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Fluid driven self-alignment is a low cost alternative to fast but relatively inaccurate robotic pick-
and-place assembly of micro-fabricated components. This fluidic self-alignment technique relies on
a hydrophobic-hydrophilic pattern on the surface of the receiving substrate, which confines a fluid
to a receptor site. When a micro-component is dropped on the fluid capillary forces drive the as-
sembly process, resulting in accurate positioning of the part relative to the site. This paper demon-
strates the advantages of the use of an ultra short pulse laser, with pulse durations in ps regime, to
create receptor sites (ranging from 110x110um® up to 5x5mm?) from which liquid spreading is
stopped by a sharp geometrical modification around the site. It was found, by video based optical
contact angle measurement, that the volume of water that is pinned on the receptor site increases
with increasing angle of the edges of the receptor site. In addition, it was found, by using a robotic
microassembly system, that the success rates of self-alignment of 110x110um? parts, as well as
200x200um? parts, on the receptor sites is 100% if angle of the edges of the receptor site are sharp,

and the height of the receptor site is well over the initial surface roughness of the substrate.
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1. Introduction

Ultra short pulse lasers (USPL), with pulse durations in
ps regime and smaller, have proven to be versatile tools for
introducing functional features in surfaces at a micrometric
and even at a sub-wavelength scale [1,2]. Being able to
control the surface topography at this level provides, for
example, a method to change the wetting behaviour (hy-
drophobicity and hydrophilicity) of a great number of ma-
terials. As such, micromachining with USPLs allows for
fast, flexible and accurate control of the surface topography,
hence of the wetting properties of surfaces. This paper stu-
dies the use of a ps laser source for the fabrication of hy-
drophobic-hydrophilic patterns on a substrate to allow for

fluid driven self-alignment.
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1.1 Fluid driven self-aligment

Fluid driven self-alignment is a low cost alternative to
fast, but relatively inaccurate robotic pick-and-place as-
sembly of micro-fabricated components [3,4]. For example
in 3D integration of functional components, such as IC’s,
into highly integrated micro- and nano-systems [4], see
Figure 1. The fluidic self-alignment technique relies on a
hydrophobic-hydrophilic pattern on the surface of the re-
ceiving substrate, which confines the fluid to a receptor site
(Figure 1b). When a micro-component, with dimensions in
the order of 100x100 pum?, is “dropped” on the fluid (Fig-
ure 1c and d), capillary forces drive the alignment of the
part to the receptor site (Figure 1e) [S]. When the shape, as
well as the relative wetting properties of the receptor site,
as well as of the part, are optimized, this self-alignment
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Fig. 1 Fluid driven self-alignment: (a) Receptor site, (b) a droplet of a liquid is dispensed on the receptor site,
(c) a gripper approaches the site with a part, (d) the part contacts with the droplet,
(e) the gripper releases the part and the capillary force aligns the parts,
(f) the liquid between the two parts evaporates, which leaves the two parts aligned [4].
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technique allows for accurate positioning (about £2 pum) of
the part to the receptor site. Orientation accuracies of the
part relative to the receptor site of typically £0.5° have
been reported [4,5]. Moreover, it was shown, that capillary
forces can overcome initial positioning errors (Figure 1d)
of up to 180pm in the case of a part of 300x300pm? [6,7].

1.2 Three methods to functionalize the substrate

In order to pin liquid to the receptor site, the surface of
the substrate needs be functionalized. That is, an area with
a boundary, showing a high contrast in wetting properties
across it, needs to be created. The change in wetting prop-
erties across this boundary will limit the advancing of the
liquid, and, as such, prevents the spreading of the liquid out
of the receptor area. In general, two factors determine the

wetting properties of a surface [8], that is, its:

i. chemical composition,
ii. topography, which can be subdivided into factors re-
lated to the geometrical features on the surface:
a. roughness or texture, which is a factor defined
for areas of the surface, and
b. obstacles or edges which is a factor defined for
“lines” on the surface.

The first factor (i), is based on creating a hydrophob-
ic/hydrophilic pattern by locally changing the substrate
chemical composition. A liquid will preferably spread on
areas with a high surface energy, e.g. materials with an
ionic, covalent or metal binding [9], while areas with a low
surface energy, like plastics or molecular crystals, are usu-
ally hardly wetted [9]. The contact angle that a liquid drop
forms over a surface is a measure of the tendency of the
liquid to wet the solid [10], and it is determined by the bal-
ance of the solid-vapour, solid-liquid and liquid-vapour

surface tensions at the interface, see Figure 2.
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Fig. 2 Definition of contact angle.

