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Abstract

Structuring technical ceramics by means of ultrashort-pulsed laser radiation is a promising technology for the formation of pillar and hole
structures in the micrometer range. The surface wettability of ceramic substrates can specifically be realized by ultrashort laser pulses (ps) and
a galvanometric scanner. The results show that the contact angle of water (WCA) depends on the measurement time point after laser processing.
Experimental investigations reveal that laser-structured ceramics like aluminum nitride and aluminum oxide show hydrophilic (<90°) to super
hydrophilic (<10°) behavior directly after processing. However, superhydrophobic contact angles CA can be measured with the applied materials
250 days after processing. Besides this temporal influence, structure size, distance and height of the laser-processed substrates play a role in the

change of the wetting behavior.

Keywords: Time depending water contact angle; Wetting behavior; Ceramic; Laser structuring, Wenzel; Cassie-baxter

Introduction

The wettability of surfaces is a crucial material characteristic,
which mainly depends on the surface’s morphology and chemistry
[1]. Indicator for the change of the wetting behavior is the contact
angle CA and this change, amongst others, results from measuring
the static contact angle between a fluid (e.g., distilled water) and
the solid boundary surface. Different degrees of wetting can be
reached through surface structuring. If the contact angle is narrow-
er than 90°, the surface is hydrophilic. If it is larger than 90°, it is
hydrophobic. Hydrophobic as well as hydrophilic surfaces can be
generated on many materials such as plastics, metals, ceramics or
glass through direct laser irradiation [2-5]. Additionally, there are
further technical solutions like mask lighting or etching procedures
[2,6-8].

Wettability basically depends on the surface structure. The
structuring can be realized in different dimensions (macro-, micro-
and nanoscopic). The contact angle is, in most cases, measured di-
rectly after processing or the measurement time point is not specif-
ically defined [9-14]. It is assumed that the contact angle is stable,
and its value does not change. In the past 10 years various publica-
tions have reported that the wettability of surface structures (like
LIPSS) can be time-dependent [4,15-17].

@ @ This work is licensed under Creative Commons Attribution 4.0 License |[MCMS.MS.ID.000599.

This article elaborates on experimental investigations on the chang-
ing wettability of technical ceramics (aluminum oxide and nitride).
Two different microstructures are realized as pillar structure and
hole structure by means of a picosecond laser in order to specifi-
cally change the wettability of the surface. The measurement time
point of the water contact angle (WCA) after processing is included
for the analysis and evaluation. Theoretical models after Wenzel
and Cassie-Baxter are applied to describe the experiments.

The approach is used to create surface structures in the mi-
crometer range on ceramic printed circuit boards. Thus, specif-
ic characteristic changes in terms of substrate wettability can be
caused in order to e.g., guide or stop fluidic during chip placement
and joining.

Material and Methods

Aluminum oxide (Al,0,) and aluminum nitride substrates (AIN)
are processed for the experiments by means of laser pulses in the
picosecond range with different laser parameters. The materials
have an initial roughness of Ra = 0.32 pm, which is determined us-
ing the stylus instrument “Form TalySurf Series 2” from TAYLOR
HOBSON. The contact angle of the initial surface of aluminum ni-
tride is 84° + 4° and of aluminum oxide 52° * 3°. The used laser is
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the “TruMicro 5050” provided by the company TRUMPE, which is
an ultrashort pulse laser with a pulse duration of <10 ps and pulse
energies of up to 250 pJ. Yb:YAG serves as pump medium for the
disc laser amplifier. The processing wavelength of the laser is 1030
nm and the repetition rate determined constant for all experiments
is set at 25 kHz. The output beam diameter of 4.5 mm is coupled
into the scanning system “HurrySCAN II 14”. This system from the
company SCANLAB is equipped with two galvanometer mirrors
and an F-Theta lens with a focal length of 100 mm. The scan field
size results from the used lens and provides a possible processing
area of 60 x 60 mm?. An XY stage from the company STEINMEYER
enables a processing of substrates which exceed the scan field. The
contact angle is applied in order to illustrate the wetting behavior
of surfaces. The contact angle measuring device “OCA 15 Plus” from
DATAPHYSICS is used for the examinations. The four pl droplets of

distilled water were applied to the laser-processed surface struc-
tures under atmospheric conditions. The static contact angle is
calculated through analyses of droplet images which are acquired
directly after the droplet separation. Further surface analyses as
well as a characterization of the structure sizes after processing are
carried out by means of the laser scanning microscope “VK-X100”
from KEYENCE. All samples were stored in plastic boxes with mi-
crofiber cloths and plastic foam for stabilization reasons.

