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In today’s quality-In today’s quality-consciousconscious

manufacturing environment, it ismanufacturing environment, it is

important to be able to detect flawsimportant to be able to detect flaws

in parts and assemblies withoutin parts and assemblies without

destroying the parts anddestroying the parts and

assemblies themselves. This broadassemblies themselves. This broad

field of inspection is called “non-field of inspection is called “non-

destructive evaluation“destructive evaluation“[1][1].  In.  In

microelectronics, nondestructivemicroelectronics, nondestructive

evaluation is not only important forevaluation is not only important for

quality assurance, by eliminatingquality assurance, by eliminating

potentially unreliable parts, butpotentially unreliable parts, but

also for failure analysis. Unguidedalso for failure analysis. Unguided

failure analysis can result in thefailure analysis can result in the

loss of important information.loss of important information.

One of the most importantOne of the most important

tools in this field is the C-Modetools in this field is the C-Mode

Scanning Acoustic Microscope, orScanning Acoustic Microscope, or

C-SAM.C-SAM.

Kerry D. Oren
ITT Aerospace/
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Figure 1. Representation of C-SAM acoustic imaging system (diagram courtesy Sonoscan, Inc.).

Figure 2. C-SAM image of epoxy attach of a ceramic substrate to a metal housing. The
disbonds (voids and delaminations) show up as red. Well-bonded areas are gray.   

Acoustic
Microimaging in
Microelectronics

How It WorksHow It Works
The C-SAM works by alternately
producing and receiving pulses of
ultrasonic energy, typically from 10
-200 MHz (Figure l)[2]. Since
ultrasound will not transmit
through air, the energy is carried to
the sample by a coupling medium.
usually deionized water. A focused
spot of ultrasound is generated by
an acoustic lens, and can be
focused at subsurface levels within
the sample.

The ultrasound interacts within
the solid, and the echoes reflected
can be analyzed for information
about the sample. Each interface
within the sample usually transmits
some ultrasonic energy, and
reflects some energy. By studying
these echoes produced as the
transducer is scanned over the
sample, an image can be produced.

 As already mentioned, air does
not transmit ultrasound. As a result,
any voids, cracks, delaminations, or
other “air-filled” disbonds will
show extremely high contrast,
because the air reflects all of the
energy (Figure 2). Accordingly, the
C-SAM excels at detecting this
type of defect, which many times is
invisible to other techniques such
as x-ray inspection (radio-graphy).
With the ability to focus at specific
levels, the C-SAM can give
information about the size and
depth of the defect.

ApplicationsApplications
As might be expected, the appli-
cations for such an instrument are
many and varied. In solids such as
ceramics, metals, and polymers,

the C-SAM can evaluate porosity
and inclusions. In the food
processing industries, package
sealing can be evaluated. Welds
and braze joints can be studied
and the amount of voiding can be
quantified.

The field of microelectronics
has also found the C-SAM very
useful. Ceramic chip capacitors
can easily and quickly be
inspected for internal cracks and
delaminations. For integrated
circuits, tape automated bonds
(TAB) can be evaluated for the
quality of the attach.

One of the most significant
applications, in the microelec-

tronics area, has been plastic
encapsulated microcircuits
(PEMs). The integrity of the
package is very important,
particularly in high-reliability
applications, where large
temperature excursions may be
experienced. The “plastic”
packaging material is usually
referred to as “epoxy molding
compound” (EMC).

For example, if the plastic
delaminates from the surface of
the silicon die, a number of
effects are possible. Motion of
the plastic relative to the die can
damage the surface, or even
mechanically damage the
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ball bonds[3].  Voids in the plastic
can stress bond wires when they are
intersected, or can become areas of
concentrated moisture.
Delamination along the leadframe
can allow the penetration of
contamination from the outside
world.

All of these PEM defects can be
easily detected by the C-SAM
(figure 3).  Detection is non-
destructive, and parts can be
inspected even after they have

 been soldered to boards.
Following is a case study,

showing the applications for C-
SAM inspection both in the failure
analysis and in the assessment of
risk in built-up product.  It is a good
example of the versatility of this
inspection technique.  This case
study was originally presented at the
1998 International Acoustic Micro
Imaging Symposium, Anaheim CA
USA.