For a flat and homogenous surface, this angle is given by
the Young’s equation [11]:

cos 6, =Yl ey

where 6y is Young’s equilibrium contact angle, and ysy, Vst,
and yry are respectively the solid-liquid, solid-vapour and
liquid-vapour interfacial surface tensions.
When the liquid phase is water, a solid is commonly called
to be hydrophilic if 6y is below 90°, and hydrophobic if &y
is above this value [9]. Applying a top coating with oppo-
site wetting properties to those of the substrate will gener-
ate the desired phobic/philic pattern, see Figure 4a and 4b.
The second factor (iia) is based on limiting the spreading
of a liquid by adjusting the substrate roughness. It is well
known that roughness amplifies the wetting properties of a
substrate [12, 13, 9, 1]. A liquid spreads on a rough surface

until it reaches an apparent contact angle that can be calcu-
lated by two models, developed separately by Wenzel [14]
and Cassie and Baxter [15]. According to the Wenzel mod-
el, the liquid homogeneously wets the rough substrate (see
Figure 4c, right) to form an apparent contact angle &y that
is given by

cos @, =r-cosb,, ()

where 6y is the apparent contact angle that a liquid forms
on the rough surface, » [-] is a measure of the solid rough-
ness, defined here as the ratio between its surface and pro-
jected areas. And, as mentioned above 6y is the Young’s
equilibrium contact angle of the smooth surface As r>1,
increasing the roughness of a surface with a 6y above 90°
will enhance the liquid repellant properties of the substrate.
When 6y < 90°, the spreading of the liquid will be en-
hanced. The Cassie-Baxter model assumes the existence of
a mixed wetting state, where air pockets remain trapped
below the water drop, in a way that only the tops of the
surface features are in contact with the liquid. A liquid un-
der this wetting state will roll of the area with a small tilt-
ing [16]. The apparent contact angle . for this state is
given by

cos O, = f(cos 6, +1)—1, 3)

where ¢ is the apparent contact angle that a liquid forms
on the rough surface, fis the fraction of the solid area that it
is in contact with the liquid. Again, 6y is Young’s contact
angle of the smooth surface.

The third factor (iib) consists of preventing the liquid
spreading by creating a sharp geometrical modification
around the target area that is able to stop the advancing of
the liquid-solid-vapour interface. When a liquid front
reaches an edge, a local contact angle 0 [deg] will be
formed according to the so-called Gibbs condition [17]

0y <0 < (180 - q) + Oy, )

where o [deg] is the edge angle, see Figure 3. Sharper
edges, thus with smaller a values, have proven to be able to
confine larger amounts of liquid within the target area, be-
fore the liquid front is able to cross the modified perimeter
[17,18].
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Fig. 3 Definition of solid angle o [17,18].
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Fig. 4 Alternatives to create hydrophobic/hydrophilic patterns
on a smooth surface which is either hydrophobic or hydrophilic
by nature.

In the view of the above physical phenomena governing
wetting, three alternatives for creating hydrophobic/hydro-
philic patterns, created by laser micromachining, for liquid
driven self-alignment could be considered, see Figure 4:

1. If the surface is hydrophilic, the chemical composi-
tion of the surface can be modified by applying a hy-
drophobic coating on top. Subsequently, this coating
can be selectively removed by laser machining (Fig-
ure 4a), to create a receptor site which is hydrophillic.
Hydrophilic sites on a hydrophobic substrate can be
created by applying a hydrophilic coating at the de-
sired positions (Figure 4b).

2. Increasing the roughness of the receptor site by use of
the laser, see Figures 4c and 4d. If the substrate is hy-
drophobic, the increased roughness yields higher ap-
parent contact angles, and therefore limits the liquid
spreading. An alternative way to keep areas is achiev-
ing the Cassie-Baxter state for all the areas that shall
remain non-wetted (dry). When the substrate is hy-
drophilic, a proper selection of the roughness allows a
given liquid volume to spread only over the laser
processed area (Figure 4c) [1,19,20].

