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ABSTRACT

In this thesis, a heart rate monitor and digital
thernoneter has been designed and, built. This.instru-
ment has low and high alarms fof heart rate and tem-
perature. The device does not need frequent calibra-
tion and haé an operating ranhge, for.the heart rate
monitor; from 20 to 200 beats/min with an accuracy of
+ 5%, for digital thermoneter; from 30 to 45°C with an
accufacy of + 1%. The design is realized with usual
TTL integrated circuit. The najor goal was to produce
a desk-top heart-rate-thermomneter monitor which allows
to calculate heart rate and temperature with enough
accuracy, and to realize this in an economical way,.
The reéﬁlts obtained are quite satisfactory both in

performance and econony.
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CHAPTER 1

INTRODUCTION

Bionedical Engineering seems to be a new branca
:of engincering. but, it begins in the Sixteenfh cen-
tury, the dawn of medicine, with Leonardo da Vinci
(1452-1518). Da Vinci was a great aréist and an en-
gincer. ile studied the motions of bones and nuscle in
cxtensive detail. Later, Villian llarvey (1578-1657),
the great Inglish physiologist, discovered that blood

is pumped by tue heart, and pointed out the differences
in directiohs of flow in arteries and veins. After some
otuner physiological developnents, Galvani (1737-1798)
and Volta (1745-1827) made studies of electrical pheno-
mena in the body. They showed that external currents
can c¢ffect nuscles, After a few years KHlliken and
‘M1ler showed that during the contraction of the heart
an electrical potential is prddhced. This potential

was recorded in 1887 by Waller, who used a device called
a capillary electroncter, introduced by Lippman 1in 1375.
low Biemedical Inginecring helps nedicine in a btig arca;

stainless steel has been used extensively to repalr



joints and bones, nylon thread is a widely used surgi-
cal material. Artificial organs are used extensively;
Heart-lung devices, heart valves, etc. Also, Biomedi-
cal I'mgineering can perform very nany sensitive neasure-
nents. |

These rneasurenents are;

a. DBioelectric potcntial: .
Bioelectric potential can be separated into
three brancaes

i) ECG - Electrocardiography that is
coning from the heart
ii) LLG - Llectroencepholography that is
coning from the brain
iii) E!G - Llectronyography that is coming
fron the nuscles.,

b. Skin resistance neasurenents

¢. Cardiovascular neasurenents

d. Respiration

e. Tcuperature

f. Physicai novenents

g. Behavioral characteristics (sound, speecch,
taste, snell)

These neasurcnents help the doctors in their

diagnosis, Also these neasurenents help the develop-

nent of medicine.,



This thesis is based on two measurements; Heart
Rate and Tenperature. These parameters are very im-
portant for a person's state of health, These instru-
nents are always used at bedside and central station
monitoring assenblies for convenience in narration and
analysis., In designing this instrument; reliability,
econony and simplicity have been emphasized.

Before explaining the heart rate and clinical
thermoneter and going into details, it is worth to nen-

tion some properties of heart rate and temperature.



CIIAPTER 2

HEART RATL

2.1. HEART

The heart is a living punp. It is a bundle of
nuscle cells, nerves, tubes and fibers., It is located
in the upper chest cavity slightly to the left and be-
low the center of the breast bone. It has four chambers,
left atrium, right atrium, left ventricular, right ven-
tricular. These chanbers successively expand and con-
tract so that the blood is alternally sucked in from
the veins and lungs by the right and left atrium and
squeezed out by the left and right ventricle through
the arteries in order to supply the body tissues. These
sucking and squeezing actions are initiated by tne elec-
trical action of the heart nuscle itself. This elec-
trical action of the heart is called Electrophysiology

of the heart.



Llectrophysiology of the Heart

The electrical action of the heart is the mnain
peculiarity of the heart.

The electrocardiogram (ECG or EKG) is a graphic
recording or display of this electrical action. The
following factors are involved in the genesis of the

ECG:

1. Initiation of impulse formation in the
prinary pacemaker (sinus node).

2. Transmission of the impulse through the
specializedbconduction system of the heart.

3. Activation (depolarization) of tue atrial
and ventricular nmyocardiun,

4. Recovery (repolarization) of all above areas.

In order to understand the LCG, it is necessary

to have a basic knowledge of interacellular and surface

potentials,
2.2, INTERACELLULAR POTENTIALS

If one electrode is placed on the surface of a
resting nuscle cell and a sccond indifferent electrode
is placed in a remote location, no electrical potential

will be recorded because of the high inpedance of the



For univalent ionic solutions, the formula is
changed and potential is found by using the nobility

of ions:

U - nobility of negative ions

V - nobility of positive iomns

U -V
+ V

Potential (mV) = 01.0
Na”® gradient does not alter the lIRP because the cell
nenbrane is considerably less permcable to Na* than to

*. It is estinated tlhat the cell nerbrane in the

. . = . i g
resting state is 30 times nore permeable to 7 than to

na*. lMow, we have to look, what is the source of en-
ergy that allows for the high intracellular K% concen-
tration and the negative MRP., As stated above, the
cell menbrane in the resting state is 30 tines less
perncable to Na® than to k*, the foruer does pass across
the cell menbrane. lost electrophysiologists believe
that the encrgy for maintenance of the MRP is derived
fron tue HNa*., Theoretical considerations and some ex-
perinental evidence would seem to warrant the assump-
tion that sodium enters the cell in an ionic form but
leaves the cell in a nonionic form. This is referred

to as the "active transport of sodium'" or '"sodium punp'".

Thus, it is thought that sodium ions enter the cell and



produce the source of energy. The sodium ions then
conbine with somne unknown interacellular substance, and
this nonionic combination léaves the cell, At the on-
set of depolarization of a muscle cell, there is an
abrupt change in the permeability of the cell membrane
to sodium and potassium ions. Sodium ions enter the
cell and result in a sharp rise of intracellular poten-
tial to + 20mV. This is associated with a migration of
potassium ions outside the cell membrane. Following
this rapid phase of depolarization, tihere is a relatively
slow and gradual return to intracellular potential to
the MRP, This is the phase of repolarization and is

-

usually divided into 3 phases.

Phase 1 - An initial rapid period of repolariza-
tion.

Phase 2 - A plateau period of repolarization.

Phase 3 - The last period of rcpolarization; a
slow, gradual return of the intracellu-
lar potential to the MRP,

Phase 4 - lembrane resting potential.

Figure 1 shows the diagram of the action potential
of a ventricular nuscle cell.

-The duration of this curve from the onset of de-
polarization to the termination of repo}arization is the

duration of action potential., The monophasic action



potential curve of the action ofia ventricular nuscle
cell, DPhase 4 (RP) and depolarization are similar bLut
Phase 2 is shorter in an atrial muscle cell. And the
sino atrial (SA) node is markedly different from then.
Figure 2 shows these differences.

The curve of sino-atrial node can also be divided
3 phase as the curve of atrial or ventricular cell.
But it has a lower MRP (-60 to -70 mV) at the onset of
diastole. Depolarization is slower and does not rich
sufficient positive potential to be recorded on a sur-
face electrocardiogram., The peak of the action poten-
tial is rounded and repolarization is 4 single slow
curve in wvhich phases 1,2,3 cannot be defined. The
cellé of sino-atrial node do not want any pulse to
start depolarization, here is a gradual rise of the
MRP during diastole. It is this prepotential that ex-
plains the automatic function of the sinus pacenaker.
The sinus pacenaker works autonmaticly and it causes the
atrial and ventricular depolarizations. The potential
which is created by the cells spreads through the nodes
to body. The source of these potentials is the SA node.
Fron the SA node, the electrical potential goes to tie
AV node and it is reached right boundle of the heart and
left bundle of the heart by the Punkinje fiber. At
last, this electrical potential spreads through the heart

to every point of the body. Iecause of these spreading,
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the conduction velocity is inportant. Velocity is nost
rapid in the Purkinje fibers and slowest in the mid-
portion of the AV node,

The following figures are average values of animal
species; SA node: 0,05 m/sec yﬂatrial'muscle = 0,8-1
n/sec; AV node = 0.05 m/sec, bundle of His 0.8=1m/sec,
Purkinje fibers = 4 m/sec and ventricular muscle 0.9 -

1 n/sec.?
2.3, ELECTRODES, LEADS, AND THEIR PLACEMENT

We have discussed above how the heart beats are
produced in the body.' These bio-electric impulses
travel due to each cell's depolarization. The action
potential discussed previously occurs across every
cell's menbrane, and many of these acting togecther :give
rise to quite large electromagnetic fields and currents
within the body. Fortunately, these electro pihysiolo-
gical effects are detectable at the body's surface.
Thus, if two electrodes are placed on the body's surface
and the potential residing at each electrode site due
to the heart signal is fed into a differential amplifier,
then the heart's "electrical signal'" can be recorded.
Briefly, the twelve standard electrodes can be divided

into three categories.,
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1. Bipolar 1limb leads (I;II,III), concerned with
voltages between the limbs aund the left and
right sides of the body.

2. Unipolar limb leads (AVR, AVL, AVF), concerned
with voltagé differences between a particulér
1imb and a central terminal potent}al point
created by a resistance network placed be-
tween the other two limbs,

3. Unipolar chest leads (V leads), connected so
as, to deveiop voltage differences between
six chest electrode positions and a central
terninal created by the midpoint of a Y-
connected resistance network. Specifically,
this network is formed by electrode leads
from the right arm, left arm, and leg passing

through three separate, equal resistances.

2.5.1., BRipolar Leads

Lead I delivers difference of potential
between the left arm and the right arm. Lead II de-
livers difference of potential between the left leg and
the right arm. Lead III delivers difference of poten-
tial between the left leg and the left arm. The rela-
tion between the 3 leads is expressed algebraically by

Einthoven's equation:



Lead II = Lead 1 + Lead III

This is based on Kirchoff's law, which states that
algebraic sum of all the potential differencés‘in a
closed circuit equals zero. If we sum three poténtial
differences; (LA - RA) +(RA - LL) + (LL - LA) must equal

zero, Ve cou;d write this equation in this manner;
(Lead I) + (- Lead II) + (Lead III) = 0
The equation becones,
I - II + III =0

Then, I + III = II is obtained. Now, we can see the
greatest lead is lead II. Dut because of connection
simplicity, we have choosen Lead I in the heart rate

nonitor.

2.3.2. Unipolar Leads

i) Lead AVR delivers difference of potential
between the right arm and the Wilson refe-
rence.

ii) Lead AVL delivers diffcrence of potential

between the left arm and the Wilson reference.
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iii) Lead AVF delivers difference of potential
between the left leg and tie Vilson refe-
rence.

iv) Six unipolar chest leads deliver potentials
between the chest electrode (this elec-
trode places six difference points) and
the true Wilson reference.

The Vilson feferenée: Ve have seen above tihat

LLead I + Lead II + Lead III = 0,. If we connect thfce
linb (I,II,III) with a resistance network, it will re-
sult in a zero potential. This potential is the true
Vilson reference. This reference is used to measure
Unipolar chest leads. If we want to see unipolar linb
leads, we disconnect a lirmb lead of the true Vilson
reference that is measuring the limb., This degenerate
V/ilson refcrence is called the Vilson reference (Figure
6). Diagnosﬁically, this neans that the specific
shape, anplitude, or duration of the various QRS and T
wéveforms tells a number of basic things about details
or even about the overall nmechanism. But our device
tells us only the duration of the QRS. We have dis-
cussed nornal and abnormal cardiac rhytln and its cli-

nical significance in Chapter 8.
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CHAPTER 3

TEMPERATURE

The production of heat, its internal transport
and its dissipation from the human body are topics of
great importance we would like to discuss the magnitude
and sdurcc of heat production in the body, the ways
in which heat is transported internally from one region

of the body to another and heat losses,
3.1, ILAT PRODUCTION

The basal metabolic rate of an average person 1is
about 72‘kca1/hr. Basal metabolic rates are determined
with "human.calorimeters". The basal heat is produced
in the body. The organs that are most‘active mechani-~
cally and chenically produce the most heat (liver,
heart, brain). These active organs generally run 1°
or 2° F higher in temperature than the surrounding tis-

sues, In addition, the body "core" is warmer than the



15

body's extermities and surfaces. TFigure 7 shows iso-
therns in the body. lNorpmal nuscular activity can raise
heat production to 125% or so of the basal nectabolic
rate, but af raaxinun activity this figure may be as
higih as 1500 ~ 2000% of DMR,?3

The heat produced in the body is deriveu fromn
breakdown, synthesis and utilization of food. Figure
3 shows how heat and external work are generated in
the body.

Starting with 100 units of food energy, we see
that 5% is ultinately lost in the form of entropy
change. The rest of the food remains -.as potentially
“available free energy. The body utilizes all food as
the formation of a conpound called adenosine triplos-
phate (ATP). ATP is used to power all necessary func-
tioha, such as keeping the body repaired, synthesizing
chemicals, fueling the heart and lung muscles, driving
nerve inpulses, etc. And also ATP is converted into
external work. All processes excépt for external work
entail a degredation of chenical energy into heat.
iience, if no external work is being performed, all food
energy ultinately is converted into about 5% entropy

and 95% heat,

L.oss of lleat to the Lnvironnent

We have said all food energy is approxinately con-
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verted into heat. It would be interesting to discuss,
if there is no heat loss in the body. Let us assune
a body weight of 68 kg, a heat capacity of 0.86 kcal/kg,

- OC and basal heat production rate of 72 kcal/hr.

Using
aT - _Q
dt  m,Cp
we find that,
dr . 8 = 72 - 1.2 %/

dT n.Cp 68 x 0,36

This result shows us, if there is no heat loss,
the body temperature would rise 1.2°C per hour. This
result also indicates loss of heat to the environnent

is very inportant in hunan life,
3.2. LOSS OF HEAT TO THE ENVIRONIENT

lHleat loss can be separated as follows:

a. Radiative heat losses from the body,
b. Convective heat losses from the body,

c. Evaporative heat losses from tlie bLody

i) Heat loss by diffusion of water through the
skin,

ii) lleat loss by sweat secretion,
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iii) Heat loss by evaporation of water into

inspired air,

Now, we will briefly discuss this subject and the

relationships between them,

3.2.1. Radiative lleat Losses from the Body

All objects continually radiate energy

in accordance with the Stefan-Boltzman law, proportiona-
tely with surface area, emissivity, and fourth power
of absolute temperature, If the surroundings that
covers the body are hotter than the body surface tem-
perature, a net heat gain via radiation occurs. When
the surroundings are cooler, net heat loss occurs,

The loss of heat (or gain) from the body has:been

characterized by the equation;
Qr = K', Ay eg (Tg" - Tp*)

Tg is the surface temperature of the body and T, is

the temperature of solid surroundings (Ts~ - T,*) can
be expanded into two factors.,

4 v 3 2 2 3
Tg* = Tp* = (Tg™+T 2T +TT 2+T *) (T, - T.)
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If tenperature is a normal range of conditions, we take

this factor into Kr' and the fornula can be written as

follows:
Qr = K¢ Ap eg (Tg - Ty)

. A, is the effective area of the Lody, for a nude
body, A, is 80% of the total surface area; eg is the
enissivity of the body for incident infrared radiation,
the absorbtivity of the hunan body is very high, about
0.97 and it is indepent of color. For visible light,
the skin has an absorbtivity of about 0.65-0.82, de-
pending on whether it is white or dark respectively.

