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Driving Mechanisms of Delamination Related
Reliability Problems in Exposed Pad Packages
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Abstract—Exposed pad packages were introduced in the late
1980s and early 1990s because of their excellent thermal and elec-
trical performance. Despite these advantages, the exposed pad
packages experience a lot of thermo-hygro-mechanical related
reliability problems during qualification and testing. Examples
are dielift, which occurs predominantly after moisture sensitivity
level conditions, and die-attach to leadframe delamination leading
to downbond stitch breaks during temperature cycling. In this
chapter, nonlinear finite element (FE) models using fracture me-
chanics based J-integral calculations are used to assess the re-
liability problems of the exposed pad package family. Using the
parametric FE models any geometrical and material effects can
be explored to their impact on the occurrence diepad delamina-
tion, and dielift. For instance the impact of diepad size is found
to be of much less importance as the impact of die thickness is.
Using the fracture mechanics approach, the starting location for
the delamination from thermo-hygro-mechanical point of view is
deducted. The results indicate that when diepad delamination is
present, cracks are likely to grow beneath the die and dielift will
occur. The interaction between dielift and other failure modes,
such as lifted ball bonds, are not found to be very significant.
The FE models are combined with simulation-based optimization
methods to deduct design guidelines for optimal reliability of the
exposed pad family.

Index Terms—Finite element (FE) method, moisture sensitivity
level (MSL).

I. INTRODUCTION

XPOSED pad packages, such as high power low profile
Ethin quad flat package (H(L/T)QFP), heatsink very-thin
quad flat-pack no-leads (HVQFN), and high power thin shrink
small outline plastic packages (H(T)SSOP), were introduced
in the late 1980s and early 1990s because of their excellent
thermal and electrical performance. Despite these advantages,
a lot of thermo-hygro-mechanical related reliability problems
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are observed during qualification and testing of the exposed pad
family. Examples are as follows.

e Dielift, predominantly after moisture sensitivity level
(MSL) conditions. Dielift means delamination between
die/attach and leadframe, and in some cases delamination
between die/attach and the die. As a result of the dielift,
lifted ball bonds may occur during thermal cycling.

* Downbond stitch breaks associated with diepad delamina-
tion after MSL assessment and subsequently thermal cy-
cling testing. There might be a correlation between diepad
delamination and dielift.

These reliability problems are driven by the mismatch be-
tween the different material properties, such as coefficient of
thermal expansion (CTE), hygro-swelling, vapor pressure in-
duced expansion, and degradation of the interfacial strength due
to moisture absorption. The associated negative business conse-
quence is significant. Until now, there is no solution available in
the industry that solves the reliability problems of the exposed
pad family. Clearly, the driving mechanisms of these delamina-
tion related problems should be explored before possible solu-
tions can be found, such as double downset leadframes, grooves
in the diepad, locking holes, other die/attach types, etc. to limit
the dielift and/or delamination. This paper highlights our results
to find the driving mechanisms for delamination-related relia-
bility problems in exposed pad packages using state-of-the-art
virtual prototyping/qualification techniques.

First of all, novel interfacial adhesion test techniques are
developed to measure the interfacial strength as functions of
both temperature and moisture. These techniques are modifica-
tions and improvements of the well-known four-point-bending
with prenotch crack and ball-on-ring methods. Using smartly
designed samples, the interfacial strengths between moulding
compound and exposed pad, and between die/attach and ex-
posed pad are quantitatively characterized.

