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Introduction: The contact dispensing process is composed of extrusion,
stretching, and liquid bridge breakage, which is greatly impacted by the
viscosity and surface tension of the dispensed liquid and the contact angle
between the liquid and the substrate. Regarding contact dispensing of
conductive adhesives, few studies have investigated the influence of the
viscosity of conductive adhesives on the dispensing process.

Methods: In the present study, computer simulation was used to explore the
contact dispensing process of high-viscosity adhesives, and a dispensing device
was designed to verify the simulation results.

Results and discussion: The results showed that the viscosity of the adhesives had
the greatest influence on the dispensing process, and the higher the viscosity, the
more difficult it was to break the liquid bridge, which seriously affected the stability
of the contact dispensing process. In the dispensing process, once the adhesive
had filled the gap between the needle tip and the substrate, increasing the
dispensing time caused the diameter of the droplet to increase. Decreasing the
lifting speed of the needle allowed sufficient time for the adhesive surface to
restore changes caused by stretching, thereby eliminating unstable droplets and
achieving droplets with regular morphology. In conclusion, our results
demonstrated that computer simulation is a powerful tool for providing key
information to improve the contact dispensing process, obtain droplets with
optimal morphology, and achieve excellent bonding between the conductive
adhesive and the substrate.
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1 Introduction

Due to its simple process, contact dispensing has been widely applied in various fields of
electronic packaging, such as auto parts, LED lamps, and electronic components (Yao et al.,
2011; Zhu et al., 2018; Liu et al., 2022). With continuous improvements in manufacturing
technology, electronic components have become increasingly miniaturized, and their
morphology requirements have become more demanding (Lu et al., 2008; Luo et al.,
2016; Chen et al., 2020). At the micro scale, a mismatch between the dispensing process
and the dispensed liquid can lead to stringing and tailing during the dispensing process,
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which can contaminate the electronic components on the substrate.
Therefore, control of the morphology and volume of the liquid
during the dispensing process is critical (Anuar et al., 2011; Yao
et al., 2011). Currently, contact dispensing is the most effective
dispensing technology, and it is suitable for liquids with a wide range
of viscosities. This study considers contact dispensing of conductive
adhesives.

The contact dispensing process is typically composed of four
stages, namely, extrusion, deposition, stretching, and breakage
(Chen et al., 2009; Liu et al., 2022). The dispensing tip first
approaches the substrate, and the needle gradually approaches
the substrate to allow the conductive adhesive to contact the
substrate. After reaching the dispensing distance and idling for a

certain period of time, the needle is lifted and moved away from the
substrate. Due to adhesion and surface tension (Gilleo, 1995; Mir
and Kumar, 2008), the conductive adhesive breaks apart at the
needle tip, and some adhesive remains on the dispensing surface to
form microdroplets (0.1–100 μm). Because of the small size of these
microdroplets, microscopic forces such as cohesion and surface
tension play a dominant role in determining their morphology,
whereas gravity has little effect, so the droplets will not fall from the
needle (Li and Wong, 2006; Pospischil et al., 2015). Since the
characteristic size of the microdroplets is extremely small,
sometimes it is challenging to conduct rheological research from
a macroscopic perspective. Therefore, it is necessary to study the
contact dispensing process from a microscopic perspective.

TABLE 2 Conductive adhesives used in this study and their properties after curing.

Name Contact angle after curing Droplet diameter after curing (mm) Droplet height after curing (mm)

J424 40° 0.653 ± 0.026 0.107 ± 0.010

J425 38° 0.583 ± 0.018 0.073 ± 0.007

J427 20° 0.619 ± 0.017 0.067 ± 0.007

J428 18° 0.580 ± 0.024 0.085 ± 0.008

TABLE 1 Conductive adhesives used in this study and their properties.

Name Surface tension (dyn/cm) Needle wall contact angle Density (g/cm−3) Viscosity (Cpsa)

J424 45 60 2.6 21,500

J425 45 60 3.2 13,920

J427 45 60 2.8 19,740

J428 45 60 4.6 3,600

aTest method: ASTM D4287-2014.

