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Sensor requirements for
portable ECG monitoring

Advances in active capacitive electrodes make it easier to
integrate ECG sensing into handheld devices for long-term care
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he electrocardiogram (ECG) is

used to diagnose and monitor a

multitude of conditions affect-
ing the heart. More than just a mea-
sure of pulse rate, the ECG reveals the
complex electrical activity of the
heart’s natural pacemaker. Clinicians
can use this information to monitor
the overall health of the heart, and
measure the damage caused by com-
mon heart conditions such as chron-
ic high blood pressure.

Despite its utility, ECG monitor-
ing has long been confined to the
doctor’s office. Trained professionals
are required to carry out the skin
preparation and electrode applica-
tion to acquire an ECG. The industry
standard Silver-Silver Chloride (Ag-
AgCl) electrodes must be correctly
applied to the patient’s chest with a
conductive (wet) gel, and are usually
disposed of after use. Not only does
this electrode technology require ex-
pert application, but it can cause
considerable patient discomfort and
skin irritation, particularly in long-
term monitoring.

With aging populations and lim-
ited healthcare resources, medical
technology is increasingly being re-
lied upon to extend wellness moni-
toring into the home. By allowing
patients to monitor their own heart
condition without visiting their doc-
tor, and by leveraging the latest tele-
health technologies, the burden of
health monitoring on both the pa-
tient and the healthcare system can
be reduced.

Active, dry electrodes can be used
to acquire high resolution ECGs
without any of the special prepara-

tions required with conventional
wet electrodes. These electrodes rely
on ultra-high-impedance amplifier
technology to be able to detect the
small (1 to 5-mV) ECG signals from
the surface of the skin, without hav-
ing to make a direct electrical con-
tact. The high imped-

ultra-high-impedance amplifier in-
tegrated with an isolated electrode
structure. The electrode has a di-
electric surface so that it does not
make an electrical connection with
the skin; instead a capacitor is
formed across the dielectric. For a
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Fig. 1: The I-lead ECG shown here was acquired using an active, dry
electrode system.

standard set of “leads,”
each lead referring to
the voltage sensed at a v
different point on the
surface of the body.
The simplest ECG sig-
nal is the I-lead, which
is the signal measured

differentially  across by R, andC,.
the chest.
A conventional ECG system

would require two wet electrodes on
the chest of the subject, and possibly
an extra lead to ground the subject.
The ECG shown in Fig. 1 has been
acquired by having the patient grasp
a pair of dry active sensors, simply
holding one in each hand between
thumb and forefinger.

An active electrode consists of an

Fig. 2: An active electrode amplifier must have high input resistance
and low input capacitance. Here, capacitor C, couples the voltage
source V. to the amplifier, which has an input impedance represented

thin dielectric and a circular elec-
trode around 10 mm in diameter,
this capacitance is only several hun-
dred pico-Farads. Because the active
amplifier loads this capacitor (see
Figure 2), the input impedance of
the amplifier must be very high: less
than 10 pF of input capacitance and
greater than 50 GQ input resistance.
The high input resistance is required
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to ensure that the low frequency re-
sponse across the electrode capaci-
tance extends to 0.1 Hz, the re-
sponse range required for a
diagnostic quality ECG.

This ultra-high impedance must
also be achieved whilst maintain-
ing low noise. At such high source
impedances, current and thermal
noise contributions dominate. Cur-
rent noise must therefore be much
less than a few femtoamperes per
root hertz. A range of new ultra-
high-impedance amplifiers, the
electric potential IC (EPIC) from
Plessey Semiconductors (see sidebar,
Commercialization), meets these
specifications, and will shortly be
available with an integrated elec-
trode structure for dry ECG sensing.

Because active electrodes require
no special preparation or expert in-
tervention, ECG monitoring is close
to being available to any user who
wishes to monitor their heart; wheth-
er to provide their cardiologist with
an ECG measurement from their
own home or just to monitor their
fitness program at the gym.

Sensor requirements for portable ECG monitoring

Commercialization

The EPIC sensor has emerged from an
EPSRC Basic Technology research pro-
gram conducted over the last decade at
the University of Sussex, UK., and is
being developed by Plessey Semicon-
ductors into a unique product line. The
underlying technology allows the con-
figuration of sensors across a wide range
of specifications, from high-bandwidth
devices for sensing of RF fields, to low-noise sensors for medical applica-
tions, and ultra-high-impedance devices for sensing potentials over large
distances. Plessey Semiconductors is already supplying demonstration sys-
tems to customers for evaluation of this technology.

Samples of the first IC devices began with the PS25101
metal housed sensor unit toward
the end of the third quarter of
2011 (Figure a). This was fol-
lowed early in the fourth quar-
ter of 2011 with the PS25201, a
fully integrated active, dry
electrode in a small hybrid assem-
bly (Figure b).

The key features of these EPIC sensors are:

Ultra-high input resistance, typically 5 x 10 Q

Dry-contact capacitive coupling

Input capacitance as low as 101 F

Upper 3-dB point typically 20 kHz

Fig. a: Samples of
Plessey’s PS25101
EPIC sensors for ECG
application are

now available.

Fig. b: Housed in a surface mount
package for PCB assembly, the P$25201
EPIC sensor will be available in this quarter.
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