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Abstract: An inspection nethod (X-ray |am nography or tonngraph%h
utilizing vertical slice imaging. A nunber of horizontal sl{@e Gagfifd,
extendi ng through an object of interest, are acquired. A vertical region
of interest is defined fromthe data representing the horizontal slice

I mges. A vertical slice image i s constructed based upon the horizoRtaI
slice inmge ling within the vertical region of [pnterest. The
verti cal g|f§§%?%%§% data may be anal yzed to detect defek&gp(mﬁ”§Hdition
a method is provided to detect defects in a BGA (ball grid array) joint.
The method includes |ocating a center of the joint. The nethod may further
i nclude nmeasuring a nunber of dianmeters through the center of the joint
and applying a rule to conpare the neasured dianeters to an expected

di amet er. INSPECTION METHOD UTILIZING VERTICAL SLICE IMAGING
5
RELATED APPLICATIONS:
This application claims the benefit of U.S. Provisional Application No. 60/163,932

filed on November 8, 1999.
FIELD OF THE INVENTION

10 'The present invention relates generally to printed circuit board inspection techniques,
and more particularly to a method and apparatus for inspecting interconnections on or within

circuit boards utilizing vertical slice imaging techniques.

BACKGROUND OF THE INVENTION ‘

15 Most electronic devices manufactured today include one or more printed circuit
boards, which may also be referred to as printed wiring boards. Such printed circuit boards
typically provide support for and interconnections among electronic devices and components.
A common device found on printed circuit boards is an integrated circuit, which is typically
formed from a semiconductor material that is encapsulated in a ceramic or plastic package.

20  The integrated circuit package provides input and output (I/O) pins for mechanically and
electrically connecting the integrated circuit semiconductor material to conductive traces on
the printed circuit board. With advances in semiconductor technology, the complexities of
integrated circuit devices has increased along with improvements in the performance of the
devices. In association with the increased complexity of the integrated circuit devices, larger

25 and larger numbers of I/O pins are required.

Electrical interconnections between the integrated circuit device's /O pins and the
printed circuit board are commonly formed by soldering the I/O pins to through holes in the
printed circuit board, and increasingly, to conductive pads on the surface of the printed circuit
board.

30 Methods are known for inspecting the electrical interconnections among components,
integrated circuit devices and printed circuit boards. For example, optical inspection
techniques have been used, both manual and automated, to inspect the placement and
connections of components and integrated circuit devices to pﬁnted circuit boards. Optical

inspection techniques, however, may be incapable of adequately inspecting the
1
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20 detector. In accordance with this technique a predetermined number of off-axis transmission
images may be acquired and combined to produce a horizontal slice image of a plane of
interest.

The theory of tomosynthesis is well documented. Using tomosynthesis, it is possible

to create the horizontal slice images through test objects at different focal planes arranged

25  along avertical axis. Although this technique is advantageous in seeing horizontally through
the object under test and determining the quality of, for example, a solder joint, valuable
information regarding the correlation among several horizontal slice images may be lost. In
particular, valuable defect signature information, such as the signature of voids (air pockets)
which may extend across several horizontal slices may be very diluted in a single horizontal

30  slice image, particularly where the horizontal focal plane fails to pass through the center of the
void. In case of leaded devices there may Be high bridges, i.e. bridges between pins but the
bridge occurs at a level higher than the fillet. Since it may not be feasible to check each and

every slice, such defects may be missed.
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25 Figure 3 is an example of a vertical slice image showing a tilted BGA device;

Figure 4 illustrates two vertical slice images of a BGA joint, one image showing a
lifted ball and one image showing a void;
Figure 5 shows a tilted component having a number of I/O pins, each of which is
located at a different location along the Z-axis; and
30 Figure 6 is a cross sectional image of a BGA joint illustrating a placement of 8 locator
windows, each of which includes two ball edges from the BGA joint.
Figure 7 is a generalized flow diagram illustrating a preferred inspection method

utilizing vertical slice imaging.
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for inspecting electrical connections. SUMVARY OF THE | NVENTI ¢N) SAUG 2004
accordance with a first aspect of the present invention, an inspection
met hod utwdbhgdRgsvertical slice imaging is provided. A a1

hori zontal slice inmages, extending through an object of interest, are
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representing the horizontal slice imges. A vertical slice inage IS
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vertical slice image. Such defects may include, but are not limted to,
open or lifted I/O pins, atilted device, insufficient or excess sol der,
voi ds and bridges. In accordance with a third aspect of the present

i nvention, a nethod for inspecting a BGA joint is provided. The nethod

i ncl udes neasuring, in a slice imge, a plurality of 15 diameters through
the BGA joint at predetermned angles. Arule is then applied to conpare
the neasured dianeters to an expected di aneter. BRI EF DESCRI PTI ON OF THE
DRAW NGS 20 Figure | shows a vertical slice inage of a BGA joint and a
cartesian coordinate system definition for purposes of the detailed
description herein; Figure 2 illustrates the synthesis of a vertical slice
i mage plane froma series of horizontal slice imge planes at varying
Z-axis locations with respect to the coordinate system defined in Figure
1; 25 Figure 3 is an exanple of a vertical slice image showing a tilted
BGA device; Figure 4 illustrates two vertical slice inmages of a BGA
joint, one imge showing a lifted ball and one i nage show ng a void,
Figure 5 shows a tilted conponent having a nunber of 1/0O pins, each of
which is located at a different |location along the Z-axis; and 30 Figure

6 is a cross sectional inmage of a BGA joint illustrating a placenent of 8
| ocator w ndows, each of which includes two ball edges fromthe BGA
joint. Figure 7 is a generalized flow diagramillustrating a preferred

i nspection nethod wutilizing vertical slice imging. 3 1 0 AUG 2004 WO

01/ 035051 PCT/ US00/ 41931 Figure 8 is a generalized flow di agram
illustrating a preferred nethod for inspecting a joint. Figure 9 is a flow
diagramillustrating a preferred nethod for inspecting a BGA joint. 4
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vertical slice inmage data, as_ _descri AUG 2004
Another example is a high bridge between two pins of a leaded device. Since the

25  bridge is not at the level of the pad/component horizontal slice, it is often missed as it is not
practical to inspect each and every horizontal slice that may be generated. Since the vertical
slice is in effect a combination of all the horizontal slices generated, the high bridge may be
detected.

Other valuable signature information, such as non-wetting or tilted components which

30 aredifficult to see in 2-D or even horizontal slicing, can be detected using the vertical slicing
technique described herein. In accordance with a preferred embodiment, a system that is
capable of acquiring data to form a horizontal slice image is utilized to acquire such data. The
horizontal slice image data may then be used to generate vertical slice image data, as

described below.
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l"h

tilted BGA device. The orientation of the device may be automatically inspected, using an

automated defect recognition system such as the MV-6000 from Nicolet Imaging Systems of

San Diego, California, by analyzing the vertical slice image for defect signatures. Examples
30  of such analytical tools are set forth below.

Zfind: Method to find the horizontal slice in the focal plane
After a series of slices are made, the question of choosing the right slice becomes

important as the slice at the proper focal plane or Z-axis location needs to be examined for
6
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refer to a quali I've conparison o ous ori zontar s¥ice i mages,
but rat h@*fregfodrcbargs). (The suiunnaticrovalws arelsigneturevatpes fdreﬂte dlises. Thask eignatiret he -

desired Z osi Lignfo ng,th Lon,of . i.nterest. For .