FIGURE 1
Pictures of the automatic dispensing machine (A) and the 27# needle (B).
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In the contact dispensing process, the conductive adhesive is always
influenced by body force and surface tension (Harris, 1995; Zhang et al.,
2019). The interaction between the droplet and the substrate causes the
liquid droplet to spread, and surface tension leads to cohesion due to
attraction between the atoms or molecules, which causes the liquid to
contract. When there is a certain amount of liquid that can wet two
adjacent solid surfaces, a solid–liquid–solid triple-connection system
can be formed due to the adhesion between the liquid and the solid
surfaces. This system is called the liquid bridge (Papageorgiou, 1995;

Doshi et al., 2003; Akbari et al., 2015; Li and Sprittles, 2016; Zhu et al.,
2023). In the context of this study, the liquid bridge connects the needle
tip and the substrate, and the tension of the liquid bridge is the external
manifestation of microscopic forces such as surface tension. The
viscosity (manifested as the cohesive force) of the conductive
adhesive and the wettability (manifested as the adhesion force)
between the conductive adhesive and the substrate both have a great
influence on the morphology of the liquid bridge. After liquid bridge
breakage, the conductive adhesive will freely spread and infiltrate until

FIGURE 2
Pressure distribution map of the droplet at 0.04 s for different conductive adhesives: (A) J424; (B) J425; (C) J427; (D) J428.

FIGURE 3
Volume distribution map of the droplet at 0.2 s for different conductive adhesives: (A) J424; (B) J425; (C) J427; (D) J428.
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reaching an equilibrium state. The extent of droplet motion depends on
the degree of wetting of the droplet to the substrate. Thus, in the contact
dispensing process, the dispensing quality is affected by many factors.
Microscopically, the stable state of the droplets is the result of
interactions of various forces.

Chen et al. (2007) reported that when the amount of remaining
adhesive was less than 50 vol%, the actual dispensing amount was
less than the predicted value, which was due to the weight of the
adhesive and the energy dissipation during the dispensing process.
Lutfurakhmanov et al. (2010) studied the influences of various

factors on the dispensing volume, such as surface tension,
injection pressure, needle radius, and the distance between the
needle tip and the substrate. They found that increasing the
lifting speed of the needle led to an increase in the radius of the
droplet on the substrate. Chen et al. (2009) showed that when the
effect of shear rate on apparent viscosity was taken into account, the
accuracy of dispensing volume was significantly improved.
Moreover, some studies have been conducted to improve the
contact dispensing process. For instance, Kusaka et al. (2017)
developed a reciprocating needle dispensing system for high-

FIGURE 4
Volume distribution map of J424 (A) and J428 (B) at liquid bridge breakage.

FIGURE 5
Pressure and velocity distribution maps at 0.072 s for different contact angles: (A,B) 20°; (C,D) 30°; (E,F) 40°.
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viscosity liquids. Specifically, a solid needle moves down to dispense
highly viscous ink of a fixed amount from the needle tip, and then
the needle is lifted away from the dispensed ink. In addition, many
studies focused on the factors that affect the quality of the adhesive
in contact dispensing, such as the dispensing equipment and the
dispensing parameters (Reisgen and Scheik, 2008; Pospischil et al.,
2013; Du et al., 2015; Yim et al., 2022). Although the dispensing
process can be significantly affected by parameters such as the
contact angle between the needle tip and the substrate, surface

tension coefficient, and viscosity, there are few sources of data on the
influences of the physical properties of the adhesive.

Therefore, this study investigated the influences of the physical
properties of the adhesive on the dispensing process. According to the
characteristics of the contact dispensing process, numerical simulation
and experimental verification based on microfluid mechanics were
carried out, and the influences of the adhesive properties on droplet
deposition were analyzed from both macroscopic and microscopic
perspectives. The results of this study provide reference for

FIGURE 6
Morphology of the droplet at 2.8 s for different contact angles: (A) 20°; (B) 30°; (C) 40°.