Ve could cstinate an average value for K, Ruck and

Patton (1965) cite

Ky is 7 kcal/hr-n?-C°.

3.2.2. Convective licat Losses from the Body

Convective heat losses from the body is

characterized by this fornula,
Q = K¢ A¢ (Tg - T3)

Tg and T, are surroundings and anbiend tenpera-



19

tures. A, is the effective area for convective trans-
port. A_ is generally about 80% of the total surface
area, for a nude body. K. is a convective heat trans-
fer coefficient, Convective heat losses can be sepa-
rated as '"free convection" and '"forced convection'" heat
transfer on the activity of sﬁrrounding environmént.
If there is no air velocity to the person, pure free
convection occurs and, if there is a definite velocity
of air to thevperson, the forced convection occurs.,
Kc is defined as either free or forced convection in
two ways. If there is free convection we would take
that K. is equal to 2.3 kcal/m?-hr-C°, If there is
""forced convection" K. can be defined approximately by
this fornula:

K. = 5.6 vo,67
Forced convection is more important than free convec-
tion. Ve would see this in a sinple example. In our
example Tg = 33°C, T, = 29°C and A_ = 1.8 m?.

Ve take two cases:

First, there is no air movement and free couvection

occurs. lieat loss 1is;

Qe = (2.3)(0.8)(1.8)(33-29) = 13.24 kcal/hr
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Second, there is an air novenent and air velo-
city is 1lm/sec (3.6 km/hour). Forced convection occurs.

iieat loss is;

Q. = 5.6 ° 1°,%7 (0.8)(1.8)(33-29)

L]

32.25 kcal/hour

If we think that BMR is 72 kcal/hr we can understand

that heat convection losses are very inmportant,

3.2.,3. Lvaporative llecat Losses from the Body

Ve have said evaporative heat losses

occur by several nechamisns, These are as follows:

i) Ileat loss by giffusion of water through skin:
Viater diffusion through human skin is about
350 nl/day in an average person, The diffusional heat
loss Q4 is proportional to the difference between the
vapor pressure of water at skin temperature (Pg) and
the partial pressure of water vapor in ambient air (PQ).
Qg is also proportional with the surface area of the

body (Ay). The formula can be given as follows:
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4

Py can be represented well by the formula;

P

¢ = 1,92 Tg - 25,3 mm Iig

Supposing that Tg = 33°C and P, = 25 mmllg, then;

J
]

1.92(33) - 25.3 = 38.1 nnlig

L
[=9)
I

(0.35)(1.8)(38.1) - 25) = 8 kcal/hour

This value is 11% of the BilR., Also thkis represents
the evaporative heat loss associated with 340 mL/day,
since the latent hcat of vaporization of water is

about

570 kcal/kg at 33°C

Oq = 8.24 = 192 kcal/day

—t

?5 T 0,340 - 340 nl/day

U

ii) Ileat Loss by Sweat Sccreation
When activity levels rise above the basal
state, additional heat is produced in the body. And

the body needs to cast off more heat then the body arises.
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one of the automatic mechanisms for increasing heat
loss is the sweating response. One can see that the
. maximum anounts are quite large - up to 5 or more
vliters each day. The evaporation process can be for-

mulated in two methods,

Firstly, in dry air; the evaporative heat loss

in kilocalories per hour is,

= )
Q 570 m W

m°w is the rate of water excretion by the sweat glands

in kilograns per hour.

Secondly, in stagnant and moist. air,
Qg = Ke Ay (Pg - Pg)

A, is wetted surface area, Pg and Py are water partial
pressures corresponding to the surface and ambient con-
ditions, and K, is an evaporation transfer coefficient.
Ke have been experiméntally deternined by Clifford and

it can be found by these formulas:

V > 0.58 m/sec + Kg = 12.7 v *+83%

V < 0,51 m/sec + Kg = 9.66 v °°*2°%
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iii) Heat Loss Associated with Respiration

VWhen air inspired, heat and water vapor
are transferred to it by convection and evaporation in
the deepest parts of the lungs. As the air moves out-
ward through the respiratory tract some heat is trans-

ferred outward. lleat loss can be described by the

equation;
= 0
Qe = mn_ (Yo - Y, ) A
N 0 v//,/_‘\ ~
~where n, is the kilograms of air breathed in aud out

.

per hour (dry basis) Y, and Y, are expired and inspired
air water contents (in kilograms Qf water per Kkilogran
of dry water), and A is the latent heat of vaporization
of water at the expired air temperature (kilocalories
per kilogran).

The pulnonary ventilation rate mg is primarily a
function of netabolic rate and follows pretty well the

relationship
ny = 0.006 M

where M is the metabolic rate in kilocalories per hour.
We have seen above the production of heat and
its dissipation from the human body., Ve have started

with 100 units of food energy and have seen that all



processes, except for external work and enthropy are

converted into heat. And this heat dissipates from

the human body.

We can explain these processes with

the following forrnulates:

Food =

If there 1is no

Food

Entropy

lHeat

Heat

Entropy + Hecat + External work
external work

Etropy + leat
5% food
95% food

Gr *+ Q¢ + Q1 * Qe * QeL
KpApeg(Tg=Ty) + KA (Tg-Ty)

ng (Yo - Y,) A
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CHAPTER 4

DESIGN OF HEART RATE MONITOR

4,1, DESIGN CONSIDERATIONS

A digital beat-to-beat cardiotachometer which
calculates heart rate digitally in a $inple manner
has been constructed. The device needs no calibration.
and Las an measuring range fron 20 to 200 beats/nin.
e would like to feel tuaat a need could be fulfilled
with this instrument wiich had tae following specifi-

cations:

i) Digital display of heart rate
ii) Display updated every beat to the value
obtained over the preceding period,
iii) IMininun and maximum’alarms in a digital
nanner
iv) Easily applied transducers
v) MNo controls except O/OFF switch

vi) Range of 20 to 200 beats/mnin
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vii) Accuracy of 5%

This part of the thesis describes the principles

and circuitry of such an instrument,
4,2, THE PRINCIPLES OF CARDIOTACIIOMETER

ECG signal is a low frequency signal. l!easuring
the frequency of this low frequency signal directly is
a slow precess, since enough signal cycles must be
counted to give the needed resolution., The normal

~approach to the problem of calculating heart rate beat-
to-beat in a digital manner would be to neasure the time
between heart beats and then divide this number into
1 to obtain the heart rate in beats per minute. This
method is very accurate but involves some complicated
digital electronics. We have devised a method of cal-
culating rate which gives needed accuracy but which is
nuch sinpler to implemenf. And with this method an
alarm circuit can be designed easily. We want to dis-
cuss the principles of some other important heart rate

neasurenent techniques before the explanatioh.
4.3, ALTERNATIVE HEART RATE MEASUREMENT TECINIQUES

A variety of circuits have been described in the

Lt | T A TR T e S SRR S
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literature which count and display heart rate. And
we know that digital display is used in a wide area,
but first of all we want to describe a simple techni-
que for instantaneously measuring frequency with an

output that is linear to within two beats,

4,3,1. The First Techniquel!

In this nethod, there are two RC networks
which are alternately charged and discnarged. We
know that a capacitor is charged with an exponential

function

v -T/k

=VB(1‘e )

m

T is the interval between pulses and k is the
RC tine constant., This relationship is shown in Figure
Y for one particular time constant k = 0.3,

This figure shows us how the voltage changes with
tine interval. But we are interested in the relation-
ship between voltage and frequency. This relationship
is shown in Figure 10 for the same time constant k=0.3.

We could see that the relationship between fre-
quency and voltage are linear between 40 and 200 beats/
min, This linear charging curve can be best approxima-

ted by a hyperbola in the first curve. Now, we have
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understood that, a capacitor can convert frequency in-
to voltage in a narrow band., If we use two RC networks
which are alternately charged and discharged, we could
measure frequency with these capacitors alternately,
Now, we see the circuit in Figure 11, The ECG
signal is amplified with a preamplifier and is conver-
ted to a single pulse, This pulse drives the bistable.
Each pulse changes the output Q and Q. Then, Ci, and

C, are alternately charged and discharged. V, and

2
V, which are the voltages of C, and C, give us the fre-
quency value as the volt. Isolating amplifier prevents
the discharge of the capacitor, because it needs prac-
tically no current. With this method we could measure
heart rate easily, but measuring of the frequency 1li-

nearly has some hardware conmplications, because of this

region, we have chosen a digital display for read-out.

4.3.2. The Second Technique!?

Researchers at the Institute of Environ-
mental Stress at the University of California at Santa
Rarbara expressed a need for an accurate heart rate
nonitor which could monitor heart rate either beat-to-
beat or averaged over various numbers of Leats. This
device consists of a digital '"clock'" which, instead of‘

reading t in ninutes, reads 1/t. Thus, if one neart



beat is used to start clock and the next beat is used

to display the clock reading. This clock can be in-

troduced " % clock". This " %'clock" vorks in the

following manner: a 3-decade down counter which is
initially set to 9992 at t = 0 is counted down., If

the counter frequency changes with tine as follows,

wihere R is the number in the down counter shows us the
rate. 1ile could see this result, integrating the first
equation from 0 to t. .

Then we obtain;

where Ry is the initial number in the counter. Lut,

we would like to obtain the true value Ry

b
-3
]
L

The earliest time this can be satisfied is the
inverse of the largest number Ry that the counter can

contain. Thus, we wish to reset the count to Ry at;
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treset ' R

At the reset time

R
reset

In this case, the counter resets to 999 when it
first reaches 500 after this time, tiie number in the
down counter is always % until the clock is stopped.
Now, we can examine the block diagram of % clock in

Figure 12, and then, we could see how to obtain

ng_z
- R

in " Y clock”, Now we can see that f, is;

f,R

f =
1 1000

Then f, can be found that,

, 2
£ _fig ) foR A
2 1000 ‘108
for
_ i 16.6606 _, 1 2
fo b 16066 }\IIZ fz B et R = 60 R

10°®



f, is also equal %% per minute., Complete .circuit dia-
gram is 1in Figure 12.b.

In this circuit, CD4527 cain be used as a rate
nultiplier, and we could choose CD4029 as a down counter.
But these integrated circuits are not found easily.

If the circuit is designed with these components, it -

is not low-cost and its alarm circuit needs complica-

ted circuitry.

4.3.3., The Third Technique!?

As we have said before, ‘there are several
rnethods for measuring heart rate. Tne second method
is more simple than the method which we have discussed
above., In this method, four counter; are required.

The block diagram of circuit is shown in Figure 13.

Now, we will explain these counters.’

Counter A - neasures the period of tae unknown
signal by counting the number of
clock pulses, The number N which
is length of the measuring period
performs B,

Counter B - which is a progranable divide-by-N
unit,

Counter C - creates a burst with a fixed number
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of pulses K.

Finally, K/N pulses, which comes from counter B
are accumulated by Counter D to display it$ frequency;

Now, we would like to discuss how to design a
heart rate monitor with this method. First of all we
have to find F which is period-clock frequency. IHeart
rate is changed from 20 to 200, If we want to measure
with 2% accuracy at 200 beats per minute, the signal
period is 0.3 seconds. To measure the rate to 2%, 50
clock pulses must be counted in this time, so the clock

frequency must be %23 = 166.,7 Hz, At 20 bpm, the sig-

nal period is 3 seconds. Counting clock pulses for this
time results in 3 x 166,7 = 500 counts, sO counters A
and B are each 9 bits, The pulse burst must give a
quotient of 9 with 500 counfs, sO it must be 4500 counts
long; therefore, K is 4300, and counter C thus reqpirgs
13 bits. Counter D, the display register, must count

up to the nmaximum of 200,

Three BCD decades will suffice in Figure 14,

complete circuit diagram is shown,

4,3.4, The Fourth Technique

We would like to give another circuit
design with the same principles., In this design, two

D type flip-flops are used to produce a pulse of 15



niliseconds wide synchronized with clock and input.

We have 135kHz clock and 135 kliz gives us 2048 pulses
in 15 msec. 2048 pulses are used to give K pulses.

If we use 33 liz as a period clock, our K/N pulses gives
us heart rate in 20 to 200 pulses. Figure 14 shows the

block diagram of the instrument.

4,3.5. The Fifth Technique®"

We would like to give a heart rate nmeter
which measures heart rate more accurate. OUne nain pur-
pose of this device is to provide a mdre accurate neans
of determining when a pacenake should be replaced.

This circuit performs the necessary arithmetic and con-
trol functions for digital division and control the
counter display logié.

The division performed is 600,000/K, where K 1is
in niliseconds, The division algorithm is implemnented
by a counting technique tnat utilizes tiie interval
signal K. The interval signal is gated with a 1KhHz
clock to form a signal KF1l, This is sent into a 12
bit binary counter (counter A) to obtain a number i,

I1 is transferred to a latch and compared with the con-
tents of a second counter, D. Lach tine the latcih out-

put equals the contents of the counter b, the digital

conparator outputs a pulse to the counter display unit.



The ULlock diagram is given in Figure 15,
Now, we would like to explain a new lieart rate

neter design.,

4.3.6. The Sixth Technique®’

The Russian pulse-frequency measurers
developed an electronic digital pulse rate counter,
the RVM-01, It enables both instantaneous and mean
heart and pulse rates to be measured. And an alarm
signal is given when the frequency noves outside the
set limits, This device consists of four important
parts; '"amplifer-selector", 'period code'",” converter)
"digital counter" and "automation unit",

The first part is "amplifer-selector". For tle
sake of simplicity, no anplifier is provided for ghe
biopotentials, buthCG signals 1is taken from an elec-
trocardioscope or electrocardiograph. To eliminate low
frequency components, the ECG signal passes through a
high pass frequency filter (HIFF). From the output of
the anplifier (A) the signal enters the input of a low-
pass frequency filter which nainly determines the
accuracy of the pulse interval, The pulse which cones
(LFF) passes through the threshold device (ThD) and
blocking device (BD). These devices select the LECG

signals and reject noise, Figure 16 shows us the



Anplifier-Selector. !
*  The output of the amplifier selector, square
pulses which are cynchronized with QRS spike are ob-
tained. These pulses enter the period-code converter,
The period-code converter operates as'a reverse pulse-
tine converter. The principle of period-code converter
is based on the condenser charging. Input pulse of
the period code converter comes to tie univibrator UV1..
The univibrator returns the decade pulse counter (C1,
CZland C3) to zero in the digital counter section,
The trailing edge of this pulse puts the trigger (tr)

into position "1'., Vhen this occurs,-the controlled

saw tooth gencrator (CSTG) is charged with I..

