GR 97 P 1274 _Fbreign version Descri ption | Met hod of checki ng
for the presence of connection balls 5 The invention relates to a nethod

of checking for gheg7 p RREIENCERE iGRNRREHIGH bal | s of conmponents
.according to- the preanble of Patent C aim 1. ‘7% In the course of
rautomatically popul ating substrates, 10 is 1particular printed circuit
boards or ceramc substrates, wth SVD conponents for surface
nount i ng - (S :chrf Mount ed Devi ces), the conponents, before
bei ng enpl aced, (&3 6]?5 y inspected with regard to - their position
and the presence of all the connections, 15 in particular all the

connection ball syaRpl e Fashedicing A leHY ik HdRes diB@snnedtich dsdlls

subsequently to correct the Tposition “of the conponent prior to
enpl acenent on the substrate, or to sort out the conponent
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order to autonatithal lpreawdlentcf tHatedft G¥fdisctli.ons from connection balls
and t.o determne the position of the conponent so that positional
correction can subsequently be perfornmed. In this case, use is made
of segmented ringd ighe icoumsienaef orutematdeally populatingatsaibayraties.,
connection bphls juni fQrp y-G1QM 3Qdiffel €ntisbd€€. boards or ceramic
substrates, with SMD components for surface wmounting
(SMD = Surface Mounted Devices), the components, before
being emplaced, are visually inspected with regard to
their position and the presence of all the connections,
15 in particular all the connection balls in the case of
ball grid arrays (BGAs), in order subsequently to
correct the position of the componént prior to
emplacement on the substrate, or to sort out the
component owing to missing connections.
WO 96/21343 discloses an apparatus for identifying the
position of the connections of components which uses
illumination with light which is obliquely incident on
all sides, in order to automatically evaluate the
25 reflections from connection balls and to determine the
position of the component so that positional correction
can subsequently be performed. In this case, use is
made of segménted ring light illumination in order to
illuminate all the connection balls uniformly £rom-
30 different sides. '

However, this method does not make it possible to

_ determine unambiguously whether all the connection
. balls are present at the intended contact points.
35 Soldering residues from .the fixing of the balls can
also cause a reflection which resembles a reflection



However, this nmethod does nd: “Ke it possible to- . determ ne

uhanbi guously whether all the connection balI's are present at the

i ntended cont actgwodnts.18m Sol dering residues fromthe fixing of the
bal | s can al so cause a reflection which resenbles a reflection

GR 97 P 1274 - la ta froma connection ball and
sinmulates a ball that is present. The great dependence of the
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February 1980, e 406 oses a et determ ning the

or the 5 vol une Jc%rﬁf@f'f"r%ﬁp PhLY ke orpe navRkuahker cmape difticult."
i mage-eval uating unit determ nes the shadow area cast by the connection
balls and resulting from obliquely incident illumnation. In this
case; the illumnation '



is effected oniy on one side, since if the illumnation 10 were on all
si des, shadow areas cast by the connection bal | s and capabl e of
éval uati on woul ¢ggnos7 be pFpgluced. Dark inpurities on the conponents of
t he sanme size as shadow areas |l ead to m sinterpretati ons concerning the
presence of connection balls in the case of 2thkis 15 nethod. The
object of the invention consists in devel oping a nmet hod of checki ng,
wi t hout errors, Sor_thg pr [ i qe_lrgp
particul ar baII 1{04 2’3 5;%3%3%%‘%)8&5{ %%Eééc}gu??&e@ﬁ cl al E%?in%er
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The object is ac |eve accor to the |nvent|onﬁlﬁ% ang of a method
having the feat fHEckses aigm method frtermigg, CFF%n% i'ét b&Fngth
illum nated gn opglEhdle of db)tlrié@it&'drﬂ plailqlat em I cgﬁ\poﬁéntbed #herea gni nt
| ight 30 source, the res Itl%shad ws,and the
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experinment al | y and corrpare Forne ant-aneous
- 2a - is effected only on one side, 31nce if the illumination

10 were on all sides, shadow areas cast by the connection
balls and capable of evaluation would not be produced.
Dark impurities on the components of the same size as
shadow areas lead to misinterpretations concerning the
presence of connection balls in the case of this

15 method.

The object of the invention consists in developing a
method of checking, without errors, for the présence of
connection balls on components, in particular ball grid

20 arrays (BGAs), with account especially being taken of
the erroneous reflections from impurities (soldering
residues) on the 1locations nominally occupied by
connection balls.

25 The object is achieved according to the invention by
means of a method having the features of claim 1.

With the connection balls being illuminated on one side

by parallel 1light or light emitted from a point light

30 source, the résulting shadows énd the light reflections
from the connection balls are evaluated. To that end,

the shadow sizes which are dependent on the
illumination direction and the size of the connectioh
"balls are to be determined theoretically or

35 experimentally and compared with the instantaneously



measur ed shadow sizes in each case. As a result of this, the influence
of the surface condition of the connection balls on the evaluation is
additional ly &voygenl,12m4 an advant ageous manner. As a result of the 5
illum nation on one side, a shadow that can be eval uated for the purpose
- of checking for the presence of the connzzt+on balls is advantageously
produced, by conparison with the nethod for neasuring the Iight
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20 Figure 1 "shows an apparatus' for checking for the presence

of connection balls, in |ongitudinal section, . Figure 2 shows a pl an
view of a |aterag Yo |p UyBHdt ed conponent with the shadows cast by the
connection balls.” 25 Figure 1 diagrammatically shows, in

| ongi t udi nal secti on how a conponent - Bere a'ball grid array 1,

~with a connection ball 2, a metallic inpurity 3 and al so a dark

inmpurity 4 of t e a nn al [
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whose segnent s controlle I ndi v in terns

their intensi tyllllimﬂé?%tbﬂpn devhbeai ﬂ’r’lﬁg th?l |1mg$aﬁ\@4uwn9 ikt %P&Eﬁ
is obliquely aadprddent 'PHeone:Lﬁla 8. anal sis G1H7 RHel4 adapted

