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Abstract

In this paper a three-dimensional model of a novel electronic package has been developed using Finite element analysis to
evaluate the shear load, tensile, bending and thermal stresses. Simulations of a complete flexible flip chip electronic
packaging method are performed to minimize stresses on the packaged electronic device to improve robustness and
reliability. Three component under-fill adhesives (Loctite 4860, Loctite 480 and Loctite 4902) and three circuit substrate
materials (Kapton, Mylar and PEEK) are compared and the optimal thickness of each is found by shear load, tensile load,
bending test and thermal expansion simulations. A fixed die size of 3.5 mm x 8 mm x 0.53 mm has been simulated and
evaluated experimentally under shear and bending load. The shear and bending experimental results show good agreement
with the simulation results and verify the simulated optimal thickness of the adhesive layer. The Kapton substrate together
with the Loctite 4902 adhesive were identified as the optimum in the simulation. The simulation of under-fill adhesive and
substrate thickness identified an optimum configuration of a 0.045-0.052 mm thick substrate layer and a 0.042-0.045 mm
thickness of the Loctite 4902 adhesive. The bending simulation has also been used to determine the neutral axis of the
encapsulated electronic package in this paper, thus identifying the optimal material and thickness for the encapsulation

layer of the package.

1 Introduction

In today’s society, microelectronics technology plays a
significant role in people’s lives as is evidenced by the
abundance of devices such as mobile phones and laptops.
Electronic textile technology seeks to further integrate
microelectronics technology by combining electronics with
textiles to provide convenient and comfortable access
(Bonderover and Wagner 2004). An electronic textile (e-
textile) is a textile with integrated electronic functionality.
E-textiles can be applied in many areas such as in clothing,
for medical application or in home furnishings (Li 2017a;
Meoli and May-Plumlee 2002). We aim to produce elec-
tronic textiles by directly mounting electronic components,
in die form, within the yarn of the textile on a miniature
flexible substrate. However, E-textiles are often a wearable
product and, as such, are subject to human motion activities
making integrated electronic components vulnerable to
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different kinds of stresses such as shear and bending which
can cause embedded electronic devices to fail or mal-
function. Consequently, the functionality which can be
integrated in the textile by means of electronic components
is limited by the packaging methods used to protect and
mount the components within the textile.

Reliability and flexibility are two key factors for func-
tional e-textiles (Katragadda and Xu 2008) and the elec-
tronic chip packaging processes described in this present
paper aims to maximize the reliability of the packaged
electronic chip whilst, at same time, keeping the package
as thin as possible to increase the flexibility of the overall
assembly. Different types of substrates, under-fill/adhesive,
chip and encapsulation materials have been used to pack-
age electronics into the textile. Little has been mentioned
of how to improve the reliability of the electronic package
by analysing the stress distribution within the electronic
package (Paul et al. 2014; Rajoo 2010). The flexible
electronic packaging method analysed in this paper is a die
pod, which is a three layer assembly consisting of an
electronic die, the adhesive layer and the plastic layer as
shown in Fig. 1. Flip-chip technology is used to mount
ultra-thin die onto thin flexible polymer film strips.
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Fig. 1 Schematic cross section though a die pod showing example of
flip-chip configuration of electronic die on plastic package

Electrical interconnections between the electronic die and
the bottom plastic layer can be made using conductive
adhesive or solder (Kallmayer 2003; Castano and Flatau
2014). Non-conductive adhesive is applied into the empty
space between die and substrate to act as an under-fill.
Under-fill is used in electronic die packaging to (a) reduce
thermal stresses caused by the difference of the coefficient
of thermal expansion between the silicon die and the sub-
strate and, (b) increase the reliability of electronic pack-
aging interconnections when mechanical impact and shock
occurs (Chan et al. 2004; Nysaether et al. 2000; Loh et al.
2013; Wan et al. 2007; Li 2017b). This package is used for
all simulation and experimental investigations in this paper
to determine the optimal thickness and materials of the top
and bottom plastic and adhesive layers.

2 Material and modelling methods

Achieving a reliable methodology for packaging bare die
on the thin plastic substrates requires an extensive mod-
elling exercise to minimize stresses in the assembly that
occur due to bending and temperature changes during
normal operation. The packaging stresses have been
modelled using finite element analysis (FEA) to perform
static stress analysis. The software package used is ANSYS
and a key design consideration is the size of the package,
which should be minimized where possible.

