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(87) Abstract: An inspection method (X-ray laminography or tomography) utilizing vertical slice imaging. A number of horizontal
slice images, extending through an object of interest, are acquired. A vertical region of interest is defined from the data representing
the horizontal slice images. A vertical slice image is constructed based upon the horizontal slice image data falling within the vertical
region of interest. The vertical slice image data may be analyzed to detect defects. In addition, a method is provided to detect defects
in a BGA (ball grid array) joint. The method includes locating a center of the joint. The method may further include measuring a
number of diameters through the center of the joint and applying a rule to compare the measured diameters to an expected diameter.



region of interest. The vertical slice inage data may be anal yzed to
detect defects. In addition, a nethod is provided to detect 3eheggg hp a
BGA (ball grid array) joint. The nethod includes Iocating a t éw he
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US. Pr o,y,ggie&m@gw,fmg;fy, o %ﬂgﬂ ‘%3 932 filed on Novenber 8, 1999.

FI ELD OF THE | NVENTI ON 10 The present invention relates generally to
printed circuit board inspection techniques, and nore particularly to a
met hod and apparatus for inspecting interconnections on or within circuit
boards utilizing vertical slice imaging techniques. BACKGROUND OF THE

| NVENTI ON 15 Most el ectroni c devi ces manuf actured today include one or
nore printed circuit boards, which may al so be referred to as printed

W ring boards. Such printed circuit boards typically provide support for
and interconnections anong el ectroni c devices and conponents. A conmon
device found on printed circuit boards is an integrated circuit, which is
typically formed froma sem conductor naterial that is encapsulated in a
ceram c or plastic package. 20 The integrated circuit package provi des

i nput and output (1/0) pins for nmechanically and electrically connecting
the integrated circuit sem conductor material to conductive traces on the
printed circuit board. Wth advances in sem conductor technol ogy, the
conplexities of integrated circuit devices has increased along with

i nprovenents in the performance of the devices. In association with the

i ncreased conplexity of the integrated circuit devices, larger 25 and

| arger nunbers of I/O pins are required. Electrical interconnections
between the integrated circuit device's 1/0 pins and the printed circuit
board are commonly formed by soldering the I1/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 anong conponents,




integrated circuit devices and printed circuit boards. For exanple,
optical inspection techniques have been used, both manual and aut onat ed,
to inspect the placenment and connections of conponents and {fy dYba20B4
circuit devices to printed circuit boards. Optical inspection techniques,
however, may be incapable of adequately inspecting the 1 110 AUG 20 4 WO
01/ 035051 PCT/USOO 41931 interconnection between certain high density

i ntegrated cj i and printed circuit boards. For exapple,. such

t echni ques g$§%g%%§%a||y insufficient for inspecting the 't HEYAEP g y
common Ball-Gid-Array (BGA) type devices. In order to inspect

hi gh-density boards and BGA-type devices, inspection systens 5 using
penetrating radiation are believed to be superior to optical inspection
systens. Techni ques using penetrating radiation, such as x-ray, can
potentially be used to inspect electrical interconnections for a BGA-type

devi ce, i ncl udi nd \SSEFTIENNEEHQD UBIIZING YERJCALSLIGEIMAGING er t he

integrated circuit package. In order to forman inage of joints hidden
under the in rated circuit package, the inspection system should be
capabl e of %@#833?34£FE¥Qﬁ$¥9§310 sectional horizontal inmage (also referred

to herein as a Imid #RRéaAbn chinkCBe bhBROS) UK PRvisRne! A{aﬂ]ﬁ&ﬁon%. %oh@ﬁ,@%‘ﬂh the
1/0 pins of _the device. X-ray inspection systens that are capable ©

gener ati ng 69 PLDAYEHLeES, 18| nuges are known. For exanple, U.S. Patent

Nos. 5, 097, F§2.pp0f THO INVEXPIORSCcri be two al ternative approaches to
generating a crqQss sect|onal horizontal im.a(% The device shown in U S.

e' . . . . .
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| am nogr ap ent . No. 70 shows a systemthat utilizes the
principIesq%%ck%ﬁgaﬁﬁbﬁgg%d%ﬂNaiggié' nary 20 detector. In accordance with
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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



particul ar, valuable defect signature information, such as tDe siﬁgature
of voids (air pockets) which may extend across several hori oflt & Atkes
may be very diluted in a single horizontal 30 slice inage, particularly

where the lasiajal focal plane fails to pass through t M of the
void. In (‘:@ggﬂo ?eaded devices there may be high bri dgeli&"?s‘.ae/.ﬁ%lri dges
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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.



| ocated at a different |ocation along the Z-axis; and 30 Figure 6 is a
cross sectional image of a BGA joint illustrating a placenent Joh ﬁ é(ocator
wi ndows, each of which includes two ball edges fromthe BGA | tf U