Secondly, several reliable nonlinear finite element method
(FEM) models in 2-D are developed to predict the moisture
diffusion, deformation, stress, and interfacial energy history as
functions of processes, temperature and moisture loading. Thus,
the effect of hygro-swelling, vapor pressure, interfacial degra-
dation, and thermal expansion on the failures in the exposed
pad family is predicted. A lot of effort has been spent on devel-
oping reliable material models, based on our dedicated material
characterization methods covering both thermo-mechanical and
moisture properties. As a result, accurate material models, such
as anisotropy for silicon, visco-elasticity for moulding com-
pound and die/attach, elasto-plasticity model for copper, is used
in our multiphysics damage modeling. It is expected that for the
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| Exposed pad

Fig. 1. Examples for exposed pad packages: gull wing leads (top) and QFN
version (bottom).

thin die attach film (thinner than 25 pm) its thermo-mechan-
ical and moisture properties are significantly different than those
from bulk form and thick polymer film, due to size-effect.
Finally, by combining the FE modeling with simulation based
optimization methods, design guidelines can be derived for re-
ducing reliability problems for the exposed pad family. Such
results also provide generic insight in the mechanisms of de-
lamination-related problems for the exposed pad family.

II. EXPOSED PAD FAMILY

An exposed pad package is a package composed of an in-
tegrated circuit (IC) attached to an exposed pad and in a later
stage encapsulated with an epoxy moulding compound. It has
been introduced into the semi-conductor market as a thin, cost
effective, thermal and high frequency package solution [1]. The
exposed pad is a metal plate that is located on the bottom of
the package. Exposed pads on the top of the package are less
common but they exist. Many variations exist; exposed pads are
found on many packages types. Mature package types with gull
wing leads, such as TSSOP, offer exposed pads as an optional
configuration. The exposed pad is a standard feature for quad
flat no-lead (QFN) packages. For the leaded packages with a
gull wing lead, exposed pad products are made using leadframes
with a “deep downset” paddle which is exposed to the outside
of the package after the mold process. Fig. 1 shows two exam-
ples for a gull wing exposed pad package and a QFN package.
Exposed pad features and benefits are:

* Jow profile (1.2 mm max mounted height);

* low loop inductance;

» excellent thermal performance;

* cost effective.

Exposed pads increase the maximum power dissipation of
packages due to its increased thermal performance. In most ap-
plications, the exposed pad is used as an electrical ground. To
do so, so-called down-bonded wires are attached from the IC to
the exposed diepad.

Despite the advantages, a lot of thermo-hygro-mechanical re-
lated reliability problems are observed during qualification and
testing of the exposed pad family. A common failure mode in
exposed pad packages is downbond stitch breaks after temper-
ature cycling testing. It is known that this failure mode is as-
sociated with diepad delamination after MSL assessment [2].
Another common failure mode in the exposed pad family is
the so-called dielift mode. Dielift means delamination between
die/attach and leadframe, and in some cases delamination be-
tween die/attach and die. Dielift is predominantly found after
an MSL assessment and not only depends on the moisture and
temperature conditions but also on material choices and process
conditions. Dielift may endanger the thermal performance of the

Fig. 2. Typical delamination locations in exposed pad packages: dielift (top),
top diepad delamination (bottom-left), and side diepad delamination (bottom-
right). Note that the crucial delamination to induce lifted ball bonds is delami-
nation of the moulding compound from the topside of the IC (not shown).

exposed pad package. As a result of the dielift, lifted ball bonds
may occur during thermal cycling. Even more, there might be
a correlation between diepad delamination and the dielift phe-
nomenon. As such, dielift is a complicated failure mode, which
needs further analysis to answer the following questions.

* What are the domination factors for occurrence of delami-
nation in exposed pad packages? For instance, what is the
impact of diepad size and die thickness.

* What location is the starting point for the delamination
from thermo-hygro-mechanical point of view? Is it more
likely to occur at the diepad top or side?

* What is the interaction between dielift and other failure
modes, such as lifted ball bonds?

Fig. 2 shows typical examples of delamination areas in the ex-
posed pad package.

