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Abstract

The topic of this thesis is to design a portable three-electrode signal
channel clectrocardiograph (ECG) recorder that has the capability to
acquire the ECG waveform and display it on ligquid erystal display (LCD)
. The ECG system is supplied by two batteries of 9V each the system
consists of AgCl clectrodes, an instrumentation amplifier (INA) , and
high and low pass filter to attenuate the noise . the filtered ECG signal is
then amplified .

A microcontroller is uscd to sample the amplified signal and
provide it to the LCD to monitor it .

This system can be carried by medics to monitor ECG signal for

infected man in accident area, and can be used by doctors in areas where
no cleetrical supply is found .
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Chapter 1

Introduction




1.1 Introduction

The beart pumps blovd to the Tings and 1o all the body's tissues by a sequence
uf highly organized contractions of its four chambers. For the heart o function
pruperly, the four chambers must beat in an organized manner. This is governed by
eloctrical impulse. A chamber of the heart contracts when an electrical mpulse or
signal moves across i, such a signal starts in a small bundle of highlv specialized cells
located in the right atium — the sincatrial node (SA node) . A discharge from this

natural "pacemaker” causes the hearl to heat

The rhythmic behavior of the heart can be monitored and used as a diagnosiic
toal to detect heart abnormalities by acquiting the clectrical activity on the body
surface, across the heart, known as electrocardiograph (ECG). This electrical activily
ofiginates from the elecirical activation of muscles in the heart. inherently indicating
the approach of mechanical motion. The electric potenlizls gencrated by the heart

appears loroughout the body and can be measured across its surface,

The idew of the project design comes from that ECG can be used to assess i
the patient has had a heart attack or evidence of previous heart attacks. An ECG can
be used to menitor the effect of medicines used for coronary artery disease, These are
the main issues that ECG helps doctors with Liearl attacks, By locking at the electrical
patterns on an ECG, a doctor can determing the nature of an erratic hearthear, There
are many differcnl types of abnormal heartheats. Not all requure freatment. In thoss
that do, the ECG recording lels the doctar know which treatinent is the best, lor
diagnosis of heart attack. Tr can also be determined whether the heart attack is old or
recent. The possibility that there are narrowed arteries in the heart, which maw lead to
the hieart attack in the future. Whether or not discomfort in the chesl is being caused
by the heart. Depensration of the conduction system of the heart which can lead to

dangerously slow heurtheats,



1.2 Praject Goals

The idea of this project is to design a portable three channel ECG systen that

allow the patient to monitor his heart thythm continually in any place at any time;

which provide data to the doctor 1o use il in diagnosis i the future when neadead.

1.3 Time schedule

The nme plan views the stages of establishing the project with its components,

divided inle two semesters as shown in the following tables.

Table 1. 1: Time schedule of the first semester

Task'iweek

Project
Determinaticn

Collect

[tformation

Basic
DNesign

Documentation

Table 1. 2: Timing schedule of the second semester

Task'week

Full
Designing

Purchasing the
Campenenis

Syslem
[miplementation

BCG Sipnals
Amalysis

Dacumentation




1.4 Total Cost

this section will be to explain the project cost as shown in table (1.3).

Table 1. 3: Total cost

ftem Cost [5]
Mierncontroller 15
Resistors and Capacitors 10
Crperation amplifiers 30
Instrumentation amplifier -35
LCD 110
Wilding board 10
Component Basg 13
Electrode 12
Battery % 2 (9V) 10
Final Design 20
Total 265




Chapter 2
The Heart Anatomy, Physiology

and ECG waveform



2.1 Introduction

"ECG” stands for clecrro cardiograph : which is a measurement of the electrical
signals that control the thythm of the heartbeat. The signals that make the heart's
muscle fibers contruct come from the smatomal node, which is the natiral
pacemaker of the hearl. The BCG i« a method of recording the electrical activity of
the heart. Fach heartheat i caused by a scetion of the heurt gencrating an elcctrical
signal which then conducts through specialized palhways (o all parts of the heart,
These elocrical signals also get transmitted through the chest to (he skin where they

can be recorded.

2.2 Apatomy and Ph}rsinlﬂgv of the Heart

1.2.1 Heart Anato my

The heart is 2 cardiue muscle thal contragt to puzp the blood through all parts
of the body, by the virculatory svstem. The heart s divided into four chambers shown
in Figure(2.1).



Treuszid
Valve

Figure 2. 1: The commpartments of the heart

The upper two chambers. lelt and right atria are synchronized to act together,
Similarly the twe lower chambers, the venlticles, operate together. The righl atrium
receives the bloed from the veins of the body and pumps it mlo the righl ventricle.
The right vertricle pumps (he hlood through the lungs, where 1l 18 oncygenared. The
nxygen- enriched blood then enters e lelt atrium, from which is pumped into the left
ventricle The lett ventricle pumps the hlood into the arteries o cireniaw throughout

the body.

2.2.2 The Ileart Rate and Rhythm

T'ha hearl consist of several important parts that is shown i Figure (2.2) with
she direction of blood fluw, which has the blood come from different parts of the

body into the lungs and back 1o the body as mentioned before [1].




i =
Irdesior vena cava Hﬁ_wﬂ“ faet Bk

Figure 2. 2; Basic conduction system of the heart

Normallw, the heart of an adulr is depolarized 60 10 90 limes per minute. A
depolarization rate lower than this is called sinus bradycardia, while ong that is higher
is called sinus rachyeardia. The heart rate of the normal newborn 1s much higher than
that of an adult. The heart rate can be caleulated by count the times of liart beal in one

minnee. This number iz denared BPM (Bears per minure),

2.3 The ECG-Wavelorm

By attaching electrndes to various parts of the hody, a record of
elecirocardiogram wave can be obtamed. an ECG signal can also be hroken down into
three main intervals: the F-R interval, the Q-T interval and the S-T interval, a3 shown

m Figure (2.4),



Figure 2. 3: Intervals of normal ECG waveform

Praminent parts of the ECG signal are the P wave, the QRS complex and the T
wave. the ! wave is caused by the spread of depolarization through the atria, and this is
fallowed by atrial contraction. which causes a shight mise m the atrial pressurc curve
immediately after the P wave, Approximately after the onscl of the P wave, the QRS
waves appear as a result of depolarization of the venlncles, which initiates contraction
of (e ventricles end causes the venmeular pressure to begin rising, s alse llustmared.

Therefore, the QRS complex beging slightly bafore the onsst of ventricular svstole,

Finally, one observes the ventricular T wave in the electrocardiograph. This
represents the stale of depolarization of the ventrieles at which tme the veniricular
fibers begin to relax, Therefure, the T wave ocours slightly prior to the end of
ventricular contraction. Some ECG signal also containg small amplitude U wave
follawing the T-wave, U waves are common 1 glow heart rates bul a prominent U

wave ray reflect a heart abnonmality [1].