FIGURE 7
Pressure and velocity distribution maps at 0.072 s for different surface tension values: (A,B) 30 dyn/cm; (C,D) 45 dyn/cm; (E,F) 60 dyn/cm.
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optimizing the dispensing processes to improve the accuracy of contact
dispensing and obtain droplets with optimal morphology.

2 Materials and methods

2.1 Materials

Four types of conductive adhesives were used in this study, and
their physical properties are shown in Table 1. The density and viscosity
of these adhesives varied greatly, so they required different dispensing
processes. If the dispensing experiment were to be carried outmanually,
it would demand a great deal of manpower and financial resources and
would not be conducive to determining the relationships between the
physical properties of the liquid and the quality of the droplets.
Computer simulation was used in this study because it can simulate
various conditions and efficiently analyze the influences of the physical
parameters and the dispensing process on the quality of the droplets,
thereby facilitating the optimization of the dispensing process.

In this study, the contact angles between the four types of
adhesives and the substrate were characterized. The substrate was
a gold paste low temperature co-fired ceramic (LTCC). Information

of the droplets after curing under the initial dispensing process is
shown in Table 2. Since the morphology of the droplets changed
after curing compared to immediately after dispensing, the values in
Table 2 were only used as the basic settings. During the simulation,
they were changed to explore their influences on the dispensing and
deposition process.

2.2 Dispensing simulation model and
parameter settings

The contact dispensing process was performed in an automatic
dispensing machine (S2-900, Nordson Asymtek, United States),
which is shown in Figure 1A. The dispensing needle was
Nordson 27#, with an inner diameter of 0.20 mm, an outer
diameter of 0.42 mm, and a length of 5 mm (Figure 1B). The
initial distance between the needle tip and the substrate was
0.08 mm. The ratio of needle length to initial needle tip-to-
substrate distance was 62.5. Since the conductive adhesive could
form a fully developed flow within a short time in the needle, the
influence of needle length was not considered, and the length of the
needle was reduced to 0.4 mm.

FIGURE 8
Pressure and volume distribution map at 0.2 s for different surface tension values: (A,B) 30 dyn/cm; (C,D) 45 dyn/cm; (E,F) 60 dyn/cm.
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The fluid mechanics module FLUENT in ANSYS (2021 R1) was
used in this study. The model was meshed with the built-in MESH
module using quadrilateral elements, which canmake the nodes arranged
in an orderly manner and have high quality elements. The numbers of
elements and nodeswere 4,139 and 4,152, respectively. Aftermeshing, the
model was imported into the FLUENT solver. The two-phase flowmodel
and the volume of fluids (VOF) (Hirt andNichols, 1981)model was used
to distinguish the liquid/gas phase and track the two-phase interface. The
continuous surface tension model and the wall adhesion model were
turned on as well, and the surface tension coefficient and contact angle
were determined based on the physical properties of the adhesive.

2.3 Dispensing experiment

The Asymtek 820 precision dispensing system was used to
conduct the experiments. The samples were cured in an oven,
and the curing temperature and time were set according to the
characteristics of each adhesive. Specifically, the curing temperature
and time for J424, J425, J427, and J428 were 65°C, 180°C, 150°C, and
250°C and 120, 60, 60, and 30 min, respectively.

2.4 Performance test

The Xyztec Condor EZ bond testing system was used to test the
shear performance of each sample after curing according to GJB
548B-2005 Microelectronic Device Test Methods and Procedures.

The porosity was measured according to GJB 548B-2005
Microelectronic Device Test Methods and Procedures.

3 Results and discussion

The contact dispensing process can be divided into four stages:
1) liquid flow in the needle, 2) contact between the liquid and the
substrate, 3) transfer of the liquid from the needle to the substrate,
and 4) constrained spreading of the droplet (Yao et al., 2011; Liu
et al., 2022). The mechanism of droplet formation is that after the
liquid flows from the needle to the substrate, the liquid bridge is
gradually narrowed and finally breaks due to lifting of the needle,
achieving transfer of the liquid to form a complete droplet.
Therefore, the characteristics of the adhesive and the process
parameters at different stages greatly affect the dispensing
process, which requires careful modeling and analysis.