exanpl e, "IN aas.rggggsm@}eg ?ﬁ’é‘iﬁ Epg'%%i:‘fp emﬁq«iq?%t@ei gest)fslh%%&ref%‘isﬁthe Togion

hor i zont @lfnﬂérestmayﬂbasiﬁﬁmgt follocateitedisety, ﬁ&mkz&hpleﬂué {oavdpdge, Hd%!ofﬁﬂ shﬁ@ ntif ijed
t he s nt hesi ze

by reviewing the dis |on of 20 ti onv | ues

ot zont APAS Rl YRR B oS VIR bGP gt B AREGRRIEE ¢ ace
typi cal | Yegiox 6 EiaRARE STHe@ediltd hbtizdhtal Sh@rimag@ﬁf\the@wsulmeyaﬁ of 1HeFEsk hrfa)
distributjo after filteri %gnout the noise. ThiS slice could be used to

run al gotk quiified using the dmeﬁn@titdescnmﬁehemw Ehq desiredhiprigondel sbieg ai ned t he
fol | ow Ngmy@Ymaybd ieferdell € HRH as fik gﬁﬁsi"‘sﬁé’éﬂﬂiﬁ@% RstdRLL N cg%ﬂend@d kgast

squares quadratic fit Is used to fit this peak and to the next poi nt
bel owWSandefente amrlitativs epmpatisoneof theevapoushorizonsalgied imagesy butghthertrefefs totﬂmj

equati on tion.
Aﬂot her s )I,Si%ogl?él slide Qﬂﬁgérglg{lgédcc%l@%a llttﬂgd{gﬁ’éd -ion?)(lé:)%lﬂa?f gl?t—ﬁ%zﬁ@ thé te 316(#2 r at ed
f rom t he intensst. i n|t|al set of off-axis |mages This Is the sllce that the
al gorithms can ana tur of. the j.oiL.nts and
i nd def ect o. Tef RAFPLS i Lk RGs e 28R 155itvalis B HORUBRE At pebignce

i nt erest passiﬂg thmugtnﬁleaﬂpafomﬂtet&ﬂmay liehdmaﬁed(w Teeidwing théletsmﬁﬁu%n of o
upon.revi ew th|s ile SCIi Atern e, distribution
otl‘o t H8 s SRR ?)Ihvﬂ}léei 3%"5 ?’rwq}? g‘&‘ﬁﬂ% st“Be ¥Rages- tﬁ?@"‘gf’%@a SI8PtHESZ wher e

t he sol dealuaifthicakdtybiaslly eeresydnay toithd RkBiinificafit pal B he surddidh, falls 7 1

0 AUG 2004
distribution after filtering out the noise. This slice could be used to run algorithms for

analysis. A better quality slice could be obtained the following way. After the most
significant peak is determined, a least squares quadratic fit is used to fit this peak and to the
25 next point below and the next point above the peak. The derivative of the fitted equation is set
to zero to find the maximum or most optimal elevation. Another slice, at the most optimal
elevation computed above, is generated from the same initial set of off-axis images. This is
the slice that the algorithms can process in order to analyze the signature of the joints and
find defects. Other signature values for other types of regions of interest will become apparent
30 to those skilled in the art, upon reviewing this detailed description.
Alternatively, the distribution of the summation values may be searched to find the
location in Z where the solder amount in the region of interest, as computed above, falls
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WO 01/ 035051 PCT/ US00/ 41931 bel ow the noise level. This location in Z
woul d generally correspond to the level of the pad/lead interf§cAUGT2004
i ncrease the chance for success in identifying the best slice, sone

unobst r uctye@ o1/6936930r devi ces are preferably identified. ﬂ@ﬁU aksiructed
anchors allow the range of search 5 to be restricted, thereby 1 nproving

accur acy behav thpaside leVell This fdcatidd @iZNgodld gdideallycogEpondih RORSEILYE NY 2
verti cal sh)' Caﬁ" v,. fromthe given horizontal slices ul,u2,u3....un is as
fol | ows. PRACHARMERSRt al slice ul,u2,..,un is defined as

ui [ O] [ O] ui [ O] [rblikérb4RE k2l chance for success in-ident i thBbest slice, some unobstructed
UI[|][0]UI[|][1]_UI[|][2}...._...: ....... ulr[1]Tn

......... anchor devices are preferably, identified; Thejynohstuictedpichprs sllpwithedange of search

......... . AL : e L= f.ih l'i ce, d d
col s’ (% Pexsriopal fbloB} inhigfifig ool e Boed. 12, ° (1 (02, V1 Ty then be
defined is as follows: ul[O][O] ul[O[1] ul[O[2] ................ ul [0][n]
OO vkl I Z O 2] O G2

uz[Q[nj 20 Were z is the nunber of horizontal slices, and ul[0][0],

u[ 2[ O] [ 0],mu3 0], ...,uUz te corresponding pixels fromall the
slices. %e%%gﬁ%m%%qaﬁl*ﬁ{ﬁ e&ﬁvei“é‘og%ﬂﬂ’faﬁé;é‘fei BHU2.08.. R pe
anal yzed ' & Q08¢ | sliqejud W2e-up i defipef@bier al i zed 1 ow di agr am
illustrating a preferred inspection nethod utilizing vertical slice
i magi ng. WMHTh respect to the step of analyzing the vertical slice inmage,
several preferred nethods, which nay be used on a BGA joint for exanple,

to detect defects based wupon their signature in a vertical slice are set

forth bel ow,;@fb)l- wifdyen ojesf ted. Bal Ljbgmad Referring now to Figure 4, a
measur enment ?ﬁ@he ) ﬂht ﬁ of the bg{f inaBG joint 8 1 0 AUG 2004
WD 01/ 03505% | U€ 1#M ey ~be-ustl?d det er mi ne whether the ball is
open or lifted. One.preferred nethod.praceeds as follows. A rectangul ar

W ndow is p,l,-ﬁ,ﬁﬁgi A aldyracross theryeriical slice of a joint. A
profillse of tl € joyﬁ[[_]m tllﬁe][r]égl’on of ll[nﬁgt est is determned. This data in
each 'of t\k}ﬁer(e: 10=|nl111rrg1')%r clwfr'[hé’j1 slice, and m,n are rows and columns in each horizontal slice.

The vertical slice, v, may then be defined is as follows:

u][0][0] #«1[O][1] #I[O1[2] .covvevererenens u1[0][n]
u2[0[0] %2[0][1] u2[0][2] ...overvrenens u2[0][n]
uz[0][0] wz[O[1] wz[O][2] ..coeeeernnnns uz[0][n]

20
Where z is the number of horizontal slices, and u1[0]{0], u[2[0][0],u3[0][0], ...,uz[0][0] are
corresponding pixels from all the slices.

25 Once the vertical slice information is synthesized, it may be analyzed to detect defects.
Figure 7 is a generalized flow diagram illustrating a preferred inspection method utilizing
vertical slice imaging. With respect to the step of analyzing the vertical slice image, several
preferred methods, which may be used on a BGA joint for example, to detect defects based
upon their signature in a vertical slice are set forth below.

30

1. Open or Lifted Ball/Lead

Referring now to Figure 4, a measurement of the height (h) of the ball in a BGA joint
8



row is averaged to give a point in a final profile vector, P. This is done
for all the rows of the 5 profile. The final vector is t hen ub§d AUG 2004
conpute a difference vector, which is as follows diff_vector = p[l]

p[1+2] forywhghedthssWhere N is the nunber of rows of the PE ﬁ/héu‘ﬁmm-rhe
difference 1n positions of the maxi nrum and the m ni nrum w

hei ght | nmpy beedssd to debemiRASKBHRS tHe@Iall i opdR ¥r f?ﬁe@@ﬁ?ﬁfe@re&%dg}oﬁg Sabfd 1o

make a qu |tat|ve assessment of the oint. The position ch of the
ﬁ J

| eads co srermeslar windew)isplread; viericelieacresg thsoierticalistich ef ajoiam. A he

maxi num gﬁllgp HEYEh | I 0 f .the
m dpoi nt ?}V\A I |0@It ndi cgﬁh%fé"gﬁ%ﬁ%&gﬁss& gcrlrpl‘r}‘%sa%alﬁ | Fﬁﬁéﬁ%%z rlgr?‘ent
of wi dt h TOW)is axeraged tegisea point lgmﬂ;flabPrOﬁhelebtelaB Tniel isfdohé fdr aﬁﬁ;exbﬁs bAthen to

15 detger | Aol Ay> [Afo) sured by

pl aci ng gaeg@gnﬁbel f“}la}fraal I“%/(\:/Hrllf otvle/élz%gregsts %Pq‘te %‘??e%g‘fe Vsef’ﬁﬁ’g’%%‘?h lﬁag%’;ﬂﬁw j oi nt
and meaz uring dlﬂf szerﬁod‘r-m[laﬂ- pihat foﬂnﬂaﬂ i witere Nhd the FulgbéerbgW oF iRy pRbAilK. g
repeat e d?ﬁ\éerc% Bm nts g ngt e Z é“FS i.ncl udjng t oag car r espondi ng
to the paySUIgrRIcedn positions of thepmaximum and fhe minjmugywill ‘Fh@e gt iy pixslsd

m ni num V\Tlﬁtrﬁasmdlhéightlﬂw Heddopiiea td'2thrdshéld kdmbtte ehﬁﬁhﬁﬁ{'@é‘ske’"ssm&lt%f tleack of
fillet atIhe%l?deoftheballwould(i eld a 20 smaller width. 3. Voids