71is a 96%@1‘/0‘350‘% flow diagramillustrating a preferregdhspgsbson nethod
utilizing vertlcalEi slice imaging. 3 1 0 AUG 2004 V\lDOl/OSS(/r)t%9
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preferred method for inspecting a joint. Figure 9 I agr am

i | | ust r a¥0SPegting electrienl cenneptioniod for i nspecting a BGA joint. 4 1 0 AUG 2004
WO 01/ 035051 PCT/ US00/ 41931 DETAI LED DESCRI PTI ON OF PRESENTLY PREFERRED
EMBCDI MENTS | n_accordance with a preferred enbodi ment of the present

i nvent i oRUMMARNHOF THE INYEPEAONIs f or inspecting connections utilizing
vertigal sli rovided. The 5 heor of .1 ono t hesi s and
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5,097,492 and 4, 688,241, .the contents of each of whi are incorporated

herei n bYPoRdhs Rarizppiakslice }maaeéaﬁarfﬁmmnﬂwwmcelnew th’éel“ésér ns hori zont al
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si gnas ur daamatbmnhmﬁglmhe BEAjohst aspregdeadrimined @hgledi Al gulé Rithen dppliddab somphech may
extend t rou {‘ﬁ/ a,C Borlzonta slices, may be significantly diluted in
the hori SHIG 1Rraetery ?)@’h?ﬁpﬁ figmetthe nunber of horizontal slice inmges
anal yzed and the 20 spaC| ng therebetween. Generally, only a few neani ngf ul
slices are anal yzed, aII at the pad/conponent, ball and pad/board

| evel s fBRIBK 1’%0 F THE PRANNGB et ween hori zont al

20 Figure 1 shows a vertical slice image 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 image plane from a series of
horizontal slice image planes at varying Z-axis locations with respect to the coordinate system
defined in Figure 1;

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.



slice imges may be m ssed. However, the signature of a void, for exanple,
is quite strong in the vertical slice as it captures informatifof AUG 004
several horizontal slices. Another exanple is a high bridge between two
pins of aweafedesdevice. Since the 25 bridge is not at therh&yalespf the
pad/ conponent horizontal slice, it is often-mssed as it 1s not practi cal
to inspect eaditgmensiewgnyraliesd fondidgramlileafid}od priaFeyred trefRA EradhPletingl1C €

t he vertha* slice is in effect a conmbination of all the horizontal
slices gdf8ated, the high bridge nay be detected. Qther val uable
signature infg@y O fiSHEn i i J gﬂgﬁﬁﬁﬂé i ch 30
are difficult tg‘(;ﬁésee in 2- Dglg?“gegetﬁ“ﬁ%é?f}%r#gllﬁég%d??rn%, ca eé‘(ﬂ?iggt ed
using the vertical slicing technique described herein. In accordance with
a preferred enbodiment, a systemthat is capable of acquiring data to
forma horizontal slice image is utilized to acquire such data. The

hori zontal slice inage data may then be used to generate vertical slice

i mge data, as described below 5 1 0 AUG 2004 WO 01/ 035051

PCTI USOQ' 41931 Because each of the horizontal slice inages is constructed
at different points along the Z-axis, but at the sanme points along the
X-axis and Y-axis, it is therefore possible to reconstruct a verti cal
slice without having to register the horizontal slices in X and Y. Figure
2 illustrates the synthesis of a vertical slice froma nunber of
horizontal slices. 5 1n the Z-axis direction, a preferred enbodi nent first
endeavors to | ocate the "best" horizontal slice imge for the
connection(s) being inspected. A software-based technique, referred to
herein as the Zfind nmethod, is preferably used for this purpose. In
general, the Zfind nmethod has two distinct preferred applications. First,
it may be used to identify the best horizontal slice for synthesizing a
vertical slice. Second, it may be used to identify the best 10 hori zont al
slice for analyzing defects in solder connections, BGA joints, electrical
components and the like. Figure 8 is a generalized flow di agram
illustrating a preferred nethod for inspecting a joint, such as for
exanple a BGA joint, that includes the step of |ocating the best

hori zontal slice. Further details in regard to the Zfind nethod are

provi ded bel ow. For the vertical slice application, the Zfind nethod is
first used to cone up with the 15 nost optinmal Z-axis |location for
synthesizing a vertical slice image to inspect the joint(s). Then,
keeping the Z-position resulting fromthe Zfind nethod at the center of
the expected vertical slice, several horizontal slices above and bel ow
the best slice are then used to create the vertical slice. A vertical
slice is synthesized by conbining a correspondi ng row of pixels



fromeach horizontal slice, stacked on top of each other. This nmay, provide
the vertical cross 20 section of, for exanple, the row of jointlsQoAUG 2004
device at a particular location specified by (X Y). Different vertical
slices mawdegsssise be generated at different Y-axis | ocagdofgoesfap! ding X
constant) or at different X-axis locations (holding Y constant), depending
on the @OEEAILED ®ESCRIFFIONOFFRESENTLVIREIERRED BUBODIMVEERES! Vertical
slice may be determ ned wusing the software-based technique referred to
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slice images may be missed. However, the signature of a void, for example, is quite strong in

the vertical slice as it captures information from several horizontal slices.
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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slice u i s define

ui [0][ 0] Lt]l?e[ ijrtf%r %}}cf [vngI_cql _sP ice 1s synthesized bY,$quefjipipg a corresponding row of pixels
ui [ 111 O] wokd ddcft hiizdntdl Slioe; staoke%_ %n top-of eacHlokHlel. [TMs may provide the vertical cross-