III. NOVEL ADHESION TEST TECHNIQUES

Delamination in packages is strongly related to the interfacial
strength of two adjacent materials. The interfacial strength or
toughness can be characterized with the energy release rate G
[3], [4], defined as

1 (dU. dUs
G_§<da_da> )

where B is the width of the sample, U, the external work applied
during the test, U the strain energy stored in the sample, and a
the crack length. In principle, the energy release rate is a material
parameter. In other words, the measured value is not dependent
on the test method and the sample geometry. It characterizes the
interface toughness or crack resistance through the interface of
two materials. It consists of the energy associated with rupture of
the intrinsic adhesion force, the energy dissipated in visco-elastic
and plastic deformation processes occurred in the vicinity of the
crack tip. The energy release rate is a function of the phase angle
around the crack tip. The phase angle is defined as the tangen-
tial ratio between the normal stress and shear stress in front of
the crack tip. Based on the test method used, an analytical model
from (1) can be derived to calculate GG from the measured data. At
present, different techniques are available to measure the inter-
face strength between two materials, including the following.
* Button shear/tensile test.

For measuring the adhesion properties of moulding com-

pounds on silicon, leadframe, FR4-substrates etc., simple

pull and shear tests are often performed on small studs



IEEE TRANSACTIONS ON COMPONENTS AND PACKAGING TECHNOLOGIES, VOL. 31, NO. 2, JUNE 2008

120

Yy s

80

60

Krachtin N

40 -

20 +

»

Y

+ 4 4 4 4 1 + ]

Fig. 3. Setup of the blister test (left) and typical recording (right).

made of compound [5]. These traditional adhesion tests
have many weaknesses, including poor repeatability; sen-
sitivity to variables that are unrelated to adhesion, or un-
duly complicated analysis. While such techniques can be
useful for making qualitative comparisons of the adhesion
in similar material systems, it is difficult to obtain quanti-
tative information about dissimilar systems. Furthermore,
these interface strength values are not applicable as input
in quantitative simulations. Therefore, these tests are often
used as qualitative comparison.

Dual or double cantilever beam test.

The dual cantilever beam (DCB) test method is a well-
known method for determining mode-I fracture toughness
of materials and interfaces. Samples used are sandwich like
specimens where on both ends cantilevers are connected to
apply a vertical load. The interface fracture energy can be
measured at a phase angle ¢ = 0° (nearly mode I) with
the double cantilever beam specimen. An alternative ver-
sion is the tapered double cantilever beam (TDCB), which
is designed so that, over a large range of values of crack
length, the rate of change of compliance with crack length
is constant and independent of the value of crack length.
Good examples of this method applied to packaging inter-
faces are found in [6], [7].

Wedge test.

In recent years, the Boeing Wedge test has been widely
used to evaluate surface treatments under adverse environ-
mental conditions as a means of determining the durability
of bonded joints. The test introduces a known tension in
an adhesive joint. This fracture test is an ASTM standard
(ASTM D 3762) and utilizes a mode I specimen configu-
ration [8]. The force is produced by elastic deformation of
two adherent plates through the introduction of a wedge.
The test consists of creating an initial crack by inserting a
wedge, and then following the propagation of the crack with
time. The driving force for the propagation of crack comes
primarily from the stiffness of the beams separated by the
wedge and this driving force decreases as the crack prop-
agates. It is important to note that in this test the cracked
specimen also experiences simultaneous environmental at-
tack at the crack site (when the specimens are placed in that
environment). The length of the crack at equilibrium gives

0.0

t t t t
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Fig. 4. Top view on sample used for blister test, SCAT result showing the
drilled hole.

both the effective fracture energy and the peel strength of
the adhesive assuming no plastic yielding in the specimen.
Modified ball-on-ring test (or blister test).

The modified ball-on-ring or shaft-loaded-blister test is
a typical mode I interfacial strength measurement tech-
nique. Fig. 3 shows the experimental setup of this test and
a typical force recording. A stainless steel cylindrical shaft
with a concave end is attached to the load-cell of a uni-
versal-testing machine. The specimen with the hole facing
up is put on a ring support so that the path of the shaft will
not be obstructed. A steel ball is placed inside the blind
hole and the shaft is adjusted to just touch the steel ball.
A crosshead speed is set on the universal testing machine.
The applied load versus shaft displacement is recorded si-
multaneously throughout the entire loading process. An ex-
ample of this method applied to packaging interfaces is
given here. We have measured the adhesion of moulding
compound to copper leadframe by using the blister test as
a function of temperature and moisture. Special samples
are prepared and scanning acoustic measurements (SCAT)
is used to determine the size of the interface delamination;
see Fig. 4. Values found are in the order of 4-6 N/m for
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this interface at room temperature, which can drop down
to <1-2 N/m at reflow temperatures of 240 °C.
Four-Point bending with pre-notch crack.