The | ocatPBh 1on of eaefof the leads sqit %WP&F@%P@“@W@FM'E@W The voi d
is eaf| )betvb&ﬁ@teﬁlﬂamﬂuﬁa M8 hihedim pbditfoRs. %ﬂahﬁ ﬁxie%aatw% @@&Eo e Pixels
measured. A method for detecting voids Is % | ows. e vold area is
first sedﬂ*@ﬁ?@HWl dnfieate dafective pis. used here| n refers to 25 splitting a
region of interest into segnents or areas such that each hol ds sone
property distinct fromits neighbor. In this case, the area of the void
shows up much 2 Trgproper Fillett he i mage than the background, which is sol der

Pt ensi ty° r ancumedyifenidh 6 PR AR B ibod g P e et 3" Y
fol | ods. det&rhmauﬁ(thé fillstis fmadpmeﬂﬂ]@hﬁlmlbelmibaﬂjt&ﬁﬁya placing féct@ﬂgiﬂﬁc][ ed. A
connect.e i xel i.s

t of |
onnoct oty o e Perit e U R Sol i B0 AR RRER S it e ot labaREaTHs
in a regummefsprefaamy ¥epleatpd a¥everalPoitdy alGhgAheZ GRI3 MRtidesk masetobﬁf@oﬁdihg e a

pi xel s in region

pathfro nd hagth n |l ong to the set of

S. In so:Bé ég et 3g ?‘:P’ng Qgg%éqaﬁ Thsinpxinyy apd minimpmsEdths wesldar e

i sol at ed jadieaté WRétherShd irt AADAHIRR, Egrlaéw@ﬂ mﬁt & theTéa?e Bﬁﬁb Bau %ﬁﬁ?% ghhe
joint sometimes, my be segnented as well al on voi d 'S region
arourdd t FERlerwigthaUG 2004 WD 01/ 035051 PCT/ USOO’ 41931 JOI nt will need to
be di scarded as thikgiddy itself is not a void. 4. Titled Device Atilted
device can be easily neasured by locating in the vertical slice the pins
at opposite dhalocation ofer vwid/anddts(nasasurerpent areavdll dontdimateddThe wigisreadilyand

conputi ngodaf iR R RicASHUEHA its size in amount of pixels measured. A method for detecting

voids is as follows. The void area is first segmented. Segmentation, as used herein, refers to

25  splitting aregion of interest into segments or areas such that each holds some property distinct
from its neighbor. In this case, the area of the void shows up much lighter in the image than
the background, which is solder and/or the ball. The void areas need to be identified to be
within a gray intensity range. The segmented area is then checked for connectivity as follows.
All pixels surrounding the pixel in question are connected. A set of pixels in a region is said to

30 be connected if each pixel is connected to all other pixels in that region. By connected we
mean that in a region S , a pixel p and a pixel q are connected if there exists a path from p to q
and both p and q belong to the set of pixels in region S. In some cases we may find several
voids. Each of these voids are isolated and their size computed for analysis. The region around

the joint sometimes may be segmented as well along with the void. This region around the
9



5 them either by sinple trigononetry or by regression. A preferred nethod
for identifying a tilted device is as follows. A locator as dbf AU 2000
t he nunbered paragraph 2 above is used to |locate the center of the joint.

Once the f all the joints of interest are |ocatgd,udbigioye! Ues are
provi ded g&;d‘%:ﬁrgsdg_l ocation along with the x and vy Iocatlfcg’ns ogltgal ned by

the sane jbiaewilDiced o &befé@ardé&sam_kwﬁ@élﬁ@ﬂ&%l%m such as below 10 z[I] =

a*x[1J + b*y[I] + c, _where I=joint nunber |,N, a,b,c are coefficients
that will be deterkitléddPevicém the data; and x[1],y[1],z[I] is the |ocation
in X, Y, Z of thesididal TR 4 : Ay i des.a nmeasure
of the tilt Q%e?hég dgl\?ie%% Fi g&f%%m%ﬁﬁgat%%@gﬂ% vertlscﬂél’Fﬁi\sélplﬁj%eati mage of
a tilted oppysitgendscd thavievice ferrany Br ali intepwediate pspandaonpnting they enghebdtweern

anal yzi n . i | ' . As shown in Figure 5 atilted

devi)(;é5 rrgl;llérﬁ’geltlﬁgg)h’tsl 182‘#%’318?%@?‘?"%% Sesmcr:lianters of balls at opposing ends

of the BGA dévpreferradithethodfaridengifyihea ditaddesick emtfoliovws. o lotdier Ddefingient er s.

20 5. Bri.dges L ca&i ons_of di f ent el.s, bet we two joints
wREGd P

byi dges fer I n
can be e Pagann2 ?éﬂ’eﬁﬁusgg&)%]f’?art‘?:g‘le °§‘Tt?ré’§ ¥h°ﬂﬁﬁn§ Gnge, g‘eGPntG’é‘?f_ect
may be nmafigRelioirts shibteied e 1008d, The VilleY ardiproviddiias Be A186atidA hloRs Milthek | CeS
to try t e an efbf ective determ nati on of resence or absence of a

o] the p )
bridge. A® P’E?%P?I@d’ PR dy thessage locafar gabova t a kipeds gaMaliPn.siRbelBE UL t he
size @5 of i[ﬂ&m'[wmb*?ql]i—@,e vertical slice and the pitch in width is
pl aced between the joints. The area is segnented to isolate the bridge.
The nunber Whergegment ed pixels in all the rows of each colum are
counted. |fyal: ‘{"Efﬁ’ ms have positive (> 0) counts then the two joints
are regardIe_EAlllt riegg’ie\]g. 6. Insufficient/Excess Sol der 30 An ampunt of
sol der may #®bcaremoeffistntsithaliwill be determinedetam the datapanidead/ fill et to determ ne
the quality_of il let. . Thi y hel.p. determne insufficient fillets. A
preferred n’é@r‘?’c&g’qﬁllsadswg’gﬂotl)la}sl%’%og@eéﬁlagl ar window i s placed across the
j oi nt15at CGdmipeing (dutix) kah@z/dy) previdesh medsarefolf theailt offigk deizebal | . T?eI Iregi on
of interest is,ext ted. The.amgunt of _sald .S, computed as follows: 10
1 0 AUG 2004 VSIS g@’%‘ﬁf’gis BV aﬂ"}“’&ﬂr‘”’(‘%ﬁé’é Rﬁhﬁﬁﬁ@*‘_“e&%ﬁm& Elﬁ)‘w% h[i] where
i is the jilutars ki Micdhativh erefliod DI amilbidp thévértical flics iaggaaimOAsRewR el .