20  section of, for example, the row of joints of a device at a particular location specified by
(X,Y). Different vertical slices may need to be generated at different Y-axis locations
(holding X constant) or at different X-axis locations (holding Y constant), depending on the
orientation of the desired vertical slice image. The best vertical slice may be determined
using the software-based technique referred to and described below as the XY find method.

25 Several algorithms are provided herejn that detect defects based upon their signature in
the vertical cross sectional image. Figure 3 illustrates an example of vertical slice image of a
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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a verticabkd gl ce are set forth below 30 1. Open or Lifted Ball/Lead
Referring ﬁ@q%u@wa,—aW&Maﬂf the height (h) of the ball in
a BGA joi =8 1 0 AUG 2004 WO 01/035051 PCTI USOQO' 41931 may be used to
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indicate defective pins. 2. Inproper Fillet A neasurenent of wdth (w) at
di f f elfentrefeioguslitetfive dpmparison ofithe varipusdrorigenfalistice inages, b rather refers to the

horizontal slice image that is located at the desired Z-axis position for analyzing the region of

interest.
For example, in a case where the region of interest is of BGA joint, the horizontal slice
passing through the center of the ball may be identified by reviewing the distribution of
20  summation values for the synthesized horizontal slice images. Specifically, the signature
value in this case typically corresponds to the first significant peak in the summation
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

7
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i nter est gy V> PAY defingdds 35 0U0¥Fad as the z-1ocation along with

the x and y | ocati ons obt ai ned by the sane | ocator as above, to a linear
equation, such as below 10 z[I] = a*x[IJ + b*y[l] + c, where

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[O][O] uz[O][1] uz[0[2] .oerrenennnd 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
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is then preferably repeated at several points along the Z-axis including those corresponding to

the pads, the fillet and the middle of the ball. The maximum and minimum widths would

indicate whether the joint has defects, e.g. lack of fillet at the edge of the ball would yield a

20  smaller width.
3. Voids

The location of a void and its measurement are well coordinated. The void is easily

located in a vertical slice and 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
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bel owpi n Soi[t]\aagar@([p[]\pmaymxc’l. As illustrated in Figure 6, |ocator w ndows
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t hr ough t hea,beatemoetficients¢has aiill badetermibeddnm thadatarandss t he Y-axi s passing

t hrough t . he. b ach. of the 8 |ocations, the ball edge
I s detect ewg;zﬁlbsqge #ofégmplé:)ﬁﬁyﬁgof er']?\l}gt ive edge finder on either side
of thes baldmpmting (dzFdx) and(de/dg)nplotides tpedsare of tHediltroffisecendvet he m dpoi nt  of

the two | ocations., The x-1ocations from w ndo , 6,7, and 8 are averaged
to give the nEW 3 gﬁ’é’?ﬁ?ﬁ? verq%ggiy;e F‘B?,%?to\leﬂﬁ ng‘rgg% %"’r‘fﬂﬁ?\gﬁﬂ”ﬁ%& and 4 are
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Figure 5, a tilted 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
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XYfind: N%{aptﬂ'% ;}oﬁ‘ht ffé)ﬂﬂe Etgl? 2 'B«'alg&t Tﬁ/eepri}(ei,lsf: 1%{>re§e|n%iﬁge the BGA ball are segmented or
separated from the background scene (in this case for example a circuit board) and clutter or

noise.

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[EDIN

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
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As noted above, tonosynthesis nmay be utilized to synthesize é@@ gm
slice images across objects at different focal planes. From 5

i ncluded in the horizontal slice 10 inmages, different vertical sllce

i mges mayybg,@eprerated in a region of interest by shifty éﬁh#} locatlon
along the x-axis or along the y-axis. A preferred technique tor |nd|ng

t he cor r @edatedlj6iaBddneR. e 19t Rvib@dwEHRtstaheconBiutddbatedpbf & 'dfaxﬁe@éil ed by
the foll g)V\il ﬁ'leé’égh()d The net hod of XstI nd o?i?hto seel Ziclzjtlvé3 l'y of e
Ciml

aut onat i FEBES arnlocaiedusingreetprgujas jasator windows ai Aslocativns alnﬁg)ﬂmi( dion to
conput e FxAYhsifls tRFRERA he%ﬁkf‘cﬁqhé‘ﬁallbﬁh gf\f%ca ﬁ&%!ross e aks éﬁg é%‘}g wad -

