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Photomask Fabrication
Two masks were fabricated, one for the fluidic microchannels and the second for the microelectrode. The fabrication process started with IRSE and microfluidic channel patterns, design was made using CAD software (AutoCAD®, Autodesk, 2007). The chosen for the masks were a high-resolution glass from Kodak (60 mm side Kodak® 1A), the process is shown in Figure 1.
The fabrication process follows glass substrate cleaning using Standard RCA (Radio Corporation of America). After cleaning, and drying with nitrogen gas, the glass was placed on a hot plate at 120ºC for 20 minutes, after that a very thin layer of chromium (Cr), 10 nm was deposited, and then a thin layer of gold (Au), 150 nm was deposited, Cr was deposited to enhance adhesion between gold and glass.
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[bookmark: _Ref159604583][bookmark: _Ref159604590]Figure 1. Microfabrication of mask using direct laser writing technique, thin film deposition and lift-off.

Next, a spin coating technique was used to apply a photoresist layer (AZ 1518, Merck). The pattern was transferred using high-resolution direct laser writing photolithography (Model µPG101, Heidelberg Instruments). After exposure, post-baking, and development, the Cr/Au unprotected were chemically etched using a mixture of nitric acid and hydrochloric acid (1:3 ratio) at room temperature.
The strong oxidative nature of this mixture, resulting from the combination of nitrosyl chloride and free radicals, dissolved the metal layer, while Aqua regia consumed itself and decomposed, forming nitrous and chlorine gases[1,2], after that the substrates were then rinsed with DI water (18.2 MΩ.cm) and dry with nitrogen (N2).

Microelectrode Fabrication
Photolithography of IRSE microelectrode: Using the IRSE electrode mask and conventional broadband photolithography, the patterns were transferred into a glass substrate previously coated with a metal layer using a lift-off technique[3]. This process was conducted with a contact mask aligner (MJB-3 UV300 Karl-Suss, Garching, Germany), after spin-coating the substrate with AZ 1518 (1.8µm thick), @ 4000 rpm for 30 seconds, as shown in Figure 1. Electrode Deposition and Lift-Off: A thin film of Titanium-gold-titanium (Ti/Au/Ti) was deposited using an e-beam evaporator (Leybold Univex 300, Cologne, Germany), to improve soldering quality in the electrode terminals. Following deposition, devices underwent a lift-off technique, immersing them in acetone to remove the photoresist layer and excess metal, resulting in the desired IRSE patterned electrodes on the glass surface, this techniques where used in ours previous works reported [4–6].
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[bookmark: _Ref159606206][bookmark: _Ref159604743]Figure 1. Microfabrication of mask using direct laser writing technique, thin film deposition and lift-off.

The electrode design consists of 29 pairs with a 500 nm metal layer thickness. Electrodes, manufactured at a low cost on a glass substrate, feature 10µm width and a 10µm gap. The outer radius of the electrode is 600µm, resulting in a total occupied area of 1.13mm².

Electrode passivation
Passivation with polydimethylsiloxane (PDMS): As a final step, a Silicone Elastomer Kit (Sylgard 184, Dow Corning, Midland, USA) was used as a passivation material. PDMS, known for its low-k value (2.5), serves as an effective insulator, protecting electrodes from degradation. A thin and uniform PDMS layer with 5µm thickness was deposited using the spin coating technique, as shown in Figure 10. Based on previous reported online information, from Elvesys website, we chose three speed rotation to make PDMS spin-coating deposition.
The results were not uniform and consistent for 8000 rpm rotation, the PDMS film was not evenly distributed on the surface. For 2000 rpm, the insulation layer was too thick around 35-45 µm, leading to sensor signal response instabilities. Our best coating was at 5000 rpm, resulting in PDMS film of 5 µm, and consistency results.
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[bookmark: _Ref159605272]Figure 2. PDMS film thickness in function of speed rotation in [rpm], which W is the film thickness, and ԝ is the speed., adapted from Elvesys website.
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