The FEA has been used to determine the stresses in the
mounted adhesive/plastic substrate layer under four con-
ditions. The four conditions include a shear load, a tensile
load, a three point bending load and a temperature load.
These analyses have been used to optimize the thickness of
the adhesive and substrate layers used in the assembly to
minimize the stresses. The stress analysis has also been
used to evaluate three under-fill adhesives (Loctite 4860,
Loctite 480 and Loctite 4902) and three plastic substrates
(Kapton, Mylar and PEEK) materials. From maximum
shear stress theory and maximum distortion energy theory,
the maximum shear stress and von-Mises stress can be
determined in order to evaluate the failure of ductile
materials, and from Maximum normal stress theory, the
compression and tensile stresses are used to evaluate the
failure of brittle materials (USA, D.o.D.a. 1996). Therefore

@ Springer

the maximum shear stress and von-Mises stress in the
adhesive and substrate layer, and compression and tensile
stress in die layer have been analysed in this paper. Table 1
shows the material properties for three under-fill adhesives
and three plastic substrates.

The shear load modelling method is shown in Fig. 2a, in
this figure, the boundary condition for shear load FEA
modelling are: a force is applied on the left edge of die and
perpendicular to the primary substrate, the left and right
edges of substrate are fixed. The top layer of the electronic
package is the die, the middle layer is the adhesive and the
bottom layer is the substrate. Figure 2b shows the three
point bending load modelling method, Points a, b and c are
assumed as the three points in model. The boundary con-
dition for three point bending load FEA modelling are:
point a and b are fixed in the bending test while point c is
where the force is applied in the negative Z direction. In
both shear and bending simulations reliability is deter-
mined by observing the stresses in the different layers. The
element size in the FEA simulation was defined by speci-
fying the number of elements along key dimensions of the
model. The long edge (X direction in Fig. 2a) and short
edge of the die and adhesive were divided into 8 and 4
elements respectively. The thickness of the die (Z direc-
tion) was divided into 3 elements whilst the adhesive has 2
elements through its thickness. The substrate has 20 ele-
ments along its length and 5 elements across its width and
through its thickness. The ANSYS Multizone mesh setting
was used to perform the mesh operation. To accommodate
the different mesh sizes, two contacts were defined
between the substrate and the adhesive and also between
the adhesive and the die.

Figure 3a shows the tensile load modelling method, the
boundary condition for tensile load FEA modelling are: a
force applied on the top surface of die, the left and right
edges of substrate are fixed and the top surface of substrate
will be fixed in any directions. The thermal expansion
modelling method is shown in Fig. 3b, the boundary con-
dition for thermal expansion FEA modelling are: the left
edge of substrate is fixed, and the whole package is heated
up from 0 to 80 °C.

To prove the simulation results, shear load experiments
have been undertaken in conjunction with shear load sim-
ulations. An electronic package holder and an Electropuls
1000 mechanical test machine, shown in Fig. 4, are
required for the shear load experiment. Figure 4a is an
sample holder for the shear load experiments: platforms
“a” and “b” are the platforms for applying force to the
package, “c” is the electronic package sample which is
held in position by two holders, “e” which is used to fix the
left edge of the sample, and the other holder is behind the
beam used to fix the right edge of sample, “d” is an edge of
load beam used to apply force onto one edge of the
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Table 1 The properties of

materials used in this paper Product Young’s modules (MPa) CTE (K_l) Density (g cm_3) Tensile strength (MPa)
(Henkel 2019; Boedeker 1 otite 4860 430 0.0001 1.07 >5
Plastics, Ins. 2019; DUPONT .
KAPTON® HN polyimide Loctite 435 2000 0.00008 1.1 > 1.8
2019; Mylay 2019) Loctite 4902 400 0.000425 1.06 16

PEEK 3800 4.7E-05 1.32 98

Kapton 2500 2E—05 1.42 231

Mylar 3100 1.7E—05 1.39 138

Silicon die 15,000 1.1IE-0.6 2.33 7000

Electronic die layer

Substrate laver

Fix

Adhesive layer

(a)

Force applied on top of substrate layer ‘

Top of substrate la

Fixed
Fixed

A7

Electronic die

Bottom of
substrate
layer

Adhesive layer

(b)

Fig. 2 FEA modelling methods, a shear load model and b three point
bending load model

packaged die. Figure 4b shows an Electroplus 1000
mechanical test machine designed for dynamic and static
testing of a wide range of materials and components. In the
shear load test, the Electroplus was used to apply an
external force to the platform in positions “a” and “b” of
the holder. To validate the simulation results, the boundary
conditions for the shear load simulations were replicated
for the shear load experiment. The procedures for the shear
load experiments are closely correlated to the shear load
simulations in that: (1) the Electroplus machine is used to
apply an external force to one edge surface of the die; (2)
the two edges of substrate are fixed by the two holders.