Introduction Introduction To TheTo The
Case StudyCase Study

Timely and accurate failure analysis
has always been critical for
electronics in high reliability
environments, and the application of
plastic encapsulated microcircuits to
these environments has further
highlighted this need.  C-SAM
acoustic imaging is vital not only to
failure analysis, but also to the
evaluation of the reliability impact
of a given package issue.

Failure AnalysisFailure Analysis

A large number of field failures
were isolated to a plastic encapsu-
lated microcircuit (PEM), a 44 lead
PLCC (plastic leaded chip carrier).
Failures were found to be
intermittent, generally failing at
high temperatures and passing at
ambient conditions.  All failures
were found to be of the same
assembly date code.  Parts with date
codes both immediately before and
immediately after the suspect date
code were fielded with no problems.

The devices were returned to
ITT A/CD for failure analysis.  C-
SAM acoustic imaging found that,
without exception, all failures
exhibited epoxy molding compound
(EMC) to die surface delamination
(Type I).  This delamination was
typically over 100% of the die
surface, or nearly so (figure 4).
The delamination was also
confirmed while the parts were still
on the boards, before they were
exposed to desoldering heat.

Internal inspection found that
the delamination had caused lifted
ball bonds, due to the mechanical
stresses[4,5] (See figure 5).  These
lifted bonds created the intermittent
failures observed in the field.

However, another condition was
observed: the ball bonds were
marginally bonded.  This was
demonstrated by the non-uniform
intermetallic formation (figure 6).
Instead of a uniform intermetallic
layer, vertical "spikes" were
observed.  This is indicative of
contamination, which inhibits bond
formation and accelerates localized
intermetallic growth[6,7] .
Evaluation of the ball bonds in other
date codes found good intermetallic
formation (figure 7).

At this point, it was concluded
that the likely cause of the failures
was contamination on the silicon
die.

This contamination, which also
caused marginal bonds that were in
this case not failure-related, caused
the lack of adhesion between the
EMC and the die surface.  Thermal
cycling then resulted in ball bond
failure.  Although this die size is not
necessarily in the "high risk"
category for bond failure in the case
of die surface delamination[8], due
to the relatively small die size, it
was clear that this application
would not tolerate it.

The analysis was then focused
on identifying the contamination.
Parts from several date codes,
including the suspect date code,
were opened mechanically by
cracking the package.  Using
electron spectroscopy for chemical
analysis (ESCA), the exposed
surfaces were analyzed for
contamination.  Silicone was
detected on the die surface, both on
the bond pads and the glassivation,
on the parts from the suspect date
code.  No silicone was detected on
the other samples.  The conclusion
was that the
contamination, which resulted in
both the marginal ball bonds and the
delamination, was silicone.

Supplier Supplier And PackagingAnd Packaging
House ResponseHouse Response

The supplier was kept informed and
involved throughout all stages of
this analysis.  Unfortunately, when
presented with the final root cause
analysis (silicone contamination),
the supplier resisted the final
conclusions. The supplier asserted
that the silicone detected by ESCA
was normal, due to the EMC used.
Of course, this did not explain why
only the failing parts exhibited the
silicone contamination.

Furthermore, no explanation
was offered for the variations
observed in the bond quality.
Finally, no alternative explanations
were offered for why the
delamination occurred.

As a result, no serious effort to
identify the source of the silicone
was made.  However, it was found
that these parts had seen different
processing in the wafer fab, so it is
suspected that the contamination
occurred at the IC supplier, rather
than at the packaging house.

During the course of the
analysis,

Figure 1 C-SAM image of a PEM, showing severe package cracking and delamination (red).
This part was imaged while still on the board.

Figure 3 Part on left has 100% delamination of EMC to die surface (red rectangle in center).  Die
surface on right is well bonded.  Both have delamination of other elements (red/yellow).