Recently, the adhesion strength of low-k materials with its
adjacent materials is measured by using this technique [9].
A schematic representation of the test setup is visualized
in Fig. 5. The sample consists of a bi-material sample with
an initial notch loaded in a four-point bending test. Stable
crack propagation results in a constant load during delam-
ination, which simplifies the determination of the fracture
resistance because it is independent on the delamination
length. A typical ideal load-displacement response of this
test is visualized in Fig. 5. Analytical formulas for the re-
sulting energy release rate can be determined. In general,
the evaluation of the fracture toughness from this test re-
quires numerical calculations, however, with special geo-
metric assumptions, an analytical solution for the energy
release rate GG is possible

M*(1-v3) /1 A
Ge=—5g, (I_z B E) @
/\:E2 (I—U%) /El (I_Ug)
1
b:E@
1 A
Io = o3hd 4+ Sh3 40t Ja(hy 4 Ahg). 3)

The subscript 1 indicates quantities relevant to the top
layer, whereas the subscript 2 denotes the corresponding
quantities for the bottom layer. Subscript ¢ refers to the
composite beam. Note that the moment per unit width
M Pl/2B, with P being the constant load. E and
v denote the Young’s modulus and Poisson’s ratio, h is
the thickness, b is the width of the specimen, and [ is
the distance between the inner and outer support points.
A more general analytical evaluation of the four-point
bending test can be found elsewhere [10].

Any other, either combinations or deviations of above.
Other adhesion test methods reported in the literature are,
for instance, the 90°-peel test, and three point bending with
precrack. The 90°-peel test can be used to measure the ad-
hesion in an adhering system. In the peel test, thin films
are attached to a Silicon substrate and peeled off in a 90°
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Fig. 5. Schematic presentation of (a) four-point bending with prenotch crack and (b) a typical resulting load-displacement curve showing the steady state delam-
ination growth.

Fig. 6.

(a) Overmoulded dedicated leadframe and (b) sawn samples as used for

the four point bending test.

compound

—
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Fig. 7

. Atlocations A-G, the J-integral values are predicted.

angle. The three point bending with precrack test is iden-
tical to the four point bending variant, with the difference
that a precrack is put between both materials by using a
specific releasing agent.

In our study, we have used the four-point bending test
to determine the interface fracture toughness between the
following.

Moulding compound-substrate, moulding compound-
solder resist, and moulding compound-copper traces as a
function of temperature and moisture content. The results
are described elsewhere [11].

Moulding compound-leadframe, die/attach-leadframe
as function of compound and die/attach material types,
temperature, and moisture content.

To investigate the interfacial adhesion between moulding
compound and leadframe, a dedicated frame is designed ex-
isting of a large diepad. This diepad can be overmoulded and in a
next process step sawn into the samples needed. The design is a
0.2-mm-thick, QFN-based, copper frame with a preplated (ppf)
NiPdAu finish. The leadframes are stored under oxygen-free
conditions to avoid oxidation. Using standard processes, a
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Fig. 8. FE mesh for the HLQFP exposed pad package (left) and typical crack-tip meshes to calculate .J-values (right).

0.65-mm-thick layer of moulding compound is added to the
frame. For the four point bending tests, pieces of 9-mm-wide
and 60-mm-long are used and a notch of 85% depth is sawn
into the samples. Fig. 6 shows both the overmoulded frame,
and two sawn 60 x 9 mm? samples. Besides the moulding com-
pound—Ileadframe samples, samples are created in which first
a 25-mm-thick die-attach layer is spread out over the leadframe
after being overmoulded. Interface strength characterization is
performed as function of temperature and moisture content (dry
versus MSL1). Four different commercially available moulding
compounds are used, denoted by MCA/MCB/MCC/MCD, and
two die-attach materials, denoted by DA1/DA2.