U,. SR (1)

where t is the time elapsed. C is the capacity of the
capacitor of the CSTG.
1c is directly proportional to the controlling

potential

IC = K, USTG

K, is a constant,

The potential UCSTG passes to the input of the

2 D . - - . \
conparator (COMP). Vhen UCSTG is attained Uref' a’
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"stop'" pulse is sent to Tr and the system returns to
the starting condition. New, we can see how we ob-
is proportional with T, which is

tained U U

STG® STG
the tine interval measured.

USTG = KZ TX

The time t is found from (1). In this equation,

when UCSTG equals Uref t is 1.
Uref * c
T =
I
Uref * € Uref * € 1
‘r = et a— = e —————— = l\ "'I"—.

In a time 1, N pulses of frequency f, ¢ from a
reference LC generator enter the input of the digital

counter:

. 1
N=r fref = }\c fref ?I':(‘

Figures 16 and 17 show us the period-code converter and

its operation.



4,4, TIHPLEMENTED DESIGN

‘ Ve have descfibed different types of medical and
physiological investigations in heart rate measurement.
But these often have somne expensive cbmponents or do
not have the following specificatioﬁs. It was felt that
a need could be fulfilled with an instrument which had
the following specifications and works with basic elec-

tronic conponents,

i) Circuit has to be designed with low cost
components which could be “found easily.
ii) The same circuit has to be used as a tem-
perature nieasuring instrument i1n addition
with nininum amounts of components,
iii) Easily applied transducers.
iv) Range of 20 to 200 beats/min.,
v) DNo controls except ON/OFF switch.
vi) Digital display of heart rate and temnpera-

ture monitoring.

This section of the thesis describes the princi-
ples and circuitry of this instrument,

We have devised a method of calculating rate
which is equally accurate but which is nuch simpler to

inplenment. Ve could see this ingtrunent in four sub-
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sections; QRS to squared pulse: converter, time to fre-
quency converter, counter and isolated power supply.
First of all, we would like to explain how to

measure heart rate with this instrument.

4,4,1, The Basic Principle of Heart Rate Monitor!®

The block diagram of this instrument is
shown in Figure 18, The QRS spikés are converted to
square pulses by a analoque circuit. Then we want to
neasure the frequency of these pulses which is the in-
verse of the interval between these pulses. This
neasurenent may be summarized by the following equations.

If we charge a capacitor with fixed current, the

capacitor voltage is:
V=K.T

When we charge the capacitor C between two heart

pulses, the capacitor voltage is;

K, is a constant which depends on C

T, is the interval between two pulses
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If we control the pulse length of a monostable with

this voltage, pulse length is:

K, is a constant depending on the monostable capacitor

0

1

! CZ‘

[«

Tl can be written as

Hy

T, was input period.

where f, is the heart rate in beats per minute,

therefore:
. Kz Kz 1\2 KZfl
2 s . = = = =
V. xT K, & 60
11 £,

If this pulse of length opens a gate and allows clock

pulses through at a rate C hertz then clock pulses ad-

nitted to the counter

Clock pulses = C . T,

K. £,
K,60
CK, ‘ :
If —— = 1 then pulses in counter f,; and these can be
60K, |

decoded and display directly.
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4,4,2, Circuit Description

-QRS to squared pulse converter.

First of all, in order to obtain cleén,
artifact free ECG signals, conventional electrodes are
attached to the sternum of the patient. As we have
seen, Lead I configuration is the most useable lead.
For this connection, electrodes are attached between
the left arm and right arm. The last electrode is
connected to the left leg for grounding. After these
connections, we obtain a QRS spike at the input of out
differential amplifier. Now we have to amplify this
signal and also we have to eliminate all interference
and noise, The QRS spikes which come from the huﬁan
body have some noise, this noise is of the same mag-
nitude and the same shape in both leads. Becausc of
this, when a differential amplifier subtracts these
two signals which come from the right and left arm,
the noise of the inputs cancel each other and the main
signal QRS is obtained from the output of the differen-
tial amplifiers., The electrodes which come from right
and left arm are connected to the noninverting inputs
of two operational amplifiers A, and A,. Tie important
factor of thé design of this amplifier is the effect

of the electrode contact on the patients' skin,
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This junction impedance value effects the faith-

ful reproduction of the ECG amplitude as follows:

ECG out of preamplifier =

Input impedance of Preamplifier
Input impedance of Preamplifier+R

Electrode;*REIectrodez

x ECG amplitude

Consider the situation where the electrode is attached
to the patient with an electrolyte cream to enhance
the contact (to lower the junction impedance). The
electrolyte impedance could easily be 50K-ohms. We

choose (470K+470KQ) input impedance, This means:

ECG out of Preamplifier =

940 K ¢

x ECG amplitude
(940 + 100)KQ

This results in 90% of the actual patient ECG being
reproduced Ly the preanplifier. In this way we obtain
ECG signals to amplify the input of (A,) differential

anplifier.
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Frequency Response:

The frequency response of the ECG amplifier is
defined‘as the maxinum frequency to which the instru-
nent can respond and maintain the calibrated amplitude
within 70.7% of the true signal., The American Heart
Association specifies a mininun freduency response of
0.05 Hz to 100 iz, The frequency response is important
to insure that accurate amplitude measurements will be
obtained. DBut out device is not an ECG amplifier,
that mcans we do not want to sece any shape changes of
QRS, we only want to ncasure heart rate. DBecause of
tiis reason, we could take a frequenc; band which shows
only QRS spike., Our preamplifier has two stages, first
stages have low and high peak points of 2 Hz and 18 liz
respectively, and differential stage 1lliz and 34 lLiz.

At the output of differentiél stage A; we obtain
a QRS spike which has a magnitude of 2 to 3 volts,

This signal is then passed to tine stage incorporating
A,, which is an absolute value anplifier. Thus at the
output of this stage only positive going signals

appear waich are applied directly to the noninverting
terminal of Ag. Ag is used as a conmparator. The ﬁeak
value of tiie Signal is also transferred to Cs and the
inverting terminal of tlke conparator. Assuming Tra is
OFF capacitor is allowed to discharge in aa exponential

nmanner dictated by Rzi. Dicde Vs 1s to replace tae
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voltage dropped by D,. Thus the last peak voltage of
the signal (decayed somewhat) is stored on C8 and as

the signal exceeds the stored value on the next QRS
spike the comparator switches from V- sat to v sat

and back, The diode Dy is to prevent the comparator
pulling the TTL monostable input to below 0 volts.

The purpose of Tr: requires a little explanation. The
decay of the voltage on C8 has to be such that it does
not allow the comparator to switch due to the T wave of
the ECG or noise on the signal during the longest pe-
riodic tine, which is 3 sec (20 beats/min). Ilowever, at
switch ON, the transients in the amplifiers take the
voltage on the capacitor to Vga¢ and, if the subject has
a very low amplitude, the settling time of the instru-
ment could be unduly long. The ramp, however, reaches
the botton of its sweep after 3 sec, and so, when this
happens, Ty is ON and the 18 ké in the collector of

Tra brings the voltage on C8 down much more rapidly.

In normal steady state use, therefore, the fast decay
circuit is inoperative,

Now we have obtained a square pulsé which 1is in
synchronisn with the QRS spike the complete circuit dia-
gran of this part is shown in Figure 19. Time to
Frequency Converters.

As we have explained, the QRS to square pulse

converter gives us a square pulse which is synchronized
yORKIYE
BILIMSEL ve TEKNIK
ARASTIRMA KURUMU
RuTUPH
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with the QRS spike., This pulse triggers the "dead
time' monostable, The dead timemonostable provides a
dead time of 300ms. This dead time prevents the coun-
ting signals which have repitiations larger than 200
Hz. On the rising edge of "dead time'" monostable,
however, triggers another monostable of about 140 nsec
duration. Whilst the output from this nonostable is
in the high state it resets the decade counters, and
when it falls the voltage controlled monostable and
nininum and maximum alarm monostables are triggered.
Voltage controlled monostables gives us a pulse whose
length is inversely proportional to the voltage on pin
11, or is proportional with the capacitor C which is
connected pin 10 and 11. When the voltage controlled
nonostable pulse falls, the ramp resetting monostable
enits a 3 ms pulse.

Now, we will see how the voltage of V.C.M change
with heart rate. |

Ras, R2s, Ry7 and Tr~ make up a constant current
source and this current source charges the capacitor
Cl0 with constant current. If ramp resetting monostable
is tfiggered, Trs and Trs are fired,k liowever, Trs de-
charges the capacitor C10., And the voltage of point A
rises to 10 volt, After this time, C10 charges linear
fashion. As Cl0 charges in linear fashion, the voltage

of point A drops from 10V to lower limits, This drop-
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ping continues between two pulses, The voltage of
point A which depends on the charging ofvcapactior C10,

VA can be written as follows:

Vo =10 - KT (volt)

= 10 =~

(o o)

Vi passes through T and T - T and Rj3; forms a
AP & T,

T, Ty

constant current source. The purpose of Ay is to
rneasure voltage drop due to the base emitter junctions
to Tr7 and Tr.and reapply it to the top of R;; to cor-
rect for the error which would otherwise result. Now,
we can look at the operation of this section.

The purpose of Ag and the output of Tra which
goes to voltage controlled monostable requires a little

explanation. Ty , T and A¢ make up a converter which
7

Te
converts voltage to current. Input voltage of this
system is Vj and output current Iout soes to the vol-
tage controlled monostable,

We could see the relationship between V, and
Iout with the following equations:

Vo = input voltage

AV, = The base enitter junction voltage of Tr,

AV, = The base emitter junction voltage of Tre
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The simplified block diagram of it is given in Figure
20,
Using the principle of superposition output vol-

tage Vg is:

V"'AV;"'AVz"'lO

VO b \v’A (‘1) + 2

V. = -V, + VA + AV, + AV, + 10

-

V, = 10 + AV, + AV, (Volt)

llowever, the output current of T, , I ,¢, is found as
]

follows:

Vo - Vp(Volt)

1 =
oI 10 k @
_10 + Aviow AV, - (Vv 4V, + AV,)
10 k Q
10 - VA (Volt)
Iout = D (mA)

10(kQ)

Our nonostable nultivibrator is SN74121. This
nonostable works with timing resistance whose range is
2kQ to 40 kQ, throughout these ranges pulse width is

defined by the relationship:
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tp(out) = CTRT log, 2 20,7 RCp

We do not use RT in VUM, we use constant current source

formed by Tra and Rj3; instead of R_. " In the formula

T.
of Tp(out), it can be replaced by Iy as follows,

The formula of tp(out) is used when external
resistor and capacitor are connected as in Figure 21.

As we have seen, Ry produces a current which is

IT - EX . HNow, we could say;
R
5V
R ; e .
T IT
Then,
5
t = 0.7 — ¢« C
Pout It g

It is equal to tlie output current of Tra * Ioute

10 - V5 (Volt)
I = =1

out 10 k T
t. (out) = 0.7 ° 5 « C
p 10‘\rA T /
10 kQ
. 35.10° | &
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In our curcuit Cp was chosen as 0.005 pF.

3 -9
¢ (out) = 35:107 - 5 - 10
10 - VA

As we have seen

Vg =10 - KT

.6
. 35.5. .100 o,

(out) KT

Ol

J 175, C10 ., L om6 o0

t
Pout) Ig¢ * T

175 , c10(F) 1
= G * 4 secC

Ig¢ (A) T(s:)

This pulse (t ) choppes with 1 Mz clock and the

p(out)

output of them is sent to the counter,

counting number(beats/min) = t (sec) f (Hz)
clock

Pout)

or,

. (usec) £ (MHz)

tp(out) clock
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We have chosen the clock frequency 1 !Hz, Now, we can
write;

lHleart rate = t (usec)

p(out)

175 . C;o(F) 60
t = 1 . H SecC
Plout) 60 . I, (a)

(sec)

t, =k . 20
(out) T(sec)

goes directly to the seven segment displays. And the
counting number is visualized in displays. This de-
vice has three 7 segment displays. The complete cir-

cuit diagram of the counter is shown in Figure 22,
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CHAPTER 5

DESIGN OF THERMOMETER

5.1, DESIGN CONSIDERATIONS

A digital clinical thermometer which measures
body temperature digitally has been constructed. The
device has an operating range:between 30 to 45°C. In the
design of this thermometer, cconomy was the most im-
portant factor. Because of this reason our design had
to use as few as possible number of components. low,

we would like to discuss sone thermometer scales.

5.2, THERMOMETER SCALLES

There are four thermometer scales. The first,
the centigrade scale, divides standard interval between
freezing point of water and boiling point of it into
100 equal parts called centigrade degrees. Second,

the Fahrenheit scale, divides the standard interval in
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180 equal parts called the Fahrenheit degrees. Kelvin
divides the standard interval in 100 equal parts called
Kelvin degrees and Rankie divides the standard inter-
val in 180 equal parts called Rankie. Freezing point
of water is 0°C, 2739K, 32°F and 492°R,

— These scales may be converted to centigrade as

follows:
C =2 (F - 329
9
C=£K - 273, 16°
5
C=5 (R - 491.69)

Body temperature is usually measured with the centi-
grade scale. DBecause of this reason we used the ceénti-
grade scale.

Temperature can be measured only by indirect
methods., Ve generally transfer heat to an instrument
designed to respond the energy so transferred.

Tenperature can be measured with these instru-

nents:

i) HMercury-in-glass thermoneter
ii) Alcohol-in-glass thermometer
iii) Constant volume gas thermometer

iv) Bimetalic thermometer



v) Thermocouple
vi) Resistance thermometer
vii) Optical pyrometer
viii) Total radiation pyrometer
ix) Speed of sound

x) Thermodynamic
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In general medicine, mercury-in-glass and alcohol-

in-glass thermometers are usually used. In addition,
thermocouple and thermistors are used in electronic

thermonmeter.

5.3, .NTC TYPE THLERHNMISTORS

In this device, NTC type thermistor is used.
Now, we may see, how to use a NTC and what is its ¢
special property., NTC thermistors are resistors with
a high negative temperature coefficient of resistance.
They are prepared from oxides of the iron group of

transition elements, e.g., Cr, !n, Fe, Co, or Ni.