gray - gray) * h| st ogr an grayf] gray- e sunmation v
conput ed ﬂFQﬁen’@ﬁ@ﬁthG pall.tfit epelt of thea§ loshtions, thekallexige iﬁhﬂ@tec@dﬂm using)a difve poiat

zglrr;ﬁ%ngl&?{_“’%ﬁf (rég%eﬁ%#r &gﬁange?‘?&fﬁ%ﬂ%h&ﬁa’g fggrnrgpé/%q%qgt&% g@?‘%‘ﬂ?@g{‘%al ues

for the shidpaest of thihtemdositignat ure val ues are then searched to find a

specific pattegn t t the.bes The st, signifi ant maxi num
i s the approxi 'R’F%E %8‘?? %‘Pd?‘ﬁség ﬁis"tnaéﬁf‘? ?ﬁgraggqh {0 ve q‘%@‘“’éé ot ur e
val ues ofl‘hte lyi chaabmsCEmﬁ winddvs 1513, ahidl Rrd AverdgédSto lgfeqRe ﬁ’év@jﬂ SeiidnN THShES and
position one sl chtg g ?ve and one slice bel ow the significant maxinum
Usi ng thé‘ﬁffétﬂ?f’d‘t?mﬁfo eball squares fit, a quadratic equation nodel is fit

to thg data aqﬂeslpanﬂagﬁm%isﬁeﬁﬁgd%%l@e,d_ by setting the derivative to
zero. The search range for the nost optimal X (or Y) is defined by |ead

width or ball Aaﬁth%tXé}S iy AP qfithewingpws shovelarpicxtaacteriyIn thesasetnd arveindpsy inor
search onfyé&i- Hﬂ&&loﬁ'%l&ﬁu oﬁieh@fduﬁ&ﬂ%a %tu#’%alftﬁun 1511185@ %r Ws RAPgS) 1 on. To

i ncrease the chances for success in I ce I nmage,

some unofparticuler edduman.c Khis isidone (f@@lldhsacqusao ghyey praftietA 5-:peni1 déFtvative is
unobstrucﬁr“_)(;l S?H&qgrtﬁﬁl“%%"ﬁﬂ%sgﬁ%?’st of ;earch to be restricted, which

i mproves accuracy an spee he inspection. Wile the i nventi on
has been descri bed above in connection with certain 30 enbodi nents, it

shoul d b {id er28(Ribel] HRAT] ) @I+ BWRI 1]p fori(B=1nsike dfiprofiled t o t hese particul ar
enbodi nents. Rather, it is intended to cover all alternatives,

modi fi catdi On@e ma fbimds hccai'aﬁly R)catédl |tllld dignater oittic BGA isRkdsuiedand oﬁxﬁ@ﬁe of
i nventio CI‘I b t he ovm n cI ai 13 1 0, AUG 2004 WO
01/ 03505 F1stiE] i\ﬁ‘ﬁé’ﬂf\é\bﬁ‘ of. ahl Slesiised i R?‘E%P‘%E‘ timencreases, BRIV W N 5
20 the accuracy of the qualitative determination hkew1se increases. The measured 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

12



#define NUM EDGE-TYPE 2 5 extern roi t *inmgroip; void BGARefine(jitype
*p) 10 { /* Structures */ roi_t *roi; roi t *tnproi; qrpfAU@Zﬂﬂp 15
profile -t delta grays; /*****Local variables *****x*x*x] | gray; iInt

xl 0c=0, yhasabhsses£0 int x roi, y_roi; int wn w=0, wn %/U%B‘/%w?f’l” d| am
= 0, total _area7-0; int tenplocX tenplocY = 0; 25 int scr x cr

int |eft _pﬁéfénea—éﬂlbohﬁﬁént Shlemboiment dta stt@'Qtte basdd s&ﬁﬂon For Q3% Sq:i‘g r’rﬁ?ﬁﬁg( P nt

i =0, orient=0; int correction O,w n offset=0; I nt save save
t enpl ocvdetenmmﬁqnelﬁprqyedetlﬁSoi%wmApamdmaz bielow. | eft i ndex=0; 35 int

left_gray=0; biddide Wi ?’N % | |
bunmp wi dt h=0; hplgcﬁtll xcéent gpfﬁuﬁ\? kf?to I nt ygg% er HZ&‘)%W “9%8?9“8%8%/ 41931
int diag detemm quality 5@AEA jjoind)is applied to data from a synthesized horizontal slice

5 image. Alternatively, the method may be applied to an actual slice image that is generated

using a penetrating radiation technique, such as laminography.
XY find: Method to find the right vertical slice

As noted above, tomosynthesis may be utilized to synthesize horizontal slice images
across objects at different focal planes. From these data included in the horizontal slice

10  images, different vertical slice images may be generated in a region of interest by shifting the

location along the x-axis or along the y-axis. A preferred technique for finding the correct
location at which to make the vertical slice is addressed by the following method.