Force applied
Electronic die layer

Substrate layer

Adhesive layer
(@)
Electronic die layer,

Y Adhesive layer

Substrate layer
(b)

Fig. 3 FEA modelling methods, a tensile load model and b thermal
expansion model

Fixed s

= apply force onto
\ platform"a" and
e

(b)
Fig. 4 Equipment for shear load experiments, a electronic package

sample holder for shear load test and b Electroplus 1000 mechanical
test machine used to apply force
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3 Modelling results and experiment
verification of modelling

The FEA modelling results show the effect of substrate and
adhesive thickness for stresses inside electronic package.
The effect of the choice of adhesive and substrate materials
on the electronic packaging have also been discussed under
the four modelling methods.

The maximum shear and von-Mises stresses have been
simulated from each model. The maximum shear stress and
von-Mises stress are obtained in adhesive and substrate
layer. The width and length of silicon die, adhesive layer
and Kapton substrate are fixed at 3.5 mm X 8§ mm,
35 mm X 8§ mm and 10 mm X 180 mm respectively
and the thickness of die is fixed at 0.53 mm. In this work
the aim is to keep the package as thin as possible to
increase the flexibility of the overall assembly, so adhesive
in thickness ranges of 0.005-0.07 mm have been tested in
simulation and experiment, and the thickness of substrate
between 0.01 and 0.08 mm also have been simulated in this
paper to identify the optimum thickness of adhesive and
substrate layer.

3.1 Comparision of under-fill adhesive
and substrate material

The three adhesive materials (Loctite 4860, Loctite 435
and Loctite 4902) and three substrate materials (PEEK,
Kapton and Mylar) have been compared in this sec-
tion. The thickness of the die, substrate and adhesive are all
fixed in each test modelling method. The substrate material
is Kapton when comparing the adhesive material and the
Loctite 4902 is selected as adhesive material when com-
pare substrate material. The die material is silicon. The
thicknesses of the die, adhesive and substrate are fixed at
0.53 mm, 0.05 mm and 0.125 mm respectively. A loaded
force of 10 N was used for the tensile load, three points
bending load and the shear load modelling.

In an electronic package, the connections between the
electronic die and the substrate (adhesive layer) are the
most significant influence on the strength of the electronic
package. The maximum shear stress and von-Mises stress
in the adhesive layer are simulated to compare different
adhesive materials under shear load and bending as shown
Fig. 5. The Loctite 4902 adhesive simulated the smallest
von-Mises and shear stresses when applied a 10 N external
force, Fig. 5c shows that compressive and tensile stresses
in the die layer do not change significantly, and the sim-
ulated compressive and tensile stresses are much less than
the strength of silicon die (7000 MPa). The Loctite 4902
shows the best stress performance in shear and bending
load simulations. Figure 6 shows the simulation results to
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Fig. 5 Stresses simulation to compare different under-fill material,
Kapton used as substrate material, a shear load modelling to
simulated maximum shear stress and von-Mises stress, b bending
load modelling to simulated maximum shear stress and von-Mises
stress, ¢ tensile and compressive stresses in die layer simulated in
shear and bending load
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compare adhesive materials in tensile load and thermal
expansion modelling. In the tensile and thermal expansion
model, the Loctite 4902 produced the smallest von-Mises
and shear stresses in the adhesive layer, since it has the
smallest coefficient of thermal expansion (CTE) compared
with other under-fill materials. Tensile stress and com-
pressive stress in the die have also been evaluated under a
tensile load and thermal load for each of the different
adhesive materials and the simulated stresses in die do not
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change significantly. All four models indicate that, of the
three different adhesives, Loctite 4902 shows the best
stress performance.