Chapter 3
ECG |.eads and Electrodes



3.1 Introduction

When we talk about TICG, we usually refer to 12-lcad ECG. This ECG is
most useful to doctors, but sometimes in emergencies or lor monttorimg. onlv 2-lead
ECG 15 recorded. Tt hasically depends what vou want to know. I 1t is the only
diagnosis of rhythm problems, then any lead will do. But when one wants lo dizgnese
damage in the venlricular er atrial muscle or in the Purkinje conducting svstem. 12-
lead EC(G is the king.

An ECG 15 performed by placing 3 recording leads in certain specific
locations on the body. Thev only record the heart's eleetrical activity. They do nut
procduce any electricity on their own, The test does not really hurt and has no known
side effects. It does not require any preparation (except for possibly shaving bair 1o
gel a better recording). The recording itsell lakes only a tew seconds. Including fhe
setup time and the time to disconneet the leads, the whole procedure takes about §

minules.

In an BCG procadure, the slectrical mmpulses made while the hearl 1s heating
are recorded and usvally printed out om a piece of paper. This 15 konown as an
electrucardiogram, and records any problems with the hean’s rhythm, and the
conduction of the electrical signal through the heart, which may be allected by

underlying heart disease.
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3.2 ECG Leads

The term "bipolar” means thal the electrocardiogram 15 recorded [rom two
glectrodes located on differeal sides of the heart. in this case, on the Umbs Thus, a
"lead" is not a single wire connecting from the boedy but a combination of Two wircs
andl their elecirodes 1y make a complete cirenit between the body and the ECG. As

shown in Figure (3.2)

(B

Figure 3, 1: Basic lead connection in BCG [3]

The triangle shown in the figure 15 culled Einthoven triangle which is
sguilateral friangle wused az a model ol the standard hmb leads used in

electrocardiography.

The Einthoven's law says that the polential dillerences between the bipolar
leads measured simultanecusly will, &t any given moment, have the value II=1-11 [3] .

The three hipolar mb lzad selectons first miroduced by Einthoven are as




follows:

& Leadl

With recording limb lead I, the negative terminal of the electrocardiograph is
comnecled to the right arm and the positive terminal to the lefl arm. Therefore, when
the point where the right arm connects to the chest is electronegative with respect to
the point where the left arm connects, the clectrocardiograph  records  positively,
that is, above the zero voltage line in the electrocardiogram. When the

opposite is true, the electrocardiograph records below the line [3] .

% LeadII

To record limb lead 11, the negative terminal of the electrocardingraph is
connected to the right arm and the positive terminal (o the left leg, Therefore,
when the right arm is nepgative with respect to the left leg, the electrocardiograph
records positively [3] .

% Lead ITT

To record limb lead 101, the negative terminal of the electrocardiograph 15
connected o the left arm and the positive terminal to the left leg, This means that the
clectrocardiograph records positively when the left arm is negative with respect to the
left leg [3].

Einthoven also mads the assumption that the heart is near to the center af the
equilateral triangle, the apexes of which are the right and left shoulder and the crotch-
The angle or region of the angle formed by the junction of tweo parts or members, such
4s Iwo hranches or legs. By assuming that the ECG potentials at the shoulders are
essentially the same as the wrists and thar the potentials at the erateh differ Litile from
those at either ankle. he let the points of this triangle represent the electrode positions
for the three limb leads.

The instantaneous voltage measured from any one of the three limb lead

13



posilions is approximately equal to the algebraic sum of the ether two, or that

the veetor sum of the projections on all three lines is equal to zero [3] .

3.3 Electrodes

Tn order to measure and record potentials and | hence, currents in the body it is
necessary to provide some interface hetween the body and the electronic measuring
apparatus. Biopotential electrodes carry out this interface function of the electronic

measuring circuit [2] .

3.1.1 The Electrode Interface

The pessage of electric current from the body to an elecirode can be
understood by examining the electrolyte interface that schemalically illustrated in

Figure (3.2).

g Lt —
«
C7 -
il i
e,

e s =

Eectrode Electrolyts

J——b

Figure 3. 2: Electrode-Electrolyte interface [2]

The electrolyle repressnts the body fluid containing ions , a net current that

14




crosses Lhe interface . passing from the electrode to the electrolyte consists of cleetrons

moving in the direction opposite to that of the current in the electrode, cations
( denoted by C+ ) moving ia the same direction a8 the current, and anions (denoted by

A- ) moving in a direction opposite ta thal of the cusrent in the clectrolyte [2] .

Al the interface hetween an electrods and an jonic sofution, a redox (oxidation-
reduction) reactions need to oceur for a charge o be transferrad between the electrode
and the solution, these reactions can be represented in general by the following
cuations:

b —— ™ ipe (3.1)
;.q“..'__ A+ me {3.2]

Where n is the valence of cation material C, and m is the valence of anien
material A, in the first equation ( 3.1} the clectrode material C become oxidized to
form a cation and one or more free clectrons, the cation discharged into the electrolvte,
the slectrons remains as the charge carmer in the electrode, These joms are reduced

when the process occurs in the reverse direetion [2].

In the case of the anion reaction, equation (3.2) an anion coming to the
clecrode-electrolyte interface and oxidized o a neutral atom, gving one or more free
electrons 1o the electrude. Whey the rate of oxidation and the rate of reduction are not

cqual there are a net current cross the interface 12].

To further explore the characteristics of the clectrode-clectrolyte interface
when a piece of metal is dipped mto an aqueous of its jons, these ivns are cations and
equal number of anions to maintuin neufrality of charge, a local change in the
concentration of the jons in solution near the metal surface is produced, This causes
charge neutrality not to be mainained in this region. causing the clectrolyte
surzounding the metal 1o be at a different slectrical potential from the rest of the

15




solution, thus, a putential difference known as the half-cell potential is establishad

hetween the metal and the bulk of the clecuolyte, It js found that different
characteristic potentials occur for diffierent materials, these half-cell putentials can be
important when using alectrodes for low frequency or de measurements [2] .

When two ionic solutions of different activity are separated by an ion-selective
semni permeable membrane {hat allows one type of ion 10 pass frecly through the
memhbrane, [t can be shown that an eloctric potential E will exist between lhe
sulutions on either side of ihe memhbrane, based upon the relative activity of the

permeable ionsonn each of these solutions, This relationship is known as the Nernst

o L [EL} (3.3)
nF a,

Where 4, and g are the activities (for more information go lo refercnce 2)of

equation (3.3} 12].

the ones on either side of the membrane, R is the universal gas constant, T 13 the

sbsolute temperamre. 1 is the valence of the ions, and F 15 the Faraday constant [2] .

