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The electrodes are key elements for acquiring EEG 
signals. The high demand on non-invasive EEG elec-
trodes for monitoring, diagnostics and treatment of 
patients with neural diseases, such as epilepsy, is driv-
ing the research of electrodes fabricated in different 
materials and with very low impedance. 

The Ag/AgCl standard electrodes present a low im-
pedance in the interface skin-electrode and good stabili-
ty through its life span. However, these electrodes 
require a previous preparation in the outer skin (i.e. 
stratum comeum) and a gel to provide a good contact 
between electrode and skin to minimize the insulating 
effect of the stratum comeum layer. The standard 
Ag/AgCl gel electrodes have limited use because they 
suffer from dehydration, which leads to a modified 
electrode impedance and consequently, generates noise 
and other artifacts in the measured signals. Furthermore, 
the gel can cause skin irritation and support bacterial 
growth [1]. A dry Ag/AgCl electrode was proposed for 
acquiring biopotentials with promising results [2]. 
Nevertheless, despite the good electrochemical charac-
teristics, the AgCl is toxic and presents an infection risk 
because it dissolves in contact with the skin [3].

This paper presents a non-invasive dry electrode for 
EEG. The brain electrical activity occurs between 
neurons as well as in muscles. The neuroscience field 
has been demanding invasive electrodes that are im-
planted in single and multiple recording sites [4]. 
Electrodes with microtips are presented in Figure 1(b). 
The microtips length is about 100-200 µm for providing 
the penetration of the outer skin layer (i.e. stratum 
corneum) that is 10 µm thick. 

Figure 1: Application of biopotential electrodes: (a) standard 
EEG electrode; (b) EEG dry electrode with microtips. 

The design of the dry electrode consists in a pyra-
midal structure. The penetration of the microtips in the 
skin requires a specific pressure [5]. The pressure in the 
microtip, when an axial load is applied, is given by: 

A
FP (1) 

where P is the pressure resulted in the solid structure 
(i.e. microtip), F, the perpendicular force applied, and A, 
the section where the force is applied. The force neces-
sary to insert and remove the electrode is about 10 N
[5]. The Figure 2 shows the pairs of action-reaction 
forces, established in the electrode when inserted in skin 
(the distribution of the force is uniform on the electrode 
through the 4x4 microtips array - 0.625 N per microtip). 
The base of the microtip structure is subjected to a
pressure of 15.6 MPa. Therefore, every microtip 
achieves a maximum pressure endured by silicon at 
165 µm from the base (red section in Figure 2). The 
average height of the pyramidal structures is about 
200 µm. 

A. Etching 
Each microtip in the dry electrode has a three di-

mensional structure, which is fabricated by a wet-
etching process in silicon through a liquid solution of 
potassium hydroxide (KOH). The microtips desired 
shape is obtained by the undercut effect in the etching, 
where the planes of fast etching are revealed. It was 
used a [100]-type silicon wafer with a thickness of 
500 µm. Also, two layers of silicon nitride (SiN) on the 
top and on bottom were used as masks for the etching. 
The Figure 3 shows the microtips fabrication steps. 
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Figure 2: Pairs of action-reaction forces on a electrode with 
an array of 4x4 microtips. 

Figure 3: Fabrication of the microtips. 

B. IrOx Sputtering 
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A. Electrode Microtips Fabrication 

Figure 4: Top view of etching progression stages with 30 
minutes intervals. 

Figure 5: Microtip structure with a pyramidal shape. 

B. Electrode Characterization 
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Table 1: The session parameters in the sputtering depositions 
at frequency of 50 kHz.

13.5 14 33 28
265 349 526 199

1.926 1.664 2.487 4.914

It would be expected that the increase of O2 would 
result in an increase of the films resistivity. Such result 
would be expected as the increase of O2 decreases the 
film purity. However, around 3.5 sccm of O2, a lower 
film resistivity was obtained. 

The SEMs in the Figure 6 may induce a justification 
for the lower resistivity at 3.5 sccm of O2 flow. 

Figure 6: SEM images in cut-view of IrOx thin-film deposited 
at different O2 flows: (a) 2 sccm; (b) 3.5 sccm; (c) 6.5 sccm; 
(d) 10 sccm. 

Apparently, the transition point between stable and 
unstable thin-film structures happens with an O2 flow 
around 3.5 sccm. It appears that in the region of this O2
flow, the film permittivity increases ensuring lower 
resistivity than the other samples. Under this flow, the 
structure is very consolidated which leads to an in-
creased resistivity. Above this flow, the irregular sur-
face induces the highest resistivity obtained. Conse-
quently, 3.5 sccm was the selected flow for coating the 
electrodes under evaluation. 

The O2 in IrOx allows the utilization of these elec-
trodes for other application besides recording. As IrOx
has four states of oxidation in reversible chemical 
reactions, it enables functional stimulation [8].

The Figure 7 shows the variation of current density 
versus the applied voltage in the IrOx thin-films when 
submerged in a NaCl solution with 0.9 % concentration. 

These results allow the evaluation of the electrical 
activity for stimulation of the IrOx dry electrodes. The 
results showed good electrochemical properties for 2 
and 3.5 sccm O2 flows. 

The charge capacity versus the O2 flow was plotted 
in Figure 8. The maximum charge capacity occurs for 

3-4 sccm of O2 flow, for a sputtering frequency of 
50 kHz. 

Figure 7: Current density vs. applied voltage for four different 
O2 flows at 50 kHz sputtering frequency. 

Figure 8: Comparison between charge capacity vs. O2  flow at 
50 kHz. 

This paper proposes a non-invasive IrOx dry elec-
trode for EEG acquisition fabricated in bulk-
micromachining technology. This electrode can avoid 
the skin preparation with gel due to its microtips struc-
ture, which penetrates through the stratum corneum
layer. 

After the fabrication and the characterization of the 
electrodes, the optimum deposition conditions were 
obtained for O2 flows between 2-3.5 sccm and at 
50 kHz sputtering frequency. Also, the developed
microtips showed a good mechanical behaviour and 
strength to penetrate the skin. 

The iridium oxide had an excellent overall perfor-
mance not only for biopotential recordings but also 
functional stimulation application due to charge delivery 
capacity, low-constant transition impedance and low-
resistivity. Thin-films made of IrOx demonstrated long-
term mechanical stability and good corrosion resistance. 

The authors would like to thanks the Portuguese 
Foundation for Science and Technology for sponsoring 
the project FCOMP-01-0124-FEDER-010909 (refª. 
FCT/PTDC/SAU-BEB/100392/2008) and the company 
IVV AUTOMACAO LDA.

MME2010 Workshop 245



Back to the Programme

References 

MME2010 Workshop 246


