in Figure 3B. Fromthe

expected position of a ball 71, a region 3 interest 290 in i mage 80 is

defined as (X3, Y3) by (X4,Y4). The wdth and hei ght of the region of

I nterest are | arge enough to allow for E@ﬁ%oni ng tol erances of .part 70

for inspection. 20 Due to the design of the lighting faor a side

per spective vi ewl -t hePBpREPREAFUS; £%e 1BFPRGFHRT ﬂgQﬁl]pé'Ftldmrﬁ?%sent a

crescent shaped i nmage (291, cehareixi nhec appazapusels «ailibrghed gsaggcal e

val ues and where the regnj (P g ' s o e . 290
% B?%Q?Q{ox?%}rtgijn aéﬁgi(%’ég)sﬂiﬁrgh‘é%l EEtEéms

conpri ses canera pixels 0 ower scal e_val ue; nguage function
"Fi ndBl obCerfter” is cdPREJIERPEFAFUOR PhE2hHPFRXITRIEFAPSRBERDD t he
crescent image 291 byrethdlag(ztle aher agpapasus i for dmspctingi el s that are

greater than a known EQ&?SEPig &¥¥é93(70) comprising:

(a) a means for mounting the ball grid array
(70) ;

10 (b) a means for illuminating the ball grid-
array (70) to provide an outline of the
ball grid array;

(c¢) a first camera (10) positioned to image the
ball grid array to provide a first image

15 (80) of the ball grid array (70);

(d) a first means for light reflection (34)
positioned to reflect the ball grid array
through a second means for light reflection
(36) into a second camera (15), wherein the

20 second camera (15) provides a second image
(90} of the ball grid array (70);

(e) a third means for light reflection (30)
positioned to reflect an opposite side view
of the ball grid arfay into a fourth means

25 for light reflection (32) and into the
second camera (15) as part of the second,
image (90) of the ball grid array (70); and

(E) a means for image processing (13) the first
image (80) and second image (90) of the

30 ball grid array (70) to inspect the ball

' grid array (70).

2. The apparatus of claim 1 wherein the means for
illuminating the ball grid array (70) further
comprises a light source for illuminating the



Usi ng the coordinates of the approximte center of the crescent imge 291,
the C | anguage function "F Hs called to determ ne the canera
pi xel , or seed 8' er 292 rlﬂﬂmmllfmwm}all i ghest 35 edge_on the top of
the crescent. Yanera pixél * 56 * coordinates of thECIEPI e
are used as the coordlnates of a region of interest for determning the
subpi xel |ocation of the side perspective pall reference point. 5

One exanpl e of grayscal e bl ob analysis and Teference point determ nation

i npl emented in the C language is presented as follows: 10 /1
Fi ndBl obCenter - fi ndsbahk gﬁ;ﬁdcaermaqr (@) { hend P &dveerthzald magata val ue

P bl obCanter (it 1 {pE 411 3%%“%* o S o Y

nt
| ong Found 0: 20 g arrag from the 11ght _source.
3. The apparatus of claim 1 wherein the first means
5 for light reflection further comprises a mirror
(32, 36).

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

10 5. The apparatus of claim 1 wherein the first means
for light reflection further comprises a curved
mirror (38).

6. The apparatus of claim 1 wherein the second
means for light reflection further comprises a
i5 mirror (32, 36).

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

8. The apparatus of claim 1 wherein the second
20 | means for light reflection further comprises a

curved mirror (38).

9. The apparatus of claim 1 wherein the ball grid
array (70) further comprises balls on a wafer.

10. The apparatus of claim 1 wherein the ball grid
25 array (70} further comprises balls on a die.

11. The apparatus of claim 1 wherein the first



l ong SumyY = 0; for (x-xI|;xX<=x2;x++) for (y=yl;yc=y2;,y++) if

I(:(F))iu)r(lgI E,)i] [g]S - THRESP]‘O_??:oﬁmmm'[InH ml Illl(doubl e) SuMx / (dgﬂm{e) Jlgou%d
n

*pY = (doubl SYSaMI688! (doubl &) Fbu MoS ¢ return Pound; PCT/USISHHTI4 |
FillBall Center - fills the center of the BGA "donut" 5

LEEEEEEEEr i rrr b rr i rrrrrr i prirrirrirll void
F|IIBaIICEnter(doubIe Cent er X, doubl e CEntépY”doubIe D anmeter) { 10

int x,y; int xl (int)(CenterX - Dianter / 4.0);

camera (10} is connected to a frame grabber
board (12) to receive the first image (80).

12. The apparatus of claim 11 wherein the frame
grabber board (12) provides an image data output
5 to a processor (13) to perform a two dimensional
inspection.

13. The apparatus of claim 1 further comprising a
nonlinear optical element to magnify the second
image in one dimension (39).

10 14. The apparatus of claim 1 wherein an optical path
length (34, 36, 38) of a second side perspective
view is equal to an opticél path length (30, 32,
38) of a first side perspective view.

15. The apparatus of claim 1 wherein a maximum depth
15 of focus of a side perspective view allows for a
fixed focus system to inspect larger ball grid
arrays, with one perspective view (80) imaging
cne portion of the ball grid array and a second
perspective view (90) imaging a second portion
20 of the ball grid array (70).

16. The apparatus of claim 15 wherein one portion of
the ball grid array is at least a first half of
the ball grid array and the second portion of
the ball grid array is at least a second half of

25 the ball grid array (90).

17. The apparatus of claim 1 wherein a maximum depth
of focus of a side perspective view includes an
area of the ball grid array including a center
row of balls (90).



int x2 = (int)(CenterX + nt yI = (int)(CenterY - D anter /
4.0); int y2 = (| ”t)(ce”tglmmmm,ﬂmm& 15 for (x=xl;x<=x2;x++) {
for (y=yl;y<= el [x] [y] = 255; 251’(2/1‘//08/94/00714
Fi ndBal | Cent & 9’?‘3‘ s the X, Y center of the a BGA // bal |
usi ng the grayscal e val ues 30 | ong FindBall Center (nt xl,int yl,int
X2,int y2, double* pX, double* pY, double? pRadius) int x,y; 35 | ong
Found = 0; long Total = 0; long SumX = 0; Tong Sun¥ = 0; 40 for
(x=xI; x<=x2; x++) for (y=yl;y<=y2;y++) if (Pixel[x][y] > THRESHOLD) 45
{ SumX += x*Pi xelisex] [ ¥he apparatus of claim 1 wherein all of the

balls on the ball grid array are in focus from

both side perspective views resulting in two

perspective views for each ball (90).

