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SUMMARY

This pgper deds with the development of image andysisfor the
Oetection of defects at BGA solder jointsin PC boards by usng
X-ray imaging. We can't detect visudly defects a BGA solder
joints, because they are hidden under the IC package To
improve a codt performance and the rdiability of PC boards an
ingoection of BGA s required in the surface mount process
Types of defectsa BGA solder joints are solder bridge, missng
connection, solder voids, open connection and missregigration
of parts. Aswe can find mostly solder bridgein these defects, we
pick up this to detect solder bridge in a production line. The
problems of image andysis for the detection of defects a BGA
older joints are the detection accuracy and image processing
time according to aline speed of production. To get design data
for the development of the ingpection sysem, which can be used
easly in the surface mount process, it is important to develop
image andysds techniques based on X-ray image data At the
firgt Sep of our sudy, we attempt to measure the shgpe of BGA
basad on X-ray imaging.
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1.INTRODUCTION

According to high dendty suface mount, Bal Grid
ArraySBGA) and Chip Scale Packages(CSP) are usad in PC
boards, because they are easly mounted to the surface of PC
boardq1],[2]. In aconventiond 1C package, theleed pin of ICis
= d the outdde of 1C package and the defects of the solder
joints of leed pin to the PC board has been done by the visud
ingoection[3]. However, we can't ingect directly the solder
joints of BGA, because these are hidden under IC package. Ina
production line, many companiesthat product the PC board with
BGA have done the ingpection of BGA in the function teg of
dectric dreuitsin thefina process

The problems of image andysis for the detection of defects of
BGA ae summarized in the following. One is the detection
accuracy, that is BGA isvery smdl and we musgt ingpect many
BGA according to a production line speed. The solder bdll

diameter is 0.76 mm and one IC package has three hundred
lder bdls. The other is the processng speed, that is, huge
image datamust be andyzed in ared time manner.

Toimprove acod performancein manufacturing |C packages, it
is required to detect defects a BGA solder joints in the process
of surface mount. It is important to deveop image andyss
techniques for the ingpection sysem in a production line. At the
firgt step of our sudy, to develop image andys's techniques for
the detection of defects a& BGA 0lder joints we dtempt to
detect BGA bridges based on X-ray imaging. Typesof defectsat
BGA solder joints are solder bridges(short of two balls), mising
connection, solder voids, open connection and missregigration
of pats In the actud production line, we can find mogly the
older bridges. In order to prevent a bad package is sant to the
next process, it is required to detect solder bridgesin the surface
mount process. We pay dtention to detecting solder bridgesin a
production line. In this paper, we propose to develop the image
andysdis techniques for the detection of defects & BGA solder

jointsby X-ray imaging.
2. IMAGE DATA ACQUISI TION

2.1Ball Grid Array

BGA isan important technology for utilizing higher pin counts,
without the atendant handling and processing problems of the
peripherd leaded packages. They are used in manufacturing PC
boards, because of ther higher Sze of ball pitch(1.27 mm pitch),
better lead rigidity, and sdf-dignment characteridics during
re-flow processng. In a production line, PC board comes into
the surface mount process At the firg dep, solder pagte is
printed in the circuit and a the next gep BGA with fine pitch are
mounted and solder joints between |C package and the surface
of printed drcuit are made by reflow process BGA solder
joints could not been ingected and reworked usng the
conventional methods. In Chip Size Packages (CSP), Mondou
et d. have proposed to measure precisdly the surface sructure by
usng the co focd optics before reflowing[4,5]. In BGA, the
ability to ingpect viudly the solder joints is dedred in a
production lineto provide confidence in solder joint religbility.



In the most case of defects @ BGA solder joint, the solder
bridges between two bdls are founded in aproduction line. This
defect results from excess solder or migplaced solder, Sncedirty
lder pede gendils are often founded in a production line In
manufacturing PC boards, |C package used with BGA is CPU
for main function in an dedronics drcuit. In the actud
production ling, we can find the test IC packages based on the
find eectricd drcuit test. Fg.1 shows a photograph of one
example of atest IC board. The thickness of PC board is2 mm
and it has six layers. IC package is mounted with BGA to the
surface of the PC board. The solder ball diameter is 0.76 mm
and the bl pitch is 1.27 mm and the number of BGA is two
hundred and fifty six. The dze of IC packageis27x27 mm. This
test package does not pass the dectricd function test. We
consider this package has defects at BGA solder joints.