1.3.2 Electrode Behavior and Circuit Models

The electric characteristics of hiv=potential elestrodes are generally nonlinear
and a funiction of the current density at their surface. and in turn a nonlinear element s
required for modeling electrode behavior, electrodes can be repregented by an
squivalent circuit of the form shown 1o Figure (3.3). In this sircuit Ra account for the
elactrochemical Processes taking place at the slectrode-electrolyte interface and
represent the leakaue resisiance across the double layer, Cs result from the digtribution
of ionic charge al the cleetrade-electrolyte interfuce: that had been considersd as a
double layer of charge, B, i3 the semes resislance associated with interface eifccts and
the resistance of the slectrode materials themselves, the battery represents the half-cell

potential described above [2] -

16




gy

o—{ —AAA—0
Ene

Cd

Figure 3. 3: The equivalent circwt for a hio-potential electrode (2]

It is seen that the impedance of this clectrode will be Irequency dependent,
illustrated in Figure (3. 4). At low frequencies the impedance is dominaled by the
series combination of Rs and R, whereas at higher frequencies Cy bypasses the cffect
of Rz so that the impedance is now close 1o Rs, thus, by measuring the impedance of
an electrade at high and low frequencies, il is possible to defermine the component

values for the equivalent circuit for that electrode [2] .

n (R3] (E-2 1] [ B - - 100, 60h
FREGUENCY (Hz)

Tigure 3. 4; Bio-potential electrode impedance 45 4 function of frequency
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3.3.3 Body surface recording electrode

Ditferent types of electrodes developed over the vears far recording various
potentials on the body surface such ds Snap Electrodes, Clip- Electrodes, Metal
plate. Metal disk , film, disposable disk [2] .

134 Silver—silver chloride electrode

Electrodes for recording biopotentials are composed of a metal (usually silver
for ECG Measurement), and a salt of the metal (usually silver chlaride). In addition,
some form of electrode paste or jelly is applied between the clectrode (normally a flat
silver disc) and the skin. The combination of the tonic electrode paste and the silver
metal of the electrode forms a local solution of the metal in the past at the
electrode—kin  interface (also rteferred to a5 the clectrode—tissue  or
clectrode—electrolyte interface). Hence, some of the silver dissolves into solution
producing Apg+ ions:

Ag — dg + e

lomc equilibrium takes place when the electric field set up by the dissolving

jons 15 balanced,

By the forces of the concentration gradient. At this point, there is 2
monomolecular layer of Ag- ions at the surface of the electrode and a corresponding
layer of Cl— ions adjacent 1o this. This combination is called the electrode double laver
and there is a polenual drop E across this layer, called the half—cell potential (0.8V in
the case of the Ap—ApCl] electrode). An ECG electrode is usually composed of a small
metal plate surrounded by an adhesive pad, which is coated with conducting pel to

help ransmit the clectrical signal |2] .

18




The wire that connects the ECG electrode to the ECG machine is clipped 1o the

back of the clectrode. Some clectrodes are reusable. and athar types are intended 1o be
disposable after a single use.

Every ECG electrade placed on the body is  arached by 2 wirc (o

an ECG machine. The electricily that an electrode detects is transmmitted via this wire

to the machine, which translates the results into wavy lines that the machine then to
the vutput stape [2]




Chapter 4
Svstem design




4.1 system

The ECG sipnal 15 very small sipnal (value) that need a lot of care in taking it |
also 1t has a lot of poise signals; in this chapler we are going to describe the best way
to eliminaic the noise to have the desired signal, so there will be differsnt stages to
deal with these signals.

This chapter describes functionally and graphically, the system design and

layeut developed for this thesis. An overall block diagram of the system is shown in
Figure (4.1).

b5 Ampkfer
R B
Fatiast ) Cil -
- — b Lamds I e ‘ i LIz
| X |

L

Supsnasar —

Figure 4, 1: Bock diagram of ECG System

The system is described in this chapler from electrode to liquid erystal display
(LCD). Each major aspect of the design is then discussed in a separate . Those sections
are ECG amplifier and the display . The ECG amplifier consists of instrumentation
amplifier (INA) , a high pass filter (HPF) , low pass filter (LPF} , gain stage . The
order of these stapes is based on the consideration of amplify the ECG signal and
arrenuating the noise; the Display stage consist of Microcontroller and LCD,

21




42 ECCG system component

4.2.1 ECG Amplifier
It consists of the following alectronic companents .

4.2.1.1 Tnstrumentation Amplifier (INA)

The mnstrumentation amplifier 15 useful when measunng relatively low level
signals. During an ECG. the electrical signal from the hody is transferred from the
clectrades to the first section of the amplifier. the buffer amplifier. Here the signal is
stabilized and amplified as necessary . An electronic network follows, and the signal
from the unipolar leads i1s translated . A differential pre-amplifier then filters and
amplifies the signal by a factor of | to 1000 as we need for our design. The tvpical

instrumentation amplifier schematic 1s shown in Figure (4 2) [4]

BUEFFEBS  +Vee OIFFERENTIAL AMPLIFIER !
o :
|
R 4 i
T i Tk
+Vco
8
- D>
: ! Vot
!
&
Voo
%58
: vz aFfaaf : | _En:_.g
Ly
- Voo | | T

Figure 4, 2: Typical instrumentation amplifier schematic
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It is well known that the instrumentation amplifier transfer fuiction in Figure
(4.2) iz

2R, |
R

rh‘
Ve =) —Vz_‘J.Ei.| 1+ - (4.1)
b

Kt

The proof of this transfer function starts with the Superposition Theoren.

Let’s make V3 2ero by connceting Us input to sround, and calculate Voutl (cquation.
(2.2), sce Figure {(4.3),

Vel

Figure 4, 3: Firsl stage of superposition

SRy I8
i :\rLE[] +—2} (4.2)

&

For the sccond part of the Superposition Theorem, let's restore V2 and let's
make V| zero .
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We well note the cutput valtage with Vout2(equation 4.3), see Fipure (4.4).

v =w 14-@J. (43)

All we need to do is © add Voull and Vout? (o find the instrumentation

amplifier transfer function.
|

The result is given in equation (4.4),

. R [, 2R ]
, T e AR | A =1, 4.4
mf Pl o2 ( 1 ...] R; \‘ R1 J l;. :‘

Instead of using three op-amp. To build the TNA , an ADG20 15 used in the

project.
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4.2.1.2 Sallen-Key High-Pass Filter (ITPF)

A filter is a device (hat passes elecinic signals ar eerlain frequencies or
frequenzy ranges while preventing the passage of others,
In the design need for filtration and amplification all signals as same the best solution
for this problem want to nse sallen-key butterworth filter | followed by the design

equations fo caleulate the individual cireuit components [4]

The general sallen-key tepology in Figure (4.5); the unity-gain topology is
usually applied in filter designs with high gain accuracy, unity gain, and low Qs (Q =<

3)[4].