5 19. The apparatus of claim 1 further comprising a
third camera, wherein the first camera (10)
enables direct imaging of a bottom view, wherein
the first camera is located below a central area
of the ball grid array (70), wherein the third

10 camera (15) is located to receive an image of a
single side perspective view and uses fixed
optical elements (19, 38) to magnify the single
side perspective view in one dimension, wherein
the second camera (15) is positioned to image a

15 second side perspective view and uses fixed
optical elements (19, 38) to magnify the second
side perspective view in one dimension, and
wherein the means for image processing (13)
calculates a Z position of a ball on the ball

20 grid array from the bottom view, first side
perspective view and second side perspective
view.

20. The apparatus of claim 1 further comprising a

means for 1nspect1ng gullwing and J lead devices
25 (402) .

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

(a) locating a first camera to receive an image
30 of the lead (142);
(b) transmitting an image of the lead to a
first frame grabber (143);



Sun¥ += y*Pi xel

(Found > 0) *

} return FounWO99@6881 // FindCresen

= (dou I ﬂ q Py
ossstorsune ! aoun o rorIRRMRARORILAR i coun, i

pX

Total; 5

[x][y]; Total += Pixel hxﬂﬂy]; Found ++; 50 - 28 - if
I

L

279) ;
of a

BGA cresent 15 // void FindCresentTop(int CenterX, int CenterY,int D aneter,

int* pX int* pY) int xy, Edge, Max, TopX, Top

Diamter / 2;

10

15

20

25

30

int x2

22.

23.

24.

25.

Ja, 20
= Center X + Di anter 2;

(c) providing fixed optical elements to obtain
two side perspective views of the lead
(144); '

(d) locating a second camera to receive an
image of the two side perspective views of
the lead (145);

(e) transmitting the two side perspective views
of the lead to a second frame grabber
(146);

(f£) operating a processor to send a command to
the first frame grabbexr and second frame
grabber to acquire images of pixel values
from the first camera and the second camera
(147); and

(g) processing the pixel values with the
processor to obtain three dimensional data
about the lead (147).

The method of claim 21 wherein the lead is a
curved surface lead.

The method of claim 21 wherein the lead is a
ball (71).

The method of claim 21 wherein the part is a
ball grid array (70).

The method of claim 21 wherein the step of
processing the pixel values with the processor
(144) further comprises the step of sending a
signal to a part handler to allow the part
handler to move the part out of an inspection
area and allow a next part to be moved into the
inspection area (153).

i nt xl = CenterX -



int yl = CenterY - D anter /-2 int y2 = CenterY, *pY = 9999; 25

];Eggr;e();:)lé': x)e(f:jg;;;?]-wgrxgl mﬁ “‘“ “‘:M“\E;ggiy;\r/;z() 3(l\)/ax mﬁf&iﬁooﬁPpY

y; 35 L fm(

TopX; *pY = TopY; (c) 1997 Scanner Technologles Inc 45 Fi gure 8A
shows a side perspective inmage of the cal hjjration pattern magnified in one
di mensi on. - 29 - Figure 8A shows a side perspective imge 300 of a

reticle calibration pattern where the space 303 between dot 301 and dot 302
is magni fied, ineeeasthg method of claim 21 wherein the processor

processes the pixel values to find a rotationm,
an X placement value and a Y placement value of
the part relative to world X and Y coordinates

5 by finding points on four sides of the part
(154) .

27. The method of claim 26 further comprising the
steps of:
(a) wusing a part definition file that contains
10 measurement values for an ideal part (155);
(b} 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
15 and Y placement wvalue (155).

28. The method of claim 21 further comprising the
step of using a search procedure (Fig. 7A}) on
the image data to locate the lead (155).

29. The method of claim 21 further comprising the
20 step of determining a lead center location and a
lead diameter in pixels and storing the lead
center location and lead diameter in memoxy
(155) .

30. The method of claim 29 further comprising the
25 step calculating an expected position of a
center of each lead in both side perspective
views in the image using a known position of
each side view from calibration (156).

31. The method of claim 21 further comprising the
30 step using a subpixel edge detection method



t he nunber of |ower value gr | ' “‘m‘mn 5 conpared to a non
magni fied i mage. Figure 8B sqmmm““m ctive image of the balls on a
BGA, magnified in one dinmension. < ntFiure BB a side perspe E& & e 310
of two vi ews WR¥Fwn where the space 313 between ball image é‘%ﬁ and 10
bal | image 312 is magnified, increasing the nunber of |ower value grayscale
pi xel s when conpared to a non nagnified iggge. The increased number of

| ower grayscal e value pixels allows for the successful application of the
subpi xel algorithm 15 I n anot her enbodi nent of the invention, the
met hod and apparatus diFigl.osell terridatics =2 reEekedcantonppasmtatsc or
calibrating the systegkgg Q%ggLng a pattern of calibration dots of known
spaci ng and di-nensions on the bottom pl ane of a calibration 20 reticle
and for providing for two side perspective views of each ball for the three
di mensi onal i nspeet.i orhef mpahbd. ofréNainh@PEactheencondisiwg Nilssi ng state

! Rspect ion of bail o oftoR cr piPEt Mg PATBOAn VILGE LESUANY,
die. Figure® shows aRcsrhAPRE BypesinqPixel yrduvent AR RRIRWER]YS he system
for inspection. Al determined during calibration wherein the world
locations represent physical locations of the
lead with respect to world coordinates defined

during calibration (15).

10 33. The method of claim 32 wherein a Z height of
each lead is calculated in world coordinates in
pixel values by combining a location of a center
of a lead from a bottom view with a reference
point of the same lead from a side perspective

15 view (159).

34. The method of claim 33 further comprising the
step of converting the world values to part
values using the rbtation, the X placement wvalue
and the Y placement value to define part

20 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 cooxrdinates (160).

25 35. The method of claim 34 further comprising 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 (161).

