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Abstract—This paper describes a low-power/low-voltage CMOS
wireless interface (CMOS-WiI) at 5.7 GHz with dry electrodes for
congnitive networks. The electrodes are 4 4 microtip arrays and
acquire electroencephalogram (EEG) signals in key- points for
processing. The CMOS-WiI was fabricated in a UMC 0.18 �

RF CMOS process and its total power consumption is 23 mW with
a voltage-supply of only 1.5 V. The carrier frequency is digitally
selectable and it can be one of 16 possible values in the range
5.42–5.83 GHz, with 27.12 MHz steps. These multiple carriers
allow a better spectrum allocation as well as the acquisition,
processing and transmission of high-quality EEG signals from 16
electrode arrays. The microtips array was fabricated through bulk
micromachining of a ��� -type silicon substrate in a potassium
hydroxide solution and avoids long subject preparations for EEG
data acquisition. The reactive sputtering of iridium dioxide (IrO)
on the surface of the array guarantees its biocompatibility. The
fabrication process was trimmed in a way that each microtip
presents solid angles of 54.7 , a width in the range 150–200 �, a
height of 100–200 �, and a microtip interspacing of 2 �. The
microtips array coated with IrO together with the CMOS-WiI
permit the remote monitoring of EEG signals from freely-moving
subjects.

Index Terms—Sensor interface, wireless microsystems, wireless
sensors networks.

I. INTRODUCTION

T HE wireless monitoring of human-body information is an
emerging field with an increased importance in bioengi-

neering and rehabilitation [1]. In this context and in contrary to
classic approaches (see Fig. 1), new solutions based on wireless
EEG modules fit the clinical requirements for ease of placement
and removal of the electrodes in a braincap. An electrode (mi-
crotips array), microelectronic circuitry (the CMOS-WiI) and an
associated antenna are mounted together in a compact wireless
EEG module. The power supply of this module is obtained lo-
cally from a coin-sized battery placed in the braincap. The oper-
ation frequency of 5.7 GHz was selected because it allows the in-
tegration of chip size antennas in wireless Microsystems. More-
over, these antennas reduce the impedance mismatches prob-
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Fig. 1. Photograph showing a patiet using a classic EEG braincap with
Ag/AgCl electrodes and respective wires.

lems, systematize the manufacturing processes, and leads to Mi-
crosystems with an even reduced price [2]. The amplification,
filtering, and high-resolution digital conversion circuitry are in-
tegrated in these small-size individual wireless EEG modules.
This solution also enables quick electrode placement or takeoff.
The optimization of the number of wireless modules through
machine learning techniques enables the monitorization of scalp
key-points.

II. STATE-OF-THE ARTAND SYSTEM OVERVIEW

Recent advances in the biomedical field related to medicine
and biology have demanded more sophisticated electrode fabri-
cation technologies [3]. Electrical activity occurs between neu-
rons as well as in the muscles (e.g., heart) and nerves. The biopo-
tential electrodes, jointly with acquisition systems, sense that
electrical activity and make it accessible either for clinical or re-
search trials. Biopotential recording and excitable tissue stimu-
lation have been accomplished by recurring to invasive and non-
invasive electrodes.

It has been stated that skin impedance is determined mainly
by the stratum corneum at frequencies below 10 KHz [4] (see
Fig. 2). Furthermore, the EEG applications fall entirely into this
frequency range. This outer skin layer has high-impedance char-
acteristics since it is mainly constituted by dead skin cells and
has very low water content. Consequently, biopotential elec-
trodes require skin preparation (e.g., skin abrasion) and the use
of electrolytic gel to bypass the stratum corneum isolation prop-

1530-437X/$26.00 © 2010 IEEE



756 IEEE SENSORS JOURNAL, VOL. 11, NO. 3, MARCH 2011

Fig. 2. Application of biopotential electrodes: (a) standard EEG electrode; (b)
EEG electrode with microntips.