These oxides have a high resistivity in the pure state,

but can be transformed into semiconductors by adding
snall amounts of foreign ions which have different va-

lency, It can be explained with an example. Iron

+3

oxide Fe,0;where 2 small parts of the Fe ions are

+y

replaced by Ti** ions., These Ti ions are compen-
! b}



sated by an equal amount of Ie?* ions in order to nain-
tain electroneutrality. At low tenperatures the
extra electrons of tiie Fe*? ions are situated on Fe
ions next to the Ti** ions but at higher temperatures
they are gradually loosened from these sites and con-
tribute to the conductivity, In this case we obtain
an electron or n-type seniconductor,

We know- that the conductivity o of the materials

can be generally described by,

wiiere € represents the unit of electric charge and n
and u the conceiitration ana tnckmobility of the charge
carriers respectively. Both n and p depend on teupera-
ture. For n, this dependence is aun exponential one,
according to a Boltzman law,

n o~ e'Q1/kT
or

no= e B/ET

where q, is reclated to the electrostatic binding enerygy
of the carriers to tihe foreign ions.
e can write the temnperature dependence of uy as

follows:



where q, is thermal activation energy for each group
to neighbor side.

The total temperature dependence of conductivity
is generally proportional to:

o = K e-(ql+q2)/kT

So that, the resistance variation of the thermnistor
can be represented by the simple formula:

L
R=Ac¢e /T

S.4. DESIGN IMPLEMENTATION

Now, we would like to explain how we designed
the thermoneter part of our instrument. We have mea-
sured heart rate with the monostable 74121 which gives

us a pulse whose width is proportional to heart rate.

If we want to mecasure the temperature by adding minimal

anount of components, we have to use the same princi-
ple. Thus, if we use the same principle we obtain a
pulse whose width is proportional with temperature.

We have had a counter which counts the pulse length of

54
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heart rate. If we use the same principle that means,
if we obtain a pulse whose length is proportional to
the temperature, we can measure the length of this
pulse using the same counter. That means, we have to
use monostable 74121, |

Ve have known that this monostable gives us a
pulse whose width changes with external resistance and
capacitance, If we use thcrmistor instead of external
! resistance, the output pulse of monostable changes
with tenperature. There are two important problens to
neasure the temperature using the monostable 74121,
The first one, the output pulse 74121 ‘changes with am-
bient temperature and supply voltage. The second pro-
blem is the reverse relation between the output pulse
of 74121 and the thermistor temperature., It neans
that, if the tehperature of thermistor increases, the
output pulse of 74121 decreases. If the temperature
of the thermistor decreases the output pulse of 74121
increases. These two problems can be solved by adding‘
a monostable which gives us a fixed pulse, If we sub-
“tract the first pulse from the fixed pulse, we obtain
a pulse whose length is proportional to the tenperature,
And we can see that if the pulse width of 74121 changes
with supply voltage and ambient temperature two mono-
stables are also influenced from voltage and ambient

tenperature. Voltage effects of monostables cancel each
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other, if supply voltage of monostables changes, and
also if ambient tmeperature changes, this effect is
cancled by two monostables. Now we can see how we
neasure temperature., The circuit diagram is shown
in Figure 23,

We have seen, the circuit consists of two 74121
and one 7408. (Quad-2-input AND gate)

If we say that the pulse width of monostables
outputs are tj. The outpuf pulse of the second mono-
stable is t;, which depends on thermistor temperature.
The output pulse of the second monostable is t, which
is fixed., t, is bigger than t, and if we subtract t,
from t, , we obtain 1 whose length gives us thermistor

temperature in psec.

T Btz"t) 4

e

Y

Our thermistor can be fornmulated by using its

temperature dependence which is shown in Figure 24,

44-32 44 - T
6-4 R - 4

And we can write R,

1
P‘therm T 6 (68 - T) ka



Now, we have to obtain a pulse whose length'is
equal to thermistor tenperature, Our temperature-to-
pulse length converter, can be adjusted with R and C,
There are two pulse which are t, and t,. t, is a con-
stant pulse and it is bigger than t, ; t, is propor-

tional to T°C. Ve can write thesc dependeuce,
T =1t, - t; usec ,

T, = 0.7 RC = a usec

= \ + .
T, = 0.7 Riyern * Bad G
=3 o — ¥ i ~
T = 0.7 RC - 0.7 (R * Ry G,
b
T = a - b - 0:7 Rtherm Cl

- o
T nust be 320 usec at 32°C and 440 usec at 44°C., If
we subtract T,, from 1.,

- 1,, =C - 0.7R,,C

Tuw = Ty, - (C-0.7R,,C,)

1

120 usec = 0.7(R;, - R,,) C,
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Ve have known that R;, = 6kQ and R,, = 4KkQ

120 usec = 0.7 +« 2000 * C,

-6
c = 120.10 4. 085 uF

1400

Now, we can calculate t, and t, R, = 6.8 k Q

ct
]

0.7 (R + R,) C,

therm

ty, = 0.7 (6.8 + 6) 0.085 « 10 3

76.107% = 760 u sec

0.71 (6.8 + 4) 0,085 +« 10°?

640 usec
at 32°C, T nust be 320 usec.

T =t - ty,

320 = t, - 760 =~ t, = 1080 usec
at 44°C, 1 nust be 440 usec.

T = ty = Cuy

440 = t, - 640 =~ t, = 1080 usec.



5.5,

lie can adjust t, as 1080 sec with R and C.

ACCURACY OF THERMOMETER

The accuracy of the pulse width depends on the

following reasons in a digital thermoneter,

which

i) Accuracy of thermistor resistance
ii) Accuracy of timing capacitance-
iii) Linearity of thermistor characteristics
iv) Voltage dependence of 74121
v) Linearity of 74121 '
vi) Anbient temperature dependence of 74121

vii) DPower to dissipiated factor of thermistor.

Our pulse width relation was,

T=t, -t

lie can say that the conditions (iv) and (vi)

change pulse width changes

t, > t, +40t, ; t,+t, + 4Lt

1 2

If we write pulse width relation,

59
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T = t2 + Atz - (tl + At])

At; and At, are approximately equal because of

two monostables have the same conditions.

At, = At,
T =t, -t

We have seen that conditions (iv) and (vi) are
not important for us.

e have worked in a narrow band for fhermistor
and monostable, so we can think-that nonostable and
thermistor work linearly in this band. This implies
that conditions (iii) and (v) can be solved. Problems
(i) and (ii) can be solved by using the best quality
components. Now there is an interesting problen. iThis
is the power dissipation of thermistor. In our cir-
cuit, current passes through the thermistor for less than
1 u sec in every 2 sec. Now we can Say that if we use
ceramic capacitance and an accurate thermistor, our cir-

cuit works linearly and it works accurately.
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CHAPTER 6

ALARM CIRCUITS

We have four alarﬁs. These are low and high
heart rate alarms and low and high temperature alarms.
These four alarms were constructed with the same prin-
ciple as we mentioned in Chapter 5, Section 4., Ve
neasure heart rate and temperature with pulse width,
Also alarms can be set with pulse width., This is a
very easy process. For this process, we use four 74121,
two of them for the heart rate alarns and the others

for the tenperature alarms.
6.1, HEART RATE ALARAMS

We have known that we had measured heart rate
beat-to-beat and at the end of interval V.C.!l gives us
a pulse whose width equals heart rate in microseconds.
If we use two monostables and trigger them with short
rnonostable (which triggers V.C.,}M) we obtain two pulses as

the output of them., These two pulses can be adjusted
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by resistance (R) which is connected to pin 11 of 74121,
And these pulses can be compared to the V.C.l. pulse.

This comparison can be nade by AND and OR gates,
6.1.1. Low Alarm

74121 has both positive and negative
going output pulses.. For low alarm, we nultiply the
negative going output of VCM and the positive going
output of low alarm monostable. We adjust low-alarnm
rionostable to give a pulse whose length is low alarm
value in usec, This adjustment can be seen from dis-
plays. Thus, our counter can count and displays digi-
tally every pulse which comes from 74121, Figure 25
shows us the pulse shape and how we obtain alarm pulse.
If the output pulse of VCM is shorter than the output
of low alarm monostable, the output of AND gate gives

us a pulse,

6.1.2, Iligh Alarm

For high alarm, we multiply the positive
going output of VCM and the negative going output of
high alarm monostable. Iligh alarm monostable gives us
a pulse whose width is high alarm value in usec.

This pulse width can also be seen from displays.
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If the output pulse of VCH is longer than the output
of high alarm monostable, the output of AND gate gives
us a pulse,

Alarn puises which come from low or high alarm
circuits are set to the OR gate. Thevoutput of OR
gate triggers a monostable (M,;,,,) whose pulse width
is fixed. This fixed pulses could start the alarn as
soon as heart rate goes out of set linits., DBut this
is not a good procedure, because sonetines in normal
conditions, heart may go out of these linits, tiis
abnornality continues two or three pulses then the
heart returns to the healthy state., This inplies that
we have to use a delay circuit. This circuit nust

worn as follows:

i) ¢ or more back to back alarm pulses have
to start alarm

ii) 2 or 3 back to back alarm pulses do not
have to start alarn

iii) Sone abnormalities which are shorter than
6 beats nust fire alarm, if these abnor-
nalities occur frequently.

These conditions are obtained easily witii tae

alarn delay circuit which is explained as follows.
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6.1.3. Alarn Delay Circuit

Alarm delay circuit is shown in Figure
25, As we have seen, delay circuit consists of a cur-
rent source and a capacitance (C,). Every alarm. pulse
charges C; and R; decharges C;. If 6 or more alarm
beats are coming, C, charges and the voltage of C,
decreases under 4 volts., The voltage conparator is
fired when the voltage of C, is lower than 5 volts.
And the alarm starts. If heart works abnormally, there
will be alarm signals which will not come sequentially
These signals will also fire the alarm. Thus, the ca-

pacity discharges slowly and charges quickly.

6.2. TEMPERATURE ALARM
The principle of the temnperature alarm circuit

has the samne principle of heart rate alarm circuit.
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CHAPTER 7

POWER SUPPLY

7.1. SAFETY

In the medical instrumentation field, we have
recognized the need for inproved safety standards for
nedical equipnent of all types. le have to establish
quick lines of safety to protect both the patients and
personnel. Decause, current higher than the safety
level can cause immediate death, Now, we will look
how nmuch current nakes one feel unconfortable, what
causes death, ctc,

The threshold of perception of shock varies
widely from person to person, it is about 1 miliampcre.
At this level, a faint tingling sensation is felt, At
current levels of around 5 milianperes, many sensory
nerves are stinulated and the sensation becomes pain-
ful, usually to the point that the subject jumps away

from the source of stinulation. At current levels
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higher than 5 miliamperes, notor nerves are stimulated
and the associated muscles contract. At the so called
"let go" current level, (approximately 10 to 2U mili-
amperes) a person can just manage to release his grip
on conductors supplying current. From 20 milianmnperes
to approximately 100 miliamperes, the subject has no
ability to control his own nuscle actions and he is
unable to release his grip on'the electrical conductor,
The electrical current stinulation becomes increasingly
painful and physical ipnjuy may result by the powerful
contraction of the skeletal muscles., Despite pain and
fatigue, the heart and respiratory functions usually
continue since the current spreads uniformly through
the trunk of the body and tends to bypass the heart as
it makes up a relatively small part of the cross-
sectional area of the human trunk. At about 100 mili-
anperes, more life-threatening physiological phenomena
can occur, and ventricular fibraillation starts. Con-
tinuous high current levels of 6 Amperes or high den-
sity of 6 Anperes are very dangerous. This level may
cause burns and also death.

From nmany investigations conducted over the years
5 milianperes has become accepted as the maximum cur-
rent that should be allowed to pass through a human
from external contact.

All figures which are given above, are taken in
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nornal conditions; but, if we measﬁre heart rate, the
electrodes are located with the paste which reduces
the instrunent's electrodeé—to—paticnt skin resistance,
and because of the location, all current passes through
the heart. In these conditions, Ventficular fibrilla-
tion could be produced by currents as small as 20 nicro-
anperes. Because of this reason we have to take
10 microanperes as the upper limits.

Now, we have known that we have to prevent the
passage of the current through the body. Ve have

two ways to achieve safety.

1. Crounding

2, Isolation

1. All (circuits) in the equipnent nust be
grounded, also wve éhould use a good second
ground for safety. If the first grounding
is broken, second wire grounds leakage cur-
Tents,

2. Isolation can be made by an isolation trans-

forner,

Isolation

In our circuit, patient and instrument power

supply are isolated. This isolation is made by bC-to-DC
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conVerter operating at high frequency.

The push-pull dc-dc converter is actually a free
running oscillator that produces an unregulated sqﬁare
wave output, The dc input is chopped into complementary
square waves, passed through a transformer, then rec-
tified and filtered. Preamnplifier which amplifies ECG sig-

nals is fed by thedc-to-dc converter (or isolated power

supply).
7.2. ISOLATED POWER SUPPLY

In our circuit, 15 volts which comes from the
transformer is rectified and is chopped. Chopper
circuit consits of two ICs (7404 and 7470). We ob-
tained 25kliz from 7404 and this 25 kliz drives the clock
of 7476, The output of 7476 gives us a square wave.
The reason of using 7476 is to obtain an exact square
wave, If we can not obtain exact square wave, one of
the transistors which chops 15 volt gets hotter than
the other because it conducts more than the other.
Square wave which counes from 7476 drives BC237 and the
output of BC237 drives BD139 which choppes 15 volts.
That means, the transistor BD139 is driven on and off
through its base terminal by a pulse train whose duty
cycle is one. 74706 has two outputs, one of them is

inverse of the other. DBecause of this reason, when one
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of the BD139 is ON, the other is OFF, and we obtain 4
square wave., This square wave passes through a trans-
former, then rectified and filtered. Complete circuit
diagram is shown in Figure 26, In this circuit, the
rnost important problen is finding N.' N can be found

by,

N o= u
4.44.£.9
£ = 25.000 Iz
¢ = B.S; S = 1.7 cm?

