Atrial fibrillation may cause
Quiz [0 brain stroke
[0 heart attack
Electrodes N and RL are O heart failure
[0 averaged for Wilson CT potential [ ischemia

[0 negative and right-lead electrodes

] whit d le electrod
WAILE and purple electroaes Cells transmit signals with an

[1 two names for the same electrode

] electron current

The stratum corneum is ] ion current
[0 a good electrical conductor ] action potential wave
[ about 1 mm thick O electromagnetic wave

1 made of keratin

[0 made of living cells and fat
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] A current electrode is
Quiz

The 12-lead ECG system 1s a set of
[0 independent signals

[0 not for potential measurement

[0 for current measurement
[0 ideally a polarized electrode

[0 standardized signals
[0 for defibrillation

[0 12-electrode potentials
(1 signals displayed for 12 s

Ag/Ag*Cl™ electrodes
Systole is the period defined by high [0 are made of three materials
[0 right ventricle pressure [1 are non-polarized electrodes
[0 left ventricle pressure [0 do not have half-cell potential
[0 right atrium pressure [0 are best for dry electrodes
[0 left atrium pressure
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EE-511 Sensors in medical instrumentation
Section 4.4 - Electrodes

4.4.1 Half-cell potential

4.4.2 Electron-ion transducer and electrode model
4.4.3 Ag/Ag+Cl- electrode

4.4.4 SKkin

4.4.5 Dry electrodes

4.4.6 Potential and current electrodes

4.4.7 Motion artefact

4.4.8 Galvanic and capacitive electrodes

=P-L =cCsem



Objectives

understand:
e contact, electrode
e electrode model, electrode potential, polarized, non-polarized electrode
e motion artefacts
e galvanic, capacitive electrode, noise
e stratum corneum, dry electrode

e potential electrode, current electrode

Olivier Chételat | Page 4



4.4.1Half-cell potential

electrode

(pure silver) —

electrode wire

\ half-cell potential

Ag

electronic
current (e”)

disolved silver

el —_._ Le, Agrion I v s

R
gel
. 00 0 R
double layer of charges

current

(e.g. Ag") (i.e., junction, depletion zone, capacitance)
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4.4.2Electron-ion transducer and electrode model

electronic

current (e”) |

ionic
current
(e.g., Ag')

electrode
(pure silver)

N\

- 0000
O

free Ag*ion |

injected current

free electron

drained current

Ag atom

requires
free Ag* ion

=P

= CSem
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4.4.3Ag/Ag*Cl- electrode

electronic
current (e”)

ionic
current
(e.g., Ag')

silver chloride electrode

(low solubility) (pure silver) - electrode wire

dissolution/
precipitation

of Ag*Cl~ 4

free Ag* ion

X" C— v

R
7
\ /
oxidoreduction
process
Definition:
polarized electrode: R = o (e.g, Pt)

non-polarized electrode: R - 0 (e.g., Ag/Ag*Cl7)

2 CSem
ee Olivier Chételat | Page 7



4.4.4SKkin

used to be removed

with sandpaper

before applying gel electrode

Stratum corneum

Stratum lucidum

Stratum grarmiosum_

Stratum spinosum

keratin

—

Epidermis

~ 50 um

!,:".- -

'J.
e [Py

Derma

Hypodermis

Subcutaneous
layer

]

- - T
| ot i

-

Hair
Sweat Pore
I

Merve

Sweat Gland

Hair bulb
Vein
Artery

Adipose tissue
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4.4.5Dry electrodes

Dry electrodes versus gel electrodes

e Dry electrodes
e have a lower effective contact area
e have a higher impedance (at least an order of magnitude)

e which is also more variable with changes of pressure
(gel/water makes a cushion)
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4.4.7Motion artefact
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4.4.7Motion artefact (continued)

() = Tvg
: u
‘1~ IR®)
changes with
contact pressure
d ( C) Vo
—(u [
dt —— R

Taylor expansion

simplified model
(assuming C and R constant)

Ros
=vp(1-—2 AC(t
" ”°< 15 RoCos ¢

)

small Ry|C, is good
(~ 1/A|A)

P —

up to +300 mV

P—

up to +300 mV

=P-L =cCsem
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4.4.6Potential and current electrodes

current electrode potential electrode
i lv
] S B s
Nlu#0 NMu=0
lizo Fi=o

note: an electrode can be of a given type for a channel (e.g., frequency band or time slot) and
of another type for another channel

“PEL :csem e i | poe



4.4.8Galvanic and capacitive electrodes

galvanic electrodes capacitive electrodes
e too much thermal noise e too much thermal noise
when R > 1 M) when R <300 T
w ! u :::t€: : g: lu e S/anL —W
1+s/2nfy v Vi 1+s/2nf]
O-VZV — anHkBTR 2 kBT

W = C( + 2nf,RC)

(see section 2.1.7)
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EE-511 Sensors in medical instrumentation
Section 4.5 - Metrology of biopotentials

4.5.1 Devices for biopotential measurement

4.5.2 Magnetic interferences

4.5.3 Electric interferences

4.5.4 Common mode

455 BASIC SAEETY and ESSENTIAL REQUHREMENTS for ECG
4.5.6- BASICSAFETY and ESSENTIAL REQUIREMENTS for EEG
4.5.8 Examples of complete circuits