3.1 Effect of adhesive properties on the
dispensing process

3.1.1 Viscosity
Figure 2 shows the pumping pressure required for the extrusion

of adhesives with different viscosities. The higher the viscosity, the
greater the pressure required. The pressure contours were in a
similar pattern, so the flow of the adhesive in the needle was not
related to the viscosity of the adhesive.

FIGURE 9
Volume distribution map of the droplet at (left) 0.08 s and (right) 0.12 s after contacting the substrate for different dispensing times: (A,B) 0.06 s;
(C,D) 0.07 s; (E,F) 0.08 s.
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When the needle was lifted, the liquid bridge elongated, and
under the action of gravity, the liquid bridge narrowed and then
broke into two parts. The viscosity of the adhesive had a great
influence on the position and pressure of the necking point during
the liquid bridge breakage process. Figure 3 shows the volume
distribution contours of different adhesives at 0.2 s after the
needle was moved away from the substrate. As the viscosity of
the adhesive increased, it became more and more difficult to break
the liquid bridge. J428 had the lowest viscosity, and its liquid bridge
broke first during the dispensing process. The liquid bridge of
J425 started to break at 0.2 s and showed obvious bending at the
thinnest point (Figure 3B). However, J424 and J427, which had
higher viscosity, were still in the stretching stage, and there was no
tendency of liquid bridge breakage. Moreover, the higher the
viscosity, the longer the liquid bridge, and the more obvious the
tail after it broke, which led to poor dispensing quality.

Furthermore, the morphology of the liquid bridges of J424 and
J428, which had the highest and lowest viscosity, respectively, were
analyzed at breakage, as shown in Figure 4. The higher the viscosity,
the farther the breakage point from the substrate, that is, the less
liquid left on the substrate, and the more inaccurate the subsequent

dispensing. In addition, J424 was significantly more unstable at
breakage, with microdroplets that could contaminate the substrate.
When the viscosity of the adhesive was low, its fluidity was good,
thus forming a smooth liquid bridge.

3.1.2 Contact angle
The contact angle of the needle wall was set to 60°, and the

contact angle between the substrate and the droplet was varied
between 20°, 30°, and 40° (Table 2). The contact behavior of the
droplet was studied.

After contacting the substrate, the morphology of the adhesive
droplet changed due to gravity and surface tension. Figure 5 presents
the pressure and velocity distribution maps at 0.072 s. There was no
significant change in the pressure distribution pattern, but due to the
increase of the contact angle, the maximum pressure increased. The
maximum pressure occurred on the surface of the substrate as a
result of gravity. The internal pressure of the adhesive was relatively
stable, without obvious gradient. As the contact angle increased, the
maximum pressure increased. When the contact angle was 40°, the
pressure was 5,700 Pa, which was an order of magnitude lower than
that at the initial contact angle (20°). Due to gravity and surface

FIGURE 10
Pressure and volume distributionmaps of the droplet at 0.2 s after contacting the substrate for different dispensing times: (A,B) 0.06 s; (C,D) 0.07 s;
(E,F) 0.08 s.
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tension, the velocity of the droplet was the largest at its edge, which
had the largest curvature and was located at the intersection of the
three phases of substrate, air, and droplet. The larger the pressure,
the higher the corresponding maximum velocity. The maximum
velocity with a 40° contact angle was about 0.003 m/s.

Figure 6 shows the droplets at 2.8 s. The morphology and
volumes of the droplets at three different contact angles were
similar, yet the height and diameter were different. The smaller
the contact angle, the lower the droplet height, and the smaller the
diameter. Hence, the contact angle had a significant impact on the
morphology of the droplet. Moreover, the droplet may also be
affected by the wettability of the upper substrate. In the
stretching phase of the liquid bridge, the dynamic morphology of
the droplet was affected by the contact angles with the upper and
lower substrates. When the contact angles were close, the liquid
bridge was uniform, and the droplet had good symmetry.