3. Creating edges/obstacles by material removal from a
laser track, see Figure 2f. An edge (or trench) around
the receptor site can be created by removing material
from the tracks of a laser path that follows the perime-
ter of the receptor site. The edges of the tracks will
provide a location for the pining of the liquid-solid-
vapour interface, and sharp edges can be accurately
machined by a proper selection of the laser processing
parameters. Note that this approach will work for hy-
drophobic as well as hydrophilic substrates.

In this paper a so-called leadframe, which is used in the
semiconductor industry as a base for die bonding and pack-
aging, will be studied as a substrate, see section 3.1. As the
surface composition of the top-layer of the leadframe is
typically hydrophilic, most of the liquids that can be consi-
dered for the self-alignment process will tend to spread out
of the receptor site. There is therefore a need to confine the
liquid into the receptor site. As discussed above, this can be
achieved by processing areas or by creating a sharp edge

around the receptor site. Among the available alternatives,
the creation of the sharp edges will be selected as the topic
of study for this paper. This is because processing lines
with a laser is in general much a faster process than mod-
ifying the whole receptor site. In addition, the trapping of
the liquid can be achieved in a single processing step if the
proper geometry of the edge is achieved. Moreover, there is
no need to chemically functionalize the substrate, in that
case.

2. Scope of this paper

The next section describes the material (substrate), expe-
rimental setup. Section 4 describes the experimental results.
That is, first the ablation threshold under ps-laser radiation
of the lead frame (substrate) was determined. This thre-
shold provided input for determination of laser processing
conditions to create trenches around square receptor sites.
Trenches were produced around receptor sites of four sizes:
about 5x5mm? about 110x110pm?, about 200x200pm?>
and about 210x210pm?. The 5x5 mm? sites allowed initial
analysis of the wetting and liquid confinement properties
using standard video based optical contact angle measuring
equipment, see section 3.3. Whereas, a microassembly sys-
tem was used to carry out self-alignment tests on receptor
sites of 110x110 pum” and 200x200um’, see section 3.4.
Finally, the receptor sites of 210x210um? were used to test
their liquid confinement ability. Trenches of several depths,
widths and shape were created to study the dependence of
the geometry of the receptor site and trenches on the liquid
confinement capability, as well as on the self-alignment
capability of the site. Finally, sections 5 and 6 contain
conclusions and an outlook to future work.

3. Material and experimental set-up

3.1 Material

The substrate under consideration is a leadframe, which
is composed of a copper foil (bulk), with a standard rough-
ened PrePlated leadframe Finish (PPF), see Figure 5. De-
tails on the motivation of this composition of the lead
frame fall outside the scope of this paper. A protective foil,
which covers the leadframe, was removed just before laser
machining.
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Fig. 5 Cross section of the material applied as the substrate
(lead frame) with NiPaAu finish. Note the thickness of the layers
are not to scale in the graph.

3.2 Laser set-up

An Yb:YAG laser source, type TRUMICRO 5050 of
TRUMPF GMBH, Germany, with a central wavelength of
1030 nm (IR) was used for generation of the laser pulses.
But for the experiments, a Third Harmonic Generation
(THG) unit was applied to convert the central wavelength
to 343nm (UV), as the absorption of laser energy of the
substrate at this wavelength is higher than at IR. Moreover,
the UV wavelength, in contrast to the IR wavelength, al-
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lows for focusing the laser beam into a smaller diameter
(see section 4.1), which, in turn, allows machining of
smaller features. The maximum average power available in
UV is about 15 W at (a maximum) pulse frequency of 400
kHz. The beam shows a nearly Gaussian power density
profile, see Figure 6. The pulse duration was constant at
6.7ps for all experiments. The radiation was linearly pola-
rized (horizontally).
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Fig. 6 Power density distribution, in focus, of the applied laser
beam at 200kHz and 100mW, measured using a
MICROSPOTMONITOR of PRIMES GMBH, of Pfungstadt, Germany,
and analyzed using the MATLAB Laser Toolbox [21].

Fig. 7 Experimental laser set-up including
the galvoscanner and telecentric f0-lens.

Manipulation of the beam over the samples was accom-
plished by a two mirror galvo scanner system, see Figure 7,
type INTELLISCAN14 of SCANLAB GMBH, of Puchheim,
Germany. A telecentric 100 mm fB-lens, type RONAR of
LmNos GMBH, of Géttingen, Germany, focused the beam.
The substrate was irradiated at normal incidence at envi-
ronmental conditions.

After laser machining, the substrate was cleaned in an
ultrasonic bath with acetone for 5 minutes, and subsequent-
ly with IPA for 5 minutes.

