
　　Article ID : 100721172 (2005) 0220139204

A M ach ine V ision System for Ball Gr id Array Package In spection

X IA N ian2j iong
13 (夏年炯) , 　CA O Q i2x in

1 (曹其新) , 　L E E J ey
2 (李　杰)

(1. R esearch Inst. of Robo tics, Shanghai J iao tong U niv. , Shanghai 200030, Ch ina;

2. Cen ter fo r In telligen t M ain tenance, U niv. of W isconsin at M ilw aukee, M ilw aukee, W I 53211 U SA )

Abstract: A n op tical inspection m ethod of the Ball Grid A rray package (BGA ) w as p ropo sed by using a m ach ine vi2
sion system. T he developed m ach ine vision system could get m ain crit ical facto rs fo r BGA quality evaluation, such

as the heigh t of so lder ball, diam eter, p itch and cop lanarity. T he experim ent has p roved that th is system is avail2
ab le fo r BGA failu re detection.
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In troduction
BGA package has been w idely u sed in po rtab le

electron ic p roducts becau se of its advan tages, such

as sm aller size, w ider lead p itch. In o rder to in2
crease the funct ionality and reliab ility of in tegra ted
circu its, it is essen t ia l to con tro l the quality of

BGA package befo re so ldered to PCB s. T here are

tw o k inds of BGA package in spect ion. O ne is in2
spect ion of BGA ch ip itself and the o ther is in spec2
t ion of so lder jo in ts. T h is study is focu sed on the

an terio r one, including the heigh t of so lder ball,

d iam eter, p itch and cop lanarity. Among these

characterist ics, cop lanarity is a crucia l facto r and
the mo st d iff icu lt one to m easu red. N on2cop lanari2
ty of ch ip s w ou ld cau se poo r con tact w ith PCB s,

w h ich incu rs open o r in suff icien t so lder jo in ts.

V ariou s techn iques have been p ropo sed fo r

BGA ch ip in spect ion w h ich can be characterized by

radia t ion s emp loyed, such as line2st ructu red laser

sen so r [1 ] , X2ray lam inography [2 ]. T he p rob lem of

line2st ructu red laser scann ing is that it needs a

stepp ing mo to r to move the w o rk tab le w ith BGA

ch ip. X2ray radiography is a non2destruct ive tech2
n ique u sed to detect the defects of BGA package.

Bu t it is mo re expen sive and requ ires experienced

w o rkm en to opera te and m ain ta in it.

T h is paper has p ropo sed a new op t ica l m ethod

fo r BGA leads cop lanarity m easu rem en t based on a

m ach ine vision system. It does no t requ ire comp lex

imp lem en ts to genera te the radia t ion and its st ruc2
tu re is simp ler than o thers. It a lso has a desired in2
spect ion speed to m eet m anufactu ring assem b ly de2
m ands.

1　M easurem en t Pr inc iple
1. 1　Overv iew of the System

T he m ach ine vision system con sists of tw o

parts, the op t ica l im aging un it and im age p rocess2
ing un it. T he size of experim en ta l PBGA ch ip is
23. 0 mm ×23. 0 mm and the ball m atrix is 13×13.

T he so lder ball d iam eter is 0. 75 mm and the p itch

is 1. 50 mm. T he standard heigh t of ball is 0. 60

mm. In the op t ica l im aging un it, the size of ch ip is

m agn if ied by the op t ica l m icro scope and fo rm s an

im age on the CCD cam era fixed on the top. T he

annu lar b lue L ED ligh t under the m icro scope p ro2
vides illum inat ion fo r the top CCD cam era. T he

featu res of the BGA ch ip can be acqu ired by ana2
lyzing im ages cap tu red by th is CCD cam era. T he

data of heigh t can be ob ta ined th rough p rocessing

the im age cap tu red by the side CCD w h ich is f ixed

w ith a specif ic angle. T he oppo site L ED ligh t p ro2
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vides illum inat ion fo r the side CCD cam era. A ll op2
t ica l appara tu ses are encap su la ted in a box w h ich is

m ade of the diffu se2ref lect ion m ateria l fo r avo id ing

no ise distu rbance.