3.1.3 Surface tension
The surface tension of the droplet also had a significant influence on

the dispensing process. The surface tension of the droplet was set to 30,
45, and 60 dyn/cm. Both the pressure and the velocity increased with
the increase in surface tension (Figure 7). When the surface tension
increased from 30 to 60 dyn/cm, themaximumpressure increased from
3,900 to 5,700 Pa, and the maximum velocity increased from 0.0019 to
0.003 mm/s. However, the pressure and velocity maps did not change
much with varying surface tension. Themaximum velocity occurred on

both ends of the droplet, where it intersected with the substrate and the
air. When the surface tension was further increased, the maximum
pressure increased further, whereas the maximum velocity decreased. It
can be speculated that the increase of surface tension promoted flow
deformation of the droplet.

From the calculation results at 0.2 s (Figure 8), when the surface
tension was 45 dyn/cm, the maximum pressure was the lowest,
i.e., 1,500 Pa, and the internal pressure gradient of the droplet was
small, indicating a stable state. It is worth noting that surface tension
is an adjustable property of the droplet, so changing this parameter
in the dispensing process is feasible.

3.2 Effects of dispensing parameters on the
dispensing process

3.2.1 Dispensing time
Dispensing time and dispensing rate are two key factors

controlling the size of the droplet. Considering that the
product of the two factors can be used to estimate the size of
the final droplet, that is, the effect of increasing the dispensing
time is the same as increasing the rate, we only studied the
dispensing time in this study. According to the actual dispensing
process and the simulation model, the dispensing time was set to
0.06, 0.07, and 0.08 s. This is because even small changes in
dispensing time will have a great impact on the morphology of

FIGURE 11
Volume and pressure distributionmaps of the droplet at 0.12 s after contacting the substrate for different lifting speeds: (A,B) 1 mm/s; (C,D) 2.5 mm/
s; (E,F) 5 mm/s.
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the droplet. Figure 9 shows the volume distribution map at
0.08 and 0.12 s after contacting the substrate. The inner
diameter of the needle, that is, the width of the flow channel,
was 0.20 mm, and the thickness of the needle wall was 0.11 mm,
which cannot be neglected during simulation. When the
dispensing time was 0.06 s (Figure 9A), the amount of
adhesive was insufficient to cover the needle wall, and the
angle between the adhesive and the upper and lower substrate
was different when the needle was lifted (Figure 9B). When the
dispensing time was increased, the adhesive completely filled the
gap between the needle tip and the substrate. When the needle
was lifted at 0.12 s, a liquid bridge was formed in all models, and
the longer the dispensing time, the wider the liquid bridge, and
the larger the wetting area between the droplet and the substrate.

At 0.2 s after contacting the substrate, the liquid bridges were
broken in all models (Figure 10), yet the morphology of the droplets
was quite different. The longer the dispensing time, the larger the
area of the droplet. When the dispensing time was too short, a
balance between the needle, the substrate, and the liquid could not
be established. As the dispensing time increased, more adhesive was
transferred to the substrate, and the diameter of the droplet
increased. Appropriately extending the dispensing time,
i.e., increasing the adhesion area of the droplet on the substrate,

can improve the stability of the droplet. However, overextending the
dispensing time will increase the liquid bridge breakage time,
indicated by residual pressure on the droplet (Figure 10E).
Therefore, appropriate dispensing time is essential for the quality
of the droplet.