The method of XYfind is to selectively but automatically segment the area of the joint

and to use the information to compute a solder amount defined as below:

bkgnd _ gray

Z (background _ gray — gray)* histogram| gray]

gray=0
15 The summation values are computed for each of the vertical slice images. The

sampling of the slices 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



45 int drop_percent = READPAR(BGARefine edge_drop_per cent[JTYPEﬂJb |nt p
bunp di aneter = PARPI XELS(bafl dianeter[JTYPE()]); int p_pa h208

PARPI XELS( pad spaci ng[ JTYPEO] ); int penunbra w dth = PARPI XELS( penunbra

w dt h[ ITYRES D Dossz® 14 1 0 AUG 2004 5 WO 01/035051 PCT/ U%Wrés%%&i'psi nt win
dy = PARPI XELS( BGARefl ne win_dy[JTYPE(]); int win dx

PARPI XEL SoftwareAppéndik1: dX[ JTYPEQ ); int win dw = PARPI XELS(BGARefine w n
dW JTYPEQ)); int win dh = PARPI XELS(BGARefi newi n dh[JTYPEQ); #ifdef OAIl

int x sc d%"@f&&(m“;m@a‘év@e’iM|2pix(ingroi p)) +GETBBI NT(i | st delta x,
JNUMD) ;. #ipfinoNidMy WIN 5

=CGETYSCREEN{IRIT @ BIDGETYRERr oi p) ) +GETBBI NT(i | st _delta_y, JNUMD); #el se
10 int x scr = XSCREENO + O fset Get X(offset); int y scr = YSCREENO +
O f set Getextenfos ¢fimgroipendi f tenpl ocX = x scr; 15 tenplocY = y_scr; /[*
si ze wi ndows and ot her paraneters*/ ball _diam = p_bunp_dianeter + 2 *
penunbraveiddt h; 20 win w = | ABS(2*p_pad_pitch-3*p bunp_dianeter/2); wn
= ( balBGARe&fMe(jtypertjiip)of fset = ball _diamNUMWN, wn offset = MAX(1,

wi n aofof sgt); 25 Roi CenterShift(w n_dx, wn dy, & enplocX, &tenplocY,
ORI ENO) ; /sStmetires™| ocX = tenpl ocX; save tenplocY = tenplocY; wn w=wn
-w+ win esit 3@efn -h =win-h + wn dh;

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()]);

intp_bump_diameter = PARPIXELS(ball dlameter[JTYPE()]),

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

int penumbra_width =PARPIXELS(penumbra_width[JTYPEQ]);
50
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for (orient=0; orient <= 90; orient += 90) { tenplocX = save tenpl ocX;
35 tenplocY = save tenplocY; RoiCenterShift( 0, -ball dianm 2, &tﬁm&ll@%w
& enplocY, orient); 40 orient); for (i=0; i< NUMWLT, i++)

Roi Cent er S f1/dsséty W n of fset, & enplocX, &t enplocY,

Roi Creat e(1 ngroi p, tenpl ocX, terrpl ocY,win w, wn h, ori ent, r0|0)0/;4192?’5 50 /*

Save the intiviihaly j Oi APARPERE] SBGARRE winOd JT‘WE{}])

Roi Vi eWToRaii, i, enppaR, B T rv@ih m@ﬁ 1; Di aghi spl ayRoi (roi,
di ag); D agWindanBl i IXE .0 AUG 2004 WO

01/ 035051 RETiSR0/ 4193 A RBIKEDY ‘72@ Q] 5% of Del t aGr ay( &p,
&del t g_grays, STD SLOPE DELTA, di ag); cate e outer edge of the

bal |l */ BEx@ ﬂ\/lcm}&delta grays, 0, delta grays.size/2, & eft index, & eft

delta, digg ] A ﬁg&?%% FRYSrEs i difh 42 :
oo S G R R R o

d' spl gy ?’ﬁ% x_scr = XSCREEN() + OffsetGetX(offset);
inty_scr = YSCREEN() + OffsetGetY (offset);
#endif

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

15



| ocation*/ Roi ToView(roi, left index+correction, y roi, & efgtgcg ,Zoﬁeft
scr.); D agbhi splayDots(left scr_x, le ftscr_y, OVER GREEN, Z0ui léf}(;
convert to screen coordinates and display the |ocation*/ Roi ToView(roi,

ri ght _i ndgygreqiigtion, y roi, 25&ight scr x, &right _Scﬂ%f/ﬂs;o /41931

D agh spl ayDot g( rightscr x, right scr_y, OVER GREEN, diag); i?

