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Abstract X-ray source

For surface mount technology, the occurrence ofl voi
defects inside solder balls during the ball grichgi(BGA)
reflow is an important problem. In this paper, vesidn a
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simple automated system for void detection. Fitstan T

analyze the X-ray images obtained from arbitranating Detector  mtb o ESATRE
angles and it is robust against occluded balls exhusy ';:?’ Solder ball ,.;5;3/

some interference. Second, we apply the new method, ,::°::: E ""

which is to average multiple outputs of local castr Siatmody °b"q“em°de(45 60 degree view)

enhancement over different block sizes, for treagimor @ Rotating angle and solder ball arrangemenepatt

contrast images in order to reduce some false wolike
the accuracy of void location and void area is saably
preserved. These conclusions were confirmed by our

experiments.
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(b) Identify center of occluded solder balls (yel)dor both modes

(c) Atypical imagéH) (left) versus a poor contrast image (right)

1. Introduction

A ball grid array (BGA) is a type of surface-mouhat
is being used widely for integrated circuits ancdplagal
increasingly in the manufacture of electronic diteuThe
BGA offers many advantages; however, the proce &G
assembly itself is one of the key concerns. Voitectecan
be defined as holes formed inside a solder ball tduine Fig.1. Overview of X-ray system and practical peshs
amount of outgassing flux that gets entrapped énsibider
ball during the reflow process. Based on the inspec  algorithms has been actively develof@din order to
techniques'®, the void can be visualized as a brighter areaobtain the better accuracy, speed and robustnesn wh
inside the solder ball on a 2D X-ray image. dealing with different types of practical factoesg., noise,

Because the manual inspection causes high vatjabili interference, and various quality of images acguirem
and time consuming, then the manufacturer has ethng different setting in X-ray machines, especially ttese of
from using human-based analysis to the intelligeftware low contrast images.
instead. Therefore, the research of automated detielction In this paper, we present a simple framework; hamev
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Fig. 2. Block diagram of the proposed methods/fid detection inside solder balls.

it is capable to: We claim that the new ideas mentioned in 2) andhrg)

1)

2)

3)

analyze image acquired from different rotating asgl different to previous existing methods.

(both flat and obligue modes) producing different

patterns of ball arrangement (see Fig. 1a), 2. Proposed methods

identify the center of solder ball occluded by some

interfering components effectively using the teciueis 21 Individual solder ball segmentation from the
based on the Delaunay triangulation and the uttitéa background of image

verification (see Fig. 1b), and

be robust against the case of poor contrast imsee (
Fig. 1c) in the sense of giving a good estimateaidl
location and a fair estimation of void area. Thestfi

In typical 2D X-ray images (gray scale image, 0-255
levels), the solder balls are often interfered Hyeo board
component§™, for example some joints normally create

. L ) . some occluded solder balls. Then, the robust segtiem
parameter, void location inside ball, is emphasiaed . . ) .
, .. algorithms that are able to deal with different danof
the primary root cause for the loss of solder joint

. . . ._interfering backgrounds are essentially preferred.
integrity? and the second parameter, void area, i ) g yp

required as 25% or less cumulative voiding pergmta
in solder balls based on the IPCA610D standafd
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(e) Eight missing balls are simulated at random T\{fp types of missing ball locations (on long edgénside large triangle)

Detect circles
Get coordinates of centers

Do Delaunay triangulation

Can balls be
inscribed
on edges or inside
triangles ?

No missing ball
on these edges/
inside these triangles

Search the centers
of missing balls
on these edges/inside these
triangles

(9) Verify each candidate and keep the balls pgssiiteria (h) Flow chart of missing ball correction method

Fig. 3. Solder balls segmentation and the proposettiod (Delaunay triangulation) to correct occlifd@ssing balls.