The maximum shear and von-Mises stress in the adhe-
sive and substrate layer have been compared to identify the
optimum substrate material. Figure 7a shows the shear load
modelling results of the maximum shear and von-Mises
stress in the adhesive layer, stresses produced by Kapton
substrate are almost the same as stresses produced by
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Fig. 7 Stresses simulation to compare different substrate material,
Loctite 4902 used as under-fill, a shear load modelling to simulated
maximum shear stress and von-Mises stress in adhesive and substrate
layer, b bending test modelling to simulated maximum shear stress
and von-Mises stress in adhesive and substrate layer

W Maximum shear stress in substrate layer

PEEK substrate and both are smaller than the Mylar sub-
strate. But the Kapton substrate shows the best perfor-
mance for the stresses in the substrate layer. In bending (as
shown Fig. 7b), Kapton shows the smallest stresses in the
adhesive layer and the substrate.

The tensile load modelling results are shown in Fig. 8a,
the shear and von-Mise stresses produced by three substrate
material in substrate layer are nearly zero, and the shear
and von-Mise stresses in adhesive layer are very similar.
Figure 8b shows the thermal expansion modelling to sim-
ulated maximum shear stress and von-Mises stress in
adhesive and substrate layer. The Kapton substrate shows
the smallest stresses simulated in adhesive and substrate
layer, so the Kapton plastic substrate shows the best
stresses performance.

3.2 Optimum thickness of adhesive
and substrate layer

The relationship between stresses inside the electronic
package and the adhesive layer thickness have been studied
and the optimal thickness of adhesive layer is determined
in this section. Loctite 4902 adhesive and a Kapton sub-
strate were previously determined as the best adhesive
material and substrate material respectively, so the Loctite
4902 adhesive and Kapton substrate are selected in this
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Fig. 8 Stresses simulation to compare different substrate material,
Loctite 4902 used as under-fill, a tensile load modelling to simulated
maximum shear stress and von-Mises stress in adhesive and substrate
layer, b thermal expansion modelling to simulated maximum shear
stress and von-Mises stress in adhesive and substrate layer
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section. The thickness of the Kapton is fixed at 0.125 mm.
The adhesive thickness in the range of 0.005-0.07 mm
have been examined in two test models, shown in Fig. 9,
and the external force applied to all models is 20 N. The
thickness range is chosen to minimize as far as possible the
electronic package size whilst providing sufficient strength.

Figure 9a shows that, when adhesive thickness is less
than 0.042 mm, as the adhesive thickness increases the
shear and von-Mises stresses decrease. When the thickness
of the adhesive is more than 0.045 mm, as the adhesive
thickness increases, the shear and von-Mises stresses
increase. In between, in an adhesive thickness of
0.042-0.045 mm, the minimum stress performance occurs.
The maximum shear stress and von-Mises stress in bending
(Fig. 9b) shows almost same stress trend, as a function of
adhesive thickness, as for a shear load. The optimal Loctite
4902 adhesive thickness for the electronic package is
determined by shear load and bending modelling to be
between 0.042 and 0.045 mm.

The simulations results as shown in Fig. 10 also eval-
uate how the substrate thickness affects the stresses in the
electronic package. The configuration of a 0.042 mm
thickness of Loctite 4902 adhesive and a Kapton substrate
have been selected for modelling with the thickness of
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Fig. 9 Stresses simulation to determine optimal thickness of adhesive
layer, a shear load modelling to simulated maximum shear stress
versus adhesive thickness and von-Mises stress versus adhesive
thickness, b bending test modelling to simulated maximum shear
stress versus adhesive thickness and von-Mises stress versus adhesive
thickness

Kapton chosen between 0.01 and 0.08 mm. The external
stress applied in shear and bending simulation is 20 N.
Figure 10 shows when the Kapton substrate has a
thickness between 0.01 and 0.048 mm, as the substrate
thickness increases, the stresses decrease. When the sub-
strate thickness is higher than 0.052 mm, as the substrate
thickness increases, the stresses increase. A Kapton thick-
ness in the range of 0.048-0.052 mm shows the lowest
stress performance. When a fixed external stress is applied,
the smaller the value of stress detected in the package the
more reliable the package. So the range 0.048-0.052 mm
thickness of the Kapton substrate is identified as the opti-
mal thickness of substrate layer under shear and bending.