(Di agPri nt Text (di aghiCodRigGor @p, Mm@\ ", fprintf(stderr,"Left (G een

Dot) Edge found @ SetBettelp, &aiita 8afs XTD SLOPRODENTA, disg);
fprintf(stderr,"R ght (G een t) Edge tound @rlg‘nt_scr_ﬁ; right scr x,

} 40} if (orient e, QQ) EGRERIES b the b1 #/ SCT x+ri(ght)scr};<;]c el ise f

center[i] = left | 114D 'g%ﬁroy roi); *for | oop for
%um ofg Wﬂgﬂ\@%‘e}/?%w ggrgﬂmgﬁg%l’fog?eléﬁ%: “CI<NUM WN;, i++) 50 { 16 1
0 AUG 2004 17 035051 RATHURRR 4931 |

Proﬂ\/[ax(&delt; ,_grays, delta_grays.size/2,
delta_grays.size-1,
10 &right_index, &right delta, diag);

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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xl oc += xcenter[i]; yloc +=ycenter[i]; } 5 xloc = (5 + (10*xloc)/(2*NUM
WN))/10; vyloc = (5 + (10*yl oc)/(2*NUM WM/ 10; Softvvare Appfr“rjiAUGz?Uﬂlp
tenplocX = x scr; tenplocY =y scr; 15 /* size windows and oth

par amet eraﬁéob@gdsldl am = p bunp_di arret er + 2 * penunbra ﬂ? dgho/ 125 win w
= | ABS(2*p_pad_pitch-3*p bunp_dianeter/2); wn 7h = (bal 4

Roi Cent er Shiflod w+ reethter[ili ndy, &t enpl ocX, &t enpl ocY, CRI EN()); for
(orient=0 i bc+=<ydduldd[DR ENT; i ++, ori ent+=45) {

Roi Creat e(i ngroi p, tenpl ocX, tenpl ocY, (W n wswin dw), (Wi n h+w n

dh),orient, & o Roi Col Avg(roi, &p, diag); 30 ProfDeltaG ay(&p,

&del t a_gr aye.= @R G0/ DBRTHS Wma}mo Prof M n(&del ta_grays, O,

del t a_gr ayfoc A%eq! @o* 72* %d ndex, & eft_mn_slope, diag);
Pr of ScanF| rst Above( elta _grays, left-nmn-slope-index, delta

.grays.size/2, 0, 35 &eft_bot .edge, diag); ProfMax(&delta__grays,

deI ta_grays. sizel/2, delta _grays.size-1, &right max_sl ope index, &right
max_sj,ope, diag); ProfScanFirstBel ow(&del ta_grays, right max slope index,
delta_pays.size/2, 0, &right bot edge, diag); 40 /* Locate the outer edge
of the baEOIft“mneAppencbiz side of the window/ ProfMn(&p, 0, p.sizel?2,

&l eft m ﬁl@?@}? &l eft m n_gray, diag); ProfMax(&p, 0, p.sizel/2, &eft
max__ i ndex: % gray, diag); Tool DropThresh(left max gray, |eft

m n_gr ay, ré’p ercent, 45 & eft ball thresh_gray, diag);

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



Pr of ScanFi r st Above(&p, p.size/2, 0, left_ball _thresh_gray, & ef ball edge
loc, diag); /* Locate the outer edge of the ball on the right 'ﬂe ﬁé t he
wi ndow*/ 17 1 0 AUG 2P14 WD 01/035051 PCT/ USOQ 41931 Pr of M n(&y A 200}

p.size-1, Wwodl/#B¢s3: & ight mn index, &ight mngray, chg husooalsd] Vex(&p,
p.size-1, p.sizel2, &ight max |ndex &ight maxgray, diag);

Tool DropThresip&dﬂ\/gﬁ(& Xize1 &b ent, &right
bal | thresh grp@dmagg(@lg Sida- 1%8;5 Iﬁmgﬁléék H nﬂf?éza%é fl.ze 1, right

bal | thr esh g pﬁhg?‘) F ft edge of
IT% ﬂHSh Effﬂnéa _g%y {aall r1°’ng_dr op_percent,

the ring*
to & gfft r|n ay fScanFlrstAbove(&p p.size/2, O,
| ef t r| ng q%}tﬁéa%ﬁ éie(&t’:‘"gz)e/idfel & diag); /* locate the right ring

edge of tﬁ op e_ X__gray, right_mn_gray,

ring_drop_per Gt t§%§ asia;\% hr esh _qr ay, di ag) ;

Pr of ScanFi r st Aho : i ri n thresh _gray, &right
ot ’drirml e, R PR

ring %dgeap] C h

edge 1 404, o &fgg% 2 r bal |l widt h[&\]ﬁ

| ABS(l eft _rin L ’R?I?ng Qeilg8_ting. fhreshygray, ﬂdﬁﬁg.r.?ig“r loc,diag);
((float)outer * PIXELZMLO) baII wdth[i] =