Fig. 3. Magnified photograph of a microtip with pyramidal shape.

erties and reduce interface impedance [Fig. 2(a)]. The electrical
activity occurs between neurons as well as in muscles, thus
the microtips (that compose the dry electrode) can penetrate
through the stratum corneum (which is 10 thick) and can
enter in a closer contact with the biological fluids in the lower
layers of the epidermis [Fig. 2(b)]. This avoids the isolating
characteristics of the stratum corneum and allows the electrodes
placement without the need of any conductive gel. However,
the length of the microtips cannot exceed the 200 , in order
to not enter in contact with the sensory receptors and with the
nerve endings in the dermis (which is rich in some chlorides
like NaCl). The Ag/AgCl has been proposed as a dry electrode
coating with promising results [5]. However, the silver chloride
proved to be toxic and has an associated infection risk since it
dissolves on skin [6]. EEG electrodes made of sputtered iridium
oxide (IrO) present better electrochemical properties with low
toxicity, when compared with those made of Ag/AgCl [7].

The microtip arrays were coated with IrO by DC-sputtering,
after their bulk micromachining through a wet etching process
with undercut in a KOH solution, and are at least 100 high
(see Fig. 3) in order to be able to pass through the outer skin
layer (i.e., stratum corneum). These features make these elec-
trodes especially suitable for wireless sensors networks, where
it is desirable to place wireless modules (with electrodes) on
the individual’s scalp without the need of conductive gel or skin
abrasion.

The selection of the suitable wireless technology plays an
important role in ensuring the success of an application in the
longterm. In this context, the growth in the demand for using
the emerging and established technologies, such as the ZigBee

and the Bluetooth to put connect the different sensors, con-
trollers, and actuators is notable [8]–[10]. These two standards
have theirs strong points and drawbacks. The ZigBee is a set
of protocols (e.g., corresponding to the two lowest layers in
the OSI model) that allows us to mount a real wireless sensor
network in topologies ranging from a simple star to complex
meshes with the advantage to work for years. This working
mode is obtained at the cost to have the wireless nodes to op-
erate in low-duty-cycles. Low-duty-cycles are not tolerable in
real-time systems, so the advantage of the ZigBee will fast turns
in something to avoid. Alternatively, the Bluetooth allows the
use of high-baud rates, e.g., baud rates up to 1 Mbps to ex-
change data between the wireless nodes. However, it is very
difficult to have complex mesh topologies and worse, the Blue-
tooth is a very heavy protocol with a lot of rules, where de-
spite the high-baud rates available, it will result in high laten-
cies. High latencies are also unacceptable in real-time moni-
toring and control systems. Thus, the Bluetooth is more suit-
able in point-to-point applications, such as those used to con-
nect personal computers or hands-free systems (in cars) to cel-
lular phones. Several variants for the same solution were pro-
posed and all of the implementations use third-party products
such as radios (motes) and sensor interfaces [11]. The motes
are battery-powered devices that run specific software. These
motes are ready-to-use wireless modules, where boards with
sensors are attached. Their primary advantage rapidly fades and
turns into a severe drawback, because the primary goal is to
have wireless platforms integrating the industrial environment.
Thus, more compact and low-sized modules are needed. Also,
these solutions are too much expensive for high-mass produc-
tion and thus, for industrial use. The integration of RF trans-
ceivers with dimensions comparable to the other Microsystems
elements permit the fabrication of even more compact, low-size
and low-power modules, supplied by a single battery. Minia-
turized Microsystems contribute to the mass production with
low prices, favoring the spread of applications for these Mi-
crosystems. Moreover, solutions relying on wireless Microsys-
tems offer the flexibility of including as many modules as re-
quired and selecting any type of sensors to be assembled with
the RF transceiver and the other electronics. The CMOS-WiI has
low power, low voltage, and it allows the independent activation
of each subsystem. In terms of project and design, it is straight-
forward to provide the power supply of all the system-blocks
integrated in the same Microsystems since the feeding points
are reduced and the battery coupling is more effective.