3.3 Analysis tools

The surface topography of the machined surfaces were
analyzed by a Confocal Laser Scanning Microscope
(CLSM), type VK-9700, of KEYENCE, Osaka, Japan and a
Scanning Electron Microscope (SEM), type JCM NEO-
SCOPE 5000 of JEOL LTD., Tokyo, Japan. The wetting prop-
erties of the samples, at room temperature, were deter-
mined by a video based optical contact angle measuring
device, the OCAI15plus of DATAPHYSICS INSTRUMENTS
GMBH of Filderstadt, Germany, using distilled deionized
water droplets of 4 microliters.

3.4 Set-up for self-alignment tests

A microassembly system was used to carry out self-
alignment tests [4]. The system includes a robotic micro-
gripper, two microscopes, three motorized stages and a
droplet dispenser, see Figure 8.

-433 Serie 9

Fig. 8 The microassembly system used
to carry out self-alignment tests [4].

The microgripper is custom built, driven by two piezoe-
lectric benders. The motorized stages provide movement in
x-,y- and z-directions. The z-axis stage (type M-122.2DD of
PHYSIK INSTRUMENTE, Karlsruhe, Germany) moves the
microgripper vertically, while the x-axis stage (type M-
122.2DD of PHYSIK INSTRUMENTE) and y-axis stage (type
M-404.8PD of PHYSIK INSTRUMENTE) move the test pat-
terns (leadframe) horizontally. The droplet dispenser (type
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PicPIP of GESIM, Grosserkmannsdorf, Germany) is non-
contact type, actuated by a piezoelectric diaphragm. It can
dispense droplets in a distance of a few millimeters with a
resolution of tens of pico liters depending on the control
parameters.

The self-alignment process was imaged from a top view
microscope (type VZM1000i of EDMUND, Nether Popple-
ton, UK) and a side view microscope (type VZM1000i,
EDMUND). A high-speed CMOS video camera (type IPX-
VGA210-G of IMPERX of Boca Raton, USA) was attached
to the top microscope and a CCD video camera (type
scA1600-14gc of BASLER, Ahrensburg, Germany) has been
attached to the side view microscope.

4. Results and discussions
Measurements, using the CLSM, showed that the sur-

face roughness of the unmachined substrate was R, ~1.5um.

Note that this is much larger than the thickness of the pal-
ladium and gold layers, and of the same order of magnitude
as the nickel layer. The roughness was found to result from
a polishing step during the production of the leadframe.

4.1 Ablation threshold

Next, the ablation threshold, or more specifically the flu-
ence threshold, above which the substrate under laser radia-
tion, will be ablated, was determined using a method usual-
ly referred to as the D*-method [22-24]. In accordance with
this approach, the material was exposed to single laser
pulses, at several pulse energy levels. The diameter D [m]
of each ablated crater was determined by CLSM. Figure 9
shows this squared diameter D* as function of the pulse
energy. In accordance with the D’method, the beam di-
ameter was determined from the slope of this curve, to
equal 15.6 um. The determination of the ablation threshold
relies on the linear relation between squared diameter D’
and the logarithm of the applied pulse fluences. The abla-
tion threshold follows from the extrapolation of the curve
in Figure 9 to the lower horizontal axis. The ablation thre-
shold was found to be 0.11 J/cm?, which corresponds to a
pulse energy of 0.10 pJ at the given spot diameter.
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Fig. 9 Squared diameter D~ as a function of pulse energy (up-

per horizontal axis) and as function of fluence (bottom axis).
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Bonse et al. showed that the ablation threshold reduces
with increasing number of pulses applied to the substrate
[23]. This incubation effect, which can be attributed to the

accumulation of (absorbed) energy, is ignored here. That is,
because the sole aim of the determination of the threshold
was to obtain initial processing conditions to create
trenches.