PCT/ US00/ 41931
Fél}gure 5, atilted device may be identified by locating the centers of balls at opposing ends of

the BGA device and comparing the Z-axis locations of the ball centers.
20 5. Bridges
Locations of bridges at different levels between two joints can be effectively
recognized in a vertical slice. This type of defect may be missed if one were looking only at
some of the horizontal slices to try to make an effective determination of the presence or
absence of a bridge. A preferred method is as follows: A rectangular window about the size
25  of the height of the vertical slice and the pitch in width is placed between the joints. The area
is segmented to isolate the bridge. The number of segmented pixels in all the rows of each
column are counted. If all the columns have positive (> 0) counts then the two joints are
regarded as bridged.
6. Insufficient/Excess Solder
30 An amount of solder may be computed at different levels in the lead/fillet to determine
the quality of the fillet. This may help determine insufficient fillets.
A preferred method is as follows: A rectangular window is placed across the joint at three
locations — the pad, the fillet and the ball. The region of interest is extracted. The amount of

solder is computed as follows:
10



5 Additi onal BGA Measurenent Techniques Wth the increased popularity of B
GA and FCA type circul ar conponents, there is also a grow nglcprAli§ 20041
aut omat ed i nspection of these grid arrays. One of the discerning

char act eri sio @s3seé1 t he BGAs or FCA's has been its round R%()/@Ps

wel | -formed BGA joint is 10 circular. Therefore, the deviati i % he B
or FCA joint froman expected circle will tend to indicate the well ness
of the joint. Figure 9 is a flowdiagramillustrating a preferred nmethod
for inspecting %gdB% joint. The follow ng describes the preferred nethod
for assessing thes ?P‘%’ of suchsag.joint: 15 1. The BGA joint is |ocated
by any centroi d-%z(g ogﬁéﬁ‘lgg@gt@rﬁl]l‘rhi s location would be good starting
point for the step 2 below. The pixels representing the BGA ball are
segnent ed e SIS BRI 8 PE (lpnsthis case for

exanpl e av?i{errcﬁligtﬁﬁboar d§ %f%g%ﬁtterﬁgﬁ%ﬁg%ﬁ%g%l'l ocations of all the
segnented pi xels are then summed and divided by N (N being total 20
nunber Sof &@gﬁ@ﬁt%wg@h@)nent\l‘ec@igﬁ@/N t(r), The y-locations of all the
segnented pi xels are then sumred and divided by N (N being total nunber
of segmented piWigi the incras¢d pdpuldriBSol BGA adVFCA eypleiciroulaf coldponéndy, Herd B ¥lsBOt

be good enough. becausge void or.other agtifacts in the _inmage nmay cause
subst ant i aalglll g‘%@ﬁﬁ?‘#&ﬂ* %F 8‘%‘?%@‘1 H@P‘?ﬁ’gf’n Béthfs&gngﬁni‘WebBBf’%@Fn.%‘sWﬁe | ocat or
is then rchapaétesdlics of e BGANRFOA’s h3®Rkd i@ round shApd. IANRell-REALOBGAS)oiE g t O
better the.lﬁcaé{bon fo%?f_? in _Fart?tgrg%h 1. Thjs | ocation has to be 30 good
in spi e &oWET Jhergfors tha dextatipy of the Bluaxgy &' Céy Joins figm anexpertedsitcle will tend

pref erred th indecatedh@ivelinds$ ofSRE joirft OFillte 9Rs BENRAIasrigh iR bedt

bel ow i n Soft vvar,egf;ggendi X 1.JAs ilMustrated i %fh%lél%&eaﬁg,gla {)eggfegr&%ﬁé;lhdoms

are posi t ifBHBEPeping aRGAGoinkt Thefobewing deseabes theiprofeeiyneihod for@sBIsinRHe5 1
PCT/ USO0/ 44 3%F or iR LGt 0i nt center. The |ocator w ndow offsets are
conput ed based upon the dianeter of the ball. The ball edges are | ocated
usi ng rectangul ar | ocator wi ndows at 4 |ocations along the X- axis passing
t hr ought t HeTheREGarjoint istlpeatdsidiyl anynehtedid-besed fougls loaaton Thistlbamtivh ensiild beassd ng

t hrough the. L er, h | ] . Al .each of t.he.8 tions, the ball edge
i's detg'.J ect esgﬁg%%l}éﬁ rtl‘%rqée %tleygié %518%?@?”8"3? lie?/ra?ﬁn%)%g g’ﬁéeé)‘g gﬁ%@? Sé&ﬁ'ineéﬁ? [ si dg
of the balstpanged forkitlipbaekgrommtscededimtbiztcave foedxamplenaircais bode) andicHipel &t Of

the two Ioc%ti ons. The x-locations fromw ndows 5,6,7, and 8 are averaged
to give t F&Few x | ocati on.

The x-locations of all the segmented pixels are then summed and divided by N (N being total
20  number of segmented pixels):

i X[i])/N

The y-locations of all the segmented pixels are then summed and divided by N (N being total
number of segmented pixels):

N
D YH/N
im]
25 This XY-location of the joint may not be good enough, because void or other artifacts in the
image may cause substantial deviation from the actual center of the object. A fine locator is

then required to get a better location.

2. A fine locator is used to better the location found in paragraph 1. This location has to be
30  good in spite of noise or clutter in the image or voids in the ball. A preferred fine locator is set
forth in BGARefine, which is set forth below in Sofiware Appendix 1.

As illustrated in Figure 6, locator windows are positioned by taking into account the

11



The y locations fromw ndows 1,2,3, and 4 are averaged to gi f Rﬁﬁnﬁm
| ocation. The new X,y is the center of the ball. 10 The 5-po nt
derivative is defined as below Al the pixels in one of the wi ndows above
are extra%($@ll,03gdg the case of a windowin the x-directign. 4 /gﬂgyrm
profile is found Ey averaging all the pixels in all the rows ?or an

parti cul adicaﬁbﬁbbiﬁ’(‘cenﬁﬁl’ﬂwl lﬁcaikiﬂﬁnddw offets &é&nﬁﬂ{éd'm&dtu?oﬂth‘é%&e?{r%ff'tﬂe
5- poi nt %gﬁlvatlve is then applied to the entire profile as follows

Qut [I] all gflges amoFatyd usn(a:mtalaulapﬂqcaig} yvmd@ws pli4Ipcatisng elong therXof | | e)
3. Once thg ph&mgtmo%gﬁ%%ﬁt%@éﬂthwﬁ%améaﬁ n%x is {;{J&sfxg ng,
e nu er o dis

nmeasured at 4 or _noreé distinct an
i ncr easedhbe Q?ﬁ??b of the |b@141} At m@l ofithe %h@@ty)ns,tthn b@k}:dghs datecied &yylsmg a filve point

qual i tat i di aneiers are
not edt5 Tﬁﬁéﬁ‘é%?hg |arre e?ﬁ%éﬂg Pﬁﬁfﬁ%?g oV d%(ﬁﬁ 95"&3&?% %llrf"s ®the
rreasurednddpnmttcé’rﬂsetwforlmatmhe expected dianeters is rreasured by a sum of

t he squares o vi at.i ons, words the deviation is (D--d[i])?2
25 Wiere D = ter}? e¥°8§1°(5‘i5 Egﬁ@t%‘?‘d?ﬂ’s gé'?’rfmﬂél e av&fqgfgm s pey xdecaiidters for
(i=1, N Thuy:tomaﬂmﬁcomfmﬂdomatm 2fiB 314 VBRPEd0 gREhd/ i IRRGH, TRSn&POVeE 1S

t he sumof tﬂ% arf o{)lijhe errors due to deviation of the 30 fillet
shape frdm ¥ Nseetthebellieal case. The smaller the sum the better the

j oi ntyo " Good" Th8&Noft ib@adiviMs! defilaR balowal ue close to 0, while "bad" ones
wi |l have Iar%? val ues. The actual separation may be determ ned

stati stical | yABepixels inypag ofithrwingawpsboye aregutrastedn In thysese of @ windaydin  and

2 prosentTy: S5 on BT B Rle P L B MR R B o lblmi ipect 10

enbodi mederticalar edhiyoni Woits dome foradiftheeolpnnsds give sprefile.ot5point dérivativmisder
quality tﬁe%v\ﬁ)ﬁ?dnc@ttﬁeo% %‘Qﬁﬁ\% wg Software Appendi x 2, below. In
err

accordance a pre I’Ment of the present invention, this
nmet hod for determning the quality of a BGA joint is applied to data from
a synt he$nu 8d =23 (R[Feft-AH[1]9H @E+3BP[I-Hip for (1L sizaeltprofile), t he net hod nay be
applied to an actual slice image that is generated using a penetrating
rad ihat i 013. Oecdthe 3|11w is adcalutelp holcaad mlmgctiaﬁétgr of e BGA s Meash@d at @Olf xh&ﬂ:dt he
right vertlc iC e ve, nt hesi s e utilized to
ynt hes: ZEtRGmBIsh: & 6 ELS ofanges iset ROSSH COPBUARRTS BREREoSE o
pl anem. Hicacirsss tHalitdlivt detethihdlioh MRewias inéRAsed] TR eMured diameters are

noted. The actual diameter of the ball is provided. The deviation of the measured diameters