The CMOS-WiI can be used to connect the wireless modules
to the EEG electrodes on the individual’s scalp and transmit
the acquired data to a portable device. This device forwards
the acquired data to a base station (e.g., the central processing
unit), which stores and does the signal processing. Fig. 4 shows
the system architecture of the CMOS-WiI to mount a wireless
sensors network with wireless modules comprised of dry EEG
electrodes and the CMOS-WiI. A set of 16 different frequen-
cies (with a spacing of 27.12 MHz) were conceived, in order to
make possible the existence of multiple transmissions (indepen-
dently of their relative priority) between the different wireless
modules placed in the patient’s head. The wireless communica-
tion is not between the wireless modules, but also between these
and with a base station that stores the acquired data for further
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Fig. 4. System architecture of the CMOS WiI.

processing. The easy mounting/removing of wireless modules
to/from where desired, is another advantage.

III. RF CMOS TRANSCEIVER DESIGN

A. Selection of the Frequency Band

The frequency selection for the CMOS-WiIs took into ac-
count the need to obtain compact and miniaturized solutions.
Moreover, the possibility to include chip-size antennas in
the RF microsystem was a crucial (and mandatory) require-
ment to comply with the former goal. In order to implement
efficient power-consumption wireless sensor networks, it
was also necessary to develop a low-power/low-voltage RF
CMOS transceiver, suitable for mounting in the antenna. In
wireless communications, the antenna is one of the most crit-
ical subsystem, thus, in order to not compromise the desired
miniaturization, the antenna must be small enough to comply
with size constraints of the microsystems. The investigation
of new frequency bands [12] and new geometries [13] allow
the development of smaller antennas to integrate in wireless
microsystems [14], [15]. Also, the dimension of an antenna is
proportional to the operating wavelength. Thus, the migration
of wireless communication systems to higher frequency bands
(as is the case of the 5–6 GHz ISM band) facilitates on-chip
implementation of antennas [12]. This makes the frequency
selection one of the more decisive tasks, when RF transceivers
are designed. Normally, the frequency must take some key
features into account: the desired range, the baud rate and
the power consumption. However, these features trade be-
tween them. The attenuation of RF signals in the free-space
increases with the distance, thus for a simultaneously given
transmitted power, [dB], and receiver’s sensitivity, [dB],
the frequency of operation is limited by the range, [m],
e.g., [Hz] [13]. It must
be noted that an increase in the power of RF signals, [dB]
compensates for the additional losses in the radiowave channel.
However, an increase in the transmitted power implies a higher
power consumption, which results in a shorter battery life.
Therefore, increasing the transmitted power is an unacceptable
solution, especially when the goal is to keep or even increase the
battery life. Applications that need high baud rates also require
high signal bandwidths. However, the operating frequency
cannot be arbitrarily increased, because this will have implica-
tions in the power consumptions, e.g., at high frequencies, the
transistors must switch faster, thus the energy dissipation will
be higher. Finally and not less important, the output power and
the distance also trade with the noise, [dB], in the receiver

Fig. 5. Block schematic of the transceiver.

site, thus with the bit error probability (BEP). The BEP for
ASK systems with envelope detection is ,

[16], where is the signal-to-noise ratio (SNR) at
the receiver site. The equation for the BEP imposes the need
to have a minimum SNR in the receiver site. This means that a
maximum BEP of (which is acceptable in the acquiring
of EEG signals) implies (or ). Finally,
the minimum power, [dB] (or [W]), of RF signals in
the RF receiver is such that ( [dB]
is the noise power in the receiver site) thus, the sensitivity of
the RF receiver must be at least equal to . The best
free-usage frequencies for wireless devices are those belonging
to the so-called Industrial, Scientific and Medical (ISM) band,
due to its unregulated usage. This means that these frequencies
are not subjected to standardization and can be freely used,
since the emission powers are kept below the maximum levels
imposed by national legislation. This usage flexibility lead to
the rise and widespread of new and interesting applications.
All of these and the former system-implementing features
were decisive during the selection of CMOS-WiI operating
frequency, whose value was selected to be around the 5.7 GHz.