3.2.2 Lifting speed
The viscous effect of highly viscous fluids is significantly

increased compared to low viscosity fluids, and it is known that
reducing lifting speed increases and the quality of the droplet
(McKinley and Tripathi, 2000; Chen et al., 2002;
Lutfurakhmanov et al., 2010). Needle lifting is the last step to
form a droplet. The lifting was achieved by moving the base
plate downward. The lifting speed was set to 5, 2.5, and 1 mm/s.
Figure 11 shows the volume and pressure distribution maps of the
droplet at 0.12 s. The greater the lifting speed, the rougher the liquid
bridge. When the lifting speed was 1 mm/s, the liquid reached
equilibrium at both the needle and the substrate, thus forming a
smooth boundary. From the pressure distribution map (Figure 11B),
there was no obvious pressure gradient at the intersection of the
droplet, air, needle, and substrate, that is, there was no velocity
difference (i.e., pressure-driven flow). However, at a higher lifting
speed, the above interface became less smooth, and there was an

FIGURE 12
Volume and pressure distribution maps at 0.16 s after contacting the substrate for different lifting speeds: (A,B) 1 mm/s; (C,D) 2.5 mm/s; (E,F):
5 mm/s.

Frontiers in Materials frontiersin.org10

Zou et al. 10.3389/fmats.2023.1183747

https://www.frontiersin.org/journals/materials
https://www.frontiersin.org
https://doi.org/10.3389/fmats.2023.1183747


FIGURE 13
(A) Morphology and (B) cross-section of the droplet before and after optimization of the dispensing process.

TABLE 3 Comparison of droplet height and diameter before and after optimization of the dispensing process.

Adhesive Diameter before
optimization (μm)

Diameter after
optimization (μm)

Height before
optimization (μm)

Height after
optimization (μm)

J424 653 ± 26 619 ± 23 107 ± 10 116 ± 12

J425 583 ± 18 603 ± 21 73 ± 7 98 ± 10

J427 619 ± 17 426 ± 16 67 ± 7 83 ± 9

J428 580 ± 24 546 ± 17 85 ± 8 80 ± 9

TABLE 4 Comparison of the tensile shear strength and porosity of samples before and after optimization.

Adhesive Tensile shear strength before
optimization (MPa)

Tensile shear strength after
optimization (MPa)

Porosity before
optimization (%)

Porosity after
optimization (%)

J424 4.51 ± 0.36 5.89 ± 0.39 4.70 1.60

J425 3.36 ± 0.23 3.97 ± 0.25 2.60 1.30

J427 6.48 ± 0.41 8.31 ± 0.61 2.80 0.21

J428 2.98 ± 0.21 3.10 ± 0.24 0.57 0.10
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obvious pressure gradient, indicating that the interface had not yet
reached equilibrium. Therefore, the droplet had an unstable
morphology and the interface continued to move until reaching
an equilibrium state.

At 0.16 s after the adhesive contacted the substrate, liquid
bridge breakage occurred when the lifting speed was 1 mm/s and
a droplet with good symmetry and a small internal pressure
gradient was formed. As shown in Figures 12A, B, there was no
pressure gradient at the adhesive interface, and both the upper
and lower interfaces were relatively smooth. When the lifting
speed was 2.5 mm/s (Figures 12C, D), the liquid bridge was at its
critical point of breakage, and there was obvious pressure
concentration at the point. With increasing time, the pressure
equilibrium was reached under the action of surface tension and
gravity. However, since there was an obvious tailing
phenomenon, the dispensing quality was impacted. When the
lifting speed further increased to 5 mm/s (Figures 12E, F), the
liquid bridge did not break at 0.16 s, and there was a more severe
tailing phenomenon, which significantly reduced the dispensing
quality.

By fitting the results, the morphology of the droplets when the
adhesive reached equilibrium at different lifting speeds was
obtained, as shown in the red box in Figure 12. As the lifting
speed decreased, the quality and symmetry of the droplet
improved. This is because the low lifting speed allowed the
adhesive interface sufficient time to recover from the changes
caused by stretching, thereby eliminating the instability caused
by stretching.