Figure 4. 5: Sallen-Key second-order ki gh pass filter

The general transfer function of the circuit in Figure (4.5) is ;

N tr
Aﬁﬂ 3 1+£(C1+C:)TRFC3 (1- [rj

|
e e—
@G RRCC, S @ RRCC

To simplify the circuit design, 1t is common to choose unity-gain {a = 1), and
Cl=C2=(,




The tansfer function of the circuit in Figure (4.5) then simplifies to:

Xsy = 3 1 1°
+———

(4.6)
LS —
w.RC'§ w RRC' §°

The coefficient comparisen for this transfer function in equation (4.16) equal

a, = . ; (4.7)
w RO
|
=, (4.8)
6. R R.C

Where the values of a; and by are given in Table (4,1) for Sallen-Key Butter-
worth active filter [4] .

Table 4. | : Bacond-Order filter cocMicients

Coclficient Butterworth
a 1.4142

by 1

By let €, the resistor values for R1 and R2 ar¢ calculated throngh [4]

=t (4.9)
zf Cy,
Mo (4.10)
YT anf.Ch,’ :

26




e

42.1.3 Sallen-Key Low-Pass Filter (LPF)

Low-pass filters use the same tapolegy as the high-pass filters. The only ,

diffarence is that the positions of the resistors and the capacitors have changed,

The pencral Sallen-Key wpology in Figure (4.6); the unity-gan topulogy is

usually applied in [iter designs w

Qs(Q<3)[4].

ith high gain accuracy. unity gain, and low

Figure 4. 6: Sallen-Key second-order low pass filter

The general transfer function of the circuit in Figure (4.6) 1s:

A, ;
A= - . = - =, 4.11
Y |+ e [E-. [RI+R=}-| lll-f-‘l,,]RlC.__.JsJ—a{.‘RlR:CIC.;S‘ Gth

For the umity-gain circuit in Figure (4.6) (AG=1); the transfer funciion

simplilics 10°

1
L= - . 3.12)
s 1+ a:C [’ +J¢:)]s +a RRCLCS :

27




The coefficient comparison for this transfer function is;

a,=m|._.ﬂ't{.|'{}—rRz}, (4.13)
b.=w.’RRCC., (4.14)

Where the values of a, and b 1 are given in Table (4.1) for Sallen-Key Butter-
worth active filter.

Given C; and Cs, the resistor values for Ry and R: are calculated through:

aC; £.ja’Cl -abC C,
Rl.z =

: 4.15
4nf.CC, 35

In arder tv obtain real values under the square

root, Ca must satisfy the
following condition [4].

C2g, (4.16)

4.2.1.4 Gain Stage

In this stage there will be an amplification of the signal to satisfy our
requirements for the outpur device,

Alfter atteauating the noise and DC voltage, an inverting amplifier shown in

Figure (4.5} s chosen 1o amplify the pure ECG signal 4] .




Figure 4. 7: Inverling ammplhificr

The non-inverting input of the inverting op-amp circuil is grounded. So the
feedback keeps inverting the input of the op-amp at a virtual ground; The current fdow
in the input leads is assumed 1o be zero, hence the current [lowing through RG equals
the current flowing through RE. Using Kirchhofl™s law. we write the cquation (4.17);
and the minus sign is inserted because this is the inverting input. Algebraic
manipulation gives equation (4.18) [4] .

1, =5’“_—__.]‘____.:_V1£1 (4.17)
e K,
Vaur =_E}‘_+ (4.18)
Vi Re

‘The gain is only a function of the feedback and gain resistors, 5o the feedback

has accomplished its function of making the gain independent of the op amp

parameters [4] .




4.2.1.5 Driven Right Leg

In this design a special circuil called Driven Right-Leg circuit is shown in
Figure (4.8) used to artcnuate the common mode voltage. The right-leg electrodes is
connected to the output of an auxiliary op-amp, the common-mode voltage on the
hody is sensed by the averaging resisiors, inverted, amplified and fed back to the right
leg, this negative fecdback drives the common mode voltage t 2 low value, hence, the

hody act as 4 summation point of Veu and (-Vew),

(+)

r s e
A bt 4

Figure 4. : Driven-right-leg eircuit
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4.1.2 Display

In order to get the graph of the ECG signal on the LCD, we nead ag interface
to control and convert the ECG signal from its anzlog condition to a language that the
LCD understand: hence we a suitahje Microcontroller is required to control (he flew of
the data to the LCD from the ECG ampliticr, The display unit is chown in Figure (4.9).

Display
ﬁ T =1
£ce — ‘ ‘ FIC ‘ LD ‘
Sigral J
 —— P ' =

Figure 4. 9: Display block diagram

4.2.2.1 PIC Microcontroller

A microcontroller is a smal] COMPULST 1o a single inteprated circuit consisling
internally of a relatively simple CPU, clock. timers, L'O ports, and memory,
Microcontrollers are designed for small or dedicated applications. Thys, in contrast to
croprocessars used in personal computers and other high-performance or gencral
purpoese applications [5]

Tn this project the main function of the microconiroller is 1o convert from
analog form 1o digital form and synchronize the operation of the display. this
synchronization fepresented by providing the data ta the LCD at the desired

frequency; in our design we use PIC 16F877 [5].
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4.1.2.1.a Microcontroller Architecture Contents:
1. Micraprocessor.

2. Memary,

3. 0.

. s e =

Figure 4. 10: The simplest microcontroller architecture

4.2.2.1.b Hardware featurc of microcontroller:

L. Supply Voltage:

Micracontrollers 16F877 operate with the standard logic voltage of 5V that we
et from the regulator which takes its power from the batiery .

1. Clock:

The clock is provided by connectng the exrernal crvstal oscillator to the

microcontroller.

3. Timers:

A limer is hasicallv a counter which is driven either from un external clock

pulse or from the internal oscillator of the micro controller. Most timers can be
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configured to generate an mlerrupt when they reach a certuin count (usually when they

overtlow) [3] .

4. Analog-to-digital convertor:

conversion jg complete so the yser Program can read the converted data quickly, The
.ﬂmalng-tn-[)igita] (AD) converter module has § mputs: this module allows EOOVETsion
of an analog input signal (o a corresponding 10-bil digital number (3].

