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Abstract

Purpose In this work, it is shown that small, battery-powered wireless devices are so robust against electromagnetic inter-
ference that single-ended amplifiers can become a viable alternative for biopotential measurements, even without a Driven
Right Leg (DRL) circuit.

Methods A power line interference analysis is presented for this case showing that this simple circuitry solution is feasible,
and presenting the constraints under which it is so: small-size devices with dimensions less than 40 mm X 20 mm.

Results A functional prototype of a two-electrode wireless acquisition system was implemented using a single-ended ampli-
fier. This allowed validating the power-line interference model with experimental results, including the acquisition of elec-
tromyographic (EMG) signals. The prototype, built with a size fulfilling the proposed guidelines, presented power-line
interference voltages below 1.2 uVpp when working in an office environment.

Conclusion It can be concluded that a single-ended biopotential amplifier can be used if a sufficiently large isolation imped-
ance is achieved with small-size wireless devices. This approach allows measurements with only two electrodes, a very
simple front-end design, and a reduced number of components.

Keywords Biopotential amplifier - Electromagnetic interference - Single-ended system - Two-electrode measurement

1 Introduction

Wearable biopotential acquisition systems demand compact,
light, and low-power solutions [1, 2]. These devices call for
simple circuits with a reduced number of parts, which at first
glance would seem detrimental to their capacity to properly
reject power-line interference. However, this very charac-
teristic allows for the circuit to achieve very small physi-
cal dimensions which, in conjunction with battery-powered
operation and wireless data transmission, poses the question
of whether these conditions are enough to grant sufficient
electromagnetic interference (EMI) robustness to the system.

Electromyography (EMG) signals are a particularly well-
suited application for small, compact devices because the
measurement electrodes are close to each other and can be
integrated in the same device. Currently, there are many
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commercial battery-powered wireless sensors that meet
these characteristics, such as “Trigno EMG” from Delsys.
There are also EMG sensors such as “LE230” from Biom-
etrics LTD, “FREEEMG” from BTS Bioengineering, or
“PicoEMG” from Cometa, which allow high-quality EMG
measurements with just two electrodes, but the specific
front-end design is not widely known. The scientific works
carried out in the last two decades make almost exclusive
use of differential front-ends for two-electrode biopotential
measurements.

The simpler the biopotential front-end, the more vulner-
able it is to EMI. Three-electrode systems are more robust
than their two-electrode counterparts, and differential ampli-
fiers provide better rejection of power-line interference than
single-ended (SE) topologies. Despite that, SE systems have
been used to measure biopotential signals, but these are usu-
ally linked to the strategy of rejecting unwanted common-
mode sources such as EMI by other means, requiring almost
indispensably the use of Driven Right Leg (DRL) circuits
with extra electrodes [3-8].

In this work, the focus will not be to reject interference
from an SE system, but to minimize it and determine the
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limits up to which a device with such a simple topology
can effectively measure useful biopotential signals without
DRL. The disadvantages of a two-electrode SE sensor have
been discussed [9—11] but, to the best of our knowledge, the
physical limits of its feasibility have not been demonstrated.

In the following section we analyse the existing three-
and two-electrode topologies to obtain the simplified model
equations leading to the design criteria to be developed in
this paper. Next, a power-line interference analysis is pre-
sented to find the conditions under which an SE amplifier
can work properly, and a very simple circuit is proposed
following the results of this analysis. In order to obtain
experimental results, the circuit was designed and built to
be powered by batteries, transmit data wirelessly, and meas-
ure EMG signals.

2 Methods
2.1 Three-Electrode Systems

Traditional biopotential acquisition systems use three
electrodes. Two electrodes pick-up the signal of interest
employing a differential amplifier that records the potential
difference between them. A third, or reference, electrode
connects the patient to the amplifier DC reference (usu-
ally ground, or the average potential of the supply rails
in single-supply systems). Figure 1 shows a three-elec-
trode system and includes the main capacitive couplings
due to EMI that set the common-mode voltage v, at the
amplifier’s inputs [12, 13]. The capacitance between the
power-line and the amplifier-ground (Cg;;p) was omitted,
as accepted in the literature [3, 9, 14, 15], because for

Power line 220 V, 50 Hz

Cr

Fig. 1 Simplified interference model of a three-electrode biopotential
acquisition system with a differential amplifier
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systems with a well isolated power supply, e.g. battery-
powered devices, the effect of Cgp can be neglected.