Fig.1 Photograph of one example of test board.

2.2 Captureof X-ray Image Data of BGA

Wetry to capture X-ray image deata by using an X-ray computed
tomography (CT) [6]. To detect the inner defects, this gpparatus
was meade to get computed tomogrgphy of mechanica parts
such asabdl bearing, acylinder and a battery. In these parts, the
object for measuring is one unit. In this gpparatus, X-ray focusis
4 um and resolution is 68 lines pair/cm. The X-ray source and
the detector of image are fixed. Beddes, atest sampleis set on
the stage. Then, we can get image data by rotating the dage. We
can adjust an image sze of the test sample by changing the
digance between the X-ray focus and the tet sample. X-ray
radiated from the focus, tranamits into the tes sample on the
sage and comesto the detector. X-ray detection system condsts
of animageintendfier of 23 cm diameter and a CCD cameraof
four hundred thousand pixds. X-ray image is converted to the
visblelight by the imege intendfier and image detais cgptured
by 2/3inch CCD cameraas8 hit gray levelsimage.

It is difficult to capture the X-ray image a one scene, because a
older bl is amdl. Thus the number of it amounts over two or
three hundred. We tried to change theimage size of asolder bl
to andyze the characterigtics of an abnormd solder bdll. But it is
impossibleto get computed tomogrgphy dataof each solder bll,
because there are many older bdls in one IC package
Therefore, we have cgptured a projection X-ray imege of an IC
package. We st verticdly the test package on the stage and

rotated the test table from O degree to £50 degrees on every 10
degrees as shown in Fig.2. By rotaing the test package, we can
take X-ray image with inclined penetration and attempt to detect
BGA bridges from different direction. When the angle of
inclination is over 50 degrees, we can't diginguish each solder
bdl, because of ovelapping of images. The condition for
cgpturing image datais as follows. X-ray tube voltage: 185 KV,
X-ray tube current: 160mA, exposuretimes: 30 seconds.

Fig.2 Apparatusfor capturing X-ray images.
3. ANALYS SOF X-RAY IMAGE DATA

In the actud X-ray image datain PC boards, the image data of
each solder bdl isvery amdl. Thus, we mugt process huge data
It is very difficult to process directly the image data of BGA.
Therefore, a the firg step, we need image andyds of BGA to
get preliminary data for the devdopment of an ingection
sydem which can be used eadly in a production line We
propose the fallowing image process techniques.
Fig.3 showsaflowchart of animage processing for X-ray imege
dataobtained by the above goparatus. Image dataisan input data
to the persond computer for andysis Image is converted to the
binary data to detect accurately the counter of a solder ball.
Threshold leve is determined based on signd profile on
horizonta line. We selected 54 count gray levels asthe threshold
level and converted to black and white imege data to messure
accurately the following factors of BGA. After labeling, firg we
messure the area of each solder bl and center of X axisand Y
axis. Next we messure the perimeter and the radiusratio of eech
solder bdl. A normd pattern of a solder bdl is a cirde. If a
solder ball has defects such as bridge, the shape of the object
separate from a true drde In the case of solder bridges, two
solder balls are shorted with the narrow path and we can observe
the different pattern such as connected with the bridge.
In order to judge whether the solder joints are connected
normally to the base pad in a surface mount process or not, we
pay atertion to the radiusratio and the roundness of asolder ball.
Roundness R is cd culated by the following eqution.

R=L%47S (1)
Where L (m) isthe perimeter of asolder bdl, S () isthe area
of asolder ball.
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Fg.3 Howchart of imegeandysis.

If the object is a true cirde, the radius retio and the roundness
equa to 1. Asthe shape of the object separatesfrom atruecirde,
the radius ratio and the roundness become lager than 1. The
judgment whether BGA is good or not is determined by the
radius ratio and the roundness. If the vaue of theseterms equals
to 1, wejudge BGA isnormd. Then, if the value of these terms
overrun equd to 1, wejudge BGA isabnormd.

4. RESULTSAND DISCUSSION

FHg4 shows an example of the origind image data series
captured by the above gpparatus with inclined penetration of
X-ray (indination angle-10 degress). In this picture, we can
observe one @bnorma BGA. We andyzed thisimage data based
on the above method. Fg.5 shows the binary image data after
labding. Fg.6 shows the radius ratio of each solder bdl and
Fg.7 shows the roundness. In order to andyze accuratdly the
redius ratio and the roundness of a solder ball, we checked the
image Sze of the solder bal. Then, we sdected the diameter of a
solder bdl is 20 pixds The roundness is one for the true cirde
by equetion (1). The actud radius ratio and the roundness of a
older bdl is alittle over one as shown in Table 1. This table
showsan example of theresult of theimage andyss.