30 36. The method of claim 35 wherein the deviation



overhead light reflective diffuser ﬁg es a vacuum cup assenbly 6. The

vacuum cup assenbly may 30““}“1}“5&! GA part 70 having balls 71 and
suspend t he \gﬁﬁbﬁ? t 70 bel light reflectivepgifikébrBsiad-
Figures | OA 4 show an exarrpl e bal I on a ball grid array and

associ ated geonetry for use with 35 the nethod of the invention for
determning the Z - 30 - position of-agball with respect to the world
coordi nates defined during calibration, using two perspective views for
each ball. Using paraneters determ ned fromthe calibration procedure as
shown in 5 Fi gur esvédBiednadDingludei head d@ameltenoxrdumeeraslyst emfor the

bottom vi ew and the tyy; sids iReIsSRAEH y-gs éggstocgm@rx S kaMered coordinate
pI ane 700 with world ¢ rd| S{orl |n 7g ? o { adcoordl nate axis X 702,
¥ 703 and 7 704 showr’d AalaRgnF, yaTue folesa [Rieen 0 °
i mages 80 and 90 as §haim:ect-mﬁx.gt¥r dlScttlha pndces@ml ctimeatdom t hree
di mensi onal gl ocation.1jead pitch in the X direction and Y direction
and missing and deformed leads, further
comprising the step of calculating the Z
dimension of the lead with respect to the
seating plane based on the Z world data (161).

10 37. The method of claim 35 further comprising the
step of comparing the deviation values to
predetermined tolerance values with respect to
an ideal part as defined in the part definition
file to provide a lead inspection result (162).

15 38. The method of claim 37 wherein the predetermined
tolerance values include pass tolerance values
and fail tolerance values from industry
standards (162).

39. The method of claim 38 further comprising the

20 steps of:

(a) determining if the deviation values arxe
less than or equal to the pass tolerance
values, wherein the processor assigns a
pass result for the part (162);

25 (b) determining if the deviation values exéeed
the fail tolerance values, wherein the
processor assigns a fail result for the
part (162); and

{c) determining if the deviation values are

30 greater than the pass tolerance values, but
less than or equal to the f£fail tolerance
values, wherein the processor designates



Now refer to Figure 10A ates a point 709 on the world
pl ane 700 determ ned by ATﬂﬂlﬁlﬂmm m”mlﬁw ray 705 passing through the
center 708 of a ball 717. *Theé ptoctssbr Y ocates a first sid gtlve
vi ew poi nt 7WD¥936%8he worl d pl ane 700 - determ ned by a 5&'2%?’2@ ay 706
intersecting a ball reference point 710 on ball 717 and intersecting the 20
bottomview ray 705 at a virtual point 71 ¢ -Hay 706 I ntersects the world
pl ane 700 at an angle 715 determ ned by the reflection of ray 706 off of

t he back surface of prism 30. The value of angle 715 was determ ned during

the calibration procedure.tHdegpar to Peogews8keliocat®s. a second side
perspective view point 713 on the world plane 700 determ ned by a side view

ray 707 intersecting a ball reference point 712 on ball 717 and
i nt ersecting t he4Bot t Bhevihebvhodof7gdadm 38y Enrther pePrRrisigig e 707

intersects the world 88ep ofl SiortiRgat pAr&nghepddbiset:gimeddyy t he
reflection of ray 707 ff of tgieetlﬁack surface of prism 34. The val ue of

angle 716 was detern1ne8 BT n € calibration procedure. Now refer to
Figure 1 OB. The distance L1 is 35 cal cul ated by the processor as the

di stance betsveenai., A method to inspect a ball grid array device
comprising the steps of:
(a) locating a point (258) on a world plane
(250) determined by a bottom view ray -(255)
passing through a center (257) of a ball
10 (71) on the ball grid array device (70);
(b) locating a side perspective view point
(260) on the world plane (250) determined
by a side perspective view ray (256)
intersecting a ball reference point (259)
15 on the ball (71) and intersecting the
bottom view ray (255) at a wvirtual point
{(261) where the gide perspecti#e view ray
(256) intersects the world plane (250) at
an angle (262) determined by a reflection
20 of the side perspective view ray (256) off
of a back surface (263) of a prism (30)
where a value of the angle (262) was
determined during a calibration procedure;
(c) calculating a distance L, as a difference
25 between a first world point (258), defined
by an intersection of the bottom view ray
(255) with a 2=0 world plane (250), and a
second world point (260), defined by the
intersection of the side perspective view
30 ray (256) and the Z=0 world plane (250),
where a value Z is defined as a distance
between a third world point (261) and first
world point (258) and is related to L, as follows:



- 31 - world point 709 and worl d point K“ﬁ The di stance L2 is cal cul ated

by the processor as the di mﬁmxm rid point 713 and worl d point
709. The value Z, is definiu

e between world 5 oint 714
and 709 and iWOP#B#BEd to L,* a$ follows: The value Z[err] isPEEVPHOIEs t he
di stance between world point 718 and 709 and is related to L[err] as
follows: The average of Z. and Z2 are cachiated and used as the value for
Z of the ball. This nethod is nore 10 repeat abl e and accurate than

met hods that use only one perspective view per ball. In still another

enbodi mrent of the invention, the nmethod and apparatus disclosed hereinis a
nmet hod and apparatus for calibrating th§m§y§1§ﬁ1by pl aci ng a 15 pattern
of calibration dots of known spacing an }nemfrons on the bottom pl ane of
a calibration reticle and for providing a single side perspective view for
the three dinensional inspection of pargs. rkgnthe precision dots the

m ssing state val ues of 20 t he systen1arb détermned allowing for three

di mensi onal inspection of *%Héé%f%nngé gg%b&@édogased on the angle;

(d) computing an offset E (265) as the
difference between the virtual point (261)
defined by the intersection of the bottom

5 view ray (255) and the side perspective
view ray (256) and a crown of a ball (71)
at a crown point (264) that is defined by
the intersection of the bottom view ray
(255) with the crown of the ball (71), and

10 can be calculated from a knowledge of the
angle (262) and ideal dimensions of the
ball (71) where a final value of Z for the
ball (71) is:
Zrinas = 2 - E.