The common-mode voltage v, corresponds to the
potential drop across the impedance Zg;,, of the reference
electrode and is given by:

Veu = bsoZanps (H

where i}q is the fraction of the displacement current ip, that
flows through the isolation impedance Cyg,, (see Fig. 1).

The main ways in which the power-line interferes with
the measurement are the capacitive coupling to the elec-
trode leads, which can be mitigated using shielded wires
or active electrodes, and the common-mode voltage vy,
[11, 12]. Because of the potential divider effect, vy,
produces a differential mode voltage that is not rejected
by the differential amplifier. This mode transformation
involves the measuring electrode impedances Zg, and Z,,
and the common-mode input impedances of the amplifier
Z.. Another mode transformation is produced inside the
amplifier because of its limited Common-Mode Rejection
Ratio (CMRR). The total interference voltage vg,, (input
referenced) can be approximated by.

N AZ, 1
VEmr ® Veu _Zc + CMRR ) 2)

where AZp = Zy, — Zj, is the imbalance between the imped-
ances of the measuring electrodes [11].

Another alternative for systems using three (or more)
electrodes is to connect each electrode to a single-ended
input, i.e. instead of connecting a pair of electrodes to
a differential amplifier, each one is separately measured
against a common voltage reference. Figure 2 shows one
possible topology where the measurement electrodes have
been connected to such SE amplifiers. This approach is
widely used, for example it is one of the possible input-
multiplexer configurations of multichannel precision con-
verters such as ADS1299 from Texas Instruments.

An SE amplifier is not able to reject common-mode
voltages and its equivalent CMRR is of 0 dB [9]. If an
SE amplifier is used (Fig. 3b), v, appears directly at the
input as biopotentials do, without any reduction or rejec-
tion, therefore:

Vemr & Ven = lsoZanp- 3)

Even so, SE amplifiers have been used in multi-channel
biopotential acquisition systems including some additional
ways to reduce v, such as notch-filters, digital subtraction
of individual channels, or both analog [16] and digital [7]
DRL circuits. The DRL circuit uses negative feedback to
reduce v, by a factor approximately equal to its open loop
gain Gpp; . Hence, (3) becomes.
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Fig.2 Simplified interference model of a three- or more electrode

multichannel acquisition system with Single-Ended amplifiers and
Driven Right Leg circuit

Veur ® Vem/ Gpre- 4

The scheme from Fig. 2 is an example of this alterna-
tive that is well-suited for multichannel acquisition systems,
since in this case it would not increase the number of elec-
trodes significantly. This does not occur in small, portable
devices such as wearable ECG monitors or EMG sensors, for
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which a minimum number of electrodes is desired and the
measurement of biopotentials using just two electrodes is a
very attractive alternative. Two-electrode systems are easy
to install and comfortable, but more vulnerable to power-
line interference than their three-electrode counterparts [14].

2.2 Two-Electrode Systems

Figure 3a shows a typical two-electrode system with a dif-
ferential amplifier. In this type of topology, a relatively
complex relationship is established between the interference
voltage and the common-mode input impedance Z.. High
values of Z reduce the potential divider effect, but in turn
increase v¢y,. As shown by Spinelli and Mayosky [15], the
minimum vy, voltage for a given i is achieved for extreme
values of Z-, null or infinite, depending on AZ . For a high
AZ g, minimal interference is achieved for the highest pos-
sible Z value, whereas for low AZ,, minimal interference
is achieved for the lowest possible Z- value. In the reference,
it is shown that in both cases the interference voltage vg,,; is
given approximately by.

Veur R lsoAZg /2. (5)

Several circuits have been proposed to implement dif-
ferential amplifiers with high [11, 15, 17, 18] and low Z,
impedances [15, 19, 20]. Since these systems do not have
an extra electrode to set a DC potential and provide a path

Power line 220 V. 50 Hz
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Fig.3 Simplified interference model of a two-electrode biopotential acquisition system: a with a differential amplifier, b with a single-ended

amplifier
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for bias currents, the common-mode impedances Z are used
instead. This imposes a trade-off between Z values and the
input voltage-range [9], from which two approaches emerge.
First, low Z. strategies result in somewhat complex circuits
but allow ensuring a low v,, thus preserving the amplifier
input range. Second, high Z solutions require supervising
vey and taking a corrective action if it strays out of range.
For example, the commercially available device MAX30003
from Maxim Integrated [18], allows selecting three differ-
ent Z. values to keep the amplifier in a proper operation
point, but at the cost of degrading its interference rejection
capabilities [21].