4.2.2.2 LCD (Liquid Crystal Displa ¥)

LCD is a screen display technology developed in 1963 at e Pavid Samoff
Rescarch Center in Princeton, NJ. LODs are quite extraordinary,

The LCD is made of liquid erystals, The hiquid crystals are the heart of the
display and the display operation depends on the mampulation of the light mainly its
polarization. The ambient light passes through the front pelanzer, the front polarizer
femoves all of the hight rays except the one polarized vertically, The polarizer works
1o the exact same way as in polarized sunglasses. Then the light goes through the
liguid crystals and it 2ets 90° tumn as shown in F igure (4,11), Then it gocs through the
Tear polarizer vets reflected back and follows the S4me process and comes hack in the
front [6]
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BACKLIGHT  REAR Liquid Crystal FRONT
POLARIZER OFE POLARIZER

Figure 4, 11: The polarize of ligued crystal

The liquid crystal orientation can be changed by changing the charge applied to
it. The charge is applied through some matal electiodes shaped like target image. For
one pixel in graphics LCD it will ba square, There is another kind of twist angle thar
czlled 8TN; in case of (ke STN (Super Twisted Nematic), liquid erystals give 270
degree twist o the light, This higher twist helps 16 achieve display operation with
lower volizge. Which in elfect provides fasier switching speed.

For multiple pixels they arc cunnected as 2 matrix and at each intersection of row and

column introduced one pixel (6] .

4.2.2.2.a Processing in LCD interface

Tn order to show ECG signal on LCD screen there are several sieps that nst
be traffic

L. Analog to digital convert

e

Select the scale to view signal by use microconiraller .

]

Synchronous circuits by use erystal oscillator
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4.3 Power Supply

The portable device needs a power supply o power up the entire hardware, so
WE necd Battery that has the following properties:

. Light weight ,

Enough supply voltage .
Enough supply current

From previous propertes the 8V batterv js enaugh to satisfy the hardware We use. And
for various power supplies we use clectranic regulatars.

— — 9y
I
‘ - l
Aeg +Vior

Figure 4. 12 : gv pOwer supply
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3.1 Introduction

In thus chaprer. the design process will be caleularad ang given in real values as
discussed in Chapter 4.

5.2 Instrumentation Amplifier

This part is a first amplification stage of ECG signals . Amplification of INA
limited by the input signal that contains common mode valtage Vi up to 1.5V which
comprises of 50Hz interference, and DC electrode offset potential of = S00mV in
addition to a small AC common made voltage |, Veoye has typically becn a 0,05 10 1.5
mV; the signal represents the ECG signal. Figure (5.1) ilustrates intstrumentation
amplifier input signal component.

Diestromy
. e 1 Y
: i N O T ther
i 3 S IR 0% 2 100 He
|

Comepa-
Mg |18
iﬂhthnh:

Y —=

Figure 5. 1: Instrumentation amplifier input signal component

Instrumentation amplifier supply voltage is = 9V | 1o avoid safurating the
output signal should not exeeed 17 V » Common mode voltage in the worst case js a
S00mV DC differential maode voltage and 1.5mg of AC common mode voltage .

Vom = Vinoe + Viemae {5.1)

Vere =500 my ~ LSmVp.p. (5.2)
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Thus the DC differential mode veltage iz a 300 times larger than the AC signal

of interest,

At the same time, to convert the 1.5 mV AC into & representative signal that is
of use, a total gain of 1000 or more is required, because the ECG signal 1s about | mV
lo view it on the LCD i required a high gain amplifier . The solution for the above
problem is performed in four steps :
1. Limit the gain of the instrumentation amplifier to avoid saturation.
2. Usarthe DRL circuit to attenuate the common mode voliage.
3. Implement a high pass filter in the next stape to remove the DC offeat.
4. Apply a high gain.

Ra [1] 8] »
-IN E - El *Vs
on [3}—s 5] outpur
s [+| ADe20  [5]rer

TOP VIEW

Figure 5. 2: Instrumentation amplifier pins lavout

In the first slep the gain of the instrumentation amplifier is limited to 13.35 |
shew laler how this value caleulaies), thus, the maximum output voltags is 7 V, for

mstrumentation amplifier ADCA20 the guin it determined by using equation (5.3) .

45.4K0
g

=1+

(5.3)
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And the gain equal
=V Vin (5.4)

The input voltage of INA is 1mV (ECG signal) and 1.5mV (AC commen mode

voltage ) und 500mV (DC differential mede volinge).

Vi tor =300mVY +1.5mV - 1mV 15.5)
Then to avoid saturation, the maximum output of AD620 15 equal to
Vou=9-2=TV (5.6)
G=1Vmor=13.93 (5.7) !
To determine R from couation (3.1) then Rg cqual
Rp= ::;‘i —382k0 (5.8)
(5.9)

Rg =R + Ra Thus (Ri=Rs=Rei2

4K.0 Tn order to avoid the use of a variable resistance

But in this project used
‘Then the gain of the TNA will become A=13.33,




5.3 Driven Right-Leg Circuit:

L3
T —
=l wgiz
o
3 S
"m{"‘b:' - nn,
: ﬁ;} L YaEr
- L _'!r
rl.._]
hA‘.'l- Te Mighileg Drive
- electrod

o=

Figure 5. 3: Driven right-leg circuil for atlenuating common-mode voltages

The igpul impedance ol the inverting amplificr which is represented by the
resistor R as shown in Figure (5.3), causc a leading effect on Ry, which draw current
from node X, these resistors will alter and change the total Rg. As no current should
flow from node X through the resistor R, o buffer (voltage follower) 1s used to block

the current.
¥ Fre—
Vimgea frer) = % = Vew {3.10)

Driven Right-Leg Circuit O/P

Vn=—%Vm— ~Keu (5.11)
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5.4 Active ITigh Pass Filter

In this project active high pass filter used lo remove NDC offset voltage and get
an ECG signal at the precise level across the entire passband, a unity gain Sallen-Key

Butlerwarth high pass filter shawn in Figure (5.4) 15 used .

vCC
eV [
R3
Ay
from INA
c1 c2
a It IL 1o 2nd amp siage
+1L =L
L R4
-

Figure 5. 4: Unity-Gain sallen-key high pass Glter

Ior Butterworth high pass filter, a— 14142, h— 1 [2],
For Butterworth high pass filter £, =0.03117 [1] .

Lel € = 4.7uF the resistor values for Ry and R- .