15
4,44x25.10% x 1.7x10"% + 2000 x 10~"

N =

- 15 . 100

4,44x25x1.7¢%2

7.85 turns

We can take 8 turns,

At  the output of the transformer, we want to obtain
+ 15 volt. The output windings are calculated to
give ¥ 18 volts. Then this output is rectified and
regulated to obtain ¥ 15 volt. We have to use a fil-
ter at the output of the supply. This filter is a

sinple one which consists of 100uF and 39Q.
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CHAPTER 8

CLINICAL SIGNIFICANCE

8.1. HEART RATE

In counting heart rate, there are two measuring
systeﬁs. Cne way is to feel pulse and the other is
the ECG., The first way may cause us to make a mistake
Because, all of the heart beats may not be conducted
to the pulse,

The normal values of the heart rate are:

in adults - 60 - 90 beats/min
in children - 80 - 110 beats/min

in new born - 100 - 120 beats/min

lleart beats are controlled by the autonon nerve
system, and the other systens that affect this arc;
the peripheric vascular resistance, adrenargic activity

and the local metabolic factors,
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Cardiac output depends on two factors; one is
the heart rate, the other is the beat volume. In acute
changing, the heart rate; in chronics the heart volume
is important and effective to make tﬁe cardiac output
constant, |

This compensation mechanism is for a normal per-
son. In pgrsons whose heart rate is pathologic it
differs. | )

These abnormal cardiac rhythms can be summarized

as follows:

Regular Sinus Rhythn

This is the nornal rhytin of the heart. The

average rate is 60-100 beats/min.

Sinus Tachycardia

A regular sinus riythm with a rate in excess of
100. Sinus tachycardia does not usually exceed 160

beats/nin in the adult,.

Sinus bradycardia

A regular sinus rhythm, a rate under 60 beats/

1min.
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Sinus Arryhtmia

The impulse arises normally in the SA node. The
arrhytmia is manifested by alternating periods of
slower and more rapid heart rates. The variations
are usually related to respiration, the rate incfeasing
with inspiration and decreasing with expiration. This
condition is more common in children than adults

and frequently associated with sinus bradycardia.

Sinus Arrestcardiac Standstill

This denotes apause in the cardiac rhythm due
to a monentary failure of the Sinus node to initiate
an inuise. This results in a prolonged diastolic
pause between two complexes., Usually only a single

beat is dropped at a time,
8.2. TEMPERATURE

The factor which causes an elevation tenperature
is Endotoxin which causes to release fever producing
substances into the circulation from the Leukocytes.
These substances which have been called endogenous |
pyrogens are presunabely factors wiich act on the
thermoregulartory centers to produce fever.

The endotoxins which are pyrogenic are sone
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bacteria and a few viruses,

In general, it is safe to regard an oral tempera-
ture above 37.2°9C in a person at bed rest as an indi-
cation of disease. The tenperature may be as low as
33.89C in healthy persons., Rectal teﬁperature is usual-
1y 1° - 0.59F higher than oral tenperature,

Deviations of 5°F (approx. 3.5°C) fron the normal
body tenperature do not interfere appreciably with
nost bodily functions. Convulsions are comnon at tem-
peratures higher than 41.1°C and irreversible brain
danage, presumably due to protein denaturation is conm-
mon when tenperatures of 42,2°C are reached. Fortuna-
tely when hyperthermia recaches dangerous levels, the
nechanisns for heat loss are suddenly activated; con-
sequently oral temperatures above (41.,1°C) are rare
in man, Conversely, when temperatures are lowered to
32.89C loss of consciousness occurs, and between 83
and 84°F (32.8°C) slow atrial fibrillation supervenes.

The systenic symptoms acconpanying deviations
in temperaturc are poorly understood. For exanple, at
tenperatures of 102°F (39°) many patients have nalaise,
drowsiness, weakness and generalized aches and pains.
ltany other, however, feel entirely well., Heat pyrexia
is most common in individuals with pre-existing cronic
disease. These patients usually stop sweating according

to an intrinsic breakdown of the heat regulatory mecha-
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nism for reasons not known. In these internal body
temperatures as high as 44,4°C have bcen reached,.

Hypothermia is far less comnmon than is elevation
in tenperature, but is of considerable.importance be-
cause it represenfé a medical emergency which lends
itself to treatment, The diagnosis of hypothermia
has proved elusive largely because clinical thermo-
neters do not record temperatures below 35°C but our
device can give us a chance to record below 35°C.

Patients with temperatures less than 26.7°C are
usually unconscious., One young patient was saved even
after her temperature dropped to 20.6°C,

In many illnesses fever is the mnost prominent
and often the only manifestation of disease. There

are four types of fever.

i) An intermittent fever is one in which
the temperature falls to normal each day.
ii) In remittent fever, the temperature falls
each day, but does not return to normal,
iii) A sustained fever is characterized by per-
sistent elevation without significant daily
variation,
iv) A relapsing fever is one in which short
ferrile periods occur between one or several

days of normal temperature.,



As indicated above, small variations of fever
is not so inmportant, but the daily changes and its

persistency are important.

75
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CHAPTER 9

CLINICAL TESTING

9.1 TESTING TIE HEART RATE MONLITOR

For testing the heart rate monitor, the pulses
obtained from ECG simulator‘w;re applied instead of
human heart beats. This instrument has an operating
range of 40 to 200 beats/min with an accuracy of ¥ 5%,
The curve of error shows linear character between 4U

beats/min and 200 beats/min. At 40 beats/min, the

error is - 5% and at 200 beats/min, it is + 5%.
9.2, TESTING CLINICAL THERMOMLTER

For testing the clinical thermomcter, we have
neasured oral tenperature, but this measurenent did not
give us an exact value, Different parts of tiie mouth
gave us different values, If we test our instrument

with different cups that are filled with water which



have different temperatures, test results can be
tained easily. This result gave us ¥ 2% error.
error depends on using 0,075 uF instead of 0.085

in thernometer design. (Figure 23)

-1
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CHAPTER 10

10.1. TFURTHER IMPROVEILNTS

An instrument of this type can not be perfected
at the first prototype. Additional inprovenents are
desired in the future developmental prototypes.

The most inportant of these are:

1. Isolation circuit power output incCrcase
2. Temperature neasurenent circuit accuracy

inprovenent,

In this device, isolation transformer is used
only for amplifier section. But, isolation circuit
has to be designed for all circuit isolation. If there
are sone changes in the isolation circuit (for exanple,
if 2N3055 is used instead of BD139) it can‘beed all
circuits easily,

Secondly, for temperature neasurement, we have

used two separate 74121 to obtain temperature-to-pulse
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width conversion,

If 74123 is used instead of two 74121 tempera-
ture measurement would be nuch more accurate. Due to
unavailability of 74123 in the market, we could not

use this approach,
10.2, COST DETERMINATION
Systen used for Cost Determination

The basic procedures for determining manufac-

3 L b E - .
turing costs are the same and are classified as;

a. Job order cost accounting

b. Process cost accounting

Our procedure for determination of cost is Job
order cost accounting. With Job order costing, costs
are accumulated on the basis of specific jobs, batches
or customer orders and generally used by custom manu-
facturers. Additionally, the units produced in one batch
may differ with respect to styles, qualities, finish
and other characteristics from the units produced in
another batch,

Cost determination may be on a;



a. Historical basis, or,

b. Predetermined basis

Our cost determination is not a historical basis,
because costs are accunulated as they occur and used
as being the actual data for the cost accouting system.

Our cost deternination is on a predeternined basis.
That neans, costs are predeternined in advqnce of pro-
duction, Vériation from the predetermnined costs are
accunulated in separate accounts so that the management
will be able to make plans and adjustments in operations.

If there is cost of rework on units, it is treated

as spoilage:

- Ignore spoilage: can be used only if deter-
nination is made at the end of production

- Otherwise, compute spoilage separately.

Ve ignbre spoilage.

If we want to produce 100 units of Heart Rate lleter
and Clinical thermometer in one year.

The possible expenses would be in

1. Circuit component and parts

2., Auxiliary material

3. Labor costs
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4, Depreciation
S. HManufacturing Overhead

6. Service Costs

_CIRCUIT COMPONENTS

Quantity Description Price
13 SN74121 390.00
9 SN72741 315.00
4 SN7490 160,00
3 SN 7447 210.00
2 SN7400 30,00
2 SN7404 30.00
1 SN7408 15.00
1 SN7432 25.00
1 Sik7476 30,00
12 Various Transis-
tors 90,00
7 BD135 140,00
1 2113055 40,00
1 ~10MHz Crystal 390,00
5 Various ,
Capacitors - 250,00
7 Various
Potentiometers 100,00
2 Transformer 220,00
9 Socket 270.00
1 Conutator 100,00
1 32-way connector 100,00
3 6-way connector 75.00
1 ‘Thermistor 100,00
3080.00 TL
The price of 100 units = 3080 x 100 308,000.,00 TL
AUXILARY MATERIAL 100,000,00

LABOR COSTS

3 x 10,000 x 12 360,000,00 TL



DEPRECIATION
The price of equipnent 150,000.00
The price of equipment
after 10 years - .50,000.00
100,000,00
. 100,000
10 years

MANUFACTURING OVERIEAD

Insurance 6,000.00
Repairs and

lMaintanence 24,000.00
Rent 60,000,00
Factory expenses 10,000,060

SERVICE COSTS

TOTAL

TOTAL
100

The price of one unit =

82

10,000.00 TL

100,000.00

60,000.00

938,000,00 TL

9,360.00 TL
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10.,3. DISCUSSION AND CONCLUSIOHN

In this study, a heart rate ﬁonitor and clinical
thernoneter has been designed. These instruments are
generally used in hospitals, and each patient needs
such an instrument. Because of this reason, it had to
be cheap. This condition is satisfied. We can not
obtain nore sensitive instrument because of using low
cost conponents and simplicity. But, this sensitivity
is enough for us, thus we will use this instrument as
a bedside unit. This instrument is created with a
nonostable 74121. 74121 is used in the heart rate
noi:itor and in the clinical thernometer as a main com-
ponent., Data books say that 74121 vorks linearly in a
fixed région, but we saw that it does not exactly work
linearly in these regions. This pecﬁlarity brings non-
lincarity. Dut we no not exceed the accuracy region

which is given in the Abstract.
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APPENDIX A

OPERATING INSTRUCTIONS

A. The heart rate nonitor and clinical thermnometer

can be operated in tne following modes:

i) licart-rate nonitor

ii) Thernoneter

B. The front panel controls are:

1. ON/OFF Switch

2. Function comnutator

i)
ii)
iii)
iv)
v)

vi)

Heart rate
lleart rate mininum alarm set
lieart rate maﬁimum alarm set
Tenperature
Tenperature nininum alarn set

Tenperaturc maxinum alarm set

3. Control potentiometers: These adjust

lower and upper linits of the heart-rate

and temperature safe rangcs. There is

one potentiometer for each of the following
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(5]

linits.
i) leart rate minimun
ii) Heart rate naxinun
iii) Temperature minimum
vi) Temperature maxinun
C. Inputs
i)’ Heart-rate probe
ii) Tenperature probe )
D. The output indicators are:
1. Display
2. Alarn indicators
i) Heart rate
ii) Teumperature
E. Power connection: An 220V cable extends from the
rear of the instrument.

CAUTION: The instrument can only be supplied by
220V,



alarm indicators
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Diagran showing Front Panel of the Instrument.
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| LINEAR INTEGRATED CIRCUIT TYPES SN52741. SN72741 CIRCUIT TYPES SN52741. SN72741
CIRCUITS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

ahsolute maximum ratings dver operating free-air 33‘3.:3 range {unless otherwise :22:

u - e } T sws274i | snr2141 Tﬂ.ﬂ
[ Supoly voltsar Vegs e Note "’ - . »
® ShortCircuit Protection - ® No Frequency Compensation Required . [ Supwiy voitage Vg _twe Note 1) _ . - z
. c.:l;:.&. nput voltage .t.m‘_ca:.,u_ R 0
- o Offset-Voitage Null Capability ®  Low Power Consumption . . vt vonag leithe: input, see Notes 1and 31 15
- Votes 1o - PRI N
® Large Common-Mode and e No Latchup : [ Voitme between it otiset quil tesmnat N1 NZ1 and Veg I 1
Differential Voitage Ranges . Duration of outnut shortcircurt {see Note 4) - unhmited
¢ Same Pin Assignments a1 SN52709/SN72709 ..c:..:..o.: _ci Power dsuioation a1 for helow) 55 C tres Bir temperature (see Note &) 1 s00 |
_ O«l.-_.za .-11 a1 temperature range 5510 125
| I S e 22108
i A.::ian, :.3-&:.-.:1 range e B - 7'@9».“ 150
:R. mperature 1 16 inch .:.::;l .a. ..: seconds. — 4,4, 0 ZPackage 300
. . - m— }-.
description schematic frnue temperatute 6 .,.J..ﬁ .....mﬁ.,._.mmuil.@\olg a . —r N or P Packsgr 260

NOTES 1 AN voltage valuss, unless Otherwise noted, are with respect 10 the zero referance levet E::.:.: of the suppiy voltaps :.:.:. he
1010 1atarrnce teel 18 The Mmidpons between Ve, anid Vee .