A very simple alternative to ensure a low input voltage
is using an SE amplifier as Fig. 3b shows. However, it has a
lower rejection to power-line voltage interference than the
differential amplifier approach [9]. For a two-electrode SE
amplifier, the voltage vp,,; due to power-line effects is given
by

Vemr = bsoZen- (6)

Note that in this case, vg,,; depends on the absolute value
of an electrode impedance instead of the imbalance between
electrode impedances as occurs when differential amplifiers
are used (comparing with Eq. 5).

A comparison of interference performance for the topolo-
gies listed above as a function of i, is shown in Fig. 4. Values
of Zsyp = 10KQ, Z, = 100M€, and CMRR = 100dB were
used since they are easily achievable with wet electrodes and
current OAs. In addition, different values of AZ, were consid-
ered for the differential configurations (AZ; = Z;yp, /1, Where
r=2,5,10,20,50). To consider the addition of a DRL circuit
to the SE system, the curve must be attenuated by the DRL
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Fig.4 Comparison of interference performance of the differ-
ent configurations based on iy, (Zgyp = 10KQ, Z. = 100MQ,
CMRR = 100dB, AZ; = Z;yp /1, Where r = 2,5, 10, 20, 50)
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gain as shown in (4). As described in this work, and as shown
by Thakor and Webster [9], it can be seen that the SE topology
without DRL is the most vulnerable to interference; however,
this is a feasible alternative if a sufficiently small current i;g,
is achieved. Using Fig. 4 as an example, if vg,; < 10pVpp is
considered acceptable, i;q, < 0.5nA should be guaranteed. As
will be shown below, this is now possible thanks to the min-
iaturization of the device through wireless data transmission
and battery power. The SE system is desirable for its extremely
simple design, with only two electrodes and a reduced number
of components.

2.3 Interference Model

The interference model of a two-electrode SE amplifier is
shown in Fig. 3b. As stated above, when an SE amplifier is
used, the input-referred voltage due to power-line interfer-
ence is given by (6). The value of the reference electrode
impedance Z,, depends on the type of electrode used, typi-
cally from 10K<Q for wet electrodes to IMQ and more for dry
electrodes [22].

In the development, only the magnitude of the currents
will be considered, since only the magnitude of the elec-
tromagnetic interference is of interest. For simplicity, ip
and i;g, will represent their magnitudes. The current i),
that flows through the isolation impedance Cj,, can be
obtained by analyzing the circuit of Fig. 3b. Considering
that Cp < Cp[23], the displacement current i, to the patient
can be approximated by

ip R Vpyop Cp = Vp 2fp, Cp, )

where Vp; and fp; are the power-line voltage and frequency.
The impedance of the reference electrode Z,,, is much
smaller than that corresponding to Cq), so the current i,
flowing through it results.

50 & i N
1s0 =~ tp =lp :
(Zp + Zis0) 1+ <2 ®)

CIS 0

In the case of a very small device powered by batteries,
Cp is much larger than Cjg, [23] and (8) can be approximated
as:

iis0 ~ ipCiso/Cp- ©)
Replacing (7) in (9) leads to:

irso & Vp127fp CpCiso/ Cps (10)
and vy, can be approximated by.

vemr ® Ve 22 fpr ZonpCrCiso/ Cp- (11

Equation (11) shows that v, responds approximately
to a linear model proportional to Cg,. The rest of the
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parameters will be considered constant in our analysis.
Adopting typical values Vp; =220Vgxys, fpr = 50Hz,
Zonp = 10KQ, Cp = 150pF and a pessimistic value of
Cp = 1pF [23], (11) results in a peak-to-peak value.

1V pp
VEm = 13p_FC150- (12)

To achieve acceptable v, values, i.e. below the order
of 10pVypp , capacitances Cjg, lower than 1pF are required,
which correspond to very small-sized devices. As a refer-
ence, the self-capacitance of a rectangular plane is given
approximately by [24]

27[60

= ncha/i)” =

where a and b are its dimensions (a > b), and g, the vacuum
permittivity. Adopting an aspect ratio of a/b = 2, usual in
PCB designs, (13) becomes:

pF
C=~27—a. (14)
m

Then, a PCB ground plane of 40mm X 20mm(a = 0.04m)
has a capacitance of around 1pF. This is a rough estimate,
but it allows setting the design target on devices with dimen-
sion around 40mm X 20mm.