4.2 Processing conditions for single laser tracks

Next, laser machining conditions were determined to
create trenches with targeted depths of 0.5 um, 1.0 um, 2.0
pm and 5.0 pm. To that end first single lines were ma-
chined with the laser. To check whether the laser radiation
of a pulse intervenes with the plasma generated by ablation
induced by a previous pulse (plasma shielding), as well as
to avoid any temperature build up in the substrate due to
accumulation of heat, the pulse repetition frequency was
initially fixed to 50 kHz. At this pulse repetition frequency
the pulse energy E, [J] and number of overscans N were
varied between, respectively £,= 0.05u) and 0.25p) and
N=10 and 1000. The pulse to pulse distance between sub-
sequent pulses was fixed to 0.5 pm. The low laser pulse
energies applied here, were chosen to ensure that only the
upper part of the Gaussian power density profile was above
the ablation threshold. Next, the pulse repetition frequency
was set to 400kHz and pulse energy and number of over-
scans were varied between, respectively E,= 0.10uJ and
0.15puJ and N=10 and 1000. The pulse to pulse distance
was fixed to 0.5um again, in these experiments. No signifi-
cant differences were found between the results of machin-
ing at 50kHz to machining at 400kHz. Therefore a pulse
repetition frequency of 400 kHz can be used without plas-
ma shielding or accumulation of heat in the substrate, while
having the advantage of a faster processing speed.

Finally, at 400 kHz the pulse to pulse distance was in-
creased to 1.0um to investigate the influence of this dis-
tance on the ablated geometry. To that end, the beam veloc-
ity v was varied between 200 mm/s and 400 mm/s, to ob-
tain a pulse to pulse distance of either 0.5um or 1.0um.
This implies a pulse overlap OL [%] of 97% and 94% re-
spectively, when the overlap is defined as

Y %100% ®)

“Jp

OL=1-

where v [m/s] denotes the velocity of the laser beam rela-
tive to the substrate, d [m] the diameter of the laser beam
on the surface of the substrate (here the focus diameter of
15.6 um) and f, [Hz] the pulse repetition frequency of the
laser source.

Figure 10 shows a SEM image and CLSM measurements
of two typical single “laser tracks” or ablated “lines”. Evi-
dent in Figure 10a and 10b are horizontal grooves (or
scratches) caused by the horizontal polishing of the lead
frame leading to the aforementioned surface roughness.
These grooves have a significant impact on the edge quali-
ty of the ablated lines, see Figure 10a and 10b. From the
SEM image (Figure 10a) is can be observed that some ab-
lated material was deposited on the edges of the tracks.
Figure 10b and 10c show an isometric representation of
CLSM measurements, and a cross section respectively, of
the same lines as depicted in Figure 10a. Geometrical pa-
rameters of the tracks, defined in Figure 11, were deter-
mined from the CLSM cross sections.
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(a) SEM image,
10kV x 1500, Vac-High. Scale bar 20pm
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(c) CLSM cross section.
Fig.10 SEM and CLSM images of two laser tracks/lines.
E,=0.15 pJ, N=50 (left), N=100 (right).

Fig. 11 Definition of geometrical dimensions: track edge depth
d., track edge angle a and track center depth d...

The cross section clearly shows a sharp change in ablated
height at the edges of the ablated line, defined here as the
track edge depth d. [um]. It is assumed that this sharp
change in height is caused by the removal/ablation of the
PPF layer (Figure 5). Closer to the center of the track, the
tracks deepen with a certain curvature to the track center
depth d, [pm].

Figures 12 and 13 show the track edge depth d., as a
function of pulse energy E, and number of overscans N, at
pulse repetition frequencies of 50 kHz and 400 kHz respec-
tively. As can be observed from these figures, the ablated
track edge depth d, has a maximum of about 1.5 to 2.5um.
This implies that the PPF layer was completely removed
and for some processing conditions some of the copper
below is removed as well.

Figure 14 and 15 show the of the track center depth d.,
measured by CLSM, as a function of pulse energy and
number of overscans at pulse repetition frequencies of 50
kHz and 400 kHz respectively.
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Fig. 12 Measured ablated track edge depth, as a function of

pulse energy, overlap and number of overscans at 50 kHz.
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Fig. 13 Measured ablated track edge depth as a function of
pulse energy, overlap and number of overscans at 400 kHz.
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Fig. 14 Measured ablated track center depth, as a function of
pulse energy and number of overscans at 50 kHz.

Both Figure 14 and 15 show that, in contrary to the edges
of the track, the depth d_ of the center of the tracks increase
with increased pulse energy and overscans.