i5 42. A method for finding a location and dimensions
of a ball in a ball grid array from a bottom
image, the method comprising the steps of:
(a} defining a region of interest (280) in the
bottom image of an expected position of a
20 : ball (71) where a width and a height of the
region of interest are large enough to '
allow for positioning tolerances of the
ball grid array (70) for inspection;
(b) imaging the ball (71), wherein the ball
25 (71) is illuminated to allow a spherical
shape of the ball (71) to present a donut
shaped image, wherein the region of
interest (280) includes a perimeter (281)
of the ball (71) wherein the bottom image



balls on wafers or balls on dj | ows the apparatus of the

I nvention for systemcali bratﬂﬂllﬂl@l‘ﬁ%ﬂ“&‘ﬁrm ngl e side - 32 -

per spective view. The nethod us for calibration of the bottom
view i s i denwomsai3sasd t he met hod and apparatus descri bed ear PEEVSY0HAgur e
2A and 2B for the two side perspective views nethod. 5 The apparatus for
an i mage of a side perspective viewincludes a canera 15 with a lens 18 and
a calibration reticle 20. The canera 15 i%® I'ocated to receive an i mage 64
of a side perspective view conprising dots 65, described in conjunction

ith Figure || B, and 10 LLLZLN | [ l; t 42. The
¥V: xed l)g'tji cal elenent 40 rcr:g bggggémg?%%%g rﬂgrl:sg%f %ﬁgﬁggxéﬁégf)?i{l%ﬁl
el ement 42 is a nonlinear VéﬁBﬁﬁnFn@h‘&]ﬂe%gﬁﬂcﬁn&“‘t He8Rhag€ FReone

direction. |In another enbhdteent ihagedeonitionls elamierat pdkel@®yobe this -15
nonl inear el ement. As will he agprogiaied, bi,d Nose akibigdal n the art
addi tional optical elenenfs may~be I ncorporated. The canmera 15 i s connected
to a frame 5 remainder of the region of interest (283)
comprises camera pixels of lower grayscale
values;
{(c) £finding an approximate center of the ball
{(71) by finding an average position of
10 pixels having pixel values that are greater
than a predetermined threshold value;
(d) converting the region of lower grayscale
pixel values to higher grayscale values
using coordinates of the approximate center -
15 of the ball (71); and
(e} £finding the center of the ball (71).

43, The method of claim 42 further comprising the
step of determining a diameter of the ball (71).

44. The method of claim 43 wherein the diameter of
20 the ball (71) is equal to (2 * sqgrt( Area/3.14))
wherein the Area is equal to a sum of pixels in
the region.

45. A method for finding a reference point on a ball
(71) in an image (90) of a side perspective view
25 of a ball grid array, the method comprising the
steps of:
(a) defining a region of interest (290) in the
image (80) from an expected position of a
ball wherein a width and a height of the
30 region of interest are large enough to
allow for positioning tolerances of the
ball grid array (70);



grabber board 17 to receive the image 64. The frame grabber board 17

(i menst onal i nepection as Sémmlﬂl!lﬂu“l\gﬂ

processor 13WRS$PA8Yre an i mage i ntefor

by the system utilizing a single side pe

l“tessor 13 to perform

a two

ction with Figyr e
T4. Figure |B sho*/s&%%&ég?gﬂpl e

calibration pattern and exanple images of a calibration pattern acquired 25

pective view, of the i

nventi on.

Figure | 1B shows an exanple imge 50 from canera 10 and an exanpl e i nage 64
fromcanera 15 acquired by the system The imge 50 showi ng dots 52
acquired by canera 10 (bncl ufleging Ihe balqlt afevetw Ohe theldals pattern 22,

cont ai ni ng precision dots thg%lﬁk%@ tcg g&&?;goggsggggf?%fage}%gé (quh%at ed on

the bottom surface of the ca

ratron retic

ows a side

perspective view of the doEhpabakl toPresgrtarnFrgspertei shaneddmagss 24
of known di nensi ons and spagpny, hawadi &hnetatl pexels-oBShight t om surface of

the cali bratg' on reticle 20gr§y§!:;9fe F}f‘a{’ﬁ{é%c'f iaYﬁ %LS%&H é%\?ai%iecrom ai ns
(293) of the region of interest (290)
comprises camera pixels of lower grayscale

i mages of dots

values;

(¢) computing an approximate center of the
10 crescent shaped image (291) by finding an

average position of pixels that are greater

than a predetermined threshold value;

(d) wusing coordinates of the approximate center
of the crescent (291);
15 (e) determining a camera pixel as a seed pixel

(292) representing a highest edge on a top
of the crescent shaped image (291); and
(f) determining a subpixel location of the
reference point based on the camera pixel
20 coordinates of the seed pixel (2%2) that
define coordinates of a'region of interest
(290) for the seed pixel.

46, The method of claim 45 wherein in a side
perspective image (90) of a reticle calibration
25 pattern (22), space between dot images is

magnified, increasing a number of higher value

grayscale pixels when compared to a nonmagnified

image.



65 and is obtained by the reflection of the inmage of the calibration
reticle dot pattern 22 off of fixed 5 optical elenent 40, passing

t hrough nonlinear elenent 42 and into canmera 15. The side perspective
calibration i WQ8¥38Blcal to the nethod shown in Figure 2C ex®eermushherid xed
optical elenments may have different properties. 10 The

determ nation of the state val ues for‘ygé%fide perspective viewis
identical to the method shown in Figdﬁe except the fixed opti cal

el ements may be different and there is only one side perspective view The
principles and rel ationships 15 shown in Figure 2E and Figure 2F apply.

In still another enbodi nent enpl4€ying a single side perspective view, the

i nvention does not include the ngalinear elenent 42. Figure 12A shows the
apparatus of the invent =28 ——For ball inspection utilizing a single

si de perspective ylew —-The apparatus-ef\f he invention includes a part 70 to
be i nspect efi0 pparatus further inét%de@,34canera 1_with a lens 11,

| ocated bel ow thetcentral area of part 70, to receive a bott om i mage

canera 10 is
38

80, descri [3Nj onjunction With Figurel12B,_ of part 70
connected to a

- |
N Q&yﬁL/36 _ |§

10\ CAMERA
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frame grabber board 12 to receive the inmage 80. The franme grabber board 12
provi des an inmage data output to a processor 13 to performa two

di mensi onal 30 i ection as described in conjunction with_Ei B
The processor fg)%ﬁgagtore an image in nenory 14. The apparatgg&g§%ﬁ§#%

i mge of a single side perspective view includes a canera 15 with a |lens
18. The canera 15 is located to receiwz/azginage 94, 35 conprising a
singl e side perspective view, described - 34 - in conjunction with
Figure 12B and utilizing fixed optical elenment 40 and nonlinear, fixed
optical elenment 42, to magnify the side perspective view in one dinension.
I n anot her enbodi nent of -the invention 5 optical elenent 40 nay be the

nonl i near el enent. The fixed optical elenent 40 nmay be a mirror or prism
As wi |l be appreciated by those skilled in the art additional optical

