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Abstract: In this work, a process to realize metallized 2-photon-polymerized (2PP) structures in
prefabricated microfluidic channels is presented, aiming at 3D-structured electrodes. The channel is
fabricated using a single-layer process of SU-8 to realize vertical sidewalls with a height and width
of 300 um. Electrodes in a ring shape with an outer diameter of 250 pm are printed in the channel
using 2PP and metallized via sputtering. Using chromium as sacrificial layer, a lift-off is performed to
structure the metal. This allows us to fabricate individual electrically controllable 3D electrodes that
use the total height and width of the channel. Metallization with good step coverage on ring-shaped
3D structures in the high microchannel was achieved, which was confirmed using conductivity tests.
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1. Introduction

The metallization of 3D microstructures has recently been shown, for example [1,2].
In high microfluidic channels, however, the metallization of structures with good step
coverage is still a challenge, among other things, due to the shadow effect of the near wall.
Since using a negative photoresist as a sacrificial layer interferes with the SU-8 and 2PP-
process, we have adapted a lift-off process where chromium is used as sacrificial layer [3]
and especially focused on successfully removing the metal in narrow areas between the
2PP-based electrodes (typically between 200 and 400 um).

2. Materials and Methods

The process sequence to fabricate 3D-ring electrodes in a 300 um high and wide
channel is shown in Figure 1. First, a gold layer, with titanium as an adhesion layer, is
sputtered on a borosilicate wafer. This material stack is structured using wet etching (a).
Gold is used since the 2PP structures show the best adhesion on gold. As a sacrificial layer,
chromium is structured (a). For the SU-8, a single-layer process is used which results in a
more uniform and smoother layer. To enhance the adhesion of the SU-8, the wafer is treated
in an oxygen plasma. SU-8 100 is applied via spin-coating. The soft bake is performed at
95 °C for 2 h, with a slow ramping up and down to allow for the sufficient outgassing of
the thick layer. The post-exposure bake is performed also at 95 °C for 30 min. Following
this, the SU-8 is developed for 18 min and washed in isopropyl alcohol (b). In the next
step, the 2PP structures are written directly into the channel using IP-S resin in a Photonic
Professional GT (Nanoscribe GmbH) (c). The working distance of the 2PP laser writing is
380 um so that our 300 um fits within this range. Platinum is sputtered to metallize the 2PP
structures (d). To perform the lift-off, the wafer is placed into the chromium etchant for 1 h
and is rinsed with water to remove the detaching metal (e).
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Figure 1. Process to realize 2PP-based electrodes in a 300 um high and wide channel.

3. Discussion

To test the quality of sputtering on 2PP structures, conductivity tests were performed
beforehand. By applying contact probes, the conductivity between the top of the metallized
structure and the bottom of the wafer was measured so that it is concluded that sputtering
can be used to metallize 3D structures with good step coverage. Moreover, a 300 pm thick
SU-8 layer can be applied on a wafer with only one spin-coating step. The SU-8 surface is
smooth and the uniformity of the layer is 300 pm & 10%, determined via laser scanning
microscopy. Figure 2 shows an SEM picture of the ring structures after metallization and
lift-off. A successful lift-off was confirmed using conductivity tests; by applying probes on
top of both electrodes, no electrical connection could be measured. The channel’s bottom
and the metal on the SU-8 are isolated from each other as well. As the next step, we will
use this process for the realization of 3D dielectrophoresis devices.

Figure 2. 2PP ring structures in a 300 um high SU-8 channel after metallization and lift-off. Ring
diameter is 250 um, thickness 25 pm. The metal on the electrode is visible with digital microscopy
(bottom left).
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