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Abstract: A n optical ingpection method of theBall Grid A rray package(® GA ) w asproposed by using amachine vi-
sion systam. T he developedmachine vision system could get main critical factors for BGA quality evaluation, such
as the height of slder ball, diameter, pitch and coplanarity. The experiment hasproved that this system is avail-

able for BGA failure detection
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Introduction

BGA package has beenw idely used in portable
electronic products because of its advantages, such
as snaller size, wider lead pitch In order to in-
crease the functionality and reliability of integrated
circuits, it is essential to control the quality of
BGA package before soldered to PCBs There are
two kinds of BGA package ingection One is in-
gection of BGA chip itself and the other is inpec-
tion of slder joints This study is focused on the
anterior one, including the height of lder ball,
diameter, pitch and coplanarity. Among these
characteristics, ocoplanarity is a crucial factor and
themost difficult one to measured Non-coplanari-
ty of chipswould cause poor contact with PCBs,
w hich incursopen or insufficient lder joints

V arious techniques have been proposed for
BGA chip ingection w hich can be characterized by
radiations enployed, such as line-structured laser
senort™, X-ray laninography”. The problen of
line-structured laser scanning is that it needs a
stepping motor to move the worktable with BGA
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chip. X-ray radiography is a non-destructive tech-
nique used to detect the defects of BGA package
But it ismore expensive and requires experienced
workmen to operate and maintain it

Thispaper hasproposed a nev optical method
for BGA leads coplanarity measuranent based on a
machine vision systemn. It doesnot require complex
mplements to generate the radiation and its struc-
ture is smpler than others It aloo hasa desired in-
gection peed to meet manufacturing assambly de-
mands

1 M easuranent Principle

1 1 Overview of the System

The machine vision systan consists of two
parts, the optical maging unit and image process
ing unit The size of experimental PBGA chip is
23 Ommx 23 Omm and the ball matrix is 13x 13
The solder ball diameter isQ 75mm and the pitch
is1 50 mm. The standard height of ball is Q 60
mm. In theoptical maging unit, the sizeof chip is
magnified by the optical microscope and form s an
image on the CCD camera fixed on the top. The
annular blueL ED light under the microscope pro-
vides illumination for the top CCD camera The
features of the BGA chip can be acquired by ana-
lyzing images captured by this CCD camera The
data of height can be obtained through processing
the mage captured by the side CCD w hich is fixed
w ith a gecific angle The oppositeL ED light pro-
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vides illum ination for the side CCD camera A |l op-
tical apparatuses are encap sulated in a box w hich is
made of the diffuse-reflection material for avoiding
noise disturbance
1 2 Mewring Principle of Height

It is essential to get the height of each ball for
assessing the coplanarity of solder balls Figure 1
illustrates the rule of detem ination the angle 6
w ith w hich the side CCD camera isfixed The fol-
low ing deduction and conclusion are obtained on
the follow ing conditions First, each pin isan ideal
ball, not considering its deformation Secondly,
the distortion of lens has been corrected and the
system has been calibrated Finally, the ratio of
BGA chip’s size to the distance y is © snall &
Q 05) that the beams from the chip to the side
CCD canera can be considered parallel each other.
The principle of fixing the side CCD camera is that
the position of the side CCD is as low as possible
and each jointing edge of solder ball with the sub-
strate can be cgptured by the side CCD camera A's
shown in Fig 1, the point A is the limit position
for the side CCD canera 0 isdefined as

D- h

0= 2arctan[ (p-

w here v is defined as
v=4h © - h)
the standard height of ball,
. thepitch of chip,
D: the standard diameter of ball,
the horizontal distance from the center of
BGA chip to the side CCD camera
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Fig 1 The rule of detem ination 6

A cocording to the specification of the chip, D
=Q 75 mm, p= 15 mm, h=Q 60 mm, 0 is
equal to 28 5° In the experiment, Ois set as 32°

Figure 2 illustrates the principle of calculating

the height of balls From Fig 2, obtain the follow -
ing expressions

P= - P @ (3
L 2
sin = (4)
h= 2@+ s (5)
Thus, the height of balls is defined as
_ D_[ ) ) : L}
h= 5 1 003[9 2arcst (6)

w here |: thew idth projection of mage captured by
side CCD. Here, 0 can be obtained through the
systan calibration, in the experiment, 0= 32°
The dianeter D can be obtained by processing the
image captured by the side CCD canera
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Fig 2 Theprinciple of measuring height