IV. MuLTIPHYSICS FE MODELING

A 2-D nonlinear FE model including isotropy for silicon [12],
visco-elasticity for moulding compound and die/attach [12],
elasto-plasticity for the copper leadframe constructed. A mul-
tiphysics FE methodology is used which can take into account
the moisture and thermo-mechanical related mechanisms. The
effects of hygro-swelling, vapor pressure, and thermal expansion
on the failures in the exposed pad family are modeled. We have
used the “wetness” approach [13]-[18], which assumes conti-
nuity of the weighted moisture concentration across interfaces of
different materials. The wetness is definedas W = C/Cl,¢, with
C the moisture concentration. It is assumed that the moisture
uptake in the polymer materials can be described with Fick’s
Law of Diffusion. The following parameters are needed to
describe the moisture uptake in the materials.

o The diffusivity, D(T"): measures the rate of mass diffusion
and is defined as the amount of mass flux per unit concen-
tration gradient (m2/s).

¢ The saturated moisture concentration, Cs,; : the maximum
mass of moisture per unit volume of the substance (kg/m?).

Moisture diffusivity, D, and the saturated moisture concen-
tration, Cy,¢, are measured using moisture absorptions measure-

vapour pressure
300
.
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Fig. 9. Loading scheme: thermal, moisture, and vapor pressure are subse-
quently added.

ments at MSL1 (85 °C, 85%RH) and MSL3 (30 °C, 60%RH)
conditions. The weight gain of the samples as function of time is
measured by a thermal gravimetric analyzer (TGA) and serves
as input for determining the material properties by curve fitting
of the measured data. For the determination of the moisture ex-
pansion coefficient (CME), combined TMA/TGA experiments
have been performed at 85 °C on saturated samples. Combining
the obtained results of moisture desorption and shrinkage as
function of time, the CME can be estimated [13].

For predicting delamination growth of an existing delamina-
tion, linear elastic fracture mechanics (LEFM) is applied using
the .J-integral approach. The .J-integral value is calculated at the
interface and represents the available energy to delaminate the
interface. Based on plane strain assumption 2-D FE models are
constructed to calculate the value of the .J-integral, as function
of hygro-thermo-mechanical loading. J-integral values are cal-
culated at different interfaces within the package; see Fig. 7.

Fig. 8 shows the fully parametric 2-D FE model with some
typical crack-tip meshes. Through a solid mesh sensitivity anal-
ysis the eventually used mesh size is fixed. Different integra-
tion-paths are analyzed to fix the path to calculate the even-
tual J-value. Fig. 9 shows the loading scheme, including the
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TABLE I
INTERFACE FEATURE TOUGHNESS FOR THE
DIFFERENT VARIATIONS AND CONDITIONS

Interface Fracture Toughness [J/m2]
Sample ID Dry Wet
Moulding Compound
MCA, 20°C 5.7 3.2
MCB, 20°C 6.2 5.9
MCC, 20°C 6.9 -
MCD, 20°C 14.8 7.3
MCA, 20°C, with LF oxidation 2.5 1.9
Die-attach
MCA + DAl, 20°C 10.5 -
MCA + DA2, 20°C 24.0 13.1

thermal, moisture, and vapor pressure loading that is used in the
FE model.

V. RESULTS

A. Interface Strength Test

Table I lists the results of the different material combinations
and various conditions. At 20 °C and under dry conditions, the
adhesion strength between compound and leadframe is approx-
imately 6 J/m?. The FE model is used to calculate the mode
mixity of the current setup, revealing a value of 38°. These
values comply with those found in the literature. Tay et al..
[19] measured an interface strength of 4.5 J/m? for the lead-
frame—compound interface at a mode mixity of ¢) = 0°.