For clarification, Figure 1 shows the cross section (top) and the
top view (bottom) of such structures which are generated. Figure 1
contains the structure size g, the structure distance b, the structure
height H. For the hole structure a and b are inverted. The decision
for the square shape of the final structures was made based on the
observations in publications [9] and [11]. So, there are no signifi-
cant differences between square and round shapes.
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Figure 1: Schematic cross (above) and top view (bottom) section illustration of the square pillar structure.
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Table 1 shows how the microstructures were realized with a
spacing factor varying from 0.15 to 1.80. The structure sizes and

Table 1: Spacing factors, structure sizes, distances for the experiments.

distances were determined and extended by means of the state of
the art.

0.15 200 30
0.3 100 30
0.3 200 60
0.45 200 90
0.6 50 30
0.6 100 60
0.9 100 90
1.2 50 60
1.8 50 90

Table 2 lists the different parameter combinations for the de-
sired spacing factors of holes and pillars, generated by means of a

Table 2: Experiment plan for laser structuring at constant 25 kHz.

picosecond laser. The list results from an extensive parameter study
to keep the structure height H constant for all experiments.

2,5 8
10
AIN Pillar and hole
5
5 10
10
5
10
10
Pillar 6
5
15
10
ALO, 5
2,5
4
Hole 4
2
5
4

The scanning speed and fluence had to be adjusted for the ma-
terial ALO, so thata, b, H could be carried out constant to AIN due to
the different material characteristics such as density and band gap.

First and foremost, the selected parameters and structures are
to cause a change of the wetting behavior of the material surfaces.
In addition to that, the results are to be correlated with the follow-
ing-described models of Wenzel and Cassie-Baxter.

Theory and Calculation

To make a statement on the contact angle, it can be deduced
from different models based on the Young equation, named after
Thomas Young [18]. For this the parameters a, b, H are determined
and included in the calculation. The calculation of the theoretical
angle is based on the following equations according to [2,6,19]:
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A stand for the surface ratio between real surface and projected

area and 0 for the initial water contact angle.

In order to obtain an overview of the behavior of both models

Table 3: Overview of the state of the art — Structuring.

depending on different structuring procedures materials, and data
ona, b, Hand 0 are collected from numerous publications. The data
for the calculation (see Table 3) applying formulas 7 and 8 are taken
from the references.

Lithography PDMS pillar square 25 8-80 30 [2]
Lithography & ICP Si pillar square 10-85 5-30 15 [6]
Anodization ALO, hole round 0.085-0.42 0.03 - 0.365 4.5 [10]
Lithography SU8 Photoresist pillar, hole square 20 10-45 30 [7]
DMDCS coated Si pillar square, round 8-100 5-35 30-32 [9]
Etching AAO hole round 0.141-0.354 0.043 - 0.264 7.9 [8]
Laser Co-Cr-Mo hole square, round 50-150 100-300 8-16 [11]
Laser Al6061 pillar square 50-300 5 5 [12]
Laser PDMS pillar square 300 - 4800 200 10 [13]
Laser Si0,, Polystyrene pillar, hole, LIPSS square 10 10 5.3 [3]
Laser A199.999% pillar square 200 5 19 [14]

Figure 2 shows the experimental raw values without any modi-
fication taken from the publications for the later comparison of the

theoretical graphs. The data exhibit a different distribution of the
contact angle depending on the material and technology.
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Figure 2: Experimental WCA depending on b/a taken from the publications [2,3,6,8-14].
N\ J