el ements may—be copotat-ad- Q. S 5 68 —-o—8 8 graber
board 17 to| 10 receive the imge 94, The frane grabher board 17 proviides
an image dafa output to a processoy]13 to |
20 L7 L7 LT
[T L L/ 22
LS LS 24 -
CALIBRATION
RETICLE
59 50 60
62 3
AY é \
<§ \\\.CZD 3 -
— —/ —
—/ — | o—
66\\\§
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calculate the Z position of. the balls, described in conjunction with Figure
12B. The processor 13 may store an inage in nenory 14. 15 Fi gure
12B shows an exanple ball grid array and exanple inmages of the ball grid
array for thrsoodnessasi onal i nspection, utilizing a single sPERHUMBOEI&Cti ve
view. Figure 12B shows an exanple image 80 fromcanera 10 and an exanpl e

i mge 94 from canera 20 15 acquiregﬁyéﬁ§he system The i nage 80 shows
the bottomview of the balls 71 | ocat the bottom surface of a part 70.
The i mage 94 shows a side perspective view of the balls 71 |ocated on part
70. The side perspective view in imge 94 contains inmages 25 of balls 95
and is obtained by the reflection of the inmage of the part 70 off of fixed
optical elenment 40 and passing through the nonlinear fixed elenent 42 into
canmera 15. In an alternate enbodi nent of the invention, the 30 system
can be used to inspect other types of electronic parts in three dinensions,
such as gullwing and J | ead devices. By utilizing only one canera and

addi ng an additional set of pris {cl e 400 these ot her devices
may be inspected. 35 The advaft ag8T#Rbeing able to inspect different

PROVIDING A TRANSPARENT RETICLE HAVING A BOTTOM [0l
SURFACE WITH A PATTERN OF PRECISION DOTS.

PROVIDNG A CAMERA DISPOSED BENEATH THE "\ 102
TRANSPARENT RETICLE TO RECEIVE AN IMAGE OF THE
DOT PATTERN WHEREIN THE CAMERA PROVIDES
THE IMAGE DATA.

PROVIDING A FRAME GRABBER BOARD TO RECEIVE THE (V103
IMAGE DATA.

PROCESSING THE IMAGE DATA WITH A PROCESSOR TO [\ 104
CALCULATE THE STATE VALUES OF THE BOTTOM VIEW.

T q—2A
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- 35 - devices-with the sanme systemincludes savings in cost, and floor
space in the factory. Additionally this design allows nore flexibility in
production planni ng and resource nmanagenent. 5 Figure 13 shows the
appar at us of tW@##&htion for the three di mensional inspect irgﬂ'@’?ﬂﬁ
grid array devices, gullw ng devices and J | ead devices. The apparatus
described in Figure 13 allows the insgﬁ%?gpn of BGA, gullwing and J | ead
devices all on 10 t he sane system apparatus includes a part 402 to
be inspected | ocated over the central area of a transparent reticle 400
with prisns 401 glued to the top surface to receive side perspective views
of part 402. A gullwing and J | ead inspection device 21 may 15 be
integrated into the ball grid array inspection device. One exanple

enbodi ment of such a gullwing and J | ead inspection device is the
"UtraVimt' scanner from Scanner chhnnggLesijf M nnet onka, M nnesota. The
apparatus further includes a ca a TARTIOAW th a lens 11A |ocated

bel ow t he central area

FIND
CALBRATION ~ [V
DOTS

CALCULATE CAMERA
DISTORTION AND [\ 12
ROLL ANGLE

CALCULATE
PIXEL WIDTH A
AND HEIGHT

DEFINE X AND Y
WORLD N\ 114
COORDINATES

Fig‘.ZB
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of part 402 and reticle 400 to receive a bottom view and side perspective
views of part 402. The canmera 10A is connected to a franme grabber board 12A
to receive an imge. The frane grabber board 12A 25 provi des an i nage
data out put tovespsssslessor 13A to perform a three di nensi onaPCRASHRSTI4oN of
part 402. The processor 13A may store an inmage in nmenory 14A. These
conponents conprise the hardware of é?eaggjlmﬁng and J | ead inspection
device 21 and are 30 shared by th U’ grid array inspection device as
described herein. The UtraVimis described in United States patent
application Serial Nunber 08/850,473 entitled THREE DI MENSI ONAL | NSPECTI ON
SYSTEM by Beaty et al., 35 filed May 5, 1997 which is incorporated in
its - 36 - entirely by refere NRefer nowto Figure 14. In
still another enbodinent of the !nveﬁTﬁdﬁ[ the system may use three cameras
to image directly the bottomyvie si de perspective views as
shown in Figure 14. Figure

PROVIDING A TRANSPARENT RETICLE HAVING A BOTTOM [\ 12
SURFACE WITH A PATTERN OF PRECISION DOTS.

PROVIDING FIXED OPTICAL ELEMENTS FOR OBTANING [N\s[22
SIDE PERSPECTIVE VIEWS.

PROVIDING A CAMERA DISPOSED TO RECEIVE AN MAGE "\v123
OF SIDE PERSPECTIVE VIEWS REFLECTED FROM
OPTICAL ELEMENTS.

PROVIDNG A FRAME GRABBER BOARD TO RECEIVE THE ["\~124
' IMAGE DATA.

PROCESSING THE IMAGE DATA WITH A PROCESSOR TO {\,I25
CALCULATE THE STATE VALUES OF THE SIDE
PERSPECTIVE VIEWS.

i g—2C
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14 shows the apparatus of the invention for a three dinensional inspection
of the balls of a BGA. The apparatus of the invention includes a part 70,
with balls 71 %ﬁéstPSpeCt ed. The apparatus further 10 i ncl udes a
camera 10 with'a Téns 11, located bel ow the central area of pHfEUSE/00TI$
receive a bottominage 80, described in conjunction with Figure 12B, of
part 70. The cameral 10 is connected tg ane grabber board 12 to receive
the i mage 80. The frame 15 grabber Board 12 provides an i mage data
output to a processor 13 to performa two di nensional inspection as
described in conjunction with Figure 12B. The processor 13 may store an

image in nmenory 14. The apparatug’tor A]%Jﬂ]_ma of a first side perspective
20 view i ncludes a canmera 15 Wwith s 19. .The camera 15 is | ocated

to receive an image 94, conprising S I de perspective view,
described in conjunctipmwtirFrgure—12B and utilizing fixed optical
el enent 38, to magnify the s{de—perspectve—25 vi ew i n one di nension.

