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Typical ECG system

Block diagram — 1 Lead
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Typical ECG system

Block diagram — 3 Leads
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Typical ECG system

Block diagram — 12 Leads
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Input filtering and protection

Example: Lead |

Protection
Series resistance limits Rpatent. Riiter, Com, @and Diodes
input current Cai form LPF /
\‘\ y—

Rpatient Riiter CCM:l: Vss Voo

LA M M >

Caifr ﬁ _

RA AN—AM, <+ ﬁ L
RPaﬁent Rﬁlter CCM — VSS VDD
Vg€ \

Patient protection: 10k — 20k Cair = 10 X Con
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Input filtering and protection
Example: Lead I, AC-coupled

Cblock, Rpull—up’ and Rpull—down form HPF
which removes electrode offset and
biases signal at mid-supply
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Input filtering and protection
Example: Lead I, AC-coupled

Chiock and Rpyiup form HPF which
removes electrode offset and biases
signal at mid-supply
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INA front end

Key features
Important Less Important

* Input Bias Current

» Input Offset Voltage

* Input Impedance —
putimp -+ - Input Offset Voltage Drift

* Input Current Noise :
« Gain Error

* Input Voltage Noise —

* Nonlinearity

* Power Consumption
« PSRR

« DC/AC CMRR

DC errors such as offset error are small compared to
the offsets introduced by the skin-electrode contacts
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Common-mode rejection in ECG front end

Common-mode
interference

INA with very

good CMRR
o * Poor
OVO‘“ AVAVAYA rejection

Slightly mismatched
passive components

/4 _C+AC

The common-mode rejection (CMRR) at a given
frequency (f), degrades to:

CMRR = 20 xlog;, £+§ +20xlog,q r

where f. is the designed filter cutoff.
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The RLD amplifier

o Common-mode
Purpose of RLD amplifier is to: interference INA

LA
- Bias the patient to the proper f\/\/\/\ —rt i > r:To ADCs
RA

voltage range

« Cancel common-mode i i Zs
interference AN R,
Zs o RLD -
i
Cancellation signal RLD
applied to patient Amplifier

SBAA188: Improving Common-Mode
Rejection Using the Right-Leqg Drive

Amplifier
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http://www.ti.com/lit/pdf/sbaa188

DC lead-off detection

Detect if electrode is disconnected

If Zpagent is high (electrode

Pull-up/down method off), comparators will trigger | EXCItation current source method

\%
DD Vthreshold+

RpuII up Ilead-off @ b.
Py r . +
Zpaﬁem? To control zpaﬂem? INA To control

r

Vthreshold Vthreshold
Vss

Vthreshold+
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AC lead-off detection

Detect if lead is disconnected: AC coupled front end

AC current
sources are used
Vop Impedance is
/ calculated using
liead-off digital signal
processing

+
ZPatient? / INA Magnitude

|Iead—off

\fleid'-ov
Fregency

Vss
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Data converter for ECG

Resolution requirements
Legacy ECG systems

e

AC coupling High gain (x100 — x1000) Low resolution ADC

(12-bit — 16-bit)
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Data converter for ECG

Resolution requirements

New ECG systems

+

e

DC coupling

Low gain (x1 — x10)

|

N\

High resolution ADC
(16-bit — 24-bit)
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