3.3 Shear and bending load experimental
to verify simulation

To prove the simulation results, shear load and bending
experiments have been undertaken under conditions which
are as close as possible to the simulation conditions and
parameters. The adhesive layer was applied by using a
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Fig. 10 Stresses simulation to determine optimal thickness of
substrate layer, a shear load modelling to simulated maximum shear
stress and von-Mises stress versus substrate thickness, b bending test
modelling to simulated maximum shear stress and von-Mises stress
versus substrate thickness

syringe and then a fixed weight was applied to the die to
achieve the required adhesive thickness with different
weights being used for the different adhesive thicknesses.
Shear load and bending experiments are designed to detect
the failure forces as a function of the thickness of the
adhesive layer in the electronic package (Li 2018). The
external force is applied at the point of failure of the
adhesive. Multiple samples were used to plot Fig. 11 which
indicate the external force required to cause electronic
package failure as a function of adhesive thickness. The
experiment is conducted with a 0.125 mm thick Kapton
substrate and a 0.530 mm thick electronic die as in the
simulations. Figure 11a shows shear load and bending
simulation results for Loctite 4860. The simulation results
are used to compare with the experiment test results shown
in Fig. 11b. The Y axis in Fig. 11a represents the maxi-
mum shear stress detected in the adhesive layer. The sig-
nificance of this for the experiment is that for smaller
maximum shear stress values detected in the simulation, a
bigger force is experimentally required to cause a failure in

the electronic package. In shear load simulation in the
thickness range between 0.042 and 0.47 mm the minimum
stress is detected. The shear experimental test results are
shown in Fig. 11b, in the thickness range between 0.043
and 0.048 mm, the maximum external force is needed to
break the electronic package. This indicates that the opti-
mal adhesive thickness of the Loctite 4860 layer in shear
load test is in the range 0.042-0.048 mm. In the bending
test the optimal thickness is between 0.045 and 0.05 mm.

Comparing the shear load simulation and experimental
test results in the adhesive thickness of 0.01-0.042 mm, as
the thickness increases the shear stress in the simulation
decreased while the external force detected in the experi-
ment increases. This comparison proves the result of the
smaller shear stress in simulation as a bigger force is
experimentally required to cause a failure in the electronic
package. The comparison between simulation and experi-
ment for Loctite 4902 is shown in Fig. 12, the optimum
adhesive thickness in simulation and experiment are
between 0.04-0.045 mm and 0.042-0.045 mm respec-
tively. The optimal thickness in both simulation and
experimental results closely correlate. The small error
value between simulation and experiment is because of the
tolerance of the measured adhesive thickness.
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Fig. 12 Experiment results to verify Loctite 4902 simulation results,
a maximum shear stress detected in bending and shear load
simulation, b maximum shear stress detected in bending and shear
load experiment

4 Simulation for electronic package
with top encapsulation

To provide additional mechanical protection for the elec-
tronic die, a top encapsulation layer is proposed for the
previous package model (as shown in Fig. 1). Figure 13
shows the packaging method for encapsulating the die
between two plastic films. The bending simulation was
undertaken to determine the optimum thickness of the top
adhesive layer.

Following the previous results, in this section the
thickness of the bottom adhesive layer (Loctite 4902) is set
to the optimal thickness of 0.045 mm, the top and bottom
plastic substrate used are Kapton with the optimal

Top flexible plastic cover

Top adhesive layer

Ultrathin die

Neutral axis

Solder bumps Bottom adhesive layer

Fig. 13 Electronic package with top encapsulated flexible plastic to
show the neutral axis

@ Springer

thickness of 0.05 mm, a 0.025 mm thick electronic die is
between the Kapton layers and a constant force of 30 N
was applied at the center of the top Kapton layer during the
bending simulations. Layer thicknesses in the range of
0.01-0.07 mm for the top adhesive have been simulated.

Figure 14a shows the relationship between the thickness
of the top adhesive and the Maximum von-Mises stress.
When the thickness of the top adhesive layer is between
0.01 and 0.042 mm, the maximum von-Mises stress
decreases as the thickness of the adhesive increases. In
thickness range of 0.048 mm and 0.065 mm, the maximum
von-Mises stress increases as the thickness of the adhesive
increases. This simulation indicates that 0.042-0.048 mm
of top adhesive layer gives the optimal von-Mises stress
performance. The relationship between the thickness of the
top layer adhesive and the maximum shear stress has also
been simulated as shown in Fig. 14b. When the thickness
of top adhesive is between 0.01 mm and 0.042 mm, the
shear stress decreased as the adhesive thickness increased.
In the 0.048-0.065 mm adhesive thickness range, the shear
stresses increased with increasing adhesive thickness.