The SN5274Y and SN72741 are high performance

operational amplifiers, ?...!.l offset-voltage null
n capebility. . -
. - S IR CIEITTE
The high common-mode input voltage range and the 1€ - Jq - |
shsence of latch-up make the amplifier ideat for volt onr - 4 ~ # { O e o
. —venie. .. "o Sy .
sge-follower applications. The devices are short cir- - ,» 4 _ hu - | electrical n__...nna:u:nu at specified free-sir temperature, VCC+ = 15V, Vec—- = 15V
cuit protected an{ the internal frequency compensa: ;N [ M U : I e g ey
tion ensures stability without external components. A !m wnuw h-... % PARAMETER | vestconormionst - !.ww“: T nz.w“”: P T .
low-vsiue potentiometer may be connected between - ¢ . ’ e - ; . s e
) o e 6
the offset null inputs to null out the offset voitage as O Tl wed T e - v Ingurt offset vottage A < 1082 |25 C , 1 =.<
hown in Fi N g .- 1 © S o 6 75 ‘
inF " W e T av Otfset voltage adjust range umn!.. 15 R w Tav
- 10tadi) et 2ge achust v * *13 mv
The SN52741 is characterized for operation over the COmOmE va1 s o ant mOwes ! o Input ottset currant 5C 20 2 20 20 1 A
full militery tempersture range of —55°C to 125°C; . N Fult ange 500 .o
. . o c
H. uwwouu:_ it cheracterized for aperation trom 0°C e Input bies current M.. y > _”H = “N "
. " -
) X 13 ) 13
. . Vi Input voltage 1ange 1 < 2 . AL v
. Full range 112 12
armine! g 3 . .
sssignments Ry -0k 125C o 28 24 8
Maximum pesk t0-pesk Ry > 10 k12 | Full range 24 24
v - ]V
wlag output voltage swing R - 2%t | 25¢C 20 26 20 26
~ L —y 2’ %’
1 OR N DUAL IN.LINE L PLUG.IN PACKAGE un_hwx_na..m.zm Z FLAY PACKAGE Ry -2kt | Full range 20 . . :
PACKAGE (TOP VIEW) 1TOP VIEW) (TOP viEw (TOP VIEW i . Lsrge-cignal delterentish R -2l [25¢C 50,000 200,000 20,000 200,000
- — very N voliage amphication Vo 10V | Full range | 25.000 15,000
.Hl - - v e -t i - v “  w w v memn T W f A Input resistance 5C 03 2 0.3 ? ﬁ.s:
alalaloiolo Vs Vo~ T R
ﬂ. !\@ ’ /@/_‘. SHYHH? @ @ @ @ @ @ @ ; ‘o Output resistance mn.w 2”.“\.0 %C ™ 75 [}
\ ~ oo r— [ Input capscitance 25C 1.4 - 1.4 of
. -~ .
- o B 7
p \ » . CMRR Common mode reyection ratio | g < 10ks1 |- L kad . b 4B
/ o . Full range 70 0 I N
1]_ . 150 Kl 150
- ‘el-l. —- J AVyp/aVeg Power supply tenutivity Ag « 10 kst BC % 9 ks uviv
K] NiEhD - - T i ¢ % ¥ Full range 150 150
T A U eIN IS IN mﬂnu-l_n)r U @ @ mw. @ @ @ @ los__ Short-circuit output current sC +25 140 225 140 3.»!1
- ~— CONTACY WiTH THE CASE - - RS- . No load, % C 17 78 1.7 28 -
NC Mg intornal connection ‘cc Supoly current No signat Full range 1 33 | A mA
- ~ — o - [ R SR |
[ No toed, 25 C . 50 A5 50 L1
"o Tt power dunnation No signst Full range 100 T l:kxvli m

AN chars 1o intics s e spacitiad uader open 100p oneration Ful range for SNS2 74118 85 C o 125 C and ‘nr SN72741 k0 ¢ 10 10 €
NOTE & This typical valus apphes anty ot f equend ige ahave & faw Bundred heots hacsuse of the ¢1fecis nt it and thermat treniba b




CIRCUIT TYPES SNSA121, SN7411 _ CIRCUIT TYPES SNSA121, SN7AID
MONOSTABLE MULTIVIBRATORS MONOSTABLE MULTIVIBRATORS

logic W FLAT PACKAGE 3 OR N DUAL IN LINE PACKAGE description {(continued)
. (TOP viEw) 1100 ViEW) . Voe ! for more then six decades of timing
-1 ation 4 mantsined over the full emperature and Voo rangs
TAUTH TABLE (Sas Notws 1 ovu 3) 800 Nowes & thry 81 {Sou Notes & theu 9) .n._.._..m...z._.ﬁa.ﬂ BF 10 10 4F) snd more than one decade of timing ;ewstance (2 kE2 to 40 k). Thoughout thess
DALY B T T v TIMING Bins TIMING Pins ., pulse width s defined by the relationship "CrR 2
el el ] BB B OO B o S roa? 171 %
Atlazialar|aale . . " d il
TIVYIol v T ~ & oy LLITCIL 5;#&.. Cwcuit pert s schieved with & power of 90 mitiwatts st 6§ voits (0% duty ond 2
ol xivio|x]|o Inhn T e Q dimsi ot ly 65 mithwatts.
x|o!l x|o]o Inhibit i
u n n “ u “ %Mﬁ ' Duty cycias 38 high s 90% are achisved when using Rq = 40 k{l. Higher duty cycies are i a cortain
Yirvird xte |t} Omesnat of pulse-width jitter is sllowed.
Viviv] o] x{s} Onesha !
x|ofo]| xf{1]o Ittt
0 X{0 ] Xlo Inhsrt _
L S vy Inhibit ing conditions
recommended operating
O x| v F v v 4] invin _ N NOM  MAX | Uy
1 Vio x|0fo (L Y] . L 1) v
1] _ oj o x[o] wmen ; Supply Volsge Ve SNSMINCiemin ., . . ., L, L L, LE ) " - .
N i SNION Cirauits . . . . . L L L L ) =
Vi 22V S Al 0na A7 trs nepenvecoge tripparos L Ex1einel timing Copacitor may be ! Normalized FanOut From Each Output, N . . . . . . . . . . . . -
0-V 10 NS08V 10§ nputs, end will trigger the one connected Betwesn sin 9 (mou- | input Pulse Rise/Fall Time. Schmintnput {8y . . . . ., ., . . . .
Shot when sither o¢ Both go 1o Isgcel O tve) 003 pin . WIth o anternal ! Logic InpuIs (A1,A2) . . |, . ! ., ., .,
wth B ot logecal 1. Sapaciisnse, sn ouwmetpults wieh __ InputPulseWideh . . . . . . . ... ... | 50
NOTES. 1. ¢ - time nefore iInput 6. 8 1 8 puntive Schmitt trigger input ter of typicaily 30 ne 1s GbWIned PN " . P e e e e 14
wanution, ow adyes Of tevel deteciion, 8nd wit & T Use The internst timing resister w Extorna) 4431‘ t§.’§ 1:‘@!6@. nPapen) e =
2.1, - tUme sheer input tigger 1he ONe thot when B goes te (2 k(1 namingi), conneet pin(®)te ! Extornal Timing Resistance: SN54121 . . . . . . . . . D 0
renuition, fogcal + with wther Al o A2 ot !..@ ; “ SN74121 = o o o e e e e y ey
J. X indicates that either logicel 0. (500 Truth Tamie) 8 To obtain verisbie pulse width con 3 ina ) e e e e e e ek e e e e e
H lowcat O or ) mey cu NECt A5 08rNa) varisbie resitence be- ~ Wﬂ::‘ m‘.”"..“” ............... 40
oresent tween !:@Sn »in @ NO eater- _ tputPulseWidth . . . ., . . . . . - [1,.)
4. NC - No Inteenat Connection. el current limiting 16 needed. . DutyCycle: Rp=2k2. . . . . . . . . . . . ... ... -y
10 For accurate repestable pulse widtne Ry = J0 kM1 (SNG4121) or Ay = 4O KA (SN74121) -
CONNICE BN o5 tar nal 1081810¢ DOTwaRN [}
description ’ : oin @) ena pin AW with !:@ )
agen-<ircun i
This lethic TTL bl ttivib # d< .
Uiggering from positive or gated Negative-going inputs with }
inhibit facihty. Both positive and hegativegoing output :
pulses ate provided with full tan-out to 10 normalized t
loads. ‘
L]
Puise triggering occurs st a particular voltage level and is .
not duectly related to the Uranution time of the input pulse. Schmitt-trigger input circuitry (TTL ie and
featuring temp e-ind: backiash, Ses Figure L) for the B input sliows jitter-frae riggering trom nputs with
Uansition  imes as slow a5 1 voit/second, providing the circuit with an sxceilent noise immunity of typically 1.2 volts,
A high immunity to <on noise of typically 1.5 volts is 8180 provided by internal latching circuitry.
Once fired, the outputs are independent of further wansitions on the inputs and are » function only of the timing 1
components. Input pulses may be of sny duration relative 10 the output puiss. Output pulse tengths may be varied. N
from 40 1 ds to 40 ds by choosing appropriate timing components. With no external timing componenis
(re.. pn@connected 1o pin (3 pins (3 €D opend an output putse of typically 30 nanoseconds is achreved which '
may be used as a dc triggeved reset signal. Output rise and fall times ars TTL nd of puise .
length.
Pulse width is achieved through internal compensation and is virtually independent of <an and temperature. In most
- applications, pulse stabitity will only be limited .u« the accuracy of external timing components. -
_ Texas INSTRUMENTS *n
= ] § INCOM
672 . .ﬁ.”*)W.I—..Z.x”!.H-W—-N-—vz ”z.-.w SOST OFriCA BOR 8013 < DALLAS TERAS 78232



CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

c:?.:n... n.......a;:m..n- over operating free-air .o:i!n»:-. range

n,.-n—:q TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

PARAMETER !qnnunn TEST CONDITIONS! MIN TYPL MAX | UNITS
. :... ..:arﬂ.anﬂeﬂso- a A input 57 - Veg T MIN 14 2 v
iy thieshold voltage a1 A npul 57 Vee “MIN o8 14 v
<.H. Positive | o:.:n ‘\hreshoid voltaye at B input (%) Vv " MIN 155 2 v
vy z.an.zooc.:a threshold ..c:.i a1 B input Y] Vee* MIN o8 135 v
<9._.9 Logwal O output voitage 57 VGG = MIN,  fgny = 16 mA 022 04 v
Vourtl) Lowal 1 output voltage 57 VCC * MIN,  ligeg v ~400 uA 24 33 v

e e
L ogical O 1evel input - - L - -

T,_..:O. cuttentat Al os A2 sa VoC * MAX. Vip =04V ' 18] mA
in0)  Lognal O level input current o1 B 59 VCC *MAX, V=04V -2 ~32] mA
\ " Logual 1 ievel nput 0 | VCLIMAX TV TIaV 7 M | WA

Ll curcent a1 A or A2 <rn.!>x. Vin 55V 0.08 [ mA
,  Logiat 1 tevet snput o Vee s MAX, Vi e 24V ) 80 A
o currem atB VCC * MAX, V0 w88V 005 7 A

b e

oe SHOIt cucuit output aw!.a Vee « MAX —ng_u_ -2 25 -58 mA

0s current a1 Q or Q% & cc R

Power supply cusrent in

Ve « MAX 1 3 mA

‘cc usescent (unfwed) mate & cc !

tee Powaer wpply current in .:B nate o4 Ve = MAX 23 40 mA

1F 01 conthitions shawn as MIN or MA X, use the sppropriets value wnder for the

device type.
1A typical vatlues are ot Vec = 6 V. T o = 28°C.
3 NOt more than ons Sutput TAoulc be shorted st 8 time,
switching characteristics, <nn =5V, T A" 25°C
PARAMETER resy TEST CONDITIONS MIN TYP MAX | UNITS
FIGURE

‘pat ”Wﬂﬂ“”ﬂ nput ..“-“ ..”:ec-! ' s i 58 -

AR, pullg Lo ? -

1.0:{.5: delay time 10 :va.r il 2 Cu = 180F, ﬂ.— 80 pF % a5 b e
'odl  evel iom A1/A2 nputs 1o Q outeut
Yoo v:x&._t:a“ .!! .:.M 10 logw.a O 2 0 65 -
tovel trom B anput 10 Q vutput
Aol 22 -
. v-etuﬁ._c: so_oc 1me to Eﬁhd . CL 156F, ﬂﬂ = 80 pF 20 50 %0 ne
o0 levet lrom A 1A 2 inputs 1o 3 output
. Putse walth obtained uting 73 | Gt 18R Cr - 80pF. 0 10 10|
PlOuth ernat o e ronmon Ry = Open, Pin @ w0 Vee
t Putse wilth abtained with €y - 15 pF, Cy-0 e
b2 20 0 50 ne
wloun) 1800 tinnng capacitence Ry = Open, [ @ 10 <hh
Cy - ¥5¢0F, Cy ~ 100 pF,
600 700 800 ns
' Puise wilth obtaned usng Y Ay = 10ki}, Pn (@ Open
PLOUt) o arnal timing resistor C, = 15pF, Cy » 14uF, s ) s e
. Ry s 30, #n @ Oven
Cp - V5pF, - 80 oF,
thotd Minurim dulation of trgyer pulse 73 z_— - Open, P @ w© veo 30 50 ne
Tryas | NENTTS

Retative Freguency of Occurrence

TYPICAL CHARACTERISTICS§

DISTRIBUTION OF UNITS
o
QUTPUT PULSE WIOTH

Vec BV
R \ /
Cy 101 oF

Ry = 10kn — /
(Extornas) .

Tﬁm +0.5%

Median —0.9%
M ———

90% of Unis

[ 1] 694 607 100 03 06

+t0

- Vararon in Output Puise Width

Slpiout)

-10
- 4% 47 50 528 (%)

0 Uniess

-05 pCy = 60p

‘oloun Output Puise Wulth-ne
FIGUAE W

VARIATION IN QUTPUT PULSE WIDTH
w
SUPPLY VOLTAGE

~ 420 ns

..l‘<hhnv<A p—

24 * 10 k{1 (Exsarnell

s
Tao28C
1

<nn'mcvl< Voitage—-V
FIGUAE 4

"ol ders e

Al"‘m'-\l'mm n Internst Tuming Rewstor Value

~ Varmton 10 Output Pulse Wedth

Btpiou

tor SNS412Y ona BNY4IDY.

§

§

§

-10n
-7 -8 -2% O

VARIATION IN INTEANAL TIMING RESISTOR VALUE

“

FREE-AIR TEMPERATURE

\\

:

-b%

- .