1. 2　M ea sur ing Pr inc iple of He ight
It is essen t ia l to get the heigh t of each ball fo r

assessing the cop lanarity of so lder balls. F igu re 1

illu st ra tes the ru le of determ inat ion the angle Η
w ith w h ich the side CCD cam era is f ixed. T he fo l2
low ing deduct ion and conclu sion are ob ta ined on

the fo llow ing condit ion s. F irst, each p in is an ideal

ball, no t con sidering its defo rm at ion. Secondly,

the disto rt ion of len s has been co rrected and the

system has been calib ra ted. F inally, the ra t io of

BGA ch ip ’s size to the distance y is so sm all (≈
0. 05) that the beam s from the ch ip to the side
CCD cam era can be con sidered para llel each o ther.

T he p rincip le of f ix ing the side CCD cam era is tha t

the po sit ion of the side CCD is as low as po ssib le
and each jo in t ing edge of so lder ball w ith the sub2
st ra te can be cap tu red by the side CCD cam era. A s

show n in F ig. 1, the po in t A is the lim it po sit ion

fo r the side CCD cam era. Η is defined as

Η= 2arctan (p - v ) - p (p - 2v )
D - h

(1)

w here v is defined as

v = h (D - h ) (2)

　　h: the standard heigh t of ball,

p : the p itch of ch ip ,

D : the standard diam eter of ball,

y : the ho rizon ta l d istance from the cen ter of

BGA ch ip to the side CCD cam era.

F ig. 1　T he ru le of determ ination Η

　　A cco rding to the specif ica t ion of the ch ip , D

= 0. 75 mm , p = 1. 50 mm , h = 0. 60 mm , Η is

equal to 28. 5°. In the experim en t, Η is set as 32°.

F igu re 2 illu st ra tes the p rincip le of calcu la t ing

the heigh t of balls. F rom F ig. 2, ob ta in the fo llow 2
ing exp ression s:

Υ= Π- < + Η (3)

sin
Υ
2

=
l

D
(4)

h =
D
2

(1 + co s <) (5)

T hu s, the heigh t of balls is defined as

h =
D
2

1 - co s Η- 2a rcsin
l

D
(6)

w here l: the w idth p ro ject ion of im age cap tu red by

side CCD. H ere, Η can be ob ta ined th rough the
system calib ra t ion, in the experim en t, Η= 32°.
T he diam eter D can be ob ta ined by p rocessing the

im age cap tu red by the side CCD cam era.

F ig. 2　T he p rincip le of m easuring heigh t

2　Image Process ing
2. 1　BGA L oca ting A lgor ithm

F igu re 3 show s the algo rithm ic flow u sed to

evaluate the quan t ita t ive facto rs such as po sit ion,

d iam eter, p itch and cop lanarity. T he h istogram of

F ig. 3　F low chart of BGA inspection p rocessing
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BGA package im age has a deep and sharp valley
betw een tw o peak s rep resen t ing ob jects and back2
ground respect ively. So the inpu t im age can be

segm en ted in to ob jects and background by O tsu

th resho ld w h ich is a nonparam etric and un super2
vised one of au tom at ic th resho ld select ion from a

h istogram of im age [3 ]. Becau se the im age is co r2
rup ted by no ises, the p rocess has adop ted a devel2
oped O tsu m ethod.

　　Each ball is found and located exact ly th rough
the seed2f ill a lgo rithm. T h is a lgo rithm is a m ethod

to find and fill a ll o ther p ixels in terio r to the region

by a know n in terio r p ixel ca lled the seed. T he

m ethod is to start w ith a seed and check its neigh2
bo ring po in ts to fill in the po lygon. Based on the

algo rithm , the p rocess can calcu la te the geom etri2
cal shape characterist ics of each ball, including

each ball’s cen tro id coo rd inates, d iam eter D ,

perim eter P , roundness C , a rea A .

Becau se of no ise occu rring, w hether the ob ject
is ball o r no t has to be judged first. T he judgm en t

condit ion is no t on ly the size of ob jects, bu t a lso

the geom etric info rm at ion of balls d ist ribu t ion. A

so lder ball on the ch ip m u st have at least tw o
neighbo rs w ith in its fou r adjacen ts and they m u st

lie on the in tersect ion of grid lines[4 ].