B. Architecture of the RF CMOS Transceiver at 5.7 GHz

The 0.18 RF CMOS process from United Microelec-
tronics Corporation (UMC) was used for the fabrication of a
5.7-GHz RF CMOS transceiver. This process has a polysilicon
layer and six metal layers, allowing integrated spiral inductors
(with a reasonable quality factor, e.g., in the range 4–10), high
resistor values (a special layer is available) and a low-power
supply of 1.5 V. Therefore, high on-chip integration is possible,
in favor of better repeatability as well as lower pin count [17].
An important issue to take into account during the project of
RF transceivers for use in any wireless network is that without
proper design, the communication tasks may increase network
power consumption significantly because listening and emitting
are power-intensive activities [18]. Thus, the power consump-
tion of a RF transceiver can be optimized by predicting in the de-
sign the possibility to use control signals. The functions of such
signals are to enable and disable all subsystems of the RF trans-
ceiver. These signals allow the switch-off of the receiver when
a RF signal is being transmitted, to switch-off the transmitter
when a RF signal is being received, and allows the RF trans-
ceiver to enter sleep mode when RF signals are neither being
transmitted nor received. Fig. 5 shows the RF CMOS transceiver
architecture, which is composed by a receiver, a transmitter, and
a frequency synthesizer. The receiver adopts a direct demodula-
tion, by means of envelope detection. The RF CMOS transceiver
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Fig. 6. Block diagram of the PLL.

is constituted by a low-noise amplifier (LNA) that provides an
input impedance of 50 , the amplified RF signal is directly
converted to the baseband with a single balanced active MOS
mixer. The internal oscillator at 5.7 GHz is a phase-locked loop
(PLL).

The RF CMOS transceiver can operate in the frequency range
of 5.42–5.83 GHz. This is done by changing the frequency di-
vision ratio in the feedback path of the PLL. The PLL has four
digital inputs to select one in 16 possible division ratios. The
output frequency is given by ,
where is the equivalent decimal of digital inputs for a refer-
ence frequency of . The lowest noise-figure
(NF) of the LNA is achieved with an inductively degenerated
common source amplifier with tuned load. In these conditions,
the input impedance at 5.7 GHz for matching with the antenna is
easily adjusted to 50 . The cascode architecture is the one that
allows the higher isolation between the output and the input, but
is not suitable for low supply voltage applications [19]. Thus, a
single-transistor topology was selected for the LNA. Also, be-
cause the LNA has a single transistor in the amplifier, a sacrifice
in the gain was observed, but the NF also decreased. Fig. 6 does
not show the circuits to bias the LNA. The up-conversion and the
down-conversion operations are done with two mixers that are
ac-coupled to the LNA and are modified versions of the Gilbert
cell [20]. Also, both mixers are directly driven by the differential
outputs of the on-chip frequency synthesizer. The drive circuit
acts a buffer between the up-conversion and an external power
amplifier (PA). For a complete on-chip solution, this drive cir-
cuit can be used, but with a smaller range. However, this is not
a problem for the proposed network because the distances are
small (limited to the dimensions of the patient’s head).

C. Frequency Synthesizer (PLL)

An on-chip frequency synthesizer provides local versions
of the carrier frequencies to both the down-conversion and
the up-conversion mixer. This frequency synthesizer is a PLL
with an integer divider in the feedback loop, whose dividing
ratio can be digitally programmed to generate local carrier
frequencies in the 5.42–5.83 GHz frequency range.