((f1 oat) out er F‘f ?Weat gedgpp;'(@EQ Roi Destroy(roi); }/*for |oop
for diff oriencaiOremidrgsharght max grayuieht pim sraycring MogspgeemtCT/ USOQ) 41931 |

clain® 1. An inspection nmethod utili zr?lrmgh&énmth@hﬂaismdlﬁgj,r magi ng,
conpri sing t h&rafdeasEirgAbow(&ppisira/h g sisatlatighi ving: fhweshi grgyt o a nunber of

hori zontal slice inmages, extending  &rtight ring edge_loc,diag);

inner_ball_width[i] = IABS(left_ball edge loc-right ball edge loc);
20 outer_ball_width[i] = IABS(left_ring edge loc-right ring edge loc);
bump_width(i] = ((float)outer_ball width[i] * PIXEL2MIL());
ball width[i] = ((float)outer_ball_width[i] * PIXEL2MIL());
RoiDestroy(roi);
}/*for loop for diff orientations™*/
25
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t hrough an object of interest; defining a vertical region of interest from
the data; and constructing a vertical slice imge based upon dqtq:éyg @hmp
within the vertical region of interest. 10 2. An inspection nethod as -
clainmed i ' , Wherein the step of defining the vetli i on of

i nt erest ?gﬁ%??ggi | ocating a best horizontal slice inagghggggFﬁgp t hr ough
the regi goBlafh: i nterest. 15 3. An inspection nethod as clainmed in claim 2,
wherein the step of constructing the vertical slice inmage conprises

synt hesi zing the vertical slice inmage from horizontal slice inmages above

and bel ow. t he AhgsispedtivhirdehdddtilzingGerticABlBing fmaghil, E&ﬁﬁ%%%' 0 stepd fyod as
claimed in claim?2, wherein the step of |ocating the bes 20 hori zont al

slice’i mge conpFiwEas dypprrrasprydingdp agumberpd honizgntah glice iwages) extanding i nages,
an amount of apbheran\Wbiedi orifefelt; of the at least two horizontal slice
images. 25 30 5. "An inspection nmethod as clainmed in claim4, wherein the
step of | ocat i nglefiniageastticaliegipn ofinterestfroms ¢heidatagand ur t her conpri ses

i ew di j i . . der. 6.
| nepecti on mot nodh A fEe it Ric MR 55 ERUEh Pl ¥R Bsveisall g ¢ e

best hori zontegiongifimferestnrage conpri ses identifying one or nore anchor
deviges in the horizontal slice inages. 7. An inspection nethod as
clainmed in claim1l1, wherein the step of defining the wvertical region of

i nterest caupri Yasinkmetion method kedliimee id dlgial 1, Whiefeth the B of ddfiningQhdUG 2004
WO 01/ 035051 PCT/ US00/ 4,193&, 8. An i 15£]Sctj on nmethqod as clainmed in claim
7, wherein | ocat’eitgatireiop afinterest somprisesiorating a bag borzanil sicedmagapassingg, f or
at | east two verhioGa thskdgiéh dfeRs, an anount of solder within each of
the at least two vertical slice imges. 5 9. An inspection nethod as
claimed in claim8, wherein the step of locating the best vertical slice
i maggsfurther coppgl e 2 oflt i QR &H{g%l‘]c nmount s
of sglsder. t.!:pio. An ih@ﬁgﬁﬁgﬁsﬁ\%{kﬁ%@eg?% al ﬁygg#ﬁfgﬁoﬁ er":ige1 rtll?et he
step of acquiri rfgrtigaksdice 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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10 conprises: applying penetrating radiation to the object of interest;
and detecting radiation passing through the object of inter{:sﬂ .Auglgnogn
i nspection nmethod utilizing vertical slice inmaging conprising the steps
of : 15 acqy hi/f3spsdat a corresponding to a nunber of hori Z{&tfﬁ%oom;ﬁe i mages
extending through an object of interest; defining a vertical reglion of

i nterest fram t hén ddpéctios aietiodus tliedan YRIn 7Chersth ideStid ﬁespaé'ﬁ?alu.pon
data falling within the vertical region of Interest; and 20 analyzing the

vertical slice iSHENES cOBPESTCAEPE: for At Igastiasvertidakslise éneges,. ank@ouan

i nspect i on met hask s8RlefHhiRRcH ot 15 ARt b zing the vertical
slice inmage conprises determning et grv a%ﬂgka?lm g%syl s lifted. 25 13.
An inspection nmethod as clained in claim12, wherein determ ni ng whet her

t he GA joynt i j i y L Ri a peasure. of..a hejght of
the BOA J o1 nt: A R tn SRR op Bl ALl B, iedhy BR 3R oF iy SEheE

i nspecti on met hodrtiel dicaiimege further lcaiprisk? revidwdnga diswidhitsmoMmbe@nmypuedgher t he
BGA joint is |if oqln%Oo &idgres: calculating a mdpoint for a plurality of
adj acent BGA joints, an conparing at |least two of the cal cul ated