Figure 3 and Figure 4 summarize the calculated theoreti-
cal WCA according to the models of Wenzel (formula 7) and Cas-
sie-Baxter (formula 8) from different literature to proof the behav-
ior. The initial contact angle of the unprocessed output surface is
incorporated into the theoretical calculation and must therefore be
given from the reference. The following graphs give an overview of
the theoretically calculated curve according to the different sourc-
es, which enables a first evaluation of the models by means of ex-

isting experimental data on g, b, H and 6,. Furthermore, the sources
contain different structuring procedures which are not necessarily
based on lasers as well as numerous materials which are divided
into four groups. Most publications compare the contact angle with
the spacing factor in order to illustrate the influence of a varying
structure size. The spacing factor results from relation between
structure distance and structure size.
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Figure 3: Theoretical CA depending on b/a according to the Cassie-Baxter model (formula 8) [2,3,6-14].
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Figure 4: Theoretical CA depending on b/a according to Wenzel's model (formula 7) [2,3,6-14].
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Figure 3 compares the contact angles and the spacing factor ac-
cording to Cassie-Baxter. The height of the structures is not part of
the calculation of the theoretical contact angle because, according
to this model, air pockets develop between the structures which
makes high contact angles necessary, see Figure 3. Based on this
equation, the data points allow an independent comparison as the
structure height H has no influence. According to the Cassie-Baxter
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model, the contact angle increases as the spacing factor rises. This
is true no matter what materials are used and agrees well with the
model curve. Furthermore, it is obvious that in many publications
the theoretical superhydrophobic contact angle is reached when
the spacing factor is ca. “1.5”. According to most sources, the supe-
rhydrophobic contact angle begins at a contact angle between 140
and 150°[1,3,5,11,12].
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Figure 4 shows that the majority of the contact angles calcu-
lated according to Wenzel’s model is in the hydrophobic or supe-
rhydrophobic range. The data in the publications of He et. al. and
Ran et. al. indicate a decreasing contact angle with an increasing
spacing factor [2,9]. The calculated values show that numerous su-
perhydrophobic contact angles develop [8]. It is obvious that with
a decreasing spacing factor the contact angle can decrease as well,
as illustrated by Priest et. al. [7]. The sources most precisely inves-
tigate the range “b/a” between zero and one. The publication of Zhu
et. al. shows another possible course of the curve, where the spac-
ing factor increases up to b/a = 1 with a simultaneously increasing
contact angle. Following this the contact angle goes down to b/a
= 3 [6]. Figure 4 indicates that the spacing factor alone does not
correlate completely with Wenzel’s model regardless of the mate-
rial, chemical composition and, if necessary, laser parameters. The
height H of the structures is included in the calculation of the con-
tact angle according to Wenzel, which is an additional compared
with Cassie-Baxter.

Figures 3 and 4 show that both models are suitable for the cal-
culation of the theoretical curve, which has to be compared subse-
quently with the experimental data in order to check the congru-
ence with the model. Furthermore, it is obvious that not only the
spacing factor influences the wettability, but many other param-
eters (material, procedures) have an impact on it and limit these
model approaches.

The following sub-chapter elaborates on the influence of the
contact angle in relation to the time factor so that a combination of
both factors (structural parameters and time) constitutes a possi-
ble extension. The data are also taken from different references and

Figure 5 shows the time dependence of experimentally deter-
mined contact angles and their respective materials. This illustrates
the fact that, after processing, different materials and their mea-
surement time point have effects on the contact angle and thus the
wetting behavior of structured materials. The Y-axis represents the
defined contact angle, and the X-axis represents the time in days. All
sources in figure 5 use short laser pulses (ns to fs) and the infrared
wavelength range.

The publication of Bizi-Bandoki describes experiments in which
stainless steel is roughened by means of a pulsed fs-laser. Further-
more, it explains that, in the course of time, there is a change from
hydrophilicity to hydrophobicity which is a result of the modifica-
tions of the surface chemistry. Different pulse distances (5, 10, 15
& 20 pm) are used and the measurements are carried out from day
0 to day 8 after processing. Figure 5 reveals that the determined
contact angles of 27° on day 1 steadily rise to maximal 132° on day
5 after processing [15].

The publication of Li illustrates over a long period of up to 30
days the increase of the contact angle of ca. 78° (after processing)
up to ca. 130°. This process creates lines, pillars and holes in a ti-
tanium alloy by means of a pulsed ns-laser. Figure 5 exclusively de-
scribes the measurement results for a pillar structure with struc-
ture sizes of 50 and 100 um. The contact angle decreased with both
structure sizes after the first day of processing to 25° and increased
afterwards steadily. So, this publication describes that the change
from hydrophilicity to hydrophobicity is connected with the surface
structure. It has been shown that the increased carbon content of
Ti-6Al-4V is responsible for the hydrophobic behavior which could
be observed on the surface [1].