SN74121~—e
i 1

A >ta39)t Tempersture

FIGURE |

2% W0 ™ W I
¢

VARIATION iN OUTPUT PULSE WIOTH

v

FREE AIR TEMPERATURE

1.0%
0%
o
.!o:: S0
[ -D - 26°C T
-0 9%
jo—SN14121 ——as
~10% i 1
-15 -850 -2% ] 2% 5 75 00 1
To-FreeAu Temomsiure-"C
FIGURE X
»

TrwaAae InNCcYDIHIAACMTC



: . T
CRCUIT TYPES SNSHIZL, SNTOIZl CNONOSTABLE MULTIVibg ATORS
MONOSTABLE MULTIVIBRATORS

TYPICAL CHARACTERISTICS §

TYPICAL CHARACTERISTICS §
SCHMITT TRIGGER THRESHOLD VOLTAGE

hed
FREE-AIR TEMPERATURE

18 Y [ -
v / _ g A _ OUTPUT PULSE WIDTH
ve
17 N A Rl S TIMING RESISTOR VALUE
M ’ LLF————— ﬂﬂﬁ
: T
FRY ——5 4]
w _ ’ ‘.‘ %\
w _ / . Cq
18
: Postive-Going Theeshold V.
H ’ Te L~
[ . .
w 1m \ \
: 4 . < ]
=
oMY
s . _—— .
i ' Vee“ 5V /./. o
._x Negetive-Going Thrashold <q.. [
v....u g fe-shrazr | | \‘
-1 80 -25 0 2% 0 75 100 128 . 100ue E
T -FreeAuw Tempes sture~"C ﬂAuomv
FIGURE L m =
|
! PROPAGATION DELAY TIME TO LOGICAL 1 LEVEL PROPAGATION DELAY TIME TO LOGICAL O LEVEL Fi
(8 INPUT TO Q OUTPUT) 18 INPUT TO G OUTPUT} = ~
v » W 10 e \ of .\
FAEE AIR TEMPERATURE FREE AIR TEMPERATURE m. R R
- w0 _
: W ! 3
. i
% ool 8
m LN 4 C . P
3 ° L * 1005
- 0 |— — .
- [ ]
M © - n_. 100 pF .w L " 80 5 /.‘1\. — Tue 7 1=
& < 0 c -] [
e W|C + 13 ﬁl L * 5 pF
.m © %/ \» .m © —
3 C e16pF ] M .
& » +—t € fa-sn7a121-m . ’ we
§ | Ve o8V 2 » 100 ne = w?ﬁ\l\
i * 80 pF < o ]
w 2 [ o Ve BV
] " ! Ry = internal 1 | cy-80pF | Vec =5V ]
T * M Ry = Intecnel 4
H i o SN74121 -am . A N - T, = 28°C
T _ -t ° % 80 -25 0 2 50 76 100 126 §NBat2 i AT
7% -5 -2 0 % ® 7 .8 T A .q EremAu T, e 0ne il bk
T -Froe-his Temparature—'C A smperature ' 2 4 LT 2 «® 0 100
FIGURE M FIGURE N ’ Ry—Timing Resenor Valuerk i
§UNIes Otherwise NOted #ats is supin abie for SNS412T and SNIE12Y. #auRE O
$unies nated dots tor SNS412Y and SNI4121Y. "

: XAS INSTRUMENTS n
676 . TEXAS INSTRUMENTS Te .

oA




CIRCUIT TYPES SNS4121, SN74121
MONOSTABLE MULTIVIBRATORS

TYPICAL CHAHACTERISTICS §

OUTPUT PULSE WMIDTH
L
EXTEANAL CAPACITANCE

Ve
—
T Vec~oY i
qu).u-.n “»
’ 4
Ml T 44 == === == :
& . :
1 )
_;%\
Y ¢
/-uv
L_T*) <
.
Q
4 \d 3
| o . :
: D% i SR
5§ Yy 1
- v S
w W z Y’ 2
' 1
-
.~ 1
4 Il
2
AT J
1] 3 e
i
J 1
I
e
e
o
il
il
Wes
Wer 100 of i‘ ! 00t uF 0.V uF Yl
Cy—Timing Capatianse : :
FIOUNE P

-;;i‘.';;.ih.ﬁ. o0 QY2

(W1 Tenag Ins i ium eNTS

0,F

CIRCUIT TYPES SN54122, SN54123, SN74122, SN74123
RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

logic

NOTES:

Retriggerable for Very Long Output o D Triggered from High- or Low-Level

Puises, Up to 100% Duty Cycle Gated Logic Inputs
Overriding Cleer Torminates Output Pulses  ©  Compatible for Use with TTL or DTL
Diode-Clamped inputs o Typics! Aversge Propagation Delsy to
Output Q...21ns
0122, INT4122- SNB4122, SN7A122
RUTH JOR N DUAL-IN-LINE OR .
4.-! zu.”-)"- W FLAY PACKAGE (TOP VIEW!
(SEE NOTES 8 THRU D)
WPUTS oUTPUTS -
AY A2 ® s2{0 &
W OH X X|L M
x x v x|luov w
X X x t}luL M
L X M M|L M
L X ¢+ Wl v
L X M iU m
X L N nloLe o n l 1 .
x L ¢t wlnow DT s
X L W tln v AV AF 8T W cian §
LS p—
Mo MR T DATA INSYTS
[ L T O I A S ¥ Povitive legle:
[OR B B S N 1 Low input 1o clesr resets O w0 low
tovel and inhibits dete inputs
SNB4123, SN7412)
JOR N DUAL-IN-LINE OR
W ELAT PACKAQGE (TOP VIEW'
ISEE NOTE D)
L WY N
NSe123, INV4123 VL Coer Com %0 M cLian 2 M
TAUTH TASLE L) winjuiniinile
(Soe Now A)
WPUTS | OUTIUTS
A 8]l a @ »
W x| v n A 1
x L] L o w y
vt v i 0
[} " F1Y v v W '8 e au-..ﬂng
Sositive logle:
Low input to clesr resets Q 10 low
leve! and inhibits date inputs
1P sscignments 1or 1hese circuits ore the mme fer ot pock gpos.
).8.!‘-’!.ill‘..r-!{.;l-‘r.-i-!;‘l.‘!’{.—-i':;i..!

tovsl, S\ = one high-tevel puies, U = one low-lovel puies, X = irrelovent (any input, including wensitions),
8. NC = Ne internal cannaction.
C. Te wee the imernal timing resistor of SNS4172/3N 74122 (10 k11 nominel), connect Ay, to Vee.
O. An timing mey be ﬂ‘a ond Mgy y/Couy (DORitivel.




CIRCUIT TYPES SNS400, SN7400
QUADRUPLE 2-INPUT POSITIVE NAND GATES

WELAY PACKAGE
1T0P VIEW)

schematic (sach gate)

$OR N DUAL IN LINE PACKAGE

(110P vitw)

recommended operating conditions ,........on..!. wat |
Supply Voltege VCC: SNS400 Crcunts . . . . . Ve e e e e e ELINL L O
SNTADOCHEUNS . . . . . + o ¢ ¢ 4 0 0 b e e e [a7s '8 s v
Normaelized Fon-Out From Each Output, N . . . . . . . .« o o o 0 o v vt - 1. 10 .
O ing Fres Ai Tempes Ronge, Ta: OSNSAOOCwewits . . . , . . S«#‘:« nx
; SNTAOOCircuts . . . . . . . . . . Lo 8 5 %
5 olgstrical characteristics over recommended operating free- sir temperature (uniess otherwise noted)
Y —— —_—— . b
- TESY
TEST CONOITIONS' M TV MAX [une
PARAMETER . . ¢ 1 e
Lopce! 1 mput voltags requued
Viait) 8 Bath aput 1ermingls 10 onewre R H v
togical O tovel ot owtput = . ;
Lague sl 0 nput velege rogured
Vit % ther npul termung! 10 Snere 2 oR | Vv
fogcat 1 tove! o output . ]
) Veg * MIN, Vs 08Y,
Vourlt) Logcel | sutput veliage 2 Vaed =400 uA 24 :»s ~ v
vee C o MIN, Va2V,
VeutiOl —.*so!.'..co,:l- 1 ooy = 1A B : I!!ouutﬂp v 3
[ Loguen! O lovel ingut current (aach 3 Voo MAX, V- 04V 16l ma
!- ——— .  mmm e e — —— ——— -
Logcsl 1 lovel mput curront (each . Ve MAX, Vin* 24V 0 | l..wn‘
it nput) VEC * MAX, Vin =55V ] v A
SNS400 2 EL) o
18 Shart owcunt output current® B Vg = MAx ShT400 .- =
upply [ ] Veg " MAX, Via* 8V 72 2] ma
ccion P‘nﬁ. O towel cureon | 8 ce Vi : ; "
Miccin Copcel 1 Wvet supmty curtont. S Jvccovan. Ve _ 8]
.25 -
!3-..33!88::.8 vee =SV, TA= 26 C. z 10 L o SR
:-
TEST CONDITIONS N TYP MAX 5:1_
v)’tx:,-a boune} NOITIONS b | |
‘pdd ’o'l!ls‘!.a.ﬁ..cluhlo‘l [ .. Lo iseF, e _. B _ ? [N
1pgt 18'...!.—.!. ..3-8!!3._.!! ﬁ - nr..me. _ x-h&....l.( A " 22 "
T ¢ o1 conditions shawn s MIN or MA X, uts 1he appe velue wader oper 100 the evvin ot e

dvioe type
3 Al rypicol vl e ot Ve " S V. T4 = 28°C
§ Mot mere then ene sutput theuld Be sherted o1 & 1ime

TEXAS INSTRUMENTS

INCOREGRTE D

CIRCUIT TYPES SN5404, SN7404

HEX INVERTERS

schematic (each inverter)

eV
0 cc

“ou ._;.5:

NPT
A

ouTPUTY
. v

LN Y3

GNO
WOTE  Componsni vahse shown oo neming

recommended operating conditions

WELAT PACKAGE

JOR N DUAL INLINE PALRAGE

Supply Voltage Vie.  SN5404 Cucunts

SN74804 Cucunts
Normelized f an-Out From Easch Ou:put, N .
Operating Free Au Temptrature Range. T4

olectrical characteristics over recommended o‘!-..:. tree-oir

(TOP VIEW! 1TOP VIEW)
L33 GNL S RN oy 9 niv
enoBY SR ae b a.
:U Cmv E. C_v (ONONO B b T
& - *{ _.. : . :_:_ R
R RIS
1 T_ D
0] @ et ~.::.: et
A v A 4o A gy ;_S v onre
pantwe loge 4,»
[win_wow m»ﬂ ]
................. ay b b Y
................. sy T ety
e e e e e e T
SN5404 Cocunts . . . ., . W T T [TF
SN7404 Cucuts . . . . ., . 0 T T TRV
" * range (unl

otherwise noted)

TEST ]
) [
[ 4 IJD‘-’ S10URE YEST CONODITIONS ! MIN TYPL MAX ] Uit
Logeot ) ingnit vioituge requued N 1
Vi) B input 1eerengl 10 eneure 18 ? v i 4
‘ogi o 0 tovel o1 Outpwt
Logu 8 0 input voitage reqywed T
Vinlt 0% ony M0ut teemund v snmur " ('] ] v
logcel 1 lovel &1 output
Voutlt)  Logasl | output vohage w | VecoMm Vincosv. 14 13 v
B rU‘u . A0 LA
Voutlol  Logicsl 0 0utout venege PO D V"2V, 022 oe¢| v
" ] tunk * 16 A
i Loge st 0 tovel input curtemt 11} VCE * MAX Viac 04V 16 mA
[P Logcal 1 \ovel npul curremt " <nﬂ|c .!)u,, l:!(x. s 24 < - ——— 0 uA
VCC * MAX Vin- % v v ' mA
wkx 2 B 4 N
‘os L P p— W Vg T MAx .vwm 1404 ﬁa.- s ..r ma
'CCI0r___ Lowpcal O tevel mannoly cwrrant . ] VCC - MAX Va5V W l.:1 ‘A
| L . PGS S S PR I S Pliiagy
[P rvo.ao. A .!o. !.é.,< 9.:.:. 2 vee® !)u Va0 6 12 | A )
switching characteristics, VCC =S5V, TAo=25'C. N - 10
TESY :
PARAME T¢R
_ . QﬁCIn TEST CONDITIONS MIN e WA X ,,!»:
Popmenon detey tme ol 0
‘od0 R o ® L = 9ph Ay © 400 11 ] ] n
’il:;.il‘l!nl. O o , )
_en. ol [ ] Cyp = 19pF A; - 4004} \F 2 ny

! 100 conm1one shown 08 MIN o1 MA K, use 1he SPPrOPr 018 vohus

oevie tyoe

LAl typial viluas sre et Vo - SV T4 - 28°C

¥ MOt 1OTe 1hEn GNE BUIBU! SROLNI 18 SAOITEM a1 8 Lime

—

1008 wnder ce

4

Lundons tor 1he apbh- ahile



CIRCUIT TYPES SN5408, SN5409, SN7408, SN7409
CIRCUIT TYPES SNS432, SN7432
R -INPUT POSITIVE AND GATES ‘
QUADRUPLE 2-INPUT PO QUADRUPLE 2-INPUT POSITIVE-OR GATES

JORN w
OUAL 40-LINE PACKAGE PLAY PACKAGE 4 OR N DUAL IN LINE OR
{TOP ViEW) (TOP ViEW) . WELAT PACKAGE ITOP ViEW)'
lLﬂLn _nLu:..... w a.& ah ' .," ”«Im ) scnematic (each gate) » o v
{* ey "
Choice of Totem Pols Outputs (SNGA0R/SN7408) | DD | DO wlfs][v].
or Open-Collector Outputs {SNS400/SN7409) DD S YD —1
[y Tais L RO
:.? N : . . )@ 2w o
Y pevtwetope: ¥ - AB

7
ST

2 Y GND

pesiwelagis: Yo A+

Lt
v Ny

1911 ssignments for thete ¢ ccuite are the me 101 all pach ages

sbeolute meximum ratings over operating free-sir tomperature range (uniess otherwise noted) B
Supply voltage, VoG e Noe 0 . v
input voltage . P . ‘ S5sSv
Operating frev an :..2.28.-. q!' wlwuuu Cocunts . . . . P 55 Cto 125 ¢
SN/&I2Cucans . . . L 0°Cw 10'C
Storage temperaturerangs . . . . . . 66 C1o150°C

NOTE 1 VoNege valuss 5ra wiTh reapett to netwerh O Sund torrmmnsd

recommanded operating conditions )
| - _weaz [ Twoar it
. e e —— e — . N nOM Max !.z

These Series 54/74 TTL gates provide Whe system designer with direct imph won of the positive AND or neqe suucm:«.lo.,...t <nn 45 5 sslem z..v.!”“x

OR tunctions. Normelized ton out frum sach sutput, N .ﬂll!.’:‘,.m‘lo“t.xﬂ“xlll . nsa — - »o*

. . .. e e _Llomwgciown | 10 90
The SNS408/SN 7408, with totem-pole outputs, drives 10 lized Series 5474 kiais al the low output level and 20 Onl:.:-. o o .....‘.....3 Ta % 2% 126] o 2 1wl ¢~
loads at the high output level The SNS40B/SN 7409, with open cullector output, puvides additiunal logic flexduhity as ) - o LT : :

the outputs may be wite AND connected 10 exterdd the AND function. The SNSA09/SN7408 will mnk sulfwient
1o drive 10 lized Series 54/74 loads at the low vutput level.

