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I n the recent push to use commercial
electronics in high-reliability applica-
tions, one of the most important con-

siderations has been the applicability of
p l a s tic en c a p su l a ted microc i rc u i t s
( PE M s ) . Redu ced wei ght and co s t ,
higher pin counts,and newer technology
i n tegra ted circuits (wh i ch depend on
high pin counts) have combined to make
PEMs a desirable commodity in the mil-
itary and spaceflight worlds.

PEMs, however, have their own set
of reliability issues and these have been
well documented. Many o f these issues
are moisture or contamination related,
and many are related to delamination
within the package. “Delamination” in
this case usually refers to a lack of adhe-
sion, or an adhesion failure, between the
epoxy molding compound (EMC) and
the internal circuit elements. It can also
refer to failure of the die attach, the
epoxy connecting the silicon die to the
leadframe assembly.

Delamination inside the PEM varies
in its impact on reliability, depending on
the location of the delamination and the
final application for the PEM. For exam-
ple, delamination of a surface-breaking
feature might increase the moisture sen-
sitivity of the part; on the other hand, a
fully enclosed delamination may not be
a concern at all.

Of these delamination issues, a criti-
cally important one is delamination of
the EMC along the silicon die surface.

This interface is critical for two reasons.
Delamination allows movement of the
die and EMC relative to each other, plac-
ing shear stresses on the die surface and
on the wi rebon d s . This can re sult in
mechanical damage to the die surface
and wirebonds. It also allows moisture to
collect at the die surface, and the result-
ing bond pad corrosion can cause open
circuit failures.

How Die Surface Delamination
Causes Failures

When the EMC/die surface interface
is delaminated,differences in the thermal
coef f i c i ent of ex p a n s i on (TCE) all ow
movement of the EMC and die relative to

each other. The resulting shear stresses
can deform met a l i z a ti on trace s , a n d
crack polysilicon traces and underlying

oxides. The shear stresses are particularly
strong at the corners and the die periph-
ery, where the wirebonds are located.
This can cause lifted bonds (Figure 1)
and can even crack the silicon under the
bonds (Figure 2). The latter effect is often
mistakenly attributed to a bonder setup
problem.

These con d i ti ons can manife s t
t h em s elves as ex trem ely interm i t ten t
electrical failures. They can be tempera-
ture-sensitive, or even sensitive to touch.
Fu rt h erm ore , t h ey gen era lly becom e
more pronounced with more tempera-
ture excursions. These factors combine to
make the problem difficult to detect elec-
trically, and often this type of problem
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Specifications and their approaches to classifying die surface delamination.
Table 1

Relevant paragraph

8.2.1(a) No measurable delamination change on the top
surface of the die

Specification

J-STD-020A Moisture/Reflow Sensitivity Classification
for Nonhermetic Solid State Surface Mount Devices

16.5.1.3.2(e) Any measurable amount of delamination
between plastic and die

MIL-STD-1580B  Destructive Physical Analysis for
Electronic, Electromagnetic, and Electromechanical parts
(in working group as of this writing)   

7.3.2(5) Any measurable amount of delamination
between plastic and die

Plastic Encapsulated Microcircuit (PEM) Guidelines for
Screening and Qualification for Space Applications
(NASA Draft, 1997)



first manifests itself in the field.

Potential Causes of Die Surface
Delamination

There are a number of potential fac-
tors influencing die surface delamination.

• Moisture ingress into the bulk EMC
can cause delamination. In extreme
cases, soldering moisture-laden pack-
ages can cause catastrophic failure by
cracking the package (“popcorning”).

• Surface cleanliness is also a factor. It
has been reported that even fractions
of a monolayer of adsorbed contami-
nation can interfere with die surface
adhesion. Recent studies have pointed
to silicone contamination on the die
surface as a cause o f delamination.
One source for this is the adhesive
tape used to hold the wafer during
backside grinding. Any organic conta-
mination can prevent the adhesion
promoters within the EMC from
properly bonding to the die surface.

• Poor material selection can cause
adhesion problems. For example, a
given die passivation and EMC com-
bination may be incompatible with
good EMC/die adhesion.

Industry Views on Die Surface
Delamination

The con cern over this defect has
been reflected both in specifications and
in current literature (Table 1). Consider

IPC/JEDEC J-STD-020, which deals with
m oi s tu re sen s i tivi ty cl a s s i f i c a ti ons for
PEMs. Any change in die surface adhe-
sion results in the part failing that classi-
fication level. The military specification
for destructive physical analysis, MIL-
S T D - 1 5 8 0 , is in the process of bei n g
revi s ed (at this wri ti n g, a meeting is
scheduled to discuss Revision B). In that
revision, delamination on the die surface
is cause for rejection of the part.

Another draft document is NASA’s
“ P l a s tic Encapsu l a ted Mi c roc i rc u i t

( PEM) Gu i delines for Screening and
Q u a l i f i c a ti on for Space App l i c a ti on s”.
This specification also rejects for any die
surface delamination.

Concern over this issue has also been
ref l ected in the current litera tu re . A
recent paper by an industry leader stated
that even the smallest delamination, tens
of Angstroms, can cause problems, and
that “intimate adhesion” at this interface
is essential.

Detecting Die Surface
Delamination With AMI

The risks assoc i a ted with del a m i n a-
ti on make it important to be able to
detect it. One way to detect it, of co u rs e ,
is thro u gh el ectrical failu re s . This is not
very de s i ra bl e , e s pec i a lly since many
times the failu res occur in the fiel d — t h e
most ex pen s ive place for a failu re to
occ u r. In cases of gross pack a ge crack-
ing or “popcorn i n g” ( F i g u re 3), h i gh
re s o luti on x-ray imaging can som eti m e s
detect the del a m i n a ti on wh en the fail-

u re is so severe that a large gap ex i s t s
bet ween the molding com pound and
the die.