The canera 15 is conngcted tp a framepg@gbber boarf 17 to receive the inage
94. The frame grabber |board {7 pr chE R |drqage dp\g I8lut put to a processor
13 to calculate the Z|positipn of heb%arlgs descr|bed in conjunction with
Fi gure

CALCULATE CAMERA
" DISTORTION AND [\Vv132
ROLL ANGLE

CALCULATE
PIXEL WIDTH N 133
AND HEIGHT

DEFINE X AND Y
WORLD N\ 134
COORDINATES

CALCULATE
SIDE 155

VEW ANGLE

REPEAT FOR NEXT
PERSPECTIVE N\ 136
VIEW
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30 12B. The processor 13 may store an inmage in nenory 14. The apparatus
for an inmage of a second side perspective viewincludes a canera 15 with a
|l ens 19. The canera 15 is located to receive an imge simlar to 94,
conprising a swog¥sssli de perspective view, 35 descri bed | RCYUSHI®ATH#I on

with Figure 12B and

- 37 - utilizing fixed optical elenent 38, to

magni fy the side perspective vieM/inTPpgzginension. The canera 15 is

connected to a frame grabber board 1

The frame grabber 5

eceive the inage simlar to 94.
board 17 provides an inage data output to a

processor 13 to calculate the Z position of the balls, described in

conjunction with Figur
14. In another eqbeg‘?

be m ssi ng. o
per spective VIEW
i n considerabl e det
=

182

ey |

ai l

e 12B. The processor 13 may store an inage in nmenory
Othe nonlinear fixed optical 10 el enent 38 may
anoFﬁer enbodi ment of the invention, only one side

e utilized. @he invention has been-described herein
in order tozponply with the
A ¥
: N
BN w
(D‘\ N
' |

180

73 |76
Dg

SUBSTITUTE SHEET (RULE 26)



15 Pat'ent Statutes and to provide those skilled in the art with the
i nformati on needed to apply the novel principles and to construct and use

such specialized.c onents as are required. However, it is to be

under st ood tha‘?’otgﬂgggp‘nventi on can be carried out by 20 s pGIYRYPI7IA

di fferent equi pnent and devices, and that various nodifications, both as to
t he equi pnent details and operating prggezi@res, can be acconplished w thout

departing fromthe scope of the invention itself. 25 What is
clained is: - 38 - CLAIMS 1. An apparatus for inspecting a ball grid
array (70), wherein the apparatus is calibrated using a precision pattern
mask (22) with dot patterns 5 (24) deposited on a calibration

transparent reticle (20), the apparatus for inspecting a ball grid array
(70) conprising: (a) a neans for nmounting the ball grid array (70);

=
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10 - (b) a neans for illumnating the ball grid array (70) to
provide an outline of the ball grid array; (c) a first canmera (10)
positioned to image the ball grid array to provide a first inmage 15

(80) of the bamMOgw36elarray (70); (d) a first means for |i ghtPGTAISI8007A16N
(34) positioned to reflect the ball grid array through a second neans for
light reflection (36) into a second cawgé 15), wherein the 20

second canera (15) provides a second i (90) of the ball grid array
(70); (e) athird neans for light reflection (30) positioned to reflect an
opposite side view of the ball grigharray into a fourth neans 25

for light reflection (32) and |nto he second canera (15) as part of the
second. image (90) of the ball grl array (70); and (f) a nmeans for inmage

processing (13) the first and second i mage (90) of the 30
ball grid array (70) O-i-TSPEct! t he |d array (70). 2. The

appar atus of 80 mhereln ﬂe nea S f natlng t ball grid array
(70) further '
32 ________ .' _________ : ____________ < =}
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conprises a light source for illumnating the 39 - ball grid array (70),
and an overhead light reflective diffuser (5) provides illumnation of the
ball grid arra r the light source. 3. The appar at us of \

wherein the fy%%%m@ﬂ%ns 5 for light reflection furthgg*g%%%@7ges a
mrror (32, 36). 4. The apparatus of claim 1l wherein the first means for
light reflection further conprises a_lpb"'y (30, 34). 10 5. The
apparatus of claiml1l wherein the fir8t ‘méans for light reflection further

conprises a curved mrror (38). 6. The apparatus of claim 1l wherein the
second nmeans for light reflection further conprises a 15 mrror
(32, 36). 7. The apparatus of claim1l wherein the second neans for |ight
reflection further conprises a prism (30, 34). 8. The apparatus of claim
1 wherein the second
\/\/70
NP U U R N
o O O <&
o O T O
o O O 7
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80 8| a0
N A o N
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20 means for light reflection further conprises a curved mrror
(38). 9. The apparatus of claim1l wherein the ball grid array (70)
further conprises balls on a wafer. 10. The apparatus of claim1 wherein
the ball grid WO 9/36881 array (70) further conprises balls ®CTOSH/@®I141]1.
The apparatus of claim1l wherein the first - 40 - canera (10) is
connected to a franme grabber board (12) ,to_receive the first inmage (80).
12. The apparatus of claim 11l wherei ALN26 r ane gr abber board (12) provides
an i mage data output 5 to a processor (13) to performa two

di mensi onal inspection. 13. The apparatus of claim1l further conprising a
nonl i near optical elenent to magpt nd i mage i n one dinension
(39). 10 14. The apparat us ?'f CISTART vvhérei n an optical path |ength
(34, 36, 38) of a second side pe j #ew i s equal to an optical path
l ength (30, 32, 38) of a first side pefspective view

PROVIDING A PART HAVING BALLS FACING DOWN N 4l
FOR INSPECTION.

PROVIDNG A CAMERA DISPOSED BENEATH THE CENTRAL [\~ 142
AREA COF THE PART TO BE INSPECTED.

PROVIDINC A FRAME GRABBER BOARD TO RECEIVE THE [\143
BOTTOM VIEW IMAGE DATA,

PROVIDING FIXED OPTICS FOR PROVIDING TWO SIDE [\ 144
PERSPECTIVE VIEWS OF THE PART.

PROVIDING A CAMERA TO RECEIVE THE TWO SIDE AVARE
PERSPECTIVE VEWS OF THE PART.

PROVIDING A FRAME GRABBER BOARD TO RECEWE THE (\~146
SIDE PERSPECTIVE IMAGE.