=

from the expected diameters is measured by a sum of the squares of the deviations. In other

words the deviation is

N
5 (D-dlily
25
Where D = expected diameter of each ball

d[i] = measured diameters for (i=1, N)
N =number of diameter measurements.
The value obtained above is the sum of the square of the errors due to deviation of the
30 fillet shape from the expected ideal case. The smaller the sum, the better the joint. “Good”
BGA fillets will have a value close to 0, while “bad” ones will have large values. The actual
separation may be determined statistically from the distribution of the data in regard to “good”
and “bad” joints. For purposes of providing additional detail with respect to a presently
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10 images, different vertical slice inmages may be generated in a region of
I nterest by shifting the |Ilocation along the x-axis or an tN @G%@t A
preferred technique for finding the correct |ocation at Whl hto e the
vertical ¢ §6skes,addressed by the follow ng nmethod. The §6/91 of Xvfind
Is to selectively but automatically segnent the area of the joi nt and to
use the Eﬁf&fﬂ%ﬂ%ﬂnﬁéﬁt GRANRIbbEnRNESH a8 fiw A4 sgﬁﬁi)ﬁ‘?dil RS s%&‘é gmellhtgkgnd _
gray Z (background - gray ggway) * hi stograr’r{ gray gray- f
summat | ofeigamigations provisien Befiwarg Appenstix drbelowe vertical slice i rrages The
sanpling of t

UEpcbIda, P pen Bl dinfi o0 g A el b B BB B

theorem (rate of sanpling <=
are si gndetemaining|theguality oftaBGA [j¢inids applith ésdatasfrom atsymthesizzd |henzcmtaﬂ> slideen

searc o Specki] t ect best slice. first
si gni ? [ can?‘g Aﬂuﬁ'ﬁir'ﬁvlag’ Jth%ig%g{égtrr%a bn’&ij]geheﬁ °8ﬁ5] %*cetnﬁﬁg qs %?Slﬁ slice.
The 20 smgngaqzemtmahglmhmbntdohmwﬂ,sMaaIadlmdgﬁapmsltion in Zis taken al ong

with val |t|o i.ce above and one slice bel ow the
signifi cﬁﬁ‘ﬁa&{ V‘?‘EB‘E#%‘EF ®of least squares fit, a quadratic
equation nodelas lnStefilabmtd;)to&ﬂlﬁylﬂBésﬁ idYChel vitiBizdmy | 'sj‘lﬂﬂi@siz% hgﬁic%dlfbl'i&%gges
setting the derivative to zer The search ran the nost optrmal X

(or V) i aorggsy qhieetp a3 gliffarend foopl ﬂ%‘%ﬁ’s(ﬁ“’]ﬁé]llqse é@t&ﬁ@ﬁ’éﬁd’éﬁh‘?m&z@h"ab‘ﬂm? he devi ce.
Thi's jbs thigpek AfifiGrehierth@pdiD uﬁ&egmwsé gaiefaeed%éa?églmmﬂfeﬁﬂb his MEOW of

joints in questlon To |ncrease he” chances for success In I ntiTyrn

t he best lmatl@balp%@e X~-axifyps alms@mwmq dopreferpblechniquedonsiinding the edrmcabl y

i dentifi rch to be
oottt SR wIRSUHAARC0E & Al b bR nciBR C0 10 0

VWile the i nv@"hemﬂloﬂ@fmé'md 1de$e1e¢tiyalylmbmnanatrcahaomgmm theared bithe goifitai N 30

enbodi nent it .should be under tood,t hat th Ve onis not limted to
t hese para{lclft@u Serthel AoRdR e p cgeramou?t‘ﬁﬁﬂ?%eaﬁg’g Yo cover all

al t er nat W&s‘my nodi fications and eqw valents falling within the spirit and
scope of i Ruékackgaunds sawsearrnEdistagramlgraydl | owi ng clains. 13 1 0 AUG 2004

WO 01/ 0350%° Software Appendi x 1: #define TEMPLATE SI ZE 5 #define NUM
W N F5#defi ne Immwﬁss gresorpyted for pagsh of the) vigical shice iragggs. The

BGARef i ng4hpiingReT thd flikes must be done in accordance with the sampling theorem (rate of

sampling <= 2*freq. of. change). The summation values are signature values for the slices.

These signature values are then searched to find a specific pattern to detect the best slice. The
first significant maximum is the approximate location of the most optimal slice. The

20  signature values of this slice and its position in Z is taken along with values and position of
one slice above and one slice below the significant maximum. Using the method of least
squares fit, a quadratic equation model is fit to the data and its maximum is determined by
setting the derivative to zero. The search range for the most optimal X (or Y) is defined by
lead width or ball diameter and pitch of the device. This is the range for search on either side

25 ofthe joint or the row of joints in question. To increase the chances for success in identifying
the best slice image, some unobstructed anchor devices are preferably identified. The
unobstructed anchors allow the range of search to be restricted, which improves accuracy and
the speed of the inspection.

‘While the invention has been described above in connection with certain

30  embodiments, it should be understood that the invention is not limited to these particular

embodiments. Rather, it is intended to cover all alternatives, modifications and equivalents

falling within the spirit and scope of invention, as described by the following claims.

13



10 { /* Structures */ roi_t *roi; roi t *tnproi; profile T
proéi le -t delta_grays; /*****Local variables ****x*x%x/ | ni USAH& 2004t
xloc=0, yloc=0; 20 int x roi, y roi; int win w=0, win h=0; int ball_diam
=0, tota ; int tenplocX, tenplocY = 0; 25 int = cr_y=0;
I nt Ieft_lg%:(?ﬁlﬁggfsgl eft scr_y=0; int right scr x=0, righ sllclzgri)gelzgéf I nt
I =0, ori mfﬁﬁyehpbemqgction O,wn offset=0; 30 int save tenplocX, save
tenplocY=0; .int left delta, right delta; int left index=0; 35 int
| ef t _gr ayrdefing TRMPLARE $H#X=0: int right gray=0; 40 int ball width=0,
bunp wi di#fefge N§ / ter[NUMWN]; int ycenter[ NUM WN]; PCT/US00/ 41931
i nt di ag #efeARRENGE,) fine); 45 int drop_percent =
READPAR( BGARef i ne edge_drop_percent[JTYPEQ ); int p bunp dianeter =
PARPI| XEL Sktgefroi di*mgoips [ JTYPE()]); int p_pad_pitch = PARPI XELS( pad
spaci ng[ JTYPEO]); int penunbra w dth = PARPI XELS(penunbra wi dt h[ JTYPEQ ) ;
50 14 1 GoillUG 2004 5

BGARefine(jitype *jip)

10

/* Structures */

roi_t *roi;

roi_t *tmproi;

profile t  p;

15 profile t  delta_grays;

/*****Local Variables *********/
int gray;
int xloc=0, yloc=0;
20 int x_roi, y_roi;
int win_w=0, win_h=0;

int ball_diam = 0, total_area=0;
int templocX, templocY = 0;
25 int ser_x=0, scr_y=0;
int left scr_x=0, left_scr_y=0;
intright_scr_x=0, right_scr_y=0;
int i=0, orient=0;
int correction=0,win_offset=0;
30 int save_templocX, save_templocY=0;

int left_delta, right_delta;

int left_index=0;
35 int left_gray=0;

int right_index=0;
int right _gray=0;

40 int ball_width=0, bump_width=0;
int xcenterfNUM_WIN];
int ycenterfNUM_WIN];

int diag =READPAR(diag BGARefine);
45 int drop_percent = READPAR(BGARefine edge drop_percent[JTYPE()]);

int p_bump_diameter = PARPIXELS(ball_diameter[JTYPE()]);

int p_pad_pitch = PARPIXELS(pad_spacing[JTYPE(Q]);

int penumbra_width =PARPIXELS(penumbra_width[JTYPEQ]);
50
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WO 01/ 035051 PCT/USOQ 41931 int win dy = PARPI XELS(BGARef i ne
win_dy[JTYPE(]); int win dx = PARPI XELS(BGARefi ne wi n dx[JTYPE]q])AU[ﬂmW
wi n dw = PARPI XELS(BGARefine win dWJTYPEQ ); int win dh