Traditionally, a proper threshold of intensfty has to backgrounds and the group of solder balls. Spatificthe
be chosen to separate between the group of iritegfer method applied in Said et al.’s workd is relied on the
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(@) e(x0,y0,R) =0 (b)

e(x,y,r) >0 (c)

(x0,v0, R) is the local minimizer of e(x, y, R)

Fig. 4. Determine the center of missing ball cdath in searching windows by minimizing the objestfunction
e(x,y,#) over (x,y), where # = R is obtained from the Hough transform aRdis denoted as a true solder ball radius

assumption of two separated clusters of intensibich is
not true in general. To calculate this threshdlik better to
use the conventional OTSU method instéad hese earlier

works®® used this threshold for binary image conversion

and selected the solder ball region based on shepe, and
the arrangement pattern of each labeled regiorcdByrast,
we here applied this global threshold to rejectesamtifacts
only (their intensity values assigned to 255 astavpixels
in the new gray scale image) before cooperatirmutonext
proposal when dealing with the presence of comgita
backgrounds (see Fig. 2a-2b).

parameter set of inputs in Hough transform for edéht
images. Then, in general case, it is possible t@ l@me
missing (undetected) balls; see Fig. 3d (yellovele}:. To
solve this problem, firstly, we calculated the Dglay
triangulation from the centers of all detected $alor
illustration in Fig. 3e-3f using eight randomly sitated
missing balls, and then there are two types of imgsball
found, such as locating on the long edge or ingiddarge
triangle, where at least one ball can be inscribsitle. In
the next step, we check all these candidates’ilmtatand
the searching space mostly becomes simpler duéneo t

For ball segmentation, we propose to use the Houghsymmetric geometry of ball arrangement, which sstge

transform, which is the conventional circle detesti
algorithm (including circular shapes) to locate gussible
centers of solder balls. Typically, this algorithe quite
slow when calculating on a large or intense imdgmn tin
our method; the Hough transform is calculated paldily
on the resized image instead of its original sidee final
center and radius values are recovered by jusingcdiem
back. Moreover, to be user friendly, the defaufiuin of
radius range applied in the Hough transform isnitiveally
widen; consequently some false circles are detdmiedhe
wanted balls can be simply selected based on angtkie
intensity distribution inside each circle (see Fig-2d).

We use the results depicted in Fig. 3a-3d to shaw t

the circle detection simply outperforms the pregiou

conventional method™® in term of estimating the correct
centers of occluded solder balls (inside blue regles)
while Said et al.’s work§?have to do more correction to

interpolate the centers of occluded balls using the

knowledge of nearby balls with respect to the djeci
arrangement pattern focusing @n, +45°,+90° directions.

Furthermore, since we have not provided the spmecifi
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searching near the center of edge or triangle st fi

Although the false balls can be rejected by vemiyi
their distribution of intensity inside each seanchwindow,
but here we developed one necessary condition iofyke
true circle with the radius® at the center(x,,y,) by
minimizing the objective function in the equatidr) (vhere
I(x,y) is the binary image. From Fig. 4a, it is obviobatt
(x0, Vo, R) is the global minimizer ok (x,y,r). In practice,
the robust circle detection as described earlier gige us
the approximation of# =~ R so that the center of ball can
be then estimated by minimiziregx, y,#) over (x,y) as
demonstrated in Fig. 4b-4c. The last step, the latiice
can be derived to check the correctness of alldesiters by
translating this unit structure at each vertex aadfying
the fitting. S_in and S_out in (1) mean the regions inside
red and blue rectangles in Fig. 4, respectively.)

e(x,y,1)

= |
(x,¥)ES_in

1wyl

(x,y)ES_out

I(x,y) | + |mr? — 4r?
1)



2.2 Void detection inside each solder ball

The traditional procedure of image processing adl vo
detection (here, called theaifigle CLAHE method”) can be
described as follows (see Fig. 2e-2n):

2.3 Averaged multiple CLAHE method

The CLAHE method itself is quite powerful; however,
the contrast level should also be well controlledatoid
amplifying noise or the side effect of creatingifanial

From the raw image shown in Fig. 2a; although the fluctuations (falsely small peaks) possibly detdcis false

physical fact suggests the void regions are brigtiian
neighborhood inside the solder ball, however, ialitg
these voids are quite difficult to be detected bseaf poor
image contrast, irregular shapes, different vozksiand
positions®®, and high noise lev&). These issues are what
we have to overcome in practice.

