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Abstract

In material testing and manufacturing processes, creating thin layers is a widely used method for structure
development or for surface treatment purposes. Despite its widespread use, the physical background of the
layer development process is currently under-researched. Its examination requires the development of pro-
cedures and tools that, in combination with the existing tools, can help to understand these processes. The de-
velopment of microfluidic cells is a way to solve this problem. In this paper, a newly developed microfluidic
cell is presented, which also offers a solution to several problems encountered when using previous designs.
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1. Introduction

Various etching methods are widely used in
metallography. One of the most common types of
these is colour etching [1]. During colour etching,
the etchant reacts with the surface of the pol-
ished sample to form a thin transparent layer.
The light reflected from the surface of this film
interferes, causing a visible, cyclic colour change
of the individual grains. The orientation of these
grains can be calculated using the etching speed
[2], [3]. During the etching process, microfluidic
cells are used to record surface colour change.
The phenomenon occurring on the surface can
be observed not only with an optical microscope
but also with a spectroscopic ellipsometer [3].
Concepts aimed at achieving this were previously
put forward, but they could not be put into prac-
tice due to manufacturing limitations [1]. In our
work, we aimed to design and manufacture a mi-
crofluidic cell that allows the observation of the
rapid exchange of the surface and extends the use
for nanometer-precision spectroscopic ellipsom-
etry [4] while eliminating the errors of previous
concepts. In addition, the positioning of the sam-
ple can be performed with an optical microscope.

2. Design and manufacture

The work began with defining the require-
ments. The dimensions of the embedded sample
to be examined and the geometrical parameters
of the Woollam M-2000DI spectroscopic ellipsom-
eter used for the tests were given. The following
size constraints posed a major design challenge.
The height of the device could not exceed 45 mm.
A channel at least 3 mm in diameter had to be
provided along the path of the light, in which
the border between different phases had to be
perpendicular to the path of the light. Otherwise
the ellipsometer could not detect the previous-
ly diffracted light. Finally, the aim was to create
the smallest possible internal cavity, as it had to
be filled with etchant before any measurement.
However, the production of mechanical parts be-
comes cumbersome within this small size range.

2.1. The device

The schematic structure of the device is shown
in Figure 1. It can be divided into three main
parts: the polydimethylsiloxane (PDMS) cell, the
welded frame structure, and the sample tray.
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Figure 1. The schematic structure of the device.

2.2. Microfluidic cell

The most important part of the device is the cell,
where the etching process and the examination
occur (Figure 2). It must be made of a chemically
inert, preferably transparent, dimensionally sta-
ble material. The choice has been made for the
previously used PDMS [1]. The PDMS cell was
made by molding, so the geometry had to be man-
ufactured with high precision while avoiding un-
dercut surface elements. In addition, the molds
must be heat resistant up to 180 °C. Due to their
design, molds can be made by different methods
such as additive manufacturing [5] or 5-axis CNC
machining [6]. For economic reasons, the mold
created with additive manufacturing was chosen.

Several aspects had to be considered while de-
signing the cell. One of the main disadvantages
of the previous models was that the initial stage
of the etching process was not observable, as the
filling of the cavity took a relatively long time [1].
Its volume has been reduced from 851 mm? to
90 mm3. Thus, filling the main cavity under the
same flow conditions takes only a few seconds
within the new design. By forming surfaces per-
pendicular to the path of the light beam, refrac-
tion at the boundaries of the different media can
be avoided or minimized.

In spectroscopic ellipsometry, the maximum in-
tensity of the light beam reflected from the sur-
face of the sample can be obtained at an angle of
incidence of 55° [7], [8]. The light beam enters
and leaves the cell, as shown in section A-A of
Figure 2. The inner cavities for the light beam are
closed with a laminated glass plate. The channels
to introduce and drain the etchant are formed
perpendicular to the previous direction, indicat-
ed by section B-B in Figure 2. The two channels in
section B-B are offset relative to each other, which
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Figure 2. PDMS cell; Section A-A: the path of the light-
beam; Section B-B: the path of the etchant.
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Figure 3. The sealing lip between the sample and the
cell.

prevents the etchant from stagnating.

The seal between the sample surface and the cell
is provided by a 0.3 mm high sealing lip formed in
the PDMS. As a result of the spring pressure, the
plane of the sample thus enters the point of in-
tersection of the optical axes of the ellipsometer
(Figure 3).

2.3. Frame structure

The elastic deformation of the cell, and thus the
change of the geometrical conditions necessary
for the measurement, is prevented by a rigid,
welded frame structure made of steel. The pre-
cise positioning was ensured by plane grinding
the bottom plate after welding, compensating the
thermal deformation caused by welding.
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Figure 4. The sample tray and the lifting mechanism
are built into the frame structure.

The frame ensures the parallelism and precise
running of the sample tray with the microfluidic
cell. The exchange and positioning of the sample
are facilitated by the developed spring mecha-
nism (Figure 4). The correct tightness can be ad-
justed by changing the spring force by prestress-
ing the pairs of springs connected in parallel be-
low and above the sample tray.

The positioning on the surface of the sample is
possible by an inspection hole formed in the up-
per stiffening part. This can be combined even
with an optical microscope to increase accuracy.
Any arbitrary location can be found on the sur-
face area, so the ellipsometer can precisely target
any point on the prepared sample.

Another design consideration was for the frame
structure to form a whole assembly unit even
without the cell. This allows the combination of
the frame with different cell structures as part of
a further development process (Figure 5).

3. Results

As a result of our work, a prototype of the mi-
crofluidics cell was created. After assembling the
mechanical parts, the device was adjusted, which
meant that the springs ensured the sealing be-
tween the sample and the cell. The construction
mechanically satisfies the needs arising during
the design. The sample tray and the sample can
be moved, changed, and positioned without mov-
ing the device.

4. Conclusions

Using previous experience of microfluidic cells,
a redesigned experimental unit was created to
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Figure 5. The assembled device without the PDMS
cell.

study the etching processes. The new device can
be combined with both optical microscopy and
spectroscopic ellipsometry. The manufactured
frame structure is easy to install, so it can be suit-
able for inserting new, possibly modified cells.
Subsequent, repeated improvements to the con-
struction can provide for metallography, a tool
that can open a new chapter in the examination
of etching processes.
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