2.4 Proposed Circuit

The SE sensor requires an ultra-compact, wireless, and bat-
tery-powered design with low energy consumption. These
specifications suggest the use of an ultra-low-power general-
purpose microcontroller (such as the MSP430G2553 from
Texas Instruments), and a low-power wireless module (such
as the HM-10 with the Bluetooth Low Energy (BLE) chip
CC2541 from Texas Instruments). The analog-to-digital
converter (ADC) in this microcontroller has only 10 bits
of resolution (as is typical with general-purpose embedded
ADCs) and its 3.3V supply rails are its reference voltage;
hence prior amplification is necessary. Therefore, the simple
SE amplifier has to also include circuitry to decouple the DC
potential of the electrodes and amplify the signal approxi-
mately 1000 times. In the case of using a high-resolution
sigma-delta technology converter, this processing would not
be necessary. The system will be powered by a 3.3V single-
supply source from a 3.7V LiPo battery.

The simplest circuit for removing DC potential from
the electrodes, amplifying, and bringing the signal to a
reference potential, consists of a passive high-pass filter
followed by a non-inverting amplifier. However, it has two
significant drawbacks: the first is that the input passive
network degrades the input impedance of the front-end.
The second is that the offset voltage and the bias current

that the operational amplifier (OA) presents at the input
is also amplified, and it may be of the order of millivolts,
causing an undesired displacement at the output of the
order of volts. Due to these drawbacks, a slightly more
complex circuit was implemented, guaranteeing a correct
analog signal processing.

The proposed circuit is shown in Fig. 5. The design
of the amplifier includes an integrator in the feedback
loop responsible for eliminating the electrode’s DC and
the offset-compensation voltage. The gain is implemented
in two stages for two reasons: the DC potential that the
integrator can reject is limited by its power rails; and the
divider R, , amplifies the offset of the feedback OA. Given
these limitations, it is possible to design the overall gain
in two stages and minimize unwanted DC potential at the
amplifier output [25]. To obtain useful design parameters,
the two gains are defined as

_R1+R2_ﬁ_R3+R4
- R, " R,

a

s)

Since the DC potential to be rejected by the feed-
back loop OA is of the order of +300mV, gain § must be
approximately 5.5 times so as not to exceed the supply
range. Moreover, the offset of that OA will be amplified
by a, so it is desirable to have the lowest possible gain at
that stage. For example, the values « =200 and p=35 can
be set to achieve a gain of 1000 times. The input/output
expression of the proposed circuit is

Fig.5 Proposed single-ended amplifier for EMG signals. It can
be built with a quad operational amplifier device. The component
values are: R;=100 KQ, R, =300 KQ, R;=75 KQ, R,=11 KQ,
R;=33 KQ, C;=1pF, Rsc =30 KQ, C,,=10nF, R;3=100 KQ,
C;_, pF. The circuit can be used for ECG signals with R;=330 KQ, C;
=10 pF, R;=180 KQ
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1
72
s

v,(s)=|ap — v.(s) + Vi , (16)

N
S+ =
i

2 1
2 +5=+ =
T, 1

where 7; = R,C;, V =1.65V, and 7, = R;C; = R;C,. A
lower cut-off frequency of SHz, compatible with EMG meas-
urements, was set adjusting R; and C;. Note that by only
modifying this cut-off frequency and lowering the gain, the
same circuit can be used for ECG measurements. The signal
was centered in the ADC input range by raising the ampli-
fier’s reference to the voltage Vj, given by the midpoint of
the power rails. As a last step, a second-order Sallen-Key
antialiasing filter with a cut-off frequency of 500Hz was
added.

The frequency response of the circuit, designed and
implemented for EMG acquisition, is shown in Fig. 6. The
gain of each stage was slightly increased to «=7.82 and
B =334.33, since it did not present saturation problems
in any measurement. Both simulated and experimentally
measured curves are shown, verifying the expected gain
and bandwidth. All analog processing was performed with
the low-power quadruple OA OPA4344 from Texas Instru-
ments. Using this approach, the offset voltage of the feed-
back OA produces an acceptable DC shift of +40mV. The
dominant noise source of the entire system corresponds to
the voltage noise of the input OA because it is amplified by
the total gain, making the other noise sources negligible if
an excessively large R, value is avoided.