summarized.
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Figure 5: Experimental CA in relation to time from important publications and their materials [1,4,15-17].
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In the year 2016 Zhang describes a wide range of results for
the time dependence of the contact angle for different materials
and process settings. Copper (Cu) and Nickel (Ni) were investigated
with different focal positions (0, -0.5 and -2 mm) as well as CuO and
NiO. The LIPSS structure is realized through the line focusing of a
femtosecond laser with low repetition rate (1 kHz) using a cylindri-
cal lens. The surface structures were changed through optimizing
the defocusing distance and the scanning speed. The contact angles
are measured from day 0 to day 7 after processing. Irrespectively
of the material and the parameter setting, the contact angles deter-
mined in this publication range from 1° (directly after processing)
to 128° on the 7" day of measurement. A strongly time-dependent
water contact angle could be determined with both materials. The
chemical surface analysis showed that the absorption of hydropho-
bic functional groups changed the surface from wetting in the Wen-
zel state to wetting in the Cassie state, which was responsible for
the transition from hydrophilic to hydrophobic. Compared to our
measurement results, clear rises of the contact angles after a short
time can be recognized. The publication always provides results
shortly after processing and after 7 days where we can recognize
slight rises, as with Ni (0 mm defocus) on the one hand, as well as
sharp rises, as with Ni (-2.0 mm defocus) on the other hand. Ni (0
mm defocus) had the lowest impact on time with a contact angle
of 1° on the first day of measurement and a contact angle of 12° on
the 7™ day. Ni (-2.0 mm defocus) has the highest rise of the contact
angle from 9° (1°* measurement day) to 128° (7" measurement day)

[4]-

Rung’s publication from the year 2018 shows contact angle
measurements directly and 28 days after processing. LIPSS struc-
tures are created on stainless steel (X5CrNi18-10) by means of a
pulsed fs-laser using different fluences (0.2; 0.4; 0.6 & 0.8 J/cm?).
The narrowest contact angle of 21° (day 0) and the widest contact
angle of 116° (day 28) are reached with a fluence of 0.8 J/cm?. The
publication summarizes that the laser fluence and pulse overlap-
ping influence the wettability, which is described by the static con-
tact angle, the time-dependent contact angle as well as the contact
angle hysteresis in a complex way. The measurements 28 days after
processing show a hydrophobic behavior with a static contact angle
of over 97° [17].

In another publication of Rung contact angle measurements are
described from one day and twelve days after processing, where
a LIPSS structure is created in brass by means of a pulsed femto-
second laser. Again, different fluences (0.87; 1.63; 1.96 J/cm?) are
used. In summary it is concluded that changing the surface struc-
ture additionally influences the wetting behavior. Especially raising
the fluence and pulse overlapping lead to narrower contact angles
directly after processing and to wider contact angles after a time
period of 12 days [16].

The data from the used sources all in all indicate a rise of the
contact angle depending on the measurement time point. The max-
imal contact angle is reached at different time points after process-
ing. In [15] the maximum contact angle with stainless steel is al-
ready partly reached on day 3. Other sources, however, illustrate a
slighter steady rise [1,17].
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The data in Figure 5 exclusively contain metallic materials
which have a LIPSS structure or a surface roughening. LIPSS struc-
tures, however, are only to a certain extent suitable to calculate the
theoretical contact angle with the referred models as the necessary
structure sizes are difficult to analyze. They have not been com-
pared yet using the above-mentioned two models.

This publication is aimed at investigating the time dependence
of the contact angle of ceramic materials and the correlation with
the existing models. For this, microstructures are created by means
of direct laser structuring and examined for a time-dependent con-
tact angle. The different models for the description of the contact
angle partly contradict each other and are to be examined for the
technical ceramics used in the paper. Furthermore, the time-depen-
dent contact angle is to be examined for the technical ceramics in
comparison to results from literature where only metallic materials
and roughening/LIPSS have been examined so far.

Result and Discussion

The following part presents the results of the structuring and
contact angle analysis. The diagrams show the influence of spacing
factor and time dependence of the contact angle. The trendlines in
the diagrams portray the theoretical courses for the respective pil-
lar and hole structures according to the models of Wenzel (formula
7) and Cassie-Baxter (formula 8). The measured output angles of
both ceramics are applied for the calculation.