3.3 Verification of simulation results

The aforementioned simulations on the key factors in the
dispensing process indicated that the dispensing time should be
0.07–0.08 s, and the lifting speed of the substrate should be less than
5 mm/s. A high lifting speed will lead to the tailing phenomenon,
especially for J424, which has a high viscosity. Using an automatic
dispensing system built in our institute, the dispensing experiment
was carried out with the optimization scheme obtained by
simulation, and the morphology and properties of the droplets
before and after optimization were compared to verify the
reliability and effectiveness of the simulation results and the
optimization scheme.

Figure 13 shows a comparison of the morphology of the
droplets before and after optimization, and Table 3 shows the
height and diameter of the droplets. Before optimization of the
dispensing process, J428, which had the lowest viscosity, had the
largest droplet diameter (653 μm), whereas J424 had the
smallest droplet diameter (580 μm). The droplet height
decreased as the viscosity decreased. The simulation results
demonstrated that the higher the viscosity of the adhesive,
the more difficult it was to break the liquid bridge.
Therefore, in the initial dispensing process, the shape of the
droplet was often undesirable, with characteristics such as large
droplet diameter (J424), poor symmetry (J425 and J427), or
significantly larger height in the center of the droplet than the

edge (J428). All of these characteristics could lead to defects
such as gaps during the subsequent curing process, thus
reducing the dispensing quality. After optimization, the
droplets had good consistency and a round shape. The
droplets were almost identical to the naked eye. More
importantly, there were no microdroplets even for the high-
viscosity adhesive, indicating that the optimization was very
effective. From the side view, the droplet was not strictly
symmetrical along the diameter direction, which was
consistent with the simulation results. In addition, the
contour of the droplets was not a smooth curve but had
certain fluctuations. The simulation results showed that after
liquid bridge breakage, there was a tailing phenomenon, and
equilibrium was reached due to gravity and surface tension.
However, both high viscosity and tailing could hinder the
formation of a smooth contour.

The samples before and after optimization were laminated and
cured. Table 4 shows a comparison of the tensile shear strength and
porosity. The tensile shear strength of the four conductive adhesives
increased to varying degrees compared with before optimization,
whereas the porosity decreased significantly. It is worth noting that
J428, which had the lowest viscosity, had the least increase in tensile
shear strength, from 2.98 to 3.10 MPa. This may be because the
adhesive was able to quickly move to an equilibrium state after liquid
bridge breakage and obtain a good bonding effect. Hence,
optimization had little effect. This conclusion can also be reached
by the porosity data of J428, which was the smallest among the four
adhesives before optimization. For J424, J425, and J427, the porosity
and tensile shear strength after optimization suggested the validity of
the simulation in this study. After optimization, the morphology of
the droplets was regular, resulting in uniform thickness during
lamination and curing bonding. Hence, large void defects were
avoided.

4 Conclusion

In the present study, the influences of the conductive adhesive’s
physical properties and the dispensing parameters on the contact
dispensing process were studied. According to the simulation and
experimental results, the mechanisms of stretching, fracture, and
spreading of the adhesives were discussed, and the key factors
affecting the contact dispensing process were studied. The results
showed that the higher the adhesive viscosity, and the more difficult
it was to break the liquid bridge, which severely affected the stability
of the dispensing process. Moreover, a larger contact angle with the
needle corresponded to a more stable dispensing process. However,
the contact angle had little effect on the size of the droplet. The larger
the surface tension, the faster the liquid bridge breakage. However,
too large, or too small surface tension decreased the quality of the
droplets. Furthermore, the longer the dispensing time, the larger the
area of the droplet. Decreasing the needle lifting speed improved
both the quality and symmetry of the droplet. After optimizing the
dispensing process, the quality of the droplet was significantly
improved. After curing, the tensile shear strength was
significantly improved, and the porosity was greatly reduced.
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Therefore, the simulation results were reliable and the optimization
scheme was effective. Since the viscosity, contact angle and the
surface tension are very important parameters for the high viscous
fluids, we believe that this research can be extended to evaluate other
high viscous fluids, which provides a significant guide to the
optimization of droplet deposition.
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