1

RH i LT T =958.27KL] {j-] E}]
.= X o
iy MGt 497 12K1L) (5.17)
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3.3 Inverting Amplifier
Aller eanceling DC offset voltapge through a high pass filter. the ECG signal
must be amplified by inverting amplificr shows in Figure (5.3) to be suitable for the

next stages before sampling

Total gain of the system Gy result from fnstrutsentation amplifier (TNA) gain

and inverting amplificr (LA) gain ;
Gr=Gums * Gra (¥ 15)

The 0Onal value of output voltage o inverting amplifier. neads to be
approximately 5V ., because this value entering lo microcontroller and  the
microeontroller handles sipnals berween OV and 5V,

Gr=Vourmax / Vreg (5.19)

Gr=4V/ImV=4000 (320

AN nverting amplificr 15 used o srovide this eain which 15 determined by

Equation (5,19),
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from HPF

Fipure 5. 5: Inverting amplifier virculr

GL{-;RE r‘Rj {'52 1 :P

From Eyuation (3.19)

Uy =Gy / Gpys 400001335 =200 6

Let Rf =KD
From Equation (5.2)

Ra=299.6% K02 =200 KO

13




5.6 Active Low Pass Filter

In order to atenuate all the signals that have freguencies sbove 100Hz, &
Sallen-key butterwort low pass Glter is used. Figure (53.6) shows a uniry Gain Sallen-

Key low pass filter.

c3

1f

[ L

R7 \ Ra
. A= AN ta PIC mic
$rom 2nd amp Stage J'E‘lr o 3
I sV
VEE
Figure 5. 6 Unity-Gain sallen-key low pass Llter

Caleuiation:
Lex R=I'C.‘rk£1 then E:EﬂdC; I'.':I]'I.ldl

2

= : - = 220
= 2w w1022 = 107 « 100 g

¢y =110nf

Use Zener dionde 1o protect icrogontroller from any cTror m aain L;ampliﬁcﬂﬁ'un of

LCG signal),
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8.7 Microcontroljer:

The benefit of mictoconirol]er COmes in wo applications as tollows firgl need
MCU 1w convert FOG < enal from analog to digita] ADC converter, and second ro
contral the flow of data processed to the LED: the lollowing algorithm shown in
Figure (5.12) describes the presses off converting he analog signal to (i gital signal into
the LCD continually , which is franslated to the MCTT language by data flow program,

X=-x+1 [ ClarLCD |

Tes

e

Figure 5. &: Algorithm of PIC program

Al the beginning we identify the variables % . Y lo'be used in anr program
which initialized 1o 2ery condition; next stage is laking the anuloy signal from the
ECG amplifier -lost slage- and convert i1 digital signal by the internal ADC in the
MCU and defined in the MCU as Y atter defined the first dot by ¥ = ADC value and
X =0, the MCU transfer (he data lo the LCD input pins, the X vanable represent the
X-axis dimension of the LCD and its 160 pixel from O to 1359 dots,

A5




5.8 LCD )

In the project we use graphical LCD (DMFE3001 NY-LY-AIL) with dimension
ot 160*12K dot ; this LCD can provide the ECG analog signal on the screen by
comnecling the MCU ovutput poris Lo the inpu! data purl and control . For mare
mfermation see Appendix-

In Figure (5,10) explainy how the LCD display the dot-pixel according to time and
vollage variaton.

Dot Pixel

(Y) Voltage/v

(X0 Time/[is

Figure 5. §: Dot-Pixel according to tme and voltage variation
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Chapter 6

Svstem Result




6.1 Introduction

This chapter explains and showing the practical implementation of the project , and
this implementation started by implementing each individual subsystem. Afrer completing
this implementation, the individual subsystems are connecred together 1o accomplish the

project as one umit.

6.2 Electrode

In this system, the pesition of the three electrodes is fixed on the BA. LA and LL ax
shewn in Figure (6.1).

Figure 6. 1: Electrode position on human body

=
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6.3 Instrumentation Amplifier:

Instrumentation Amplifier AD620 used for the amplification ECG signal | The
output of the ADG20 which shown in Figure (6.2) is the difference voltage of the bwo

electrodes.

Figure 6. 2: Output from INA

0.4 lligh Pass Filter:

A high pass filter which shown in Figure (5.4) used to remove the DC offsat cames

from elecrrodes. TLOBZCN operational Amplifier used with pissive component Lo

implement this filter, The output of the high pass filter shown in Figure (6.3).




ri .Ir
| !'1-1’1' e |..-‘l-.l-lil-h I“‘Ill . () i
i}.r -‘I'iﬂl .T i ll_r 1:]’ ] I| ! .r' ﬁ‘ |I
| |l| k

Figure 6. 3: Output from HPF

6.5 Inverting Amplifier:

Inverting amplificr shown in Figure (5.5) buill by using TLOS2CN

Amplifier, the output of the inverting amplificr is shown in I'igure (6.4).

operational

| |I 3 |‘|
i Hiw: » A
1-:] ﬂ“ ‘ {.‘M.h.\.*-.{,-"'l.-"ﬂ"u.‘*fJ Ir” J. L.J: ,1_-.'\1'“'!. |-I &
| I i3]

)

Figure 6. 4; Output from mverting amplifiey
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6.6 Low Pass Filter:

A low pass lilter which shown in Figure (5.4) used to remove frequencies higher
than 10011z TLOR2ZCON operational Amplifier used with passive component to implement
this filter. The output of the low pass filter showm in Figure (6.5).

Fipure 6. 5 : Qutpul lrom LPI




Chapter 7

Future Work and Conclusion
——uTe ywork and Conclusion




7.1 Recommendations

Tn this project, the syslem has been designed to acquire and record three electrode single
channel simultaneously, bul these leads not enough W give the specialist with a total
diagnostic, so additional three leads (a V. 2 Vi and a V) ceuld be included in this system.

The channel where displayed on 4 graphical LCD which reinforces the portahility of the
system,

In order to acquire the ECG sigmals with optimal tonnection berween the electrodes and the
hody, a lead fails detector circuit with conductivity indicater could be provided in this

system.

7.2 Challenges

While designing the system, there are mamy challenpes we're facing, such as:

% Not all the required component of the project are available in the Palestinian
market: as 4 result some of the main components were purchased from Jordan.

< Some of the project components ars eapensive.

% Time response of the system which limits the sampling rate.
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7.3 Concluslons

A single channel ECG system has been designed 1o record and display three electrode
signal simultaneously, after designing, implementing and testing this system it is possible

to!

#+ Connect the weak Leads voltages Lo the instrumentation amiplifier

& Record and display the single channel via three electrodes simultancously.

& Atleguate the common mode voliages using driven right leg circuit cannected to
different locations on the body.