Comparing the various compounds at 20 °C, the adhesion
strength between MC A, B, and C are close to each other, but
MCD has a significant better bonding to the leadframe. When
moisture is present at the interface, the results show that the ad-
hesion strength may decrease with 50% for MCA and MCD.
MCB is less sensitive to the moisture. Clearly, moisture absorp-
tion degrades the interfacial strength. With increasing moisture
content, the polymer molecules at the interface bond with water
molecules and hydrogen bonds replace the attachment with the
leadframe.

To explore the effect of oxidation and contamination, a set of
leadframes are exposed to air for 48 h after being overmoulded.
As expected, oxidation and/or contamination shows a strong de-
grading effect, more than 200%. Surface conditions (contami-
nation, treatment, etc.) and processing have a large influence on
the adhesion strength.

The specimens with DA1 and DA2 show a higher adhesion
with the leadframe compared with the compounds. This is due to
the fact that die-attach materials are chemically tuned to adhere
to surface finishes on leadframes. For DA2 the interface fracture
toughness is even more that 200% times higher than for DA1.
This is an effect of a different chemistry. Again, when moisture
is presented at the interface, the adhesion strength may decrease
to 50%.

After Moulding After MSL

(a) (b)

Fig. 10. Deformed structure at the die edge in the exposed pad and die/attach
area (a) after moulding and (b) MSL loading conditions.

mode angle [degree]
N
(4]

0 20 40 60 80 100
Front position delamination along pad [%]

Fig. 11. Mode mixity along the diepad interface.

B. Multiphysics FE Modeling

Fig. 10 shows the locally deformed structure after moulding
and MSL loading conditions. It is clear that the die/attach pulls
at the exposed pad and high .J-values are expected. Due to the
moisture loading, the swelling of the compound/die/attach de-
creased these local deformations, and thereby, closes any inter-
face present.

Fig. 11 shows the mode mixity along the diepad for the nom-
inal model, 0% is the starting point at the side of the pad, 20%
is the corner point, 40% is the point of the die-attach fillet, 60%
is exactly below the die, 100% is at the symmetry line.

Fig. 11 shows the following.

* At the diepad side (between 0%-20%), the interface is
loaded under a mode mixity of 20°. The interface tough-
ness value for compound-leadframe at 20 °C is 6 J/m?. Re-
member that these values may drop with a factor 3 when
the leadframe is contaminated and/or oxidized.

» At the top of the diepad (between 20%—40%), the interface
is loaded under a mode mixity of 90° (pure mode II, shear
loading). The toughness value at 20 °C under this mode is
>25 J/m?.

e Under the die-attach fillet (between 40%—60%), the mode
mixity drops to 10° (almost pure mode I, tensile loading)
and rises to 60° when it reaches the die corner. The tough-
ness values for this interface under this mode would be
about 10-25 J/m? at 10° and rising to 100—125 J/m? at 60°.

* Under the die (between 60% to 100%), the mode mixity
remains constant at 60°, where a toughness value of
100-125 J/m? is expected (probably even higher but no
data is available/measured at this mode).
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Fig. 13. J-integral values at specific locations during processing and testing.

These values can be compared with the calculated ones during
manufacturing, processing, and testing. Fig. 12 shows the cal-
culated J-integral values at the different locations as function
of the loading conditions. The following can be concluded from
this figure. At the side of the pad (location G and F), the .J-inte-
gral values are below 5 J/m? during processing, indicating that
this interface will not fail from a thermo-mechanical point of
view. It will only fail when this interface is contaminated, since
the toughness value will drop below 2 J/m?. During TMCL, the
J-integral values increase to 10 J/m? and are getting closer to
the toughness values. During cool down from the moulding tem-
perature the J-integral values at the locations B and C (interface
die-attach with leadframe) increased dramatically and seem to
exceed the measured values. Especially at location C, directly
below the die corner, the J-integral values rise until 50 J/m?
after moulding and 150 J/m? during TMCL testing and are be-
yond the measured toughness values. During MSL testing, the
J-integral values drop. This is due to the expansion of the com-
pound as a result of moisture uptake. When swelling the com-
pound closes the interface and .J-integral values decrease. The
effect of the moisture is purely degrading the interface tough-
ness with 20%—-40%. The results indicate that delamination will
occur at the die-attach border, have the tendency to progress
until point B, but not until point A (lower J).