2. 2　BGA Check ing A lgor ithm
Every ball has been recogn ized and facto rs of

them has been ob ta ined th rough th resho ld segm en2
ta t ion, ball locat ion and no ise elim inat ion. Specif i2
cat ion of BGA , such as ball’s po sit ion, d iam eter,

p itch and cop lanarity, has to m eet the indu stria l

standard. H ere, referring to the standard [5 ] , de2
fects of BGA can be detected and classif ied acco rd2
ing to these fea tu res.

Balls are arranged regu larly in tw o2dim en t ion2
al array on the ch ip ’s su rface and w ill be in tercon2
nected on a p rin ted circu it board. So it is necessary

to check w hether each p in is located in co rrect po2
sit ion o r no t. O ffset can be detected th rough com 2
paring every ball’s cen tro id coo rd inates w ith its

standard po sit ion coo rd inates. It a lso can detect

one ball is m issing o r no t. To detect oversize o r

undersize balls, check w hether each ball’s d iam eter
is betw een low er lim it (0. 6 mm ) and upper lim it
(0. 90 mm ) o r no t. A s show n in F ig. 4 (a ) , the

th ree lines rep resen t m ax im um dim en sion, nom inal
d im en sion and m in im um dim en sion of d iam eter,

respect ively. Fo r p itch in spect ion, it needs to cal2
cu la te the distance of cen tro id coo rd inates betw een

adjacen t balls a long the grid line direct ion, as
show n in F ig. 4 (b) , (c). T he type of ball can be

detected by roundness.

F ig. 4　Ball inspection: (a) size inspection, (b) p itch inspection

in the x direction, (c) p itch inspection in the y direction

3　Coplanar ity A ssessm en t
T he BGA ch ip is d irect ly moun ted on p rin ted

circu it boards, so the cop lanarity of so lder balls is

the key to en su re the p roduct ion reliab ility. Poo r

cop lanarity w ou ld cau se w eak con tact w ith circu it
boards and incu r open o r in suff icien t so lder jo in ts.

T he cop lanarity is defined in the JED EC standard

as the m ax im um distance from the h ighest ball to a

seat ing p lane fo rm ed by the th ree balls tha t the
package w ou ld rest on if p laced on a perfect ly fla t

su rface.

F igu re 5 (a) is the im age cap tu red by the side

CCD cam era. T he param eter l and D , can be ob2
ta ined from the im age th rough im age enhance2
m en t, th resho ld segm en ta t ion, ball locat ion and
no ise elim inat ion. A cco rd ing to Eq. (6) , the heigh t

of each ball is ca lcu la ted, as show n in F ig. 5 (b ).

Based on these data, referring to R ef. [ 3 ], the
cop lanarity of the ch ip is 0. 039 mm. T he JED EC

standard fo r m ax im um allow ab le noncop lanarity is
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cu rren t ly 0. 15 mm. O n the o ther hand, the BGA
ch ip w h ich is in spected also has to m eet the specif i2
cat ion s as fo llow s, the heigh t of each ball m u st be

h igher than 0. 50 mm and low er than 0. 70 mm.

A cco rding to F ig. 5 (c) , the heigh t of each ball and
copnalarity bo th sat isfy the specif ica t ion s.

F ig. 5　Copnalarity inspection: (a) im age cap tu red by the

side CCD cam era, (b ) 32D sketch fo r balls, (c)

heigh t inspection

4　Conclus ion
T h is paper p ropo sed an op t ica l m ethod fo r

BGA cop lanarity in spect ion. T h is m ach ine vision
system cou ld p rovide enough geom etrica l info rm a2

t ion of the BGA th rough p rocessing im ages cap2
tu red from differen t o rien ta t ion. T he characteris2
t ics of BGA ch ip w h ich are u sed to assess the p rod2
uct quality can be ob ta ined based on the above al2
go rithm ic flow.

Compared w ith o ther system s, the st ructu re

of th is system is simp le and the accu racy is 0. 02

mm , w h ich m eets the dem and of off2line and on2
line in spect ion. T he lim it of th is system is that

m argin of FOV (field of view ) is fuzzy. N ex t study

is focu sed on th is p rob lem.
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