As the liquid confinement capability of a receptor site
depends on the geometrical angle of the edges of the site
(see section 1.2), the edge angle o [deg], as defined in Fig-
ure 11, of the laser generated tracks were measured by
CLSM. Figure 16 and 17 show the of the edge angle o as
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a function of pulse energy, overlap and number of over-
scans at pulse repetition frequencies of 50kHz and 400kHz
respectively.
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Fig. 15 Measured ablated track center depth, as a function of
pulse energy and number of overscans at 400 kHz.
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It can be observed from Figure 16 and 17 that, for a fixed
pulse energy, the edge angle increases significantly, from
about 10° to about 65°, when increasing overscans from
N=10 to 100. At higher number of overscans, so N>100, the
edge angle gradually increase towards 90°. However, for

pulse energies near or below the ablation energy, so
E,<0.1nJ, the edge angle shows an irregular trend as a
function of overscans N.

From these results, processing conditions were selected
to create trenches with the targeted depths, see Table 1.

Table 1 Processing conditions to create trenches.

Para- Targeted E, Over- N f,
meter depth [nd] Lap [#] [Hz]
set [pm] [um]
1 0.5 0.1 1 25 400
2 1 0.125 1 50 400
3 2 0.225 0.5 10 50
4 0.225 0.5 50 50

These sets of parameters were chosen, from Figure 12
and 13, such that the track edge depth d. was close to the
targeted depth. For parameter set 4 (Table 1) the process
parameters were chosen such that the track center depth d
was near the intended depth of 5.0um, as the track edge
depth has an upper limit of about 2.5um. If, in any case
there were multiple candidates, a parameter set, that yields
the sharpest edge angles, was chosen. Table 2 lists the
measured depth and edge angle of the ablated lines per pa-
rameter set, as measured by CLSM. The extreme values are
listed, with the average values between brackets.

Table 2 Measured geometrical properties of the tracks.

Param. Depth o
set [pum] [deg]

1 0.362-0.778 (0.546) 13.6 —37.9 (26.4)
2 0.542-2.310(1.311) 20.1-83.8(38.1)
3 1.665-2.519 (2.023) 9.9-29.3(19.3)

4 5359-11.1667 (3.408) 42.5 - 52.4 (45.8)

As can be concluded from this data, the depth and edge
angle show some spread. This can be attributed to the ini-
tial surface roughness of the leadframe. The targeted depths
of the trenches are in the same order of magnitude as the
roughness of the unmachined leadframe. Laser ablation to a
depth of less that this roughness will result in a irregular
edge depth and edge angle.

4.3 Processing conditions for trenches for receptor sites

To create trenches wider than the width of a single ab-
lated track, several parallel laser tracks were machined next
to each other, to create an “area” of ablated material. Striv-
ing for a flat bottom of the trench, the hatch distance was
chosen to be about one third of the width of a single laser
track. Hence, 2um, 1.9um, 4.3um and 4.8um, for parame-
ter set 1 to 4 respectively. Targeted trench width is about
100um, to ensure that the droplet used for self-alignment
experiments will not be affected by the width of the trench.
Next, every area was rescanned N times (overscans). By
creating four of these areas in a square pattern, square re-
ceptor sites were obtained, see Figure 18. Note that, the
horizontal and vertical trenches overlap in the corners re-
sulting in 2N overscans at those locations.
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Single— Hatched
laser area (100
track um)

Receptor
site

Fig. 18 Four hatched areas, in a square pattern, consisting of
overlapping laser tracks each, yield a square receptor site.

As a result of these double overscans the depth of the
trench at the corners will be larger than the depth along the
side of the site, see Figure 19. These corner areas will not
have a negative effect on the liquid confinement capability
of the site.

200.0 7
282. 6

Fig. 19 CLSM image of a receptor site with sharp edges,
created with processing conditions of parameter set 4.

4.4 Liquid confinement experiments

Liquid confinement experiments have been performed on
the 5x5 mm?® receptor sites, using the OCA15plus, to de-
termine to determine the dependence of the confinement on
the edge angle a. Figure 20 shows a typical droplet of wa-
ter, released from a needle and confined by a receptor site.
Figure 21 shows the volume of liquid pinned by the recep-
tor site as a function of the edge angle a.

Fig. 20 Liquid confinement test and static contact angle mea-
surement (using the using the OCA15plus set-up) on a receptor
site created using parameter set 4.
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Fig. 21 Liquid confinement ability of the edges on 5x5 mm?
receptor areas.