PROCESSNG THE IMAGE DATA TO PROVIDE A THREE [\ 14/
DIMENSIONAL ANALYSIS OF THE PART.
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15. The apparatus of claim1 wherein a maxi nrum depth 15 of focus of
a side perspective view allows for a fixed focus systemto inspect |arger
ball grid arrays, with one perspective view (80) imagi ng one portion of the
bal | grid arraWoA33681 second perspective view (90) inagi ng a PETAISOH/Or4 i ONn
20 of the ball grid array (70). 16. The apparatus of claim15
wherein one portion of the ball grid arr éis at least a first half of the
ball grid array and the second portio-ﬁz(j #he ball grid array is at |east a
second half of 25 the ball grid array (90). 17. The apparatus of
claim1l wherein a maxi num depth of focus~of a side perspective view

i ncludes an area of the ball grid arrcl uding a center row of balls
(90). - 41 - 18. The apparatus of ckg 1 wherein all of the balls on
the ball grid array are in focus frombqth side perspective views resulting
in two perspective views for {€ach ballT (90).
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5 19. The apparatus of claim1l further conprising a third canera,
wherein the first canmera (10) enables direct imging of a bottom view,
wherein the first canmera is |ocated below a central area of the ball grid
array (70), wy@893¢83the third 10 canera (15) is | ocatRedniseeoIoei ve
an image of a single side perspective view and uses fixed optical elenents
(19, 38) to magnify the single side perspective view in one di nension,
wherein the second camera (15) is posf8i/oAéd to i nage a 15 second
si de perspective view and uses fixed optical elenents (19, 38) to magnify
t he second side perspective view in one dinension, and wherein the neans
for inmage processing (13) calculates a Z position of a ball on the ball 20
grid array fromthe bottomview._first side perspective view and second

si de perspective view 20. The agaé aim3 further conprising a
means for inspecting gullw ng an § ICes ZEV\/gSB (402). 21. A
nmet hod for three di nensional inspecii 6 | ead qn~a part nounted on a
reticle, the nethod conprisigng the Oe dl

CALCULATE Z
HEIGHT N\ 159
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CONVERT WORLD
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CONVERT PART |
VALUES TO M\ 16l
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CALCULATE
PART M\ 162
RESULT

SEND
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(a) locating a first canera to receive an i mage 30 of the |ead
(142); (b) transmitting an inage of the lead to a first franme grabber

(143); - 42 - (c) providing fixed optical elenments to obtain two side
perspective viWRP 388t he | ead (144); (d) locating a second caPRET/HSI%00714
receive an 5 i mge of the two side perspective views of the

| ead (145); (e) transmtting the two iue? rspective views of the lead to
a second frane grabber (146); 10 : 3&? operating a processor to send
a command to the first frame grabber and second frame grabber to acquire

i mages of pixel val ues omthe first canera and the second camera (147);
and 15 (g) prqcessing the pixel values wth the processor to
obtain three di nensiongl
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about the lead (147). 22. The nethod of claim 21 wherein the lead is a
curved surface |lead. 20 23. The nmethod of claim?21 wherein the lead is
a ball (71). 24. The method of claim?21 wherein the part is a ball grid
array (70). 25wod%rsessret hod of claim 21 wherein the step of 2pcTusessmoris
processing the pixel values with the processor (144) further conprises the
step of sending a signal to a part handler to allow the part handler to
nove the part out of an inspection ar ?ggrfkal | ow a next part to be noved
into the 30 i nspection area ( : - 43 - 26. The nethod of
claim 21 wherein the processor processes the pixel values to find a
rotation, an X placenent value and a Y placenent value of the part relative
to world X and Y coordinates 5 by finding points on four sides of
the part (154). o
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27. The method of claim 26 further conprising the steps of: (a) using a
part definition file that contains 10 nmeasur enent val ues for
an ideal part (155); (b) calculating an expected position for each | ead of
the part for aV¥W¥#Rlvi ew using the nmeasurenent val ues from tRGINgS99/00714
definition file and the X placenent val ue 15 and Y pl acenent
val ue (155). 28. The nethod of claim 21 further conprising the step of
using a search procedure (Fig. 7A) on Iﬁh/zﬂhge data to locate the | ead
(155). 29. The method of claim21 further conprising the 20 step of
determning a | ead center |ocation and a | ead diameter in pixels and
storing the lead center location and fead dianeter in nenory (15;5). 30.
The net hod of claim?29 further conprising the 25 step ggbcul ati ng
an expected pOSiQ%Pﬂgff a center of each lead in both side pgrspective
views in the inmye’ position of each side vie rom

calibration (156). 31.} The net hod of claim 21 further cgnprising the 30
step using a subpi xel fpdge detection nethod
282 W
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28l
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- 44 - (Fig. 7B) to locate a reference point on each lead (157). 32. The
met hod of claim 27 further conprising the step of converting the pixel”
values into world 5 | ocations by using pixel values and paraneters
det er mi ned dugigwysesgti brati on wherein the world | ocations reBFHYSIH00714
physical |ocations of the lead wth respect to world coordinates defined
during calibration (15). 10 33. The nethod of claim 32 wherein a Z

hei ght of each lead is calcul ated in1WQ/un$coordinates in pixel values by
conbining a |location of a center of a lead froma bottomviewwth a
reference point of the sane lead froma side perspective 15 Vi ew
(159). 34. The method of claim 33 further conprising the step of converting
the world values to part values using the rotation, the X placenent val ue

and the Y placenengg alue to define part 20 coordi nates for the
t
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val ues represent physical dinmensions of the lead including | ead di aneter,

| ead center location in X part and Y part coordinates and | ead height in Z
wor | d coordina1§§ %&§$). 25 35. The method of claim 34 further

conpri sing the ¥P& conparing ideal values defined in the B&F{USPR0314 o
cal cul ate deviation values that represent a deviation of the center of the
lead fromits ideal l|ocation (161). 30 36. The nethod of claim35
wherein the deviation - 45 - val ues Z6icl ude | ead diameter in severa
orientations with respect to the X placenent value and Y pl acenent val ue,

| ead center in the X direction, Y direction and radial direction, 5

|l ead pitch in the X direction and Y direction and m ssing and def or ned

| eads, further conprising the step of calculating the Z dinmension of the

| ead with respect to the seating plane based on the Z world data (161). 10
37. The method of claim35 further conprising the

70
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step of conparing the deviation values to predeterm ned tol erance val ues
wWth respect to an ideal part as defined in the part definition file to
provide a |lead inspection result (162). 15 38. The nmethod of claim37
wherein the predesweéd8ined tol erance val ues include pass tol er eewesyvadries
and fail tolerance values fromindustry standards (162). 39. The net hod of
claim38 further conprising the 20 steps of: (a) determning if the
devi ati on values are | ess than or equdg;/qzshe pass tol erance val ues,
wherein the processor assigns a pass result for the part (162); 25

