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Automated
offline Inspection

of solder

joints

The applications for BGA, FBGA, CSP and FlipChip
interconnection techniques are expanding into broader

fields of application. Since these substrate-based solder

joints are scarcely accessible to other optical

inspection methods, the use of non-destructive X-ray

inspection is consequently on the rise.

ather than investing in their
R own systems, many medium-

sized firms and larger compa-
nies’ QA departments opt to use exter-
nal X-ray inspection service providers,
who must therefore be capable of
handling small to medium series of a
high mix of products. They must also
offer a wide range of inspection ser-
vices, from standard quality control for
commercial production, to the detailed
analysis of potential failures.
In order that they may perform this in
an efficient way and produce reliable
results, inspection service providers
need objective, valid inspection
methods and suitable X-ray systems.
The biggest problem they currently

face is the fact that evaluation and con-
trol software requires long set-up
times - times which become unwieldy
when the series to be inspected is
small. Solutions to this problem in-
clude the use of semi-automated
computer-controlled X-ray systems -
this article looks at the results of this
approach for these applications.

Test Cr_iteria and
requirements

Functional integrity

When inspecting for the functional
integrity of an assembly after the BGA
soldering process, it is necessary to
look for qualitative faults such as the
following:
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Les applications pour les BGA,

FBGA, CSP et les FlipChip s’é- I I
tendent & de nombreux champs
d’application. Etant donné que les joints
des soudures de ces éléments sont difficile -
ment controllables par les autres méthodes
d’inspection optique, I'utilisation de I'in-
spection aux rayons-x  augmente.
Maintenant, grace a de nouveaux dévelop -
pements technologiques, ces points de
jonction peuvent étre testés et analysés
quantitativement de maniére abordable et
fiable.

Einfihrung der BGA-, FBGA-, -
CSP-, und FlipChip-Verbin-
dungstechniken in breitere Bereiche der
Baugruppenmontage gewinnt die zerstor -
ungsfreie Prifung mittels Rontgentechnik
fortwahrend an Bedeutung, da derartige
Lotstellen anderen Priifmethoden kaum
noch zuganglich sind. Neue technische
Entwicklungen erlauben die automatische
und quantitative Inspektion solcher sub -

stratbasierten Lotstellen in ef fizienter
Weise.

Im Zuge der fortschreitenden

Le applicazioni per i BGA,

FBGA, CSP e i FlipChip si stan- I I
no espandendo in molti campi

di applicazione. Dato che le congiunzioni
di saldatura di questi componenti sono
scarsamente controllabili dagli altri metodi
di ispezione ottica, sta emergendo I'utiliz -
zo dell’ispezione a raggi-X. Adesso, nuovi
sviluppi tecnologici hanno fatto si che que-
sti punti di congiunzione possano essere
testati ed analizzati quantitativamente in
maniera abbordabile ed affidabile.
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Fig. 1 - Interpretation of the
X-ray image of a BGA solder
joint. Dark rings at the pad
edges indicate good wetting
while voids show as bright
spots

= Solder bridges (shorts)

= Missing solder joints

= Misalignment

= Open solder joints

Bridges, missing joints and misalign-
ment are easily recognised by the oper-
ator in an overview image. In contrast
to these larger defects, open solder
joints are more difficult to detect, nor-
mally requiring inspection to be car-
ried out at higher magnification from
an oblique angle. In this way, it is pos-
sible to see either a gap in the solder
joint or solder formed in a way that
indicates insufficient wetting of the pad
(in most cases the board pad).

Superior to laminographic (or planar-
tomographic) methods, in terms of
detection efficiency and time needed,
this procedure has proved to be the
best X-ray method possible for the
detection of open joints as demon-
strated by an independent study on 1,5
mm pitch PBGAs ™.

When inspecting smaller solder joints
such as those in FBGAs, uBGAs, CSPs
and Flip Chips, an oblique view seldom
provides sufficient magnification, as
the tilting of the sample under inspec-
tion takes the solder joints too far away
from the X-ray source. Thus an X-ray
system must be capable of ensuring
high geometrical magnification even at
angled inspection (OVHM: Oblique
View at Highest Magnification).

Reliability

Other criteria must be taken into con-
sideration when evaluating the relia-
bility of an electronic assembly.

First of all, the quality of the pad wet-
ting is of interest, and here, it is neces-
sary to see whether the joining pad
area is defined by a solder mask over-
lapping the pad or by the etched cop-
per pad itself. In the first case, the join-
ing pads appear as dark circular areas
if they are well wetted. In the second
case, well wetted pads are embedded
in the solder and characteristic dark
rings are visible in the X-ray image at

the pads’ edges, due to the additional
solder in this area (see fig. 1).

An oblique view at high magnification
enables a more detailed investigation
of the wetting status at the pads. Voids
may compromise joint reliability, so it
follows that the evaluation of a
connection’s reliability must also in-
clude inspection for voids, which show
as bright circular areas inside the solder
joints (see fig. 1). The visualisation of
these features places considerable
demands on an X-ray system’s capa-
bilities. This is because solder joints
absorb X-rays extremely well, while
PCBs do not. Thus there is a fine line to
be drawn between putting enough
intensity into the joint to be able to see
it, without causing saturation effects in
the adjacent PCB, which can produce
unwanted visual effects such as the
apparent shrinkage in diameter of sol-
der balls. This implies that in practice
the X-ray system has to be operated at
high tube voltage (120-130 kV), at low
tube current (4-20 pA) and with a
small focus spot size (<10um).

