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Digital printing with micro plasmas and its potential applications for biosensors
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Biosensor technology and lab-on-chip devices are maturing fast. The use of digital

printing with micro discharges allows for new opportunities in tailoring the surface of a

material, while keeping the bulk properties intact. This allows for a wider range of

material selection, when considering issues such as matching of a materials surface

tension to a fluid, or specific and non-specific binding. For example, 2D surface

microfluidic channels have been made that are based purely on surface energy

properties, amino-functionalities are introduced in biosensors in order to specifically

bind biomarkers for the detection of diseases from human blood samples, and an

electrode layout was manufactured using an additional wet chemistry step.

The μPlasmaPrint setup used here consists of a pin-to-plate dielectric barrier

discharge at atmospheric pressure. Grounded needles in a printhead move towards

and away from a powered substrate, in turn

igniting and stopping several micro discharges, based on a digital image or pattern.

By introducing precursors to the plasma region, specific surface functionalities can be

printed.

Typical discharge dimensions and electrical characteristics for this setup have been

measured and evaluated. Plasma currents of 10 mA were found, with a power density

of 10 mW per print spot. Plasma polymerized amino-containing nano-layers have

been characterized using XPS, ATR-FTIR, ellipsometry and fluorescent imaging. The

composition of the plasma polymerized layers has been investigated as a function of

the plasma exposure time. The exposure time of the surface to the micro plasmas

was varied by increasing the amount of print repeats. XPS measurements have

shown that films deposited from (3-aminopropyl)-trimethoxysilane precursor contain

between 5 and 9 atomic percent of amine functionalities, depending on the number of

print repeats. Through fluorescent imaging the amine density was estimated at 0.3

amine functional groups per nm².
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