2 Image Processing

2 1 BGA L ocating Algor ithm

Figure 3 show s the algorithmic flow used to
evaluate the quantitative factors such as position,
diameter, pitch and coplanarity. The histogran of
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Fig 3 Flowchart of BGA ingection processing
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BGA package mage has a deegp and sharp valley
betw een two peaks representing objects and back-
ground regectively. So the input mage can be
segmented into objects and background by Otsu
threshold which is a nonparanetric and unsuper-
vised one of automatic threshold selection from a
histogran of mage'®. Because the mage is cor-
rupted by noises, the process has adopted a devel-
oped O tsu method

Each ball isfound and located exactly through
the seed-fill algorithm. Thisalgorithm isamethod
to find and fill all other pixels interior to the region
by a known interior pixel called the seed The
method is to startw ith a seed and check its neigh-
boring points to fill in the polygon Based on the
algorithm, the process can calculate the geometri-
cal shape characteristics of each ball, including
each ball's centroid coordinates, diameter D,
perimeter P, roundnessC, areaA.

B ecause of noise occurring, w hether the object
is ball or not has to be judged first The judgment
condition is not only the size of objects, but al®
the geometric infomation of balls distribution A
older ball on the chip must have at least two
neighborsw ithin its four adjacents and they must
lie on the intersection of grid lines*.

2 2 BGA Checking Algor ithm

Every ball has been recognized and factors of
them has been obtained through threshold segmen-
tation, ball location and noise elimination Specifi-
cation of BGA, such as ball' s position, dianeter,
pitch and coplanarity, has to meet the industrial
standard Here, referring to the standard™, de-
fectsof BGA can be detected and classified acoord-
ing to these features

Balls are arranged regularly in two-dimention-
al array on the chip’s surface and will be intercon-
nected on aprinted circuit board So it is necessary
to check w hether each pin is located in correct po-
sition or not Offset can be detected through com-
paring every ball's centroid coordinates with its
standard position coordinates It alsb can detect
one ball ismissing or not To detect oversize or
undersize balls, check w hether each ball’ s diam eter
is between lower Imit (Q 6 mm) and upper limit
(Q 90mm) or not A s shown in Fig 4(a), the

three lines represent maximum dimension, nom inal
dimension and minimum dimension of diameter,
regpectively. For pitch ingection, it needs to cal-
culate the distance of centroid coordinates betw een
adjacent balls along the grid line direction, as
shown in Fig 4(b), (c). The type of ball can be
detected by roundness
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Fig 4 Ball ingection: (a) size ingection, (b) pitch ingection
in the x direction, (c) pitch ingection in they direction

3 Coplanar ity A ssessnent

TheBGA chip is directly mounted on printed
circuit boards, 0 the coplanarity of solder balls is
the key to ensure the production reliability. Poor
oop lanarity would cause weak contact with circuit
boards and incur open or insufficient older joints
The coplanarity is defined in the JEDEC standard
as themaximum distance from the highest ball to a
seating plane formed by the three balls that the
packagewould rest on if placed on a perfectly flat
surface

Figure 5(a) is the mage captured by the side
CCD camera The paraneter | and D, can be ob-
tained from the image through mage enhance-
ment, threshold segmentation, ball location and
noise elimination A coording to Eq (6), the height
of each ball is calculated, as shown in Fig 5(b).
Based on these data, referring to Ref [3], the
coplanarity of the chip isQ 039 mm. The JEDEC
standard for maximum allow able noncop lanarity is
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currently @ 15mm. On the other hand, the BGA
chip w hich is ingected also has to meet the gecifi-
cations as follow s, the height of each ball must be
higher than @ 50 mm and lower than Q@ 70 mm.

A coording to Fig 5(c), the height of each ball and
copnalarity both satisfy the gecifications

Fig 5 Copnalarity ingection: (a) mage captured by the
side CCD camera, (b) 3D sketch for balls, (c)
height ingection

4 Conclusion

This paper proposed an optical method for
BGA coplanarity ingection Thismachine vision
systen oould provide enough geometrical informa-

tion of the BGA through processing images cap-
tured from different orientation The characteris
ticsof BGA chip w hich are used to assess the prod-
uct quality can be obtained based on the above al-
gorithmic flow.

Compared with other systans, the structure
of this system is simple and the accuracy is Q 02
mm, w hich meets the demand of off-line and on-
line ingection The Imit of this systan is that
margin of FOV (field of view) isfuzzy. Next study
is focused on thisproblem.
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