When the radius retio is bdow 1.5 and the roundness is bdlow

11, we judge BGA is normd and if two terms overrun these
values, we judge BGA is abnormd. In this teble, we can find
one abnormd solder bal as shown in the deta number 46. The
radius ratio is over 1.5 and the roundness is over 1.2, namdly,
2.01436 and 1.20937 repectively. Therefore, we can warn this
solder ball is dnormd. This adnormd imege data is shown as
number 46 in Fg5. This tes package is ingoected in the
function test of the dectricd dircuit and determined as an
abnormd board. Except only one or two solder balls, we can't
find another a@norma point in this test board. In the X-ray
imege, we could not find obvioudy two balsshort but canfind a
ball having tail.
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Fig. 4 Origind image data

Fig.5 Binary imege data
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Fg.7 Roundness.

By rotating this test board, we can find another solder bridge
with theindination angle of minus 43 degreesasshown in Fg.8.
Fg.9 shows the binary image data after labding and BGA
bridge is shown in the data number 36. We can obsarve that the
bridge connects two bdls This bridge is obsarved in the
indinetion angle between minus 43 degrees and minus 50
degress. In this case, two bdls are labded as one pattern.



Therefore, the radius ratio and the roundness are high number,
namdy, 20.71083 and 1.98948 respectivdly. If this bridge
connectstwo balls completdy, we can observe thisbridgein any
indinetion angle. In thiscase, it is conddered thet two bals each
other have excess solder under the solder bal and we can
obsarve the bridge in the penetration angle between minus 43
degrees and minus 50 degrees. It is reasonable that the radius
ratio and the roundness of asolder bl are effective to detect the
solder ball bridge based on X-ray imege data. Besides we can
Oetect defects under the solder ball by changing the indlination
angleof X-ray.

Teblel Example of result of image andysis.

Perimeter Radius Ratio Roundness
70.73751 1.25916 1.08375
75.19987 1.25633 1.08495
70.90079 1.24091 1.07599
70.08881 1.22175 1.07048
68.86804 1.19597 1.06312
74.64843 2.01436 1.20937
68.94898 1.22823 1.07461
68.18864 1.15823 1.05730

Center-Y
231.95157
256.61884
257.65311
258,58911
259.08417
259.47446
260.53787
262.19644

Center-X
54.92252
474.60599
395.57895
356.74011
317.68069
246.19951
280.11365
205.96173

No. Area
41 413
42 467
43 418
44 404
45 404
46 411
47 396
48 392
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Fig.8 Origind image data Fig.9 Binary imege daa
(minus43 degrees). (Minus43 degrees).

In the actud production line, we founded some anorma PC
boards based on the functiond test of dectricd drcuit. Each
board has only one or two solder bridges. We wonder if every
joint on every board needs ingpection. We hope to inspect
evearything to provide higher confidence of rdiability of PC
boards. But members of a company thet products PC boards
sdd that they need to ingpect every BGA, when the condition of
a production is changed. Once a process runs wel, a
manufacturer could ingpect only atest sample of PC boards.

5.CONCLUSION

For a practica purpose of developing the ingpection system to
detect defects at BGA solder jointsin aproduction ling, we have
proposed the image andysistechniques, in order to carry out the
ingpection of the IC package having BGA. At the firgt step of
our study, we ded with an image andysis of the test package,
and significant results are obtained asfollow.

1) To find BGA hridge, the radius ratio and the roundness of a
solder ball iseffective. For anorma solder ball, we can get these
values equd to nearly 1. On the other hand, for an abnorma

older bdl, it is deared that the radius ratio and the roundness
overruns 1.

2) To andyze accurady the radius ratio and the roundness of a
solder bdl, it is enough to get image data having 20 pixds
diameter in each solder ball.

3) To detect defects under the solder ball, it is effective to change
the penetration angle of X-ray.

It is concdluded that the image andysis based on X-ray image
data proposed in this sudy is an effective method for the
detection of defects of BGA hridge To redlize the ingpection
sysem of BGA in a production line, further studies are needed
such as the condruction of control sysem of X-ray focus for
covering dl BGA in one IC package and image andysis
agorithm according to aline speed of production.
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