As mentioned before, total dielift may facilitate other failure
modes, such as lifted ball bonds on top of the IC, during TMCL
testing. Fig. 13 shows .J-integral values at the different locations
C, D, G, and E. The J-integral value for location E (on top of
the IC) is calculated when the total diepad is delaminated (thus
including total dielift). This .J-integral value at location E is very

Pad
Delamination

Fig. 14. Effect of delamination on the side of the pad (location G) as function
of body size and pad-to-body ratio.

Fig. 15. Dielift occurrence as function of body size and pad-to-body ratio.

low indicating that the relation between dielift and lifted ball
bonds is not that significant.

C. Optimization

A numerical DOE [20], [21] is performed using the following
parameters.

* Body size, increasing from 3x3 mm? to 24 x 24 mm?2.

* Pad-to-body ratio (length based) from 15% to 60%.

* Die-to-pad ratio (length based) from 10% to 85%.

A space-filling Latin-Hypercube design consisting of 30 vari-
ations is constructed. For the responses, the .J-integral values
at the locations C and G are chosen. Fig. 14 shows the effect
of body size and pad-to-body ratio on the calculated .J-integral
values on the G location (side of the pad). It is clear that both
the body size and the pad-to-body size have no effect on the
occurrence of pad side delamination. The same result is found
for the die-to-pad ratio. Fig. 15 shows the effect of .J-integral
values below the corner of the die (location C), in other words
the occurrence of dielift, as function of the body size and the
pad-to-body ratio. As the body size and the pad-to-body ratio in-
crease, the .J-integral value decrease from 190 J/m? to 130 J/m?
(32% reduction) indicating that for larger packages the thermo-
hygro-mechanical effects for dielift occurrence diminish. Note
that for larger packages, the interface toughness may increase
or decrease due to some processing effects. From these results it
can be deducted that dielift is not related to package size and/or
package internal ratios. There is no need to setup a design rule
for this feature. It is very important to secure interface toughness
in exposed packages by proper processing (curing time, no/lim-
ited leadframe oxidation and/or contamination).
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VI. CONCLUSION

Despite the electrical and thermal advantages, the exposed
pad packages experience a lot of thermo-hygro-mechanical re-
lated reliability problems during qualification and testing. In this
chapter, interfacial adhesion test results are combined with non-
linear FE models using fracture mechanics based .J-integral cal-
culations to assess the reliability problems of the exposed pad
package family. Using the parametric FE models any geomet-
rical and material effects can be explored to their impact on the
occurrence delamination and/or dielift. For instance the impact
of diepad size is much less as the impact of die thickness. Even
more, the models can be used to find the starting location for the
delamination from thermo-hygro-mechanical point of view. The
results indicate that when diepad delamination is present, cracks
are likely to grow beneath the die and dielift will occur. The in-
teraction between dielift and other failure modes, such as lifted
ball bonds, are not found to be very significant. Even more, the
modeling work combined with the strength measurements have
shown that from thermo-hygro-mechanical point of view this
interface should not delaminate, unless it’s toughness is not se-
cured by a proper material choice and/or processing. The degra-
dation of the compound and die-attach to leadframe interfaces
combined with the imposed thermo-hygro-mechanical forces
will lead to the reliability problems. Therefore, it is vital to se-
cure processing conditions of the exposed pad family by proper
curing of moulding compound and/or die-attach materials to
obtain sufficient interface toughness, secure leadframe storage
under controlled environmental conditions to prevent oxidation
and/or contamination, and/or introduction of a cleaning step for
those leadframes for which dielift is a known risk.

Delamination is a key trigger of mostly observed reliability
problems in the microelectronic industry. As such, not only
those materials having sufficient interface toughness should be
selected but also design choices should be made able to with-
stand increased forces due to the occurrence of delamination.
Prediction models may support these choices.
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