PARPI XEL S(RGhpkdsrew n dh[ JTYPEQ ) ; #ifdef OAl int x scr

—GETXSCREEN{ Rol SV | 2p x(i mgr oi p) ) +GETBBI NT(i | st del ta x "IN i nt

y_scr =CEm¢SEREYN( Ro: CARMIXERS (BGATHHRE Ry ih §;i | st_delta_y, JNUMD);
#el se 10 imbwiX &CI == KRARETACR ﬁﬁeﬁ&'@%ﬁ:@fﬁ j, int y_scr = YSCREENO

+ Offset Sﬁh%ﬂ%@et)nwﬁ@ﬁh%g O¥nS pirk d ULS”S! Sﬁlteryf%ri /*
si ze W ndgysyid he b ARDPIRY - _
penunara w dt Ry 20 win w = B%( 2* aa)l&&%@ urrp_dl aneter/2); wn

7h = (balgg 4 wi n-of fset = baII _di arﬂNUMWN wi n offset = I\/AX(l,

W n offsel) g%e ; %gﬁ %W(IS% &te

ORI ENO) ; = 3 w = win
-w + vm) n &5,0 wn - I\\%in %&P& o;p‘% lﬂ}fﬁ h 25 90;

ori ent) +=. 35 terrpl ocY = save t enpl ocY;
Roi Cellt er i f—fc %&ﬁ?ﬁ% ’ocX & enplocY, orient); 40
orient); (F gt > Roi CenterShift( 0, win offset,

&t enpl oc)# ’ferrpl ocY, Roi Create(ingroip,tenplocX tenplocY,win w,

templocX = x_scr;
15 templocY =y_scr;

/* size windows and other parameters*/
ball diam =p_bump_diameter + 2 * penumbra_width;

20 win_w =IABS(2*p_pad_pitch-3*p_bump_diameter/2);
win_h = (ball_diam)/4;

win_offset = ball_diam/NUM_WIN;
win_offset = MAX(1, win offset),
25
RoiCenterShift(win_dx, win_dy, &templocX, &templocY, ORIEN();
save_templocX = templocX;
save_templocY = templocY;
win_w = win_w + win_dw;
30 win_h=win_h + win_dh;

for (orient=0; orient <= 90; orient += 90)

{
templocX = save_templocX;
35 templocY = save_templocY;
RoiCenterShift( 0, -ball_diam/2, &templocX, &templocY, orient);

for (i=0; i< NUM_WIN; i++)

{
40 RoiCenterShift( 0, win_offset, &templocX, &templocY,
orient);

RoiCreate(imgroip,templocX,templocY,win_w,
win_h,orient,&roi);

45
/* Save the initial joint location in roi coordinates */
RoiViewToRoi(roi,templocX, templocY,&x_roi,&y_roi);
DiagDisplayRoi(roi, diag);
DiagWindowBlink(roi, OVER_GREEN, diag);

50
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win h,orient,&oi); 45 50 /* Save the initial joint |ocatio p 6)200'}
coordi nates */ Roi Vi ewlToRoi (roi, tenpl ocX, tenplocY, & roi, 9 L}
Di aghi spl ayRoi (roi, diag); D agWndowBlink(roi, OVER GREEN diag); 1510
AUG 2004 M3 s g,§i3051PCT/ US00/ 41931 Roi Col Avg(r0| , &p, CB?BI%}SOOMI%I
Prof Del taG ay(&p, &delta_grays, STD SLOPE DELTA, diag); Locate the
outer edge of the RaldolAfgdiokp, di%&del ta grays, 0, delta_grays.size/?2,

&%) &delt

&l eft index, & eftpﬂﬂggﬁagr (gq@egigpgr BT d& a_grays. si ze/2
delta grays.size-1, 10&ri gﬂ}:( i ndex, ~&1 ght _del t a, Eiﬁaggx L%)

( READPAR( di ags_on) )*]{,ocgéqgg&ﬁglt oftheBan 9 SLOPE_DELTA/ 2; /* convert to

screen coordi nat es payid{ E 0i ToVi e\/\,(r0| | ef t
[ ndex+cor&§§ @, Y_ r0| &I e aér Y, ha%t’%l??&lézer/ﬁ) Di agDi spl ayDot s(left
tsc

SCr_x ry, O\/ER lé /* convert to screen coordi nates
and display the |og qeﬁ v ht _index+correction, y roi,
25&ri ght -s%?a S( rightscr x, right scr_y,

O\/ER gﬁﬂﬁ%’ggﬁeqf (Béﬁ;y |n&e'§'(e§mgﬁ| gqua dlagg{ x=% y=%\n",

if (READPAR(diags_on))

correction = STD_SLOPE_DELTA/2;
15 /* convert to screen coordinates and display the
location*/
RoiToView(roi, left_index-+correction, y_roi,
&left_scr_x, &left_scr_y);
DiagDisplayDots(left_scr_x, left scr_y, OVER_GREEN,
20 diag);

/* convert to screen coordinates and display the
location*/
RoiToView(roi, right_index-+correction, y_roi,
25  &right_scr_x, &right_scr_y);
DiagDisplayDots(right_scr_x, right scr_y, OVER_GREEN,
diag);

if (DiagPrintText(diag))
30
fprintf(stderr,"Left (Green Dot)Edge found @
x=%d y=%d\n",
left_scr_x, left scr_y);
fprintf(stderr,"Right (Green Dot)Edge found @
35  x=%d y=%d\n",

right scr_x,
right_scr_y);
40 if (orient == 90)
xcenter[i] = left_scr_x+right scr_x;
else
ycenter[i] = left_scr_y-+right scr_y;
45 RoiDestroy(roi);

}/*for loop for num of window™/
}/*loop for orient*/

for (i=0; i<NUM_WIN; i++)
50§
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fprintf(stderr,"Left (G een Dot)Edge found @5x=% y=%\n",left scr x,
left scr_y); fprintf(stderr,"Right (G een Dot)Edge found @rig rqﬁyes
scr x

right scr x, } 40} if (orient = 90) xcenter[i] | eft scr x+
el se ycentveo[u/d;;s@sll eft scr_y+right scr_y; 45 Roi Destroy(i;@m,soo/dgg for Ioop
for numof w ndow/ }/*loop for orient*/ for (i=0; i<NUMWN, i++ } 50 {

16 1 0 AUG 206d+¥keendetfd35051 PCTI USOO 41931 x|l oc += xcenter[i]; yloc +=

ycenter[i]; ylcB=ydenterfi]; (5 + (10*xl oc)/(2*NUM WN))/10; yloc = (5 +

(10*y| oc) A(2*NUM WM /10; Software Appendix 2: tenplocX = x scr; tenplocY
y_scr; 15 /* size windows and other paraneters*/ ball diam= p

burrp ai anm@r—%.ﬁ(m*,g Qf*N@M\ﬂW!N?) 120 25 win w = | ABS(2*p_pad_pitch-3*p

bunp_di angigRr= @k (10416c)/ Q*Nm(/ﬁ j;l m/4; Roi CenterShift(w n dx, w ndy,
&t enpl ocX &terrp oc B (orlent =0, i =0, i< NUM ORI ENT;

| ++, ori ent +=45) {

}

10
Software Appendix 2:
templocX =x_scr;
templocY =y_scr;

15 /* size windows and other parameters*/
ball diam =p_bump_diameter + 2 * penumbra_width;

win_w =IABS(2*p_pad_pitch-3*p_bump_diameter/2);
win_h = (ball_diam)/4;

20
RoiCenterShift(win_dx, win_dy, &templocX, &templocY, ORIEN();
for (orient=0,i=0; i< NUM_ORIENT; i++,orient+=45)
{
25
RoiCreate(imgroip,templocX,templocY,(win_w+win_dw),(win_h+win_dh),orient,&ro
1);
RoiColAvg(roi, &p, diag);
30 ProfDeltaGray(&p, &delta_grays, STD_SLOPE_DELTA, diag);

ProfMin(&delta_grays, 0, delta_grays.size/2, &left_min_slope_index,
&left_min_slope, diag);
ProfScanFirstAbove(&delta_grays, left min_slope_index, delta_grays.size/2, 0,
35  &left bot_edge, diag);
ProfMax(&delta_grays, delta_grays.size/2, delta_grays.size-1,
&right max_slope_index, &right max_slope, diag);
ProfScanFirstBelow(&delta_grays, right max_slope_index, delta_grays.size/2, 0,
&right_bot_edge, diag);
40
/* Locate the outer edge of the ball on the left side of the window*/
ProfMin(&p, 0, p.size/2, &left min index, &left min_gray, diag);
ProfMax(&p, 0, p.size/2, &left max_index, &left max_gray, diag);
ToolDropThresh(left max_gray, lefR min_gray, ball drop_percent,
45  &left_ball_thresh gray, diag);
ProfScanFirstAbove(&p, p.size/2, 0, left_ball_thresh_gray, &left ball_edge_loc,
diag);