The figure shows that, the volume of liquid that is pinned
on the 5x5mm?’ receptor site increases with increasing edge
angle o. The liquid confinement ability of the small,
210x210pum?, receptor sites was tested, using the robotic
microassembly setup, by continuously dispensing small
droplets on the receptor areas until a single large droplet
was formed. Pictures were taken from the side, just before
the large droplet started spreading over the edges of the
receptor site. Volumes of the confined droplets were esti-
mated by assuming the droplets have the shape of a spheri-
cal cap, which is a valid assumption when the scale under
study is well below the capillary length. Confined droplets
on sites with different edge angles o are shown in Figure 22
and their relationship is shown in Figure 23. The results
show that the maximum volume of confined water droplet
increases with increasing edge angle.

Fig. 22 Water droplet confinement on receptor sites.
(a) Parameter set 1, contact angle: 68°, volume: 1.4 nl,
(b) Parameter set 2, contact angle: 90°, volume: 2.4 nl,
(c) Parameter set 3, contact angle: 102°, volume: 3.4 nl,

(d) Parameter set 4, contact angle: 127°, volume: 8.5 nl.
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Fig.23 Liquid confinement capability of the receptor sites with

dimensions 210x210 pm?.

4.5 Self-alignment experiments
Self-alignment tests, using the set-up described in section

3.4, were performed on laser patterns with different heights.

Dimensions of the sites were 200x200um” and 110x
110um®. And 50um thick SU-8 chips with corresponding
sizes were used as parts to be aligned. The experiment
comprised of the following steps:
1. the chip is moved to a predefined releasing position
near the receptor site,
2. a droplet of water is dispensed on the site and the
chip is released on it,
3. then the chip is self-aligned to the site,
4. in a few seconds, water vaporizes, leaving the chip
on the receptor site.

I

k e f’: Wil : [% o |
Fig. 24 Two examples of self-alignment tests with 200x200pum
SU-8 chips, where the edges of the chip have been highlighted.
Top row: chip at releasing position (left) and final position after
successful self-alignment (right). Bottom row: chip at releasing
position and final position after failed self-alignment.

Figure 24 shows two examples of the self-alignment tests,
where the top one is a successful case and the bottom one
shows a failure case. The results of initial self-alignment
tests are summarized in Table 3. Here, success rates are
presented for each pattern height and site size combination.
For each pattern height the tests were repeated six times for
200x200um? patterns and three times for 110x110pm?’ pat-
terns. The volume of water droplets were estimated as
0.22nl for 200x200um? sites and 0.05nl for 110x110um’
sites, based on the captured video image. The results sug-
gest that the height of the patterns is critical for self-
alignment, which became more reliable with increasing
height. However, it should be noted that the initial surface
roughness of 1.5um will most probably have a strong effect
for the success rate of site height of 0.5 to 2um. For pattern
height of Sum, self-alignment succeeded in all the tests.
Self-alignment on smaller patterns (110x110pm?) seems to
be difficult. Further tests are required to understand the
influence of pattern size on self-alignment.

Table 3 Success rates of self-alignment on receptor sites.

Pattern 200x200 110x110
e o
0.5 0% 0%
1 33% 0%
2 66% 0%
5 100% 100%

5. Conclusions and future work

A ps laser, operating at 343nm wavelength, 50kHz and
400kHz, with a focus diameter of 15.6um was used to
create receptor sites with areas ranging from 110x110pm?
up to 5x5mm?, and heights ranging from 0.5um to Spm.
Spreading of liquid from these sites were shown to be
stopped by a sharp geometrical edge around the site. That
is, it was found, by video based optical contact angle mea-
surement, that the volume of water that is pinned on the
receptor site increases with increasing angle of the edges of
the receptor site. In addition, it was found, by using a ro-
botic microassembly system, that the success rates of self-
alignment of 110x110um?* parts, as well as 200x200pum’
parts, on the receptor sites is 100% if the angle of the edges
of the receptor site are sharp, and the height of the receptor
site is well over the initial surface roughness of the sub-
strate.

Future work will include beam shaping to obtain a
steep power density profile, e.g. a square uniform profile or
a tophat profile, instead of the Gaussian profile. It is ex-
pected that machining with these steeper profiles will result
in receptor sites with edge angles approaching 90°. In addi-
tion, laser machining methods to create edge angles over
90° will be studied.

The transparent chips used in self-alignment tests
usually brings better understanding of the assembly process,
but it appears difficult to identify details with the complex
background surface of the receptor site. Fabricated silicon
chips will be used in future tests to provide more identifia-
ble results.
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