4.59 Two-electrode-devices

EPEL = csem



Objectives

understand:
e EM interference, shielding
e neutral electrode

e gain mismatch, common mode

defibrillation, ESD protection

Olivier Chételat | Page 17



Electrocardiographs (60601-2-25)

Electrocardiographic
monitoring equipment (60601-2-27)

Ambulatory
electrocardiographic systems (60601-2-47)—Holter

Heartrate monitors (sports, fitness)

Olivier Chételat | Page 18



4.5.1Devices for biopotential measurement (continued)

e Electroencephalographs (60601-2-26)

A

o

e Electromyographs and evoked response equipment l

e ECGI
(electrocardiographic
imaging)

CPEL = csem | T



4.5.1Devices for biopotential measurement (continued)

Precursors

electrodes

@5 Willem Einthoven (~1900)

o F|

“PEL :csem e i | poet



4.5.1Devices for biopotential measurement (continued)

Precursors

Olivier Chételat | Page 21



4.5.1Devices for biopotential measurement (continued)

Basic principle

alarm,
quantitative features,
etc. 2
............
. i rocessor
display | P ! frontend
""" AT amplifier
g
1+ st

1

\
AY
\
\
\
\
\
\
>\
> Z
NN
N
\
\
\
\
AT
(N \
e’
\
\
\
\
\
\
\
\
\
\
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4.5.2Magnetic interferences

from 230V | ?
 current of mains (50 Hz, 60 Hz, 16%45 Hz) =

* motion in Earth magnetic field (50 uT)

e ornear/in MRI (mT to T)

MRI and its environment

|||||
_____________________________
I I I

,,,,,,

| | |
________________
1

e >=1000 mT w— 100-999 mT 10-99 mT — 19 mT
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4.5.2Magnetic interferences (continued)

“PEL :csem e i | poe



4.5.2Magnetic interferences (continued)

measures to minimize magnetic interferences

“PEL :csem U



4.5.3Electric interferences

230V | T
50 Hz L

“PEL :csem T



4.5.3Electric interferences (continued)

-4 !

Y3
yi=1pA 50Hz
|
1
1
—0 [ ‘
_> \
\
\
\
\\
2L
\4\‘/‘\,
ul
o
e‘{\\y
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4.5.3Electric interferences (continued)

measures to minimize electric interferences

. Cx1pA
®
shielding ¥ 50 Hz /

e issue: ineffective because no path L J —
I

for current to return to earth

A
IV}

e

“PEL :csem e i | poe



4.5.3Electric interferences (continued)

measures to minimize electric interferences

e shield connected to earth

e issue: high voltage between
shield and body

A
U
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4.5.3Electric interferences (continued)

measures to minimize electric interferences

e shield/ground driven by voltage source

connected to earth

e issue: high voltage range _,C,__o‘ [
of voltage source J .
Clu uf
- [1 i
0—0O— - — 10
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4.5.3Common mode

also called: RL or GND

e shield/ground to neutral elect%de =
e issue: gain mismatch, ampli. saturation Ii
FAV) :Q
ul
U Hg(l - 6) 2
92 i , T
gain mismatch < O u u
. = g(u+ 2¢eu,) : s
u, gl +e)| i
g1 g
|
’ 1
7 .

1
——qE e —————

.||_
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4.5.3Common mode (continued)

e shield/ground driven by voltage source
connected to neutral electrode

0 319
0o_ Jg(l—e) . h
g2 r_ A
— u = u AN Z
gain mismatch < O g1th u b
3 1 "\\
u UT : \
u gl +e) |t o B
1 %_‘_/ 4 : ekix)'\
g1 1 \\
— 1 v ! B
0 O g ; %K) ‘ l
, T

\S
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4.5.3Common mode (continued)

controller implementation
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4.5.3Common mode (continued)
example: 12-lead ECG
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4.5.8Examples of complete circuits

—ai--<14 U

CEENNG al
micro -
controller *

A
\J
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4.5.8Examples of complete circuits (continued)

grounded shield driven shield
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4.5.8Examples of complete circuits (continued)

ADC T:

DO
DO

micro
controller

ADC T:l‘@—:‘l

=P-L =cCsem
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Quiz
We have k.
07Z=0 1*1<E m
1 Z = —R
0 Z = oo - Zﬁ;
1 Z = 2R J

We have
0 Z=0
0 Z=—-R
1 Z =
0 Z =2R

A Holter is a

[0 bedside ECG monitor

[0 ambulatory ECG recorder
[0 rest ECG diagnostic device

[1 stress-test diagnostic device

=Pr-L

= CSem
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Quiz For safety analysis, a 12-lead ECG
[ has 9 PATIENT CONNECTIONS
[1 has 10 PATIENT CONNECTIONS
[1 has 11 PATIENT CONNECTIONS

1 has 12 PATIENT CONNECTIONS

An ideal operational amplifier has

[J a constant unity gain

[0 two inputs and two outputs This transfer function is a

[] azero-phase transfer function [0 high-pass filter

[0 an integrator as transfer function 1 low-pass filter ST
] integrator 1+st
[0 derivator

E P :: L . Csem Olivier Chételat | Page 39



Quiz

[0 high-pass filter
[0 low-pass filter
[0 integrator

1 derivator

This circuit implements a

i

We have

0 Z=0 2“@ m
1 Z =—R
0 Z = o0 - Zi]
0 Z = 2R 5
We have
0 v=—u kR
0 v=2u lv
ul(D N
(1 v = Ru —

=Pr-L

= CSem
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