The on ly way to rel i a bly and non de-
s tru ctively detect del a m i n a ti on in PE M s
is by aco u s tic micro imagi n g, or A M I .
AMI works by altern a tely producing and
receiving pulses of u l tra s onic en er gy,
typ i c a lly from 10 to 200 MHz. Si n ce
u l trasound wi ll not transmit thro u gh air,
the en er gy is carri ed to the sample by a
coupling med iu m , u su a lly dei on i zed
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Scanning electron micrograph, showing lifted ball bonds
as a result of die surface delamination.

Figure 1

Scanning electron micrograph, showing silicon chipout (“crater”) caused
by delamination, where the ball bond was formerly located.  Such dam-
age is also caused by wire bonder setup problems, so acoustic micro
imaging (AMI) becomes very important in distinguishing between the two.

Figure 2

The risks associated with delamination make it

important to be able to detect it.



w a ter. A foc u s ed spot of u l trasound is
gen era ted by an aco u s tic lens and can be
foc u s ed at su b su rf ace levels within the
s a m p l e .

The ultrasound interacts within the
solid, and the echoes reflected can be
analyzed for information about the sam-
ple. Each interface within the PEM will
gen era lly ref l ect some ultrasound and
transmit some ultrasound. By studying

the echoes produced as the transducer is
scanned over the sample,an image can be
produced (Figure 4).

Since air does not transmit ultra-
sound, any voids, cracks, delaminations,
or other “air-filled” disbonds will show
extremely high contrast, because the air
reflects all of the energy (Figure 5). As a
result,AMI excels at detecting this type of
defect , wh i ch is gen era lly invi s i ble to

o t h er non de s tru ctive imaging tech-
niques. With the ability to focus at specif-
ic levels, information about the depth
and size of the defect can be obtained.

Applying AMI to Die Surface
Delamination

Figure 6 shows a typical case of die
surface delamination. If this part were,
for example, the same date code as parts

used in fielded material, then a
nu m ber of qu e s ti ons pre s en t
themselves. Is the problem con-
fined to one date code?  Where in
the process is the delamination
occurring, or are parts delami-
nated as-received? What is the
risk to the fielded material? Will
the delamination “grow” as the
part is exercised or subjected to
thermal cycles?  What is the like-
l i h ood of a del a m i n a ted part
actually failing electrically?  Can
the problem be eliminated with
better handling (keeping parts
dry)?

Because AMI is a non de-
s tru ctive te s t , it is ide a lly su i ted
to answering su ch qu e s ti on s .
For ex a m p l e , F i g u re 7 shows a
p a rt imaged — i n i ti a lly with A M I
and then after several envi ron-
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Acoustic image of a ball grid array with
“popcorn” damage.  The red area is
massive cracking and delamination of
the plastic due to the explosive release
of moisture during soldering.

Figure 3

Acoustic image of a typical microcircuit.
Note the die in the center, the die pad-
dle, and leadframe elements.  Red on
the die paddle indicates small delamina-
tions.  Die surface is well-bonded.

Figure 4

Acoustic image of microcircuits still on
a circuit board.  Red on the leadframe
indicates delamination.  Die surfaces
are good.

Figure 5

Acoustic image of a plastic quad flat
pack (PQFP).  Numerous areas are
delaminated (red), but note especially
the die surface is completely delami-
nated (red square in center).

Figure 6

Acoustic image of a plastic leaded chip carrier
(PLCC), scanned at four different points in the
process.  Note the small delamination at the lower
right hand corner of the die surface, which remains
unchanged during the various process steps.

Figure 7



m ental te s t s — to determine if the die su r-
f ace del a m i n a ti on was stable (its stabi l i ty
wi ll depend on the actual root cause of
the del a m i n a ti on ) . In ad d i ti on , a large
nu m ber of p a rts can be eva lu a ted qu i ck ly,
so the percen t a ge of p a rts affected can be
determ i n ed and ex tra po l a ted to those in
the fiel d . Fu rt h erm ore , p a rts that have
been imaged can con ti nue to be stre s s ed
and te s ted to eva lu a te what the prob a bi l i-
ty of el ectrical failu re is for a given te s t
prof i l e .

The part in Figure 7 represents a large
experiment in which AMI played a notable
part. As an example,the following conclu-
sions were gleaned from that experiment:

• The die surface delamination was date
code related.

• The delamination occurred at the 
supplier.

• In many cases,the initial delamina-
tion would grow dramatically during
solder reflow, then remain stable until
the units were fielded. Others were
stable even during reflow.

• AMI of a part any time after reflow
would give a good indication of its
appearance in the field.

Another key role that AMI plays is in
failure analysis. For example, if the ana-
lyst uncovers a condition as shown in
F i g u re 1, i m m ed i a te qu e s ti ons ari s e
because of the difficulty of “opening”
PEMs (which is accomplished by chemi-
cal or plasma means). Was this an artifact
of the chemical process? Was it due to
con t a m i n a ti on on the die that was
washed away by the opening process?

In such a case the AMI data is essen-
tial. For example,if AMI determined that

the die surface was delaminated before
the failure analysis was performed, the
analyst can use that data along with the
electrical data and be assured that this
condition is directly failure-related and
not an artifact. In the case of poor ball
bond quality, die surface delamination
would give a clear picture that wide-
spread die contamination was interfer-
ing with the bond formation. In the case
of chipouts under the ball bonds (refer
back to Figure 2), die surface delamina-
tion detected by AMI proves it was not a
bonder setup issue. This type of infor-
mation is lost if the failure analysis pro-
ceeds without AMI.
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