/* Locate the outer edge of the ball on the right side of the window*/

17



Roi Creat e(i ngroi p, tenpl ocX tenplocY, (wn ww n dw), (W n h+w n
dh), orient, & o Roi Col Avg(roi, &p, diag); 30 ProfDeltaGay(&,
&del ta_grays, STD-SLOPE-DELTA, diag); ProfMn(&delta grays o, 10 AUG 20my

del t a_gr a%pe §i/@8¢s2. & eft min slope_index, &eft_mn s 809)4%)
Pr of ScanFi r st Above( &del ta_grays, |eft-m n-slope-i ndex

. grays. si ze/ 2 préiMin@p, §lsRb11, P Sive/2 C8G8N | rﬁﬂnaﬁ)lex gr ays,
del t a_grays. SipAcHRu(&5 ol BY5eA! &8; 2 ni&t , &right

max_sl ope, di %MDr fope i ndex,
del ta pay‘@ngﬂt gi; I&E)( 9 éﬁ @%g ’P-Eocalt’te t he outer edge
of the ball o‘@,n;@ bégﬁ s1£e ep ndOV\N Prof M n(&p, 0, p.sizel?2,
&l eft m qﬁ% qﬂl J;? %}/ 1 Rr of Max(&p, 0, p.sizel2, & eft

max_i ndex; -&F Y, agai g? ?ﬂa pThresh(I eft max gray, left

m n_gray, ball*%cq qei e?5;155 &L/aft ball thresh_gray, diag);

ProfScanFlrst o] eft ball, thresh gray, & ef ball edge
| oc, a@% YRR, UG JrOR ABICHRE 1 ght si de of the
Wi ndo’\Rr/ 01/%220511 PCT/ SOO’ 41931 Prof M n(&p,
p.size-1, p. SIP 3 HYC( PiFeD; lo ‘?ﬁ"nﬁ?&? effyriggyedge docstingdi ( &p,
p.size-1, p.sig /2 &rj ght. max index, &rlght maxgray, diag);
TooIDropThrest‘n ﬁfhe t’@’i‘%aiﬂget‘)fﬁ‘ﬁtbaun/n gray, ball drop, percent, &right
bal | thresh gr39 rop g ysh(righbmp_gawaight stsEYeTiRg dEopsPotes, p. si ze- 1, ri ght
bal | ¥hresh gray, &ight bal| edge |oc8@ighgymg_thresh_g@ax@ag)he left edge of
the ring*/ Todr @Qﬂﬁﬁﬁ@bﬁ‘(ﬁ(&mpﬁﬁ?@ﬁwl nght ring_threghagray,r i ng_dr op_per cent ,
to & efft ring_thresh gray, diag); Pré&figbtarifg cdgeAbondiq®dp, p.size/2, O,
left ring thresh _gray, & eft ring _edge loc,diag); /* locate the rlght ring
edge of the banuer _?)aﬂ'_dﬂﬂﬁld)ﬁTABSélm r’aaljj_radgerrﬂocﬂgltéopll_adggﬂbg)m n_gray,
ri ng_28r op_per outer_ball Madidfi] gRABS(lefty ringredg lop-dght ritignedge loc);
Pr of ScanFi r st Aoy eyiéih(i] 5. (laadd@er_palb mddth[l] * PIXFL2MILOY t hr esh_gr ay,

ball width[i] = ((float)outer_ball_width[i] * PIXEL2MIL());

RoiDestroy(roi);

}/*for loop for diff orientations*/
25
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&right ring_edge loc,diag); inner ball width[i] = | ABS(left_ball

edge loc-right _ball _edge loc); 20 outer ball _width[i] = 10 AUG 200y

| ABS(l eft _ring edge loc-right ring _edge loc); bunmp width[i] = T
((float)o _width[i] * PIXEL2ZM LO); ball wdth[i], &z

((fl oat)oﬁ(géli‘%g(%slh-w dth[i] * PIXEL2ZM LO): Roi Destroy(roi) b 1 oop
for diffemigntations*/ 25 18 1 0 AUG 2004 WD 01/035051 PCT/ USOQO 41931 |
claim 1. An inspection nethod utilizing vertical slicing imging,
conprising the steps of. 5 acquiring data corresponding to a nunber of
horizontal sl AaenspeBiRsmetBod @liingSertichlr QLGB imikiRD b Gfpridlg O bEpEHE ©
defining a vertical, ,region of interest fromthe data, and constructing a
vertical slice ighayEnsdataeorrsernding:ta anumberad hoyizontahsliogdmegess sxtendingr egi on
of interest. #Poubh oAdbjedSRSRbIe Method as clained in claim1, wherein the
step of defining the Vvertical region of interest conprises |ocating a
best hori zont al dsfiniag ajvedigel rpgies phigterashifrera giie datagandegi on of interest. 15 3.
An i nspection j: ] i rein. the step of
constructing tﬂg:%ﬂé\?%rc I%§+&g{$g%de?%§%egﬂagéﬁ ro%qﬁsagtgﬂsl W@P%egvger?% verti cal
slice i mage fregimodiintgresit al slice i nages above and bel ow t he best

hori zgntal slice inage. 4. An inspection nethod as clainmed in claim2,
wherern the step of locating the best 20 horizontal slice imge conprises
conputing, Zor ain inegestior wethbdnd dlfiRied in EhilrCE WheREEBe s@p o tgé sol der
wi thin each of the.glt | east,., two horizontal, K slice images. 25 30 5. An

i nspect i on met hdgrtigal Tegign pEirterest eqnmaprispylocatng abest hevigontal elicedmageipassingg t he
best hori zont alimshiic@e réEdfoffimtedeler conprises reviewing a distribution of
the conputed anounts of solder. 6. An inspection nethod as clainmed in
claim2, wherein the step of locating the best horizontal slice inmage
conprisses igentifyi ; deyi o | slice
mges. 7. n i rermapoRRFmEhelh GuRf MRy MR de W of Mk Be * L 01
defining the vertical slice image comprises synthesizing the vertical slice image from horizontal

slice images above and below the best horizontal slice image.

4. An inspection method as claimed in claim 2, wherein the step of locating the best
20 horizontal slice image comprises computing, for at least two horizontal slice

images, an amount of solder within each of the at least two horizontal slice images.

5. An inspection method as claimed in claim 4, wherein the step of locating the best
horizontal slice image further comprises reviewing a distribution of the computed

25 amounts of solder.

6. An inspection method as claimed in claim 2, wherein the step of locating the best
horizontal slice image comprises identifying one or more anchor devices in the
horizontal slice images.

30
7. An inspection method as claimed in claim 1, wherein the step of defining the

vertical region of interest comprises locating a best vertical slice image.
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vertical region of interest conprises |locating a best vertical slice
imge. 19 1 0 AUG 2004 WO 01/ 035051 PCT/ US00/ 41931 8. An inﬂl)?(AUBOmm

nmet hod as clainmed in claim7, wherein |locating the best vertical slice

i mage CONMRyo fRfBsexPMPULing, for at least two vertical slige iaRges, an
amount of solder within each of the at |east two vertical Slice’lnmages. 5