Figure 6 compares the measured contact angle values of the
squared pillar structures with the spacing factor. The theoretical
trend lines according to Wenzel and Cassie-Baxter for the respec-
tive materials originate from formulas 7 and 8. The measurement
values of ALO, exhibit a slight decrease up to the 7* day with a
spacing factor 0.6. The development of the measurement values
on the 7% day of measurement correlates with the theoretical val-
ues according to Wenzel. This behavior is also true for the first two
measurement days with an offset. The behavior according to Wen-
zel generally describes the first measurement days of both ceramics
with a narrower contact angle better than later superhydrophobic
values.

Contact angles from 0° to ca. 82° are reached up to the 7" mea-
surement day. The superhydrophobic contact angles, no matter
which set of parameters from Table 2 was applied, can be recog-
nized 250 days after processing. The contact angles after 250 days
determined in the experiments range from ca. 125° up to ca. 145°.

The diagram in figure 6 (right) shows the measurement data
of the pillar structures of aluminum nitride determined in the ex-
periments. It is obvious that on the first three measurement days
the surfaces lead to hydrophilic or super hydrophilic contact an-
gles. The measurement values show a course which is similar to the
theoretical curve according to Wenzel, however, with a clear offset
of ca. 70°. The determined contact angles range from 0° to ca. 17°.
The widest recognizable contact angle up to the 7% day of measure-
ment for AIN in Figure 6 (right) is 17.62° which is reached with a
structure size of 100 um and a structure distance of 90 pm. It is
also obvious that, except for few values, the surface of AN is super
hydrophilic directly after the processing. Thus, the selected laser
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parameter set has no impact on the surface wettability. 250 days af-
ter processing, two groups can be recognized, with AIN a little more
clearly than with ALO,. The first group of the 250" measurement
day for the material AIN shows contact angles of around 80°, which

can be compared with the theoretical contact angles according to
Wenzel’s model. The second group, however, shows contact angles
of around 140° and can be compared with the theoretical contact
angle according to the model of Cassie-Baxter.

-

b/a = spacing factor

[formula 8]) and of Wenzel (dotted, [formula 71)).

Figure 6: WCA of the pillar structure AlLO, (left) and AIN (right) depending on spacing factor and time (theoretical Fits of Cassie-Baxter (dashed,
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Figure 7: Hole structure Al,O, (left) and AIN (right) determined WCA depending on the spacing factor and time (theoretical Fits of Cassie-Baxter
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J

In contrast to the state of the art, no significant rises of the
contact angles can be recognized with the used ceramics after few
days. If you furthermore compare the measurement values of the
ceramics with the previously described publications, it can be rec-
ognized that, after a certain period of time, a wide contact angle can
be reached (>140°). The publication of Li et. al. proves this effect
with metals as the superhydrophobic status is reached after ca. 23
days [1]. Comparable tendencies towards time dependence of the
contact angle and the Al 0, as well as the AIN can be recognized in
the publication of Zhang et. al. So, partly the contact angle of copper
is 0 = 1° directly after the structuring and 7 days after structuring
already 6 = 26° [4].
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In Figure 7 the contact angle measurement values of the differ-
ent measurement days are compared with the spacing factor. No hy-
drophobic contact angles can be measured until the 7" day of mea-
surement for both ceramics. It can be recognized that the contact
angle of Al,O, increases slightly with an increasing spacing factor.
Until the 7*" day of measurement, the measurement values of A1203
range from ca. 15° to 70° depending on the used parameter set.
Thus, the surface becomes more hydrophobic with an increasing
spacing factor. A similar course for hole structures can be found in
the publication of Ran et. al. see Figure 2 [9]. AL, O, is also used in the
experiments of this publication and with an increasing spacing fac-
tor wide contact angles are achieved. Again, an overlapping of the
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Al 0, values with the theoretical values according to Wenzel can be
seen. This enables a directed change of the surface wettability. The
widest recognizable contact angle for Al 0, until the 7* day of mea-
surement is 68.77°, which is reached with a structure size of 50um
and a structure distance of 60um. Furthermore, five over scans and
a pulse distance of dp = 15um are necessary to reach this value. It is
obvious that for the creation of a hole structure with wide contact
angle only a small number of passages is required.

Contact angle values were determined again 250 days after pro-
cessing, which showed that the values determined in the experi-
ments are similar to the theoretical values according to Cassie-Bax-
ter. No matter which parameter set was used, contact angle values
between ca. 113° - 146° could be achieved after 250 days.