The simulation results shown in Fig. 14 indicate that a
0.042-0.048 mm thick top adhesive layer will yield the
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Fig. 14 Simulation of top layer adhesive thickness versus a maximum
von-Mises stress and b maximum shear stress in bending test
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optimal maximum shear stress and von-Mises stress
respectively.

5 Simulation for neutral axis of electronic
package

To protect the electronic die in the proposed electronic
package, the electronic die needs to be located close to the
neutral axis of the complete electronic package to mini-
mize stresses. The electronic package with top flexible
plastic encapsulation (as shown in Fig. 13) is used to do the
bending simulation to identify the neutral axis of the
overall electronic package structure. The stress applied in
the bending simulation is 20 N while the top and bottom
plastic are 0.050 mm thick Kapton. The top and bottom
adhesive layers are 0.045 mm thick and the electronic die
is 0.025 mm thick; the adhesive used in this simulation is
Loctite 4902. The simulation steps to determine the posi-
tion of the neutral axis are: (a) simulate the stress distri-
bution within the electronic package using the bending test
model to determine the neutral axis region within the
electronic package but cannot determine the exact location
of the neutral axis, (b) simulate the stress distribution along
a single line within the electronic package to detect the
distance between the neutral axis and the top Kapton layer
to determine the exact location of the neutral axis, this line
starts from the centre of the top Kapton layer and ends in
the centre of the bottom Kapton layer. Figure 15 shows the
stress distribution on the electronic package, the green area
shows the stress range of — 5.91 to 20.956 MPa which is
the region of neutral axis.

Figure 16a and b shows the stress distribution in the
centre line of the electronic package. Figure 16a shows the
overview of where the centre line is located in the elec-
tronic package and the stress in the centre line. This fig-
ure shows that the maximum compressive stress above the
neutral axis is 124.97 MPa and the maximum tensile stress
below the neutral axis is 127.3 MPa.

The X axis of Fig. 16b is the distance between the top
and bottom Kapton layers, this figure shows that the

2018 Neutral axis region

Fig. 15 Stress (unit: MPa) distribution in electronic package; green
area in middle of the stack package shows the neutral axis region
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Displacement(mm)

(b)

Fig. 16 a Stress (unit: MPa) distribution of centre line, b distance and
stress distribution in between the top to bottom Kapton layers of the
electronic package

distance between the top Kapton and neutral axis is
0.1075 mm. A non-linear change in the stress is observed
at the distances: 0.045 mm and 0.056 mm. The reason for
this non-linear change is because these positions are the
transition points between the top substrate and top adhesive
layer, the large difference of Young’s modulus between
adhesive and substrate produces these changes.

The same non-linear changes happened at distances of
0.09-0.106 mm, 0.114-0.130 mm and 0.162-0.178 mm,
which are the transition points between each consecutive
layers of top adhesive and die layer, die and bottom
adhesive layer, bottom adhesive and bottom substrate layer
respectively. The stresses between 0.095 and 0.1075 mm
are all small negative values (— 0.65 MPa) while the
stresses between 0.1075 and 0.12 mm are all small positive
values (+ 0.65 MPa). The stress is zero at the distance of
0.1075 mm and this means that the distance between the
neutral axis and top adhesive Kapton is 0.1075 mm which
is half of this electronic package. The location of the
neutral axis at the center of the electronic package indi-
cated that if the material and thickness of the top and
bottom Kapton layers are the same, and the material and
thickness of the top and bottom adhesive layers are equally
the same, then the neutral axis will located to the center of
the electronic die.

@ Springer
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6 Conclusions

In this paper a novel FEA modelling method has been
introduced to determine the optimal material and thickness
for under-fill adhesive and substrate layer in a proposed
new electronic package. The experimental results have
been undertaken to confirm the simulation results with
good correlation. The 0.045-0.052 mm thick Kapton sub-
strate, Loctite 4902 adhesive, and 0.042-0.045 mm thick
bottom adhesive layer and 0.042-0.048 mm thick of top
adhesive layer were identified as the optimum materials
and thickness. The neutral axis simulation for the encap-
sulated electronic component in this paper indicated that,
the same material and thickness of the top and bottom
Kapton and adhesive layer used to create the electronic
package described in this paper (as shown in Fig. 13)
allows the electronic die to be located in the neutral axis of
the overall electronic package to minimize the stresses in
the electronic package and improve reliability. The next
step in this work is to devise a fabrication method for this
proposed new encapsulation process.
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