 Figure 2 Scanning electron micrograph, showing lifted ball bonds on the silicon die
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the qualification and inspection
procedures for a given assembly
run at the packaging house were
examined.

C-SAM inspections were
performed on a sampling basis;
however, when die surface
delamination was detected, if the
part passed environmental testing
followed by electrical testing, no
changes were made and the run was
considered good.  As a result of this
analysis, the packaging house
agreed that when die surface delam-
ination was detected, a root cause
analysis would be performed in
order to correct the problem.
However, product with the delam-
inated condition may still be
shipped to the users, depending on
the root cause found.

Risk AssessmentRisk Assessment

At the conclusion of the failure
analysis,  some systems containing
parts from the suspect date code
remained in the field.  ITT A/CD's
task was to evaluate what the risk of
failure was in these systems.  C-
SAM evaluation was again a critical
part of this assessment.

Twenty-two operating boards
were obtained, all including parts of
the suspect date code.  All of the
suspect parts were C-SAM
inspected for EMC/die surface
adhesion.  The parts were classified
into three groups:

Full
Die surface was delaminated over
its entire area, or nearly so,
involving at least one corner.

Partial
A portion of the die surface area
was delaminated, involving no
corners.

Negligible
Zero or minimal die surface
delamination detected.

These classifications were estab-
lished because bond failure can
obviously only occur if the delam-
ination involves the area over the
wirebonds, and because the corners
of the die are the area of greatest
mechanical stress and therefore the
greatest risk of failure[9].  Four
samples were classified as full,
thirteen as partial, and five
negligible.

All twenty-two boards were
subjected to a total of 150 thermal

cycles, from –57°C to +103°C,
which is ten times the environ-
mental stress these boards would
normally see.  After every 15
cycles, the suspect parts were C-
SAM inspected for any change in
the amount of die surface
delamination, and the board was
functionally tested to determine if
part failure had occurred.

No significant changes were
observed in the amount of die
surface delamination of any part,
over the duration of the test (figure
8).  However, three devices failed
electrically during the test.  All
three had been characterized as
having full die surface
delamination.  One part failed after
30 cycles, and the other two after
135 cycles.

To insure that a true reliability
difference existed between the parts
classified as full and partial, two
boards from the partial delam-
ination group were subjected to an
additional 150 thermal cycles, for a
total of 300 cycles.  These parts did
not fail electrically.

Eleven more functional boards
with suspect parts were obtained,
and the parts categorized by C-SAM
inspection.

One part was classified as full
die surface delamination, six as
partial, and four as negligible.  Out
of the total population of thirty-
three parts, five, or 15%, were
classified as full.

The conclusions from the risk
assessment phase were as follows:

1. In this case, any die surface
delamination is likely to be stable
over the life of the parts.

2. Approximately 15% of the
fielded parts of this date code are
likely to fail electrically, in the
field.  This risk was addressed with
the particular customer.

3. Because of the nature of the
failures, it is impossible to predict
when these devices will fail.  This is
supported by the failure experience
during the accelerated testing.

ConclusionsConclusions
In this example, a root cause was
identified for the die surface delam-
ination (silicone contamination).
The source for this material was not
located.

Because of the many possible

Figure 6  Cross-section of ball bond.  Light area is intermetallic, irregular with vertical "spikes",
and large areas of unreacted gold.

Figure 5  Intermetallic area is uniform, with most of gold reacted.

Figure 4 C-SAM images of die surfaces.  Left images show a "partial" delamination case,
initially (top) and after 105 thermal cycles (bottom).  Right images show a better-bonded
case, before and after the same thermal cycles.  No changes in either case.
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causes for die surface delamina-
tion, evaluation of the reliability
impact will always be different.  In
this case, the delamination did not
progress over time, and so some
idea of the risk to fielded units
could be established.

 As the literature has shown, this
is a critical interface, particularly in
a high reliability environment where
thermal cycling is an issue.  It is
therefore imperative that the PEM
user be aware of the supplier's
attitude towards die surface (Type I)
delamination, and of the packaging
house's approach towards it, when
found.
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