9. An inspegt i onAnkishetion seflodiagTlinied i LRI Svhatdif IdRhihe thebat 8O
| ocating the bess[ﬁiﬁ%vertl cal slice image further conprises reviewng a

di stribution of IR3EHTATRESes SABDHING, BF atdeastibro vertiral slise imagee,ctni ammunet hod
as clainmed in clgisBlddy wiHig eSdn bt flasH b L s ta 10 conprises:
appl yi ng penetrating Iradi atei onto tﬁefaa (%8381?1%%;é11|5én@ggg52t; and detecting
radi ati on passing through the object of interest. 11. An inspection nethod
utilizing verticglimhdsfitnl ' Ll S the steps of ... 15.acgujring
data correspondi ng_t% cglgrrl\uggepqg?l ﬁorilggln a?ﬂ@ﬁf%léﬁ%ﬁgagglog%fﬂ?hﬁst

t hr ough an obj ectertigal $live dmegst furtithe Comprisgs eevicsvihg Edibﬁibﬁ@ﬂfthﬁ‘cdn%ﬁuwdest from
t he data; const réﬁgtdn&q)f%o%grrti cal slice imge based upon data falling
within the vertical regionof interest; and 20 anal yzing the vertical
slice image to determ ne whether a defect is present. 12. An inspection
nmet hod as clJainmed in claim11, erein analyzing the vertical slice inmage
conpri ses die(ferrﬁg?ﬂwc\tlbﬂ’éfnr‘?é?d&g\%@@eﬁé‘? pm}ﬁvyl}erql@gl_e step of acquisigidatapect i on
met had as cl ai me@mipfisés: ai m 12, wherei n determ ning whether the BGA joint

is lifted conprises: determning a neasure of a height of the BGA joint,;
and conparing t hedayiggpeneiatingadiatigngp the object of interest; aatbect i on net hod as

claimed in clai m 1ggeMd8 5dificlSh&iY tiol har ot BGA joint is lifted
conprises: calculating grmlﬁboﬁ)ﬂt hgor oagb%;a{g:a&toghg%e%dj acent BGA joints;
and conparing at least two of the calculated m dpoints to each other. 20

110 AUG 2004 VIO n@%@&e\%ﬁ@&m@%& Hgﬁéjé%‘lﬂe?f?ﬂéﬁ:e ixﬁ?giriégfoongp Fs%lg%ei%?g 2 gfmri ces

claimed in herein an 0 e ver
det erlfi ni ng whet heacqairingl ddtercofredpording ® qrmmpber bfhorizontadlice images extending

through an object of interest;

=)

defining a vertical region of interest from the data;
constructing a vertical slice image based upon data falling within the vertical
region of interest; and

20 analyzing the vertical slice image to determine whether a defect is present.

12.  An inspection method as claimed in claim 11, wherein analyzing the vertical slice

image comprises determining whether a BGA joint is lifted.

25 13. Aninspection method as claimed in claim 12, wherein determining whether the

BGA joint is lifted comprises:

determining a measure of a height of the BGA joint; and
comparing the height to a threshold.
30
14.  Aninspection method as claimed in claim 12, wherein determining whether the
BGA joint is lifted comprises:
calculating a midpoint for a plurality of adjacent BGA joints; and

comparing at least two of the calculated midpoints to each other.
20



5 16. An inspection nethod as clained in claim1l, wherein analyzing the
vertical slice inage conprises determ ning whether a void is r&sﬁ?ﬁ:?ﬂﬂl,?.
An inspection nmethod as clained in claim16, further conprising the step
of deter dpidsias si ze of the void when the void is presgitysodfiodf AN

i nspection nmethod as clained in claim11l, wherein analyzing the verti cal
slice inmage conprises determ ning whether a device is tilted. 19. An

i nspection tho‘g%as clained in claim1l, wherein analyzing the vertical
slice 15 ilhge AbHspsction method a5 clagnedinelniar 15 whereinmalyzing thesventical glize An

| nspect on_ et NGigha@s othdiisBPderirihisih@ Mo Ut £t Bihine verti cal
slice 1inmage conprises detecting whether an 1| nSUf]!I cient anount of sol der
is present. 20 21. A nethod for inspecting a BGA joint, conprising the

st eps s0f : i ndi ng: j . Joint o 1 aproving .t he Location
usi ng *a fi n{ed'l oc%?gg?écﬁggéfﬁgﬁgggé, dlguﬂl%% S |%gi$k@§%§§?aggjéﬁggﬁ‘fe§m shice

di anet er s t hr ougmagheonitaises datermining wRghermoniat ieprasened angl es; and appl yi ng
a rule to conpare the nmeasured dianeters to an expected dianmeter. 22. A
met hod for inspecting a BGA joint as claimed in claim21l, wherein the
plurality Uf diAmispsctionmethotasclsiaddai cliifie1d, gfeeebngRitrgihddief dfe BGA
joint. 30 23. A pethod for, i ecting a BGA joint as clained in claim21,
wherein the step™® %ﬁ?l?Fg(’rEtﬁFevql‘i)Wg?q f verl i PrEsentA | oi nt conpri ses

appl yiong a centroi d-based rough |ocator to the slice image. 21 1 0 AUG
1004 5 10 WQ 01/035051 PCT/ USQ0/ 41931 24. A nethod for inspecting a BGA
joint as cl ¥ med\pinspactiprmsthod apelpimed in ¢lainy 1 1y @herepamelyping dheprerticekslice

appl ying a pl ur gl YY) : . joint; locating two
bal | edges wt h?indagyfoc%%sgfﬁm%%hﬁg%ﬁgﬁpg%%%%% a m dpoi nt between
the two ball edges. 25. A nethod for inspecting a BGA joint as clained in

cl aim 24, rei ! , it RN .0

compr i seb angl yi P SFEHLTBelbes dRkea i ES: 1 Wilfinfbon 0L Bl VAREHor
jointl5 26. A netinage éamprisasdatecting wheth@@hridge istpresentc| ai med i n cl ai m 25,
wherein the step of

20.  Aninspection method as claimed in claim 11, wherein analyzing the vertical slice

Image comprises detecting whether an insufficient amount of solder is present.

20 21. A method for inspecting a BGA joint, comprising the steps of:
finding a location of the BGA joint;

improving the location using a fine locator;

measuring, in a slice image, a plurality of diameters through the BGA joint at
25 predetermined angles; and

applying a rule to compare the measured diameters to an expected diameter.

22. A method for inspecting a BGA joint as claimed in claim 21, wherein the plurality
of diameters are measured at the located center of the BGA joint.
30
23. A method for inspecting a BGA joint as claimed in claim 21, wherein the step of
finding the location of the BGA joint comprises applying a centroid-based rough

locator to the slice image.

21



| ocating two ball edges within the | ocator window is repeated for each of
the plurality of |locator windows. 15 27. A nethod for inspectipg Aug(.‘@m
joint as clainmed in claim2l, wherein the rule conprises calculatin
sumin theydeseseh: J(D-d[i])2 i-1 where Dis an expectﬁgrfggogggtjgr and
d[i] are the neasured dianeters. 20 28. A nethod for inspecting a BGA
joint as clzdmedA inrtRdddonngectindheBEAGoihf v cldithed infdkiin!28! wEGBRthS LS
conparing the suimto a threshold. 29. A nmethod for inspecting a region of
i nterest, conpr 'SRy ORB&Seps of 1 acquiring data corresponding to a
nunber of hor | 20Nt lpigihi 6 BIRPEROGAIGHAIIHE ovePmb Biigan obj ect of

es

I nterest; and |ocating a orizontal slice 1mage Tromthe nunber of

horizontal slice logatgestvothiel efgss sithing lacator windpwi #1dng: conputing, for at
| east stwo of the hggt.g&g%gldnﬁ}iwsiﬁﬂgge@eglggﬁ_“%bm&ggg of solder within each

of the at least two horizonta i mages; —and review ng a
distribution of the conputed anmounts of sol der. 22

25. A method for inspecting a BGA joint as claimed in claim 24, wherein locating two

ball edges within a locator window comprises applying a derivative edge finder on
either side of the BGA joint.
10
26. A method for inspecting a BGA joint as claimed in claim 25, wherein the step of
locating two ball edges within the locator window is repeated for each of the

plurality of locator windows.

15 27. A method for inspecting a BGA joint as claimed in claim 21, wherein the rule

comprises calculating a sum in the form of:

u -1\ 2
> (D—d[i)
where D is an expected diameter and dfi] are the measured diameters.

20 28. A method for inspecting a BGA joint as claimed in claim 27, wherein the rule

further comprises comparing the sum to a threshold.

29. A method for inspecting a region of interest, comprising the steps of:
acquiring data corresponding to a number of horizontal slice images extending
25 through an object of interest; and
locating a best horizontal slice image from the number of horizontal slice
images, the locating step comprising:
computing, for at least two of the horizontal slice images,
an amount of solder within each of the at least two horizontal slice
30 images; and

reviewing a distribution of the computed amounts of solder.
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