-4- The. connectlon ba) prod ces a B% gn 6 .and a shadow 7,
and the nmetal li ccc??ﬁﬁﬁi?‘?’iff Bk e eol nove P% efl ection 11 and a
further shadow 12, which - in the sane vvay as a dark inmpurity 4 of the

sanme. size 5 as he shadow b I ' Vi n
objective 14 o b @ @gﬁ?%%ar? eva% ?ﬁadgarum% 15&&#&&%‘?& exrgm?l emél}éCD
canera. The sizesofdeting urthesighadow wthh ofcause netlaiﬂiil@tﬂmmt@ble
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at the 10 | ocation lic tnpurity, Wwhich he ajd of the
i mage- eval uat i nga%nF%'lelE?haé?CP"bV\@ t ROTReGfiep balls ‘ate not “identiffed'

incorrectly as connection balls that are present. This

ensures error-free checking for the presence of the
connection balls, independently of the surface
15 condition of said balls.

A configuration according to the invention is

elucidated in more detail in the drawing, in which

20 Figure 1 shows an apparatus for checking for the
presence of connection balls, in longitudinal sectibn,
Figure 2 shows a plan view of a laterally illuminated
component with the shadows cast by the connection
balils.

25
Figﬁre 1 diagrammatically shows, in longitudinal
section, how a component, here a ball grid array 1,
with a connection ball 2, a metallic impurity 3 and
also a dark impurity 4 of the same size as the shadow

30 of a connection ball is illuminated 1laterally by a
light source 5. Lateral illumination with parallel
light can also be wused in the method. It is
particularly advantageous to use segmented ring 1light
illumination whose segments can be controlled

35 individually in terms of their intensity, thereby
obtaining illumination by 1light which is obliquely
incident on one side. | '



contact to be identified and the conponent to be sorted out. The dark
impurity 4 of the sane size as the shadow of a connection ball can be
identified by thegr abpemicexdp of an additional reflection associated with
t he dark inmpurity 4, with the aid of the inage-evaluating unit 15.
Figure 2 il lustrates the laterally -ilal 4m nated 20 conponent 1 with a
. plurality of connection balls 2 with t he associ ated shadows 7 and al so

(the metal lic i Myl konned sl Npdie a5SgEbALeds! W { Ber1aBRgdpe &2 Lrpm the

direction of the inmage-evaluating unit dow of "t he
metal l'ic inpuri t%haﬂQWff'é:rs ambmtshe 25net@bkied mpupiryas? myredeeddecdi on

bal |, which is gyrigieptibiedcbYohhell BEE-£VahHEhéAIsHABbWl 32, which -
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method of checki}y FBe EABS MR Bf dark dEmvEEEYorf baf| Eheyysape size
. conponents, kn pagtikel Qha56w5ofb&| |cc€ﬂnébﬁc5:@y}5a11)r are \Wieiged hﬁa an
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where a shadow ( cast ect to connecti on
(2) and resul ti rehadewt oft 1w %nnqg‘éwn ba]i]ncthéht wWasyhintended| @dt ckhey

the inage-eygl Ualddtion YR theldetallic impurity, which, with the aid
of the image-evaluating unit 15, allows the missing
contact to be identified and the component to be sorted
out. The dark impurity 4 of the same size as the shadow
of a connection ball c¢an be identified by the absence
15 of an additional reflection associated with the dark
impurity 4, with the aid of the image—evaluating unit
15.

Figure 2 illustrates the laterally illuminated

20 component 1 with a plurality of connection balls 2 with
the associated shadows 7 and also the metallic impurity
3 with the associated further shadows 12 from the
direction of the image-evaluating unit 15. The further
shadow 12 of the metallic impurity 4 differs from an

25 expected shadow cast by a connection ball, which is
identified by the image—evéluating unit 15.



15 characteri zed in that the size of the shadow (7) to bep——expee -

gi ven a specific size of the connectiOn bal | (2), in cq rﬁﬂfﬂ(&f‘ﬁgﬁ HA&BEEN
the presence of élf@e9§1550ﬁ a4 ed light reflection (6) fr¢m theRERLAGEDt i on
ball (2), is used-as a criterion for automatically checking Tor the 20

presence of connection balls (2). -5 -

'AVENDED SHEET

Patent claims

1. A method of checking for the presence of
connection balls (2) on components, in particular on

5 ball grid arrays (1),
where the connection balls (2) are :Lllumlnated by light
which is obliquely incident from one direction,
where light refleétions from the connection balls (2)
are detected by an image-evaluating unit (15) connected

10 downstream of an imaging optical arrangement (14), and
where a shadow (7) cast laterally with respect to the
‘connection balls (2) and resulting due to the obliquely
incident 1light is evaluated by the image-evaluating

_ unit (15).

15 _ .
2. The method ' of checking for the presence of
connection balls as claimed in claim 1,
characterized in that the size of the shadow (7) to be
expected given a specific size of the connection ball

20 (2), in conjunction with the presence of the associated
light reflection (6) from the connection ball (2), is
ugsed as a criterion for automatically checking for the
presence of connection balls (2.) .
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