According to the theoretical curves, there is no decrease recog-
nizable for the measured contact angles of the hole structure. Li’s
publication from 2015 provides similar results where the contact
angle for a structure with a structure distance of 50 pm increases
from 26° (first day) up to 132° (30* day).

Figure 7 (right) compares, as with the pillar structure, the
contact angle values of AIN with the spacing factor for the hole
structure exhibiting various effects again. Again, there is an offset
recognizable between the trendlines of AIN and the one according
to Wenzel, however with a smaller offset of ca. 64°. Both trendlines
have similar courses, not depending on the increasing spacing fac-
tor. As with the pillar structure, the measurement values of AIN are

Table 4: Overview — average contact angles of both ceramics.

Pillar 5.96 115.15

less diversified than the measurement values of Al O,. Depending
on the used parameter set, the measurement values range from ca.
0° - 25° until day 7 of measurement.

The widest contact angle (25.00°) for AIN is reached with a
structure size of 50 um and a structure distance of 30 um. The pulse
distance here is dp = 5 pm and the number of over scans N = 5. A
comparison of the determined results on AlN is based on the pub-
lication of Zhang et. al,, as it also shows an increase of the contact
angle on copper by ca. 25° (1° — 26°) within seven days. An almost
similar rise of the contact angle can be observed with isolated Al 0,
measurement data. So, the contact angle on AlLOQ, increases after
seven days by ca. 35° (22° - 57°), similar to Zhang’s publication
from 2016 (material CuO) [4].

250 days after processing, hydrophilic contact angles (<90°)
and hydrophobic to superhydrophobic contact angles can partly
be recognized, which again overlaps with Wenzel’s and Cassie-Bax-
ter’s models. Contact angles of ca. 59° to ca. 143° can be determined
on the 250" day of measurement. In the experiments with ALO,
the contact angle increases from 22° to 132° within 250 days. The
results of Rung et. al., where the contact angle increases from 21°
(day 1) to 116° (day 28), confirm the trend that the contact angles
rise with increasing storage time [17]. Furthermore, the results of
AIN represent an equivalent to the results of Zhang et. al. (material
Nickel). So, directly after processing a super hydrophilic contact an-
gle of 1° can be observed which increases to a hydrophobic contact
angle of 109° after seven days [4] (Table 4).

28.48 136.71

Hole 8.33 123.29

44.72 131.54

If you compare the measuring values with those from the
above-described publications, you can see that the contact angle
can become superhydrophobic after a certain time. This effect is
very obvious in the publication of Li et. al. [1] and the superhydro-
phobic status is reached after ca. 23 days. The publication of Rung
et. al. reveals similar tendencies whereas this effect is measurable
after 28 days [17].

Conclusion

Ceramic substrates of aluminum oxide (AlL0,) and aluminum
nitride (AIN) were structured by means of ultrashort laser pulses
and their wetting characteristics were specifically set. For this, the
time-dependent wettability of pillar and hole structures is exam-
ined. The influence of the spacing factor and the storage time is in-
cluded in the examinations.

The influence of the storage time on the examined samples is
not very high after few days. For this period of time, it can be clearly
recognized that the measurement values of Al,O, vary more than

those of AIN.

It can be summarized that 250 days after processing superhy-
drophobic contact angles can be determined with both materials.
They develop especially with Al,O, no matter which parameter set
is selected. With AIN hydrophilic contact angles can be partly found
even after 250 days. The determined measurement data after 250
days of both materials can be compared with the described publica-
tions as they prove that after a certain time a hydrophobic contact
angle develops.

Furthermore, the direct structuring of technical ceramics by
means of ultrashort laser pulses is a highly suitable procedure for
manufacturing microstructures. In any case, the influence of the
storage time of the materials on the contact angle should be tak-
en into consideration. The determined results are partly acknowl-
edged by literature. However, the different material characteristics
(metals - ceramics) and structure forming procedures (LIPSS - pil-
lar and hole) should not be neglected.
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Based on the gained findings, it is possible to transfer the man-
ufactured structures to a chip layout in order to create a flow limit
(marked red) and prevent the liquid used to glue (Delo-Monopox)

the chips. This implies that the bond areas must not get dirty and
thus a through connection, or a faulty wiring can be prevented, see
Figure 8.

s ™
Parameter optimization to prevent bleeding of the glue Flow limit
Figure 8: Optimization of parameters (left) and Chip layout with flow limit & glue (right).
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