m dpoints to each other. 20 "10 AUG 2004 WO 011035051 PCT/ US00/ 41931 15.
An i nspecti met hod as. clained in claiml1ll wherein analyzing the
vertical slite 1 ec?BWthges@%ﬁm%i,m%weates@fwm%gma@t is
propewl y formed.comptifes: An i nspection nmethod as clainmed in claiml1l,

wherein analyzing the vertical slice i rrage.cong_gi ses determ ni ng whet her
a void is present.2pPlinppenepaiingsadiationte theebiestofinteteseand n ¢l ai m 16,
further conprisi ngasthing'r&fath padflsatBial A8 Bjed the void when the
void is present. 10 18. gAn ?nsggcﬁgon n@%ﬁggﬁjaege%ﬁeﬁ}%séd in claiml11,
wherein anal yzing the vertical slice inmage conprises determ ning whet her
a device isytiltgd, : ] ] .as .clainmed.in claim.11,
wherein anaﬂ yZi n‘%g?ﬁé&ggﬁﬁe{ggﬁ H@ﬁ%d&é%rﬁ@i B%g 1r%§gmé &mpnsmthe steps of:

15 acquiring data corresponding to a number of horizontal slice 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



15 inmage conprises detecting whether a bridge is present. 20. An_

i nspection nethod as clained in claim11l, wherein anal yzing t hd &eQUG“(?MI,.
slice imge conprises detecting whether an insufficient anount of sol der
i's presentyo @zt A method for inspecting a BGA joint, %b@bgg t he
steps of: finding a |location of the BGA joint; inproving t é’ l'ocation
using a fine locator; neasuring, in a slice image, a plurality of

di aneters through the BGAj&)i@at at, 25 predeterm ned angl es; and applying
a rule to cbhpar@nfgeechan isthef agiclaimed & dlaimy1h wheseinanalyaingithaeriéoal sz, ~ A
met hod for i NSpeieiabEorBprREAddiQintingRhahé 2 Blel A iRl frolthhgr €1 0 t he
plurality of di arrgterngpare measur%d at tahe Ieocat eﬁirgﬂee%nl%g?ﬂ& "the BGA
joint. 30 23. A nethod for inspecting a BGA joint as clained in claim 21,

wher eisn t heyst ep Walal , . GA_j.0i nt. conpri Ses

appl yisng a %:dsént r%?&sgégggﬁg%ggﬁ§01ng%§§ oéig]t"ght’wglgrse |a@§jy%@§.ve%°a!t§ffeAUG
1004 5 10 WO 01/i0859esmmEe: diSatiniOahethét4.voidl isptebal f or i nspecting a BGA
joint as clainmed in claim2l, wherein the fine |ocator conprises:
applying a plurality of |ocator wi ndows over the BGA joint; |ocating two

bal | edges .t hiAn mspetian metholl ageluimed ilclaiete1 6; RiFthRt eanpRisHgdROite) ofbet veen

Cl'ai m 24, wher el (BT hYPR Gidie Wi PHEHBBSOMTRERR | obator w ndow

conpripses applying a derivative edge finder on either side of the BGA

joint. 26. A nethod for inspecting a BGA joint as clained in claim 25,

wher ei n t hel®&t epAinspechenpieigd englaimgd in deigekl. whetsinpalyang doaenicalglisdow i s

repeated for eag, éc&rﬁiﬁisepééﬂérﬁi:iﬂiﬁg’wgéthérg,‘q@ﬁ%is‘ﬂlt@&l.ows' 15 27. A nethod
c

for inspecting a BGA joint as aihed 1n claim21, wherein the rule

conprises calculating a sumin the formof: J(D-d[i])2
19.  Aninspection method as claimed in claim 11, wherein analyzing the vertical slice

15 image comprises detecting whether a bridge is present.

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.
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-1 where Dis an expected dianmeter and d[i] are the neasured dianeters.
20 28. A nmethod for inspecting a BGA joint as clainmed in clai mpaﬁuﬁmgn
the rule further conprises conparing the sumto a threshold. 29. d

for inspegydefosdesiegi on of interest, conprising the st eplsc,l%'omgg?gyi ring
data corresponding to a nunber of horizontal slice imges ex% ending 25

through an phj ecA nethddForibgfettingd BGAG6iat dstthiBedPR 2P| ¢RGtRIhShLe | MRge
fromthe nunmber of horizontal slice inmages, the |locating step conprising:
conputing, for dPCHULEMPESES of the horizontal slice inmmges, an amount of

sol der w thin eachaqfiibfie pftkalrPaSbodHSiflbs Rl b BRIA Sy, 30 | mages: and
review ng a distribution of the conputed anounts of solder. 22
locating two ball edges within a locator window; and

5 determining a midpoint between the two ball edges.

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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