Fig. 6 illustrates a block diagram showing the structure of
the PLL. This PLL has a reference generator circuit with a
crystal-based oscillator at 13.56 MHz, followed by a phase-fre-
quency difference circuit (PFD), a current steering charge pump
(CP), and a third-order passive filter. The passive section output
is connected to the VCO, that generates the desired frequency
range of 5.424–5.830 GHz. Finally, in order to get the desired
frequency in the previous range, this one must be divided
by , where is integer and belongs to the interval

. Then, the output of the divider is connected to
the PFD, closing the loop. The output frequency produced by
the PLL depends on the divider ratio, , and is
[Hs]. The PLL acts a frequency multiplier of the reference
frequency, [Hz].

The desired divider ratio, , in the feedback path can be se-
lected in the following way: . The two values

and (with ) are the variable frequency di-
vider ratios in the prescaler, is the divider ratio in the
main counter, and is the divider ratio in the swallow counter.
The main counter has a circuit to divide by followed
by a toggle flip-flop, to make the feedback signal at the divided
input of the PFD, , to present a duty-cycle of 50% (as hap-
pens with the reference signal at the main input, , of the
PFD). Input signals in the PFD with duty-cycles of 50% min-
imize possible delays that can arise, during the locking process
of the PLL.

IV. DRY ELECTRODES FABRICATION

A wet-etch process using KOH was applied in the micro-fab-
rication of the silicon micro-tips. The tip shape was defined by
the undercut effect in the etch process, where locally fastest-
etching planes are revealed. A silicon wafer with orien-
tation was used with a silicon nitride layer as a mask for the
etching. The micro-fabrication process of the micro-tips is il-
lustrated in Fig. 7.

In the first step, a mask with 200 square features was used
on the lithography process for micro-tip definition. The chosen
size for the mask features came as a result of previous analysis
of the mask characteristics effect. The 200 offered not only a
locked aspect ratio in terms of print resolution, but also provided
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Fig. 7. Schematic of the six steps employed on the micro-tip structures
fabrication.

Fig. 8. Optic microscope image of a micro-tips array.

better control of the etching progression, since more time was
needed for the tip formation. In the second step, the photoresist
was removed from the areas that were not covered by the pho-
tomask. Then, the silicon nitride layer opened windows allowed
exposition to its elimination in the third step. The remaining
areas with silicon nitride worked out as a protection layer for the
Si wafer’s etching process with a 30% KOH solution at a tem-
perature of 87 , ensuring a etch rate of 1.6 . Finally, a
conductive layer of IrO was deposited on the surface of an array
of stable micro-tips electrodes to guarantee the ability to over-
come the insulation skin layer (e.g., the stratum corneum) and,
thus, minimize the resistivity of the interface electrode/skin. The
thin-film resistance was measured through the van der Pauw
method since it is a crucial issue for biopotential electrodes.
The lowest resistance value along all sputtering sessions was
166.49 in a 2- thick film.

The micro-machined tips with an IrO thin film resulted in
a three-dimensional (3-D) structure capable of bypassing the
skin nonconductive layer with a low-resistance IrO film on its
surface and enabling excellent biopotential recording functions
(see Fig. 8).

V. CMOS-WII MODULE

The CMOS-WiI is composed by a sensor interface, to
provide protection against electrostatic discharge (ESD). It
also comprises the electronics for processing and control,
the memory, a RF CMOS transceiver, and a pair of PADs to
provide connections to an associated antenna. All of these
components are integrated in the same microsystem by use
of multi-chip-module (MCM) techniques. The block diagram
of the CMOS-WiI (shown in Fig. 9) permits its usage as a
plug-and-play module for EEG caps. In order to simplify the
physical mounting of a wireless sensors networks, the iden-
tification protocols allow the placement and removal of the
modules, according the medical doctor’s need. This brings a
new concept in wireless sensors networks and in EEG networks,
e.g., the plug-and-play concept.