Pr]ase (deg)

-200 L L L L
107 100 10’ 102 108 10*
Frequency (Hz)

Fig.6 Frequency response of the proposed circuit designed for EMG
measurement
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3 Results
3.1 Interference Model

In order to perform experimental measurements, an EMG sen-
sor prototype was built with the design presented above, with
dimensions of 40mm X 20mm. The device has an inter-elec-
trode distance of 20mm and was placed on the inner forearm
using two disposable pre-gelled 3 M Red Dot electrodes as
shown in Fig. 7. Signals were acquired by the microcontroller
at a IKHz sampling rate, and then transmitted over the Blue-
tooth link to a personal computer.

In order to validate the interference model that leads to (11),
an experimental setup was prepared to measure v,,, for differ-
ent isolation impedances. To achieve this, different commer-
cial capacitors (C; ) were added in parallel to the intrinsic
capacitance (Cjg,) of the built prototype, as shown in Fig. 3b.
One end of these capacitors was soldered to a ground pad on
the sensor’s PCB, and the other end was connected to the earth
potential. The Z;yp, Cp, Cy, Vp; and fp; values can be consid-
ered invariant in this experiment. The test subject was seated
on a plastic office chair in front of the computer and, with
relaxed muscles, records were obtained for each capacitance
value. Applying the Discrete Fourier Transform to 2-s seg-
ments of each record, an estimate of the interference voltage at
50Hz was obtained. The experimental results of peak-to-peak
interference voltage referred to the input are shown in Table 1.

Figure 8 shows a linear least squares fit of the experimental
data that allows estimating the model parameters from (11),
obtaining.

Dpar = 6.71Vpp/PF (Criso + Crso)- (17

The results show a correct fit to the linear model, and
additionally they reveal that capacitance Cp during the

Fig. 7 Functional prototype of the device in operation
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Table 1 Peak-to-peak

. Experimental measurements
interference voltage measured

for different isolation
capacitances

CLISO (pF) 0 (Without

capacitor)®

22 4.7 6.8 10 12 15 22 47

VEMI (uVPP) 1.2

107 180 316 538 612 809 96.6

159.7 3154

#This measurement corresponds only to the intrinsic capacitance of the device

350 T T T .
300 1

250 ¢ 1

= 150 - 1
100 - 1

50 - 1

0 . . . .
0 10 20 30 40 50

Cliso (PF)

Fig. 8 Interference voltage as a function of the additional capacitance
Criso

experiment corresponds to approximately half the pessi-
mistic value proposed for (12), as reported for a subject sit-
ting at a computer desk and using a mouse [23]. The first
result in Table 1 shows that EMI during normal operation
is approximately 1.2uVypp, satisfying the presented design
guidelines (see Fig. 8).

Additional interference measurements were made in
different measurement environments, where the Cp and Cy
capacitances vary, to verify that the sensor is still working
properly. Using only the intrinsic Cg,, of the sensor (no C; ¢,
capacitor added), interference was measured for three differ-
ent cases; A: the subject standing in the center of a room; B:
the subject sitting with his feet raised off the ground; C: the
subject near devices connected to the electrical network with
their feet resting on the ground. Additionally, these three
tests were repeated by modifying the sensor PCB area with
the addition of a 10cm X 10cm copper plate which greatly
increases its Cjg, capacitance and does not meet the stated
size condition. The measured peak-to-peak interference
voltage for each case is shown in Table 2. In addition, the
acquired signals are shown in Fig. 9.