7.4 Future Work
Through technological progress and development the project can be developed as follows:

& The FCG signal could he seat by message to the doctor to be in touch with the patient
continually and pive diagnoses immediale,

4 While the paticat at home. silling on the compuier and to save power losses, the device
could be connected ta a computer through a medium to program on it .
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Appendix A

AD620
Rs [1] 8] Rg
—IN E - T| +¥g
i E + 6| ourpuT
s [+] aD620 [5]rer
TOP VIEW
GAIN SELECTION

I'he ADS20's pain is resister programmed by RG, or more precisely, by whitever impedance appears
between Pins | and 8. The AD620 15 designed 10 offir accurate zains using 0.1%~1% resistors. Table [1
shows required values of RG for various gains. Note thal for G = 1. the RG pins:ars unconnected (RG = Z).
For

any arbitrary gain RG cen be calevizied by using the formmla:

234K0
]

G=1+

To minimize gain ¢rror, avoid high perasitic resistsance 1 series with RG: 1o minimize euin drift, RG should
Bave a low TC—less than 10 ppr'™ C—for the best perfonmnance.

Required Values of Gain Retistors

%5 Takle | {nleubmsed 0.0% Std Table | Cudenbmied

Vilue of Ry, 18| Galn Viduvof B, 11 | Galn
ALk LA 0k 2o
124 % 4 0Eq LAk 4008
EELEY LR ] X BN cohs
181k 1983 2E1: 1593
L0k 4049 1.01k 49.3]
193 o Ao 2000
gl g 248 16y
14 4450 SFF LU
499 aog 103 L,

INPLT AND OUTFUT OFFSET VOLTAGE

The low errors of the AD620 are attribumed to twao spurces, Inpul and output errors. The outpud errer s
divided by G when referred to the input In preciics, the input errars dorminate @@ high guins znd the oLt
2rrors dominatz 3t low gaing. The total VIOS for 2 given gain is caleuluted as:

Total Brror K11 - input ermor 4+ (oumir errar/G)
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Tetal Earar RTO = (mput crror * G) + ontpus ermor.
REFERENCE TERMTNAL

The reference (srminal potentinl defines the zerg cutput voltage, and is especially usefnl when the load docs
nut share a precise ground with the rest of the svalem. Ti provides a direct mears of igjecting & procise offset
lo the ouzput, wilh an allowable range of 2 V within the susply voltages. Parasitic resistance should be kepi 1o
i munimun for optmum CME.

INPUT PROTECTION

e ADS20 features 400 © ol series thin film resistance #i jts inputs, and will safely withstend inpur
overloads of up to Z15 Voor U60 mA for severs] kours. Thiz §s mae for all gains, and power on snd off]
whieh is particulurly important since the signal source and amplifier may be powered separately, For langer
ame periesds, the current should nor exceed 6 mA (ITN | VIN/AOO ). For input overloads heyond the
supplics, clamping the inputs o the supplics (using 2 low leakage diode such 2z an FD333) will reduce the
roquired resistance. yiclding lower noisc.

AD6Z0

OUTLINE DIMENSIHONS
Dimemivns shown in Inches god {mml,

1325 8.25)
B30 [752)
L ¥ PR | !‘i D185 {455
] J “15. 115 [253)
LAT0 4 .
VIR _ s.t_an:: n,u'r?{;mj
D020 0.558) 5.0 G790 [177) opu B 01002 1,200

L3l
D014 40256y o (045 {1.95)
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Appendix B

TLOs2

PIN CONNECTIONS (lop view)

N 1- Offsst mll 1
1 [ BE Z - Irwating input 1
. % - Non-invering input 1
2 [ ! daVes
5« Mon-invaring input 2
i) E -i]ﬁ 8- lparting inpuat 2
= 7 - Cutput 2
1 ]« 8-Vt
ABSOLUTE MAXIMUM RATINGS
symbol Porameter TLOEIM, AM. BM | TLOSZLALEI | TLDB2C, AC BC | Unit
Vo | Suppty vekege - note ! +18 ¥
Vi | ineut Vetteos -nate 2 +18 Y
Yy | iflerential lnput Yoltage - nats ! +30 il
Pue | Pewar Distipetion 30 Y
Cutpot Short-cicult Dusstian - pecs 1) nfinita
" Tamm | Dperating Fres-ait Temsecslurs Aenge Eia+i2s | 40wmes | oweTo En
Tay | Stamane Tempamire Ramge £5m +160 i

PACKAGE MECHANICAL DATA
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Appendix C
PICI6F87T Microcontrollers
Pin Diagram
| PDIP
ML RN —=[ 1 C; 20 [ = RETFED
RALAND - 2 239 == ROBPCEC
HA'I.-'AN'.—-—-—-:3 3 0= = RBS
RATAMNI VFE=— - =4 G ol e Sm—— . T
AMUANAoer s - [ © 3 [0 —=—— BEIPGM
RALUTOICH -—=[ & 25— HET
RAGNENATS - 7 -t 7 i —— . |
HEl waNS == B = 33 - REEANT
FRE VTHANS =—=[ o 2 mOe— v
REZTRANT ——[1 40 B B0 s
Yio——= ] 11 E 3 - HUPERT
Vo= . -] 42 = 24— MOESSPE
DSCIACLKIN —— [ 13 b a5 ADESSPE
OFCETLNOUT - [F 44 = 27 [ — ADAPRm
BCOTIOSOTICK HE w B b e e ROTRROT
RCUTIOSHCCED = [ 0 an e e RCETHICK
RCNOCRY - o 23 [0+ ROCESOC
ROAVECKIEDL - B0 e RCASDSDA
FDOPEPY -] 18 20— ROarSEl
HIIWPEHT - I :-i—h- = W = =
Microepntroller Core Features:

*  High performance BRISC CPU
*  Only 33 single word instruchions 1o Jeam
= Allsngle evcle instructions except for program branches which arc twa cyels
*  DOpersting spead: DC - 20 MH2 clock input DC - 200 15 instructon evcle
*  UplyBE x |&words of FLASH Propgram Memory,
Upto 368 & 8 bavtes of Data Memory (EAM)
Upto 236 x 8 bwvies of EEPROM Date Memory
*  Pinput compatihle te the PIC18CTARTABTS7TT
*  Iwiczrupt capakility (op o 14 sources)
«  Eight level deep hardware stack
= Direcl, indirect and relabive sddnssing modes
*  Pawer-on Reset (POR)
*  Power-up Fimer (PWET) und Oscillator Szart-up Timer [O8T)
*  Warehdog Timer (WDT) with itz own en=chip RC oscillator for reliable operation
*  Programmable code prozection
*  Power soving SLEEP mode

I | = Belectable pseillstor options
= Low power, high speed CMOS FLASIVEEPROM rechnology
I *  Fally static degign

+  Single 3V In=Circeit Serial Pragramming capahiliny
*  Processor readdwrite acoess 10 program memoTy

= Wide operating voltage range; 2.0% w S5V

< High Sink/Souree Current: 25 mA,




Peripheral Features:

«  Timerd: %-bit rimer/counter with 8-bit pre-scalar
«  Timerl |6=nil timer/counter with pre-scalar, cun be incremenied durng SLEEP via external
crysigl/ciosk
o Timer2: B-bit imercounter with B-bit period regiser, pre-sealar and pust-scalar
+  Two Caplure. Compare, PWM moduies
- Capture i3 16-hit, max. resolunon 12505
- Cympare & 18-bit, max. resoluticn 1s 200 ne
- PWM mux. resolution 15 10-bil
v 10-bit multi-chennel Analog-to-Digital converter
. Tarallel Slave Pers (PSP) 8-hits wids, wilh exterzal RD, W and (8 controls (40/44-pin enly)

Key Features:

Key Faatures
PliCmicre™ Mid-Range Reterence PIC1GFETT
Manual (BS33023)
Cparsting Srecusncy DC- 20 Mz
RESETS (and D=kays) POR BOR ,
{PWHRT, Q&T)
FLASH Frogram Memary P —
{14-bit words) [
Crats Mamony [byles] e J
EcAR0M Daia Memary 356
Intermpts | T
10 Parts Pors A5 CDE
Timers -
T Capure/Compare/DWN Modu:es 2
== Eerial Communicatans | MSSP. USART |
Faralls! Communicasons B5=
TTobi Analog o Digial Modils | 8 Input Thanels |
[ irstraction Set 3E instructions ] |

Bl




Appendix D

DMFS001 NY-LY-AIE

General Specifications

Crpemamng Tewmy i oman 0T = maw SO
Foocape T, D omEin T o e SO
Dt Prruls SEOAT = 122 () dos
Dicrt Srm 1 IO % 054 (Elmm
Crar Porc AR X 05K (H
Viewine A WOLE (R = 320(H =m
LBE L TR  —— 1220000 = 10204 182 mume (T taem
Waizht I man
1C0 Tipe ! NTD-T3E3
L 513 ! Tellow-mods / Tranomissirs 3
Viewimge Angle : G:DO
Contro] LE1 TESERC- 0181 (Prnduceg by Tﬂﬁ]*_'_ﬂ.ﬂr&
Dam Trapsfas ¢ Ebit paralled date kol
Backhgly T LED Daciheht ¢ Yellow-grees
Drawang: i Damessians Ol i VE-34487a
Electrical Specifications
Abzolute Masimum Ratings
Wl
I Pannnares Syabz] Condiltone Min. My ’.Tm'ha_’
Fupply Voliegs V-V = <3 e L |
|
Rk Valmee Viee-Vee = 03 Mg W
(LOD Dhive) ‘
gt Volisgs 3.3 Voot 3 v




DC Characteristics.
Tr=1§1 Vi-y
[ Skl Condmens Min | v Mk e
Gupply Voltags - = &5 - %3 ¥
[Lagic)
VeV - EL Y - 250 W
Supply Wisgs
{LCD D) Vo-Wa Chewn = 3] W
- Tigh Devel Wi V=5 av = Ju Foc-2 2 = | Ve v
frpiat Vi Eage
T Level Vi, V-5 o< 104 0 - | o= v
bigrit 4eage ~ |
High Level Vi T 0 Tm, Veon 3 — Vee v
| Oulpel Vellage
Lew Level Vi Joe—t 73uA f - 14 v
Duilprat Valkgr
i o Voo s g UV = 134 2 i
Easphy Ciereat
Tax Ve At Y - 57 it o
L0 Terminal
e Smubeod Lewal fnr:'rﬁui
1 o - Frame Cousd
3 a3 Parerer Sugzds [TV, G
3 Ve — Powres Sopply for lapie
] Talz - Toltaps Lol for [0 Cortmast fuljestwend
< Ve = Pirmezr Sippte fur LCD Dhive
£ WE H/L Wown Sigmal L. Astive
7 RD T'L | ReadSipesd L:fctive
& CE 5L Chip Srable Signs! L Arome
@ on H7L | WrmMefe M Crmvmond Wiks L :Dax Wiite
Feadbinde H. SuieRead L Dow Eaad
o HALT HIL Ciack. Dpemting Sug Sigeal L Halr
11 RESEL HIL | KewSignal L. Rwes
12 vl HiL Diplar L
13 m HiL Diiuplay Dam
%] D= H'L Doply Da=
2 o H/L Display [lata
15 HiL Dhesplary Thala
7 ns H.L Dy 2wla
15 D6 HiL Crisplay Dan
| 1s D7 H/L | DiphyDaa
b NC Hee-zemeston
1 LED & 1ET Anrds Tersmnal
[ = | 0w LED Cuthrde Termamal
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It is recommended 1o apply a potentiometer for the contrst adjust due 1o the 1alerance
ol the driving voituge and its tempemtire dependonce.

MODULE =

RisRIFVRzIN~ 0K ©

ow 5
=ri
L

— VCL (+Voltge)

VADJ ——b% VR

=nz

VEE —————— 0 VEE (-Valtage)

VES p—————oyss vy




	1.pdf
	ji.pdf
	ji 001.pdf
	ji 002.pdf
	ji 003.pdf
	ji 004.pdf
	ji 005.pdf
	ji 006.pdf
	ji 007.pdf
	ji 008.pdf
	ji 009.pdf
	ji 010.pdf
	ji 011.pdf

	2.pdf
	ji 012.pdf
	ji 013.pdf
	ji 014.pdf
	ji 015.pdf
	ji 016.pdf
	ji 017.pdf
	ji 018.pdf
	ji 019.pdf
	ji 020.pdf
	ji 021.pdf
	ji 022.pdf
	ji 023.pdf

	3.pdf
	ji 024.pdf
	ji 025.pdf
	ji 026.pdf
	ji 027.pdf
	ji 028.pdf
	ji 029.pdf
	ji 030.pdf
	ji 031.pdf
	ji 032.pdf
	ji 033.pdf
	ji 034.pdf
	ji 035.pdf

	4.pdf
	ji 036.pdf
	ji 037.pdf
	ji 038.pdf
	ji 039.pdf
	ji 040.pdf
	ji 041.pdf
	ji 042.pdf
	ji 043.pdf
	ji 044.pdf
	ji 045.pdf
	ji 046.pdf
	ji 047.pdf

	5.pdf
	ji 048.pdf
	ji 049.pdf
	ji 050.pdf
	ji 051.pdf
	ji 052.pdf
	ji 053.pdf
	ji 054.pdf
	ji 055.pdf
	ji 056.pdf
	ji 057.pdf
	ji 058.pdf
	ji 059.pdf

	7.pdf
	ji 060.pdf
	ji 061.pdf
	ji 062.pdf
	ji 063.pdf
	ji 064.pdf
	ji 065.pdf
	ji 066.pdf
	ji 067.pdf
	ji 068.pdf
	ji 069.pdf
	ji 070.pdf
	ji 071.pdf
	ji 072.pdf