Fig. 9. Block diagram of microsystems to mount a wireless sensors network in
the head of an individual.

As the data is periodically acquired in all of the modules, the
latencies of data transmissions are not allowed. The CMOS-WiI
uses a communication protocol that overcomes these problems
[21]. The protocol combines the distributed and coordination
modes, e.g., when a new module is placed, a contention-based
time interval is used to make the registration request in the net-
work. A contentionless time interval, constituted by time-slots,
is granted to the new module if the registration is successfully
completed on the network. The maximum number of simulta-
neous modules is limited to the number of time-slots in the con-
tention-free interval. A network coordinator periodically gen-
erates a beacon, to make frame synchronization in order to let
the different nodes know when they start the time-slot for which
access to the medium was granted. The Manchester coding was
used in the symbol synchronization for ASK transmission, e.g.,
for each databit to be sent, a set of two Manchester symbols
are transmitted at twice the bitrate. More precisely, if a “1” or a
“0” is to be sent, then, the Manchester sequence “10” or “01” is
transmitted during the duration of a bit. Moreover, this is espe-
cially useful in the presence of long data sequences of “1s” or
“0s”. This communication protocol ensures that the conceptual
separation between the sensing and the information, communi-
cation, and entertainment subsystems is obtained and their co-
existence is achieved. Also, the power selection feature offered
by the RF transmitter, makes it possible to include a power-ef-
ficient variant in this protocol.

VI. RESULTS

A. RF CMOS Transceiver

For frequencies in the range 5.420–5.830 GHz, the LNA has a
gain in the range 9.60–9.81 dB, a stabilization factor of 1.21,
making the LNA unconditionally stable ( ). Also, the
noise figure, NF [dB], of the LNA is in the range 2.78–2.84 dB.
The graph in Fig. 10 is the linearity analysis of the LNA, which
reveals a third-order intercept point, IP3, of 9.1 dBm.

The VCO has a constant [GHz/V], obtained
from the linear range of the voltage-to-frequency (V/F) char-
acteristic. The charge-pump has up and down currents of
269 and 201 , respectively, and a detector gain con-
stant . The up and down currents of
269 and 201 , respectively, and a detector gain constant

. The power consumptions are about
9.65 mW for the LNA, 9.51 mW for the mixers, and 4.14 mW
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Fig. 10. The 3-dB intercept point (IP3) of the LNA.

TABLE I
THE COMPARISON OF THE RF CMOS TRANSCEIVER WITH OTHER FOUND

ON THE RELATED STATE-OF-THE-ART

for the PLL. Table I compare this RF CMOS transceiver with
others found on the related state-of-the art.

B. Electrodes

A set of experiments were done in order to assess the elec-
trochemical characteristics of the dry electrodes as well as their
interface with the electrolyte. In Fig. 11(a) and (b), the conduc-
tivity and relative permittivity were plotted, respectively, for the
whole frequency range 1–1000 Hz. The sample standard de-
viation is represented by a vertical bar for each measured fre-
quency. In electrochemical analyses, the admittance values are
often assessed instead of the impedance values actually read. It
should be noted that the admittance ( , is conduc-
tance, is susceptance) is the reverse of the impedance values
(impedance , is resistance, is reactance).
The conductivity is the cell-geometry-independent value of the
conductance ( ) and usually assumed as the reverse of the re-
sistivity (i.e., material property that is the cell-geometry-inde-
pendent value of the resistance). The conductivity ranges from
around 5 for 1 Hz to almost 14 for 1000 Hz.
The IrO electrodes show a conductivity that is significantly dif-
ferent from the AgCl electrode for frequencies below 3 Hz. Both
electrode types exhibit comparable conductivity for frequencies
above 3 Hz. Relative permittivity ( ) is the cell-geometry-in-
dependent value of the susceptance ( ) with respect to vacuum
permittivity ( is ) and gives some insight
about the amount of capacitive behavior of each electrode type.
The AgCl electrodes relative permittivity ranges from 3.5
for 1000 Hz to for 1 Hz. The IrO electrodes relative per-
mittivity is slightly higher than AgCl electrodes’ for frequencies