(b) determning if the deviation values exceed the fail tol erance val ues,
wherei n the processor signs a fail result for the part (162); and (c)
determning if the dev {on val ues are 30 greater than the
pass tol erance val ues,] butN\ ess than or equal to the fail tol erance val ues,

wherein the processor Hdesignates
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- 46 - the part ‘to be reworked (162). 40. The nethod of claim 38 further
conprising the step of reporting a part inspection result for the part
(163). 5 41. Qmat hod to inspect a ball grid array device conprising
the steps of: (‘%8 Gofeciill ng a point (258) on a world pl ane (258¥TAISM0TE4Ned
by a bottomview ray -(255) passing through a center (257) of a ball 10
(71) on the ball grid array device (7(2)%' b). I ocating a side perspective

vi ew point (260) on the world plane ( Q)}ﬁgterm' ned by a side perspective
view ray (256) intersecting a ball reference point (259) 15 on
the ball (71) and intersecting the bottomview ray (255) at a virtual point
(261) where the side perspective view ray (256) intersects the world pl ane
(250) at an angle (262) determined by a reflection 20 of the
si de perspective viewray (256) off of a back surface (263) of a prism(30)
where a val ue of the angle (262) was
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determ ned during a calibration procedure; (c) calculating a distance L,
as a difference 25 between a first world point (258), defined
by an intersection of the bottomview ray (255 with a Z=0 world pl ane
(250), and a swomedessor | d poi nt (260), defined by the intersecriuseednd he
si de perspective view 30 ray (256) and the Z=0 worl d pl ane
(250), where a value Z is defined as a distance between a third world point
(261) and first world point (258) andz’_p/m;'ated to L[err] as foll ows: -
47 - wherein Z is conputed based on the ‘angle; (d) conputing an offset E
(265) as the difference between the virtual point (261) defined by the
intersection of the bottom5 20 view ray (255) and the side-
perspective view ray (256) and a c{own of a ball (71) at a crown point
(264) that is defined by the intergection of the bottomview ray (255) with
the crown of the ball (70 ami==—— - :
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10 . can be cal culated froma know edge of the angle (262) and
| deal dinensions of the ball (71) where a final value of Z for the bal

(71) is: 15 42. A method for finding a |ocation and di nensi ons of a
ball in a bal IwWQOpas88k ray from a bottom inage, the nethod com§IEPHPhe
steps of; (a) defining a region of interest (280) in the bottominmge of an
expected position of a 20 ball (71) where a width and a

hei ght of the region of interest are Bﬂééénough to allow for positioning
tol erances of the ball grid array (70) for inspection; (b) imaging the bal
(71), wherein the ball 25 (71) is illumnated to allow a
spherical shape of the ball (71) to present a donut shaped i mage, wherein
the region of interest (280) includes a perinmeter (281) of the ball (71)

wherein the bottom i mge -48- conprises canera pixels of higher
grayscal e '
—
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val ues and where a center (282) of the bottominmage conprises canmera pixels
of | ower grayscale value and wherein a 5 remai nder of the
region of interest (283) conprises canera pixels of |ower grayscal e val ues;
(c) finding anweppsesi mate center of the ball (71) by findi n§CHHSPBTI4ge
position of 10 pi xel s having pi xel values that are greater
than a predeterm ned threshold value; (d) converting the region of 1ower
grayscal e pi xel values to higher gragigﬁﬁn;values usi ng coordi nates of the
approxi mate center 15 of the ball (71); and (e) finding the
center of the ball (71). 43. The nmethod of claim42 further conprising the
step of determning a dianeter oYQOthe ball (71). 44. The nethod of claim43

wherein the dianeter of 20 the ball (71) is equal to (2 * sqgrt(
Areal/ 3.14)) wherein the j al to a sumof pixels in the region. 45.
A nethod for finding a réfgre 0Dint on a ball (71) in an image (90) of a
si de perspective view 25 : "5“baLL_grid array, e net hod
conprising the 7': yi TTe—e
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steps of:-(a) defining a region of interest (290) in the imge (80) froman
expected position of a ball wherein a width and a height of the 30
region of interest are |arge enough to allow for positioning tolerances of

the ball grid aoe36§810) ; - 49 - (b) imaging the ball, whermimrushérenrhgl |
is illumnated to allow a spherical shape of the ball to present a crescent
shaped i mage (291) having canera pixels of higher 5 grayscal e

val ues, and wherein a remainder (293) g yiweregion of interest (290)
conprises canera pixels of |ower grayscale values; (c) conputing an

approxi mate center of the 10 crescent shaped i mage (291) by
finding an average position of pixels that are greater than a predeterm ned
t hreshol d val ue; (d) using coordinates of the approxi mate center

,/\/70
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of the crescent (291); is (e) determning a canera pixel as a seed
pi xel (292) representing a highest edge on a top of the crescent shaped

i mge (291); and (f) determ ning a subpixel |ocation of the reference point
based on t he omoeyssqai xel 20 coordi nat es of the PCIFAISIPOTH
(292) that define coordinates of a region of interest (290) for the seed

pi xel . 46. The nethod of claim45 wherein in a side perspective inmage -(90)
of areticle calibration 25 paﬁt/é%(ZZ) space between dot i nages
i's magni fied, increasing a nunber of higher value grayscale plxels when
conpared to a nonmagni fied i mge.
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{5§7) Abstract

A calibration and part inspection method and apparatus for the
inspection of ball grid array, BGA, devices (70). Two cameras (10,
15) image a precision pattern mask (22) with dot patterns deposited
on transparent reticle (20). The precision pattern mask (22) is used
for calibration of the system. A light source and overhead light
reflective diffuser (5) provide illumination. A first camera (10)
images the reticle precision pattern mask (22) from directly below.
An additional mirror (32, 36) or prism (30, 34) located below the
bottom plane of the reticle (20) reflects the reticle pattem mask (22)
from a side view, through prisms (30, 34) or reflective surfaces (32,
36, 38), into a second camera (15) and a second additional mirror
(32, 36, 38) or prism (30, 34) located below the bottom plane of the
reticle (20) reflects the opposite side view of the reticle pattern mask
(22) through prisms (30, 34) or mirmors (32, 36, 38) into a second
camera (15).
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