A quality of image contrast is varied in generatda
different setting of data acquisition, therefore tglobal
image contrast of each segmented solder ball cdirsly
enhanced by transforming the input image so that th
histogram of the output intensity image approxirate
matching to the desired target histogram extradtech
reference images (see Fig. 2f)

voids which are normally found in the results ohéai from
the single CLAHE method. These false voids therehav
be screened out intensively later using some Hheuris
criteria, such as various 2D shape parameters.

Our novel idea is from the fundamental assumption
that the true void regions are more consistenbaations
than the false voids region; we then propose toamesthe
multiple outputs of CLAHE methods over differenotk
sizes and apply the rest of same procedures aftgswa

3. Experimental Results

The prototype of software was developed by usirg th

In particular, some images show very poor contrastsimple image processing functions provided in MAB.A

and the global contrast enhancement alone is rifitisnt.
Therefore, after smoothing an image for denoisitig
Contrast Limited Adaptive Histogram Equalization
(CLAHE) is needed to improve the local contrassimaller
regions (see Fig. 2g); the two key input parametsdrs
CLAHE function are block size and clip limft and the
local maxima (peaks) of intensity in Fig. 2h indeahe
candidates of void locations (brighter regions)sile of
typical gradient techniques, the multi-scale bldterf
was studied to identify the accurate peak regions the
results showed much better than the otfiéts

In the next step, the boundary of each void is
effectively determined by applying the simple edge
detection algorithm (Laplacian of Gaussian filtenth a
proper size of filter but sometimes; consecutividscare
wrongly detected as a single connected void, thenater
shedding algorithm is essentially applied to finke t
separating boundary between them as depicted irRFRj

To obtain the correct number and area of voids, the

connected voids must be separated completely bygusi
some morphological operations to remove the coexect
region (see Fig. 2k-2I)

(MathWorks, Natick, MA, U.S.A.), for examples th@iligh
transform, OTSU method, Delaunay triangulation, atho
filtering, edge detection and CLAHE method but all
equivalent functions are also provided openly aeélf in
Python code.

In Fig. 5; the results show the comparison of void
detection compared between the single CLAHE metrat
the averaged multiple CLAHE method; the void feasur
screening were not applied on both of them. The barm
reported in parentheses indicates the void arealter ball
area percentage ratio. These three images confithed
the averaged multiple CLAHE method is better thhe t
single CLAHE method with the reduction of false di
while the accuracy of void location and area issosably
preserved.

4. Conclusions

We design the simple system that is able to
automatically identify void locations and void aseaside
each individual solder ball although these imagesehvery
poor contrast. The key proposal is to average thkipte

Fig. 2m-2n illustrates using some 2D shape criteria outputs of local contrast enhancement over diffebdock

such as a roundness valti@ to reject some false voids.
Finally, the number of voids, the ratio betweendvarea
and solder ball ared™ and the height of pea® are
normally used as the indicators of severity levels.
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sizes helping to eliminate the false voids whilgetwvoids
are not significantly affected. To be user friendtiis
system is developed to fix several drawbacks cabgedtie
occluded solder balls, such as the missing baltblpm,
under various possibilities of ball arrangementegrat due



(a) Test image 1 (two voids are partially visibidtie raw image)

(b) Test image 2 (voids are invisible in the ravage)

(c) Test image 3 (voids are invisible in the ravaga)

Fig. 5. Results of the raw images (left), usinggle CLAHE method (middle; with higher false voids)d averaged multiple
CLAHE method (right)) and the number reported irep#heses indicates the void area to solder bedl percentage ratio.

to rotating sample board (both flat and oblique e®)d

Because of this simplicity our methods can be wasil
extended to different programming codes fitting to (4)

individual users, especially free and open platfdomthe
commercial extensions.
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