3.2 Biopotential Measurements

Finally, the proposed circuit was validated by obtaining
EMG signal record. The experiment carried out to measure

Table 2 Interference measurements in different test environments
with and without the addition of a 10cm X 10cm copper plate

Experimental measurements

Test A B C

No plate added 0.97 uVPP 0.99 uvPP 4.46 pvPP
With 10cmXx10cm ~ 99.82 pVPP  90.70 uVPP  158.32 pVPP
plate added

A: the subject standing in the center of a room; B: the subject sitting
with his feet raised off the ground; C: the subject near devices con-
nected to the electrical network with their feet resting on the ground

1000 T T T
500 F Interference Interference Interference ]
intest A intest B intest C
S
3
= 0
=
w
-500 - 1
With plate added
—No plate added
-1000 . L L
0 0.5 1 1.5 2 25 3
Time (s)

Fig.9 EMI signal acquired with the SE sensor referred to input, with
and without the 10 cm X 10 cm copper plate added to the device for
three different tests

EMG consisted of placing the sensor on the forearm of the
subject (as shown in Fig. 7) and acquiring the signal con-
tinuously by varying muscle activity. First, the forearm was
relaxed and a very small signal corresponding to system
noise was obtained. Then, contractions of the forearm were
performed making slight force with the wrist and closing the
fist, achieving an increase in the amplitude of the signal with
typical EMG characteristics. Figure 10 shows two contrac-
tions of the forearm separated by a relaxation. The EMG
measurement was validated by comparing an acquired signal
with a recording made simultaneously using a previously
published device [26] based on a high-resolution sigma-delta
ADC, as shown in the Online Resource.

The sensor was comfortable, lightweight and easily
adjustable by an elastic cuff. Power consumption is mainly
due to the BLE module since both the microcontroller and
the operational amplifiers are ultra-low power devices,

@ Springer
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1000 T T T T T T T
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-1000 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0
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Fig. 10 EMG signal acquired with the SE device referred to the input

allowing a small 250mA battery to achieve more than 24 h
of continuous operation. Although the BLE module allows
a long uninterrupted duration of the device, it limits move-
ments to a very small space of no more than 10 m to avoid
losing connection.

4 Discussion

A differential topology sensor has the characteristic of atten-
uating the common mode voltage as shown in Eq. (2). It
has a better performance rejecting EMI compared to the SE
topology, which does not reject it at all. This can be greatly
improved by adding a DRL circuit, but that involves complex
addition of components and electrodes to the sensor. Despite
this, an SE sensor can achieve good performance and meas-
ure high-quality EMG even without DRL, if it meets the
conditions of small size, battery power and wireless data
transmission.

The acquisition of biopotentials with an SE topology
without rejecting sources of interference is limited by the
physical dimensions of the device, but also by the impedance
of the electrode. The presented sensor was used with low
impedance wet electrodes. In case of using dry electrodes,
the interference will increase proportionally with the imped-
ance as shown in Eq. (6).

On the other hand, it has been shown that v, is also
proportional to the relationship between the capacitances
Cp and Cy Eq. (11). In this work, typical values obtained
from the previous study carried out by Haberman et al.
[23] were considered, but it can be seen that, for the other
capacitance relationships listed in that study, the interference
voltage remains within acceptable limits. Its operation was

@ Springer

experimentally verified for three case studies, where it failed
if the device size condition was exceeded.

The advantages of the designed SE sensor are its simplic-
ity, its wireless and wearable technology, its low power con-
sumption, and the use of low-cost and widely available com-
mercial discrete components. These characteristics made it
possible to achieve the small dimensions and the adequate
interference conditions. Moreover, the total noise of the
front-end can be very low since it corresponds to that of just
one OA, whereas in the case of differential input instrumen-
tation amplifiers it corresponds to at least two OAs.

The presented analysis corresponds to small standalone
devices with two integrated electrodes close to each other,
without patient cables. For this reason, a typical application
is EMG measurements where localized potential differences
are of interest. It is also possible to obtain single-channel
ECG signals in a non-conventional lead on the chest, as is
done in small commercial ECG monitors (e.g., MAX-ECG-
Monitor from Maxim Integrated, featuring the MAX30003
ECG analog front-end [18]). Furthermore, lead I of the con-
ventional 12-lead ECG could be measured by touching the
electrodes, one with each hand.

5 Conclusion

Single-ended amplifiers, which have a notoriously low com-
mon-mode rejection ratio (CMRR = 0dB), are a valid alter-
native for small-size battery-powered biopotential acquisi-
tion systems because of their very high isolation impedance.
This isolation demands a wireless data transmission solution
and a reduced size in order to achieve a very low Cig, capaci-
tance. The proposed scheme can be used for small battery-
powered devices with dimensions less than 40mm X 20mm.

A complete wireless biopotential acquisition device based
on a single-ended amplifier is proposed. It uses only two
electrodes, requires a reduced number of parts, and allows
acquiring high-quality biomedical signals.
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