Quantifying

test results
Going beyond the fundamental investi-
gations into the dependence of solder-
joint quality on process parameters,
reliability requires suitable control of
the production process. This typically

TABLE 1 - TEST CRITERIA FOR AUTOMATED BGA INSPECTION

TEST CRITERION

DerecT

PRESENCE OF SOLDER BRIDGES

SHORT CIRCUITS

MISSING SOLDER JOINTS

OPEN CIRCUITS

DEVIATING DIAMETER OF SOLDER JOINTS

DEFECTIVE SOLDER PASTE PRINT
INSUFFICIENT WETTING
TILTED COMPONENT

NON CIRCULAR SHAPE OF THE SOLDER JOINTS

WETTING PROBLEMS

TILTED COMPONENT

GREY LEVEL DEVIATION

TILTED COMPONENT
OPEN SOLDER JOINT

SHIFTED SOLDER JOINTS

MISALIGNED COMPONENT

EXCESSIVE VOIDING

LOW RELIABILITY OF THE SOLDER JOINT
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means the use of statistical methods,
which in turn require that objective
and well-defined parameters are mea-
sured quantitatively for as many sam-
ples as possible (up to 100%).

For example, a joint’s reliability is not
necessarily affected by the presence of
voids - it is, rather, the amount of void
area per solder joint area, normally
stated as a percentage, that will affect
reliability™®. This percentage is sensi-
tive to process parameters®, making it
necessary to measure the relative void
size for every individual solder joint.
The test criteria which can be automa-
tically evaluated during the inspection
of production series are listed in table
1. Any given BGA solder joint can now
be evaluated simply by comparing a set
of measurement data with threshold
values, also making it possible to con-
duct semi-automated 100% sorting.

Case study - manual
inspection with automated

evaluation

Tests carried out on small series of
assemblies involved moving the test
sample under the X-ray beam manu-
ally, using a joystick.

The joints were evaluated using dedi-
cated BGA software. For standard BGA,
FBGA and CSP solder joints the soft-
ware was set up using the self-teach
mode, and the system recognised the
BGA layout, the right solder joint dia-
meter and the grey level directly during
the evaluation process without re-
quiring additional set-up time. The
system measured all of the criteria
shown in table 1 against pre-set threshold
values.

Thanks to an auto-set-up function, the
operator did not have to monitor posi-
tioning and magnification during
manual inspection, which saved time,
and the results were independent of
variables in X-ray parameters as long
as they were kept within a certain
range. The auto-set-up worked pro-

5% voids

Fig. 2 - Typical results of an automated BGA evaluation (PBGA 352)
after auto-set-up: 3 solder joints deviate from a true circle by more
than 13%, 1 solder bridge is present and 2 solder joints have over

perly as long as at least about 80% of
the solder joints in the field of view met
the acceptance criteria for diameter
and grey level, which was the case for
most applications.

Where this was not the case, target
values were learned from a group of
acceptable solder joints or typed in di-
rectly while the program assisted with
estimate values and measurement
tools. Typical set-up time here was
about 10 minutes for one component
type while time overhead for evaluation
is about 2 seconds. This means that
total test time is mainly determined by
manual manipulation.

The automated evaluation of a stan-
dard PBGA 255 including 4-6 views
requires a maximum of 1 or 2 minutes.
Fig. 2 shows the result of a BGA series

Fig. 3 - Image of 6 uBGA
solder-joints in top-down view.
This clearly shows slight
misalignment and irregular
joint diameters
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Fig. 4 - OVHM image of the
same 6 solder joints shows
where the joints are open

inspection. Here, maximum void
acceptance was 5%. It should be noted
that the background structures (solder
on the other side of the PCB), although
clearly visible, are suppressed during
evaluation and do not influence the test
result. In this case, abnormal solder
joints had to be inspected both under
high inspection and in the OVHM mode
in order to understand the defect
mechanism. Fig. 3, for example, shows
6 solder joints on a uBGA component -
it is easy to see the slight misalignment
and irregular solder joint diameters.
Wetting defects have been identified
according to the above mentioned cri-
teria (no dark ring, missing plateau) in
the joints that are marked. In the
OVHM image (see fig. 4) these solder
joints turned out to be actually open -
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the solder is only attached to the com-
ponent pads. The lower left solder joint
shows the central plateau in top-down
view. In the OVHM image, however, it is
also shown to be open, due to the
missing solder meniscus.

Automated offline
inspection

For bigger sets of samples it makes
sense to use automated offline inspec-
tion. Here, samples are moved by auto-
positioning and the solder joints in the
field of view are evaluated auto-
matically, after which the test results
are saved in a record file.

The test programs for components
with standard layout (full rows of
joints) can use the BGA evaluation
software auto set-up: just the test posi-
tions must be accessed and taught in
manually. Layouts that deviate from
standard (e.g. single unused connec-
tion positions) can be entered by
means of a graphical menu for each
view individually. The same applies to
the threshold values and, if necessary,
other parameters including X-ray para-
meters. In this way, different BGA com-
ponents mounted on the same board
can be inspected in one cycle.

In practice, the set-up time ranged
from 5-10 minutes for a pBGA to 5-30
minutes for a BGA with several hun-
dred solder joints. The time for an
inspection cycle including all criteria
in table 1 ranged from several seconds
(UBGA with two views) to 2 minutes
(BGA 352 with 40 views).

Conclusion

The applications performed until now
demonstrate that, thanks to minimised
set-up times, automated and quan-
titative testing of substrate-based sol-
der joints is feasible and worthwhile.
The OVHM technique now enables the
analysis of finer pitch (CSP, FlipChip)
solder joints at high magnification in
oblique views. An automated evalu-
ation of oblique view images and of the
wetting criteria mentioned above
would be desirable. This, however,
would require an extended approach
to image analysis algorithms because
of the variety of the defect indicating
features. O
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