Fig. 11. (a) Conductivity (�) of the fabricated electrodes (red dashed line) and
of the control Ag/AgCl electrodes (blue solid line), for the whole frequency
range (1–1000 Hz). (b) Relative permittivity (� ) of the fabricated IrO elec-
trodes (red dashed line) and of the control Ag/AgCl electrodes (blue solid line),
for the whole frequency range (1–1000 Hz).

Fig. 12. Module photograph, where the electronics (the CMOS-WiI mi-
crochip) is ready to be mounted with a chip-size planar antenna with an area
of 3.6� 3.6�� .

below 3 Hz. The higher permittivity is exhibited by IrO elec-
trodes for frequencies below 3 Hz, in addition to a more negative
impedance phase, mean that the IrO electrodes are more capac-
itive than AgCl electrodes for low frequencies. For frequencies
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Fig. 13. Acquired EEG signal with a sampling frequency of 100 Hz, a pass-
band in the range 1–30 Hz, and with the individual doing three tasks: (a) with
the eyes opened, (b) with the eyes blinking, and (c) with the eyes closed.

above 3 Hz, both electrodes show comparable behavior in con-
ductivity, permittivity, and phase plots. Therefore, no electrode
shows best performance over the entire frequency range.

The error bars in Fig. 11 were obtained from repeated mea-
surements. For a set of measurements, , ,
the center and the half-length of the respective lines is equal
to medium value and to standard deviation. The medium and
the standard deviation are given by and

.

C. CMOS-WiI Module

Fig. 12 is a photograph of a full wireless module, where it is
shown that the CMOS-WiI measuring of 1.5 1.5 ready
to be mounted with a chip-size planar antenna with an area of
3.6 3.6 . Experiments were conducted while a subject
was performing three different tasks: eyes opened, blinking, and
eyes closed. Fig. 13 shows an EEG signal acquired with these
IrO electrodes for this subject. This signal was acquired with a
individual doing a set of three tasks. These tasks consisted of
the individual holding the eyes opened; blinking the eyes, and
keeping the eyes closed.

VII. CONCLUSIONS

The CMOS-WiI presents a total power consumption of
23 mW. These characteristics fulfill the requirements for
short-range communications for using the 5.7-GHz ISM band.
The target application of CMOS-WiI is to provide intrawireless
module communication. Table II allows the comparison of
CMOS-WiI with other state-of-the-art solutions. Two types
of solutions were analyzed, e.g., customized and commercial
of-the-shelf (COTS) solutions. The dry IrO electrodes with
microtips for biopotential recordings were intended to avoid
skin preparation (i.e., electrolyte application and skin abrasion).
The conductivity values suggested that the resistive behaviors
of both recording materials (Ag/AgCl and IrO) are comparable
for the whole frequency range. The unequal behavior of the IrO
and Ag/AgCl materials, for frequencies below 3 Hz, seems to
be due to different kinds of charge transmission. A 3-D struc-
ture (microtip) capable of bypassing the skin nonconductive
layer, with a low-resistance IrO film on its surface, permits the

TABLE II
COMPARISON OF CMOS-WII WITH OTHER BEST RELATED STATE-OF-THE-ART

WIRELESS SOLUTIONS

construction of a biopotential recording/stimulating electrode
with fast application. In conclusion, the application of dry
IrO electrodes in the CMOS-WiI to mount a wireless sensors
network in the subjects’s head to record EEG signals allows
them to maintain their mobility while simultaneously having
their electrical brain activity monitored. Thus, this solution
provides a breakthrough in the monitoring, diagnostics, and
treatment of patients with neural diseases, such as epilepsy [1].
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