The SN5408 and SN5400 we ch ized for over the full military temperature range of - 55 C1o 125°C;
the SN7408 and SN7400 are h d for oper trom 0'C to 3_.0.
TEXAS INSTRUMENTS ’ 0

INCONPOR LI

TExAS INSTRIIMFNTS



CIRCUIT TYPES SN5476, SN7476 | CIRCUIT TYPES SN5476, SN7476
DUAL J-K MASTER-SLAVE FLIP-FLOPS , DUAL J-K MASTER-SLAVE FLIP-FLOPS

WITH PRESET AND CLEAR WITH PRESET AND CLEAR

) 1 OR N DUAL.IN.LINE OR electrical characteristics, TA = 0°C to 70°C (unless otherwise noted)
logle W PLAT PACKAGES (TOP VIEW ! . Test

PARAMETER noune TEST CONDITIONS' MIN  TYPY MAX | UNIT
w 1 ¥ Gvo o 20 W Input voltage required 1o P I
Vialt) ensure logrcal 1 ot any and 2 v
TRUTH TABLE (Sach Plip-Plep) input termnet p
)/ Yty Input voltage required to 46
3 L Q Vint0) ensure logw i O ot any nd os v
[] ® Q nput terminal 47
[] ] [] Vout{t] _ Lopce! 1 output voltege %6 . <ﬂﬂ - MIN tioad * --400 uA 24 3% v
3 Py ’ Vour(0h __Low<sl 0 output voltegs 47 VEC « MIN  Dgink * 18 mA 022 04 v
Logicsl 0 level input t
' ! 9, Rt @ | VeceMAx, Vie-0av 16| ma
R —
) Logecal O level mput current
NOTES: 1. 1, = Bit time before clock pulse. 0 o ; : . Vmt0) " cloer, presst, or clock «“ Vec - MAK, Vip=04v 32 mA
TR, ] 2 F] [ e
2 1y = Git e hier clack puise. CLOCK PRESEY CLEAR CCcLock PaesET CLean logy LW ! et ot currem o |G MAX, Yigr34V 2 | w4
atJor K VoL m MAX, Vin -85V i 1 mA
dmcription * Logicel 1 level t . a”
postive lopt:  Low 1nput 1o Preset 10ts O 10 togic ot ¢ LIPNETY !ao-”l t.ﬁcn.ﬂn“i L. ] «ﬂn " S)HFRB 24y - 80 :J.l
The SN7476 3K flip-iop is besed on the mester-siave Low imput 1o ciser 49t Q 10 lopicel O e T e T cg = MAX, Vin“85V 1| mA
principle. inputs to the master section are controlled e o e ‘os weuit current had Vec® MAX. Vin -0 _ m.zwnwu ».ﬂ ) : ”w | ™
by the clock puise. The clock puise siso reguistes the \ i e Supply current (sach Hip fop) ] Vee " MAX 20 Q| mA
mate of the coupling transistors which connect the 1.“.”.33..!!.!33.!!..3! -
poch
master and sieve sections, The sequence of operstion ha .
s s follown: . . . switching characteristics, VCC =5V, TA=25°C,N= 10
1. lsolste sleve from mester . : TEST
2. Enter information from J and K inputs w0 M PARAMETER FOURE TEST CONDITIONS - MIN TYP  mAX | umiY
mester - Maimum clock frequency ® | C-thpr A -a0n 15 20 “MM:
Mw..-!:!ax...n::s Provesstion delwy time %0 legicel 0 : 3476[
raneler informet gi'l’.. tod? tovel from clesr or presst t0 ” CL=150f A -4000 16 % ~
Ooutput
CLOCK WAVEFORM Propagetion deley time to legicd 1
o0 lovel from clesr or preset to 2 CL=150f R -4000 % L] ~
¢ Sutput . L
resommended conditions : Promapation delay time 10 logicd! | - n, - 400 v
opersting - T tpat .v-.a. o clock w vt o [CL-18pF R a 0 e » "~
Supply Voltege Voe: SNSAT8Circuits . . . . . . . . . . . . [0 5 [ v 1000 51.8......3...,....,....:........ 1o logical 0 » CL15pF R ve00n 0 2% a0 o
SNI476Circuite . . . . . . . .. .. . [ s sm | v et
Oparsting Free-Air Tomparsture Range, T SN5476 Circuins . . . . -98 E:) 128 < TF0r Condnions ihown o5 MIN o MAX, Use the velue spuciiied under e conditions for the
A '
SN7478 Circuiws . . . . o FLIE I e
Normetized Fan-Out FromEschOutput, N . . . .« . . .« . .+ & 10 BAN typical velues wre ;1 Voo o BV, T, = 28'C.
Width of Clock Pulse, togciock) (See tigre 89) . . . . . . . . . . £ ™
No then houta be shert 3
Width of Preset Pulse, (oraer) (SO0 FQUe 700 . . . . . . . . . » " Fiot mers then ene eutput shevia bu shertesd o & time
VAdth of Clear Pube, to(ciqqr) (See figure 70) . . . . . . . . . . 3 ™
InDut Setup Time, togy ofSentigue®d) . . . . . . . . . . .. > tptciace)
Ot HOM TIMO, ngeg - « < < = o o o o o o« o 8 0 oo °




CIRCUIT TYPES SNS445, SNS4145, SN744S, SNTAS
BCD-TO-DECIMAL DECODER/DRIVERS

CIRCUIT TYPES SNSA46A, SNSA4TA, SNS448, SNS449

m SNTAA6A, SNTAATA, SNTAAS, SNT449

wsl BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

LA
(4
PARAMETER MEASUREMENT INFORMATION
switching characteristics
Vee SV
et ¢
) m 0 oureur
042t A A h vl/ !
j. R,
TRUTH-TABLE 8 [ Ip—v p
GENERATOR =3
(Seenste 1) ¢ o 9 w p——~0
7 p— X
> © =
H 9 Hu [
TEST CimCuUIY
[ ccc e
-
D Vintn
INPUT A 1.5v
TYPICAL INPUT N v
VOLIAGE  { - e oteny
WAVEFORMS - |J y_otenoren
(See Nete 1) IN ) Vinth)
] 3 :
N
, .
¢ . LY
\ »d \Tl Veur(
'
|
TYPICAL OUTPUT + —m———V,
VOLTAGE ¢ ! o
. WAVEFORMS “ ————— Veun)
| (K1Y °
. | ] ]
S w e Veurto)
NOTES: 1, ?o truth=toble generater has the following chorecteristics:
c~v~.s< < Ao..<~..I&:A_°l.
MMz, r.!:- m and D womitions scevr sinml~
.l.o!.-: with or prior 18 input A iroraitiem,
2, C includes prabe ond [ig capacitance.
FIGURE S-SWITCHING TIMES

SN5446A, SN5447A SN7446A SNT44TA SN5448, SN7448 SN5449, SN7449
featuring teaturing teaturing

o DIRECT DRIVE FOR INDICATORS

o OPENTOHLEC TOR OBITEINS . 1>w.nA_<m PULL UP DUTPUTS e OPEN COLLFCTOR OUTPUTS
o LAMP TEST PROVISION o LAMP TEST PROVISION o BLANKING INPUT
o LEADING TRAILING Z€RO uszmmmg o LEADING TRAILING ZERO SUPPRESSION o WELDED FLAT PACKAGE
e CERAMIC OR PLASTIC o CERAMIC OR PLASTIC
DUAL IN N PACKAGES DUAL IN LINE PALKAGES
g +
JOR N DUAL IN LINE OR W FLAT PACKAGE (TOP VIEW) SNS449, SN7449
SNCSIBA SNSA4TA, W FLAT PACKAGE (TOP VIEW!
SNT446A SNT44TA SN5448 SNT448
Oou’
A -
vee ' v . " < 3

I
002000

gty R o&::

positive legic 290 truth tebies

Pin avmgaments for these crcuits sre the seme for sl pecheges.

ALL CIRCUIT TYPES FEATURE:  ® "M-D"L COMPATINILITY

@ FULL DECODING OF ALL 16 INPUT COMBINATIONS
© LAMP INTENSITY MODULATION CAPABIITY

decription

These monolithic, TTL, BCD to-seven-segment decoder/drivers consist of NAND gates, input buffers, and seven
AND OR INVERT gates. Three configurations offer active-low, high-sink current outputs (SNS446A and SN5447A) for
driving indicators directly; active high, passive pull-up outputs, (SN5448) and active high, opencollector outputs
(SN5449) for current sourcing applications to drive logic circuits or discrete, active components. Sevenn NAND qates
and one driver are connected 1n pairs to make BCD data and its complement available to the seven decoding AND-OR
INVERT gates. and the remaining NAND gate and three input bullters provide lamp test, blanking input/nipple hlanking
output, and ripple-blanking input for the SN5446A, SN5447A and SN5448. Four NAND qgates and four input butfers
provide ACD data and its complement and a buffer provides blanking input for the SN5449. See functianat hlock
diagrame.

The circurts accent 4 het binary coded decimal (BCD) and, depending on the state of the auxiliary inputs, decodes this
data to drive a seven segment display indicator [SNS446A and SN5447A) or other components {SN5448, SN5449)
The relative positive logic output fevels, as well as conditions required at the auxiliary inputs, are shown in the truth
tahles. Output confiqurations of the SNS446A and SNS447A are designed to withstand the relatively high voltages
required for seven segment indicators. The SNS5446A outputs will withstand 30 volts, and the SN5447A will withst
15 voits, with 2 maximum reverse current of 250 mic Ind or reaunng up to 40 elhampraes oo
crent may be driven directly from the SN5446A or mZmaa.\) hgh performance output transistors . Segrr
identitication with resuttant displays are shown in Figure A Display patterns for 8CD input counts above 9 are
symbols 10 authenticate input conditions




CIRCUIT TYPES SNS446A, SNSE4TA, SNS448, SNSA49

SNT446A, SNTAATA, SNT448, SN7449 CIRCUIT TYPES SN5448, SNT448, SNSA49, SNT449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS BCD-TO.SEVEN-SEGMENT DECODER,/DRIVERS

v
description (continued)

TRUTH TABLE $*4448. SN7448

LA OUTATS — oo
The SNS446A, SNS447A, and SNEA4B circuits incorporate automatic leading and or trailing adge 7ero blanking cantrol 4 ™ -
(RB) and RBO). Lamp test (LT of these types may be performed 81 any time when the BI/RBO node s a Ingical 1. Al

types contain an overriding hlanking input (B1) which can be used to control the iamp intensity or t0 hitit the . . N a .- alw ] - vl !
outputs. ANl inputs except the BI'RBO nodes are one normalized Series 54/74 Inad Inputs and outputs are entirely - - - 0 T B T ; " "1
compatible for use with TTL or DTL logic outputs. Power dissipation is typically 320 milliwatts {SNS446A R e T g o - . ST N ]
i N S S v ) & P h T
SNS447A, and SNS448) or 165 milliwatrs SN5440) _— L ST 0 A0 NN SN SR S8 8 S S N S
¥ x
0 [N ~ [ " [ ] 0l [ B 0
The SNSAMBA, SNE447A, SNS44B and SN5449 are characterized for operation over the full military temperature range : . X R s : - -
- ¥ e 0 010
of ~56°C to 126'C. The SN7446A SNT447A SN7448B, and SN7449 (electrically identical to the corresponding : " —+ 3 3 B A V T{r 1117 (2
Series 54 types) are for operation over the tempe range of 0°C to 70°C. 3 v . ; [N O L 3
3 v * y n v i [ X
0 v x 7 v Q ; glol A
7T ] X T T T i CEE SR A G R A ]
| 5 1 » 7 ) v 0 W 1 ]
[ 1 5 ¥ T T ' LU M A G
? T [ ) 1 ] ] 1 0 3 [l B [ 4
i i 1 ¥ v 1 v 1 [ S R W .
{ al x X x X > x 2 0] o E [ ]~ T
Rl ] [d e ] [ [] n 2 [] o N 1 !
1 0 X x x v x ’ ] ] ¢ [ [ 4
TRUTH TABLE SNS400A, SNSASTA, !ss.!ugv). 3 NOTES 1. BY RRD ¢ won AND log serving 4 blanking nout (B1) and 0 1pote bianking output (MRO) The hiank g
’ U - MTRITS — ¢ oren ar helet at a loge al 1 when autput fuactons 0 through 15 & @ devirad, and the r.pole blanking wnp. !
TFC WAL : 2 e
" !
FUNC TION L " L\ C 1] A "o o] b € 4] ! {g | NOE 3 e hignking nput (AR end snputs A 8, C. and O are at logical 0, with *he tamp test a4t Ingival 1 all srgremt
g 21! ] Qutputy g9 1o a logicsl § and 1he 1ippe bisnk ing outpuY AR goss 1o » logical O tresparse condition)
: ) ! “ A&, When the ok g nput ¢ Dpie blanking outbut {BI/ABO) « coen @ heid at a togical 1, and a Ingiral B 4 4 wd 1o The L test

Input, 8Y' vegmer outputs 9O 10 8 logieat V.

TRUTH TABLE SN5449, SNTA9

T " . PR VY | SR ———— , T (T’  }
!
1
05 CIMAL
L] or
u. FUNE TION t C L] A L1 2 b el d . ¢ g { HnM
= [ K ] T 1Y A L D BRI O L
L4 : 7 V [ ] T[o [ s 1o "
7 [ i o[v 1 {o] ¥
k] ! 1 1 n h 1 ]
) n 0 ilole | V[
NOTES: 1. BI/RBO is wire AND logic serving o3 bIenking put (81) snd/er rigpie Blsnking Sutput IABO) The blentimg input 1B1) must be ! 3 T 1 11} n ! !
open ar held at & logea! T when Sutout tunct:ons O wough 18 are denred, end the #1000 Blank ing Pyt (AR} must he open or ] 1 [Nl I ¥
813 10gic 0l 111 Dlanking 0 ¢ decimel O 1 N0 Aetrer. X ~ Ingut May be high or lew. bl ] YJo o101 e
2. When & togical 0 is applied directiy te the blanking ‘et (forcad condition) ah WPt SuUtDUTY 90 10 & lngical O regerdiens of the ] ! 41 ! e -
51210 Of any othar input « anditen. ? ! a_. ‘_, Mw ._
3 When the ripple hlank " A8 and nputt A B C and D 7 a1 10gicat O with The Samp Yest input 81 lopcel 1, ot sogmeont . ”o " w 1 < T ! 7
And 1he 11Dpte hianking sutdut (RB0) goes 10 8 logir st O (reepone conditian). ~ T 3 0 0 n 1 1
4. When 1he hianking input/rippte BIBRting Outeut (RI/ABO) i 0Pen 67 hetd 21 8 108ical 1. 8nd ¢ logics! O it eppliod te the lemo tee! D S i I Fs—t sttt b
1nDut, 8l 1egrment ButDUTE 9O 18 & tegicatl O, . 1 1 [ [ R O 1
b— T Y 7 h ] n n n 0
a ¥ X v ) [ a a [ 2
HNOTES: 1, The Blonking Input must he epen or hel< -+ g logical | when atpyt onctiom

N heocgh 17 ore desiced,

~

Abgn 1 tanic ot 0 is apglied te the blant ag input oll segment outp '3 qn 10 o
Tagient & re3 wilon of the stare of any ' er ingut condition.
Y iapet may b biak o low,



m  CIRCUIT TYPES SNS490, SN7490
Ms) DECADE COUNTERS

s prasene. .
description and typical count configurations

MS! TTL HIGH-SPEED DECADE COUNTERS
for applications in

® Digital Computer Systems o Deta-Handling Syssems oo!.!..v\-l.l

logic . DUAL--L I s’n.ﬁa- (YOP view)

TRUTH TABLES
ACD COUNT SEQUENCE z .u _s = '

(Se0 Nete 1) RESET/COUNT (Sue Nete 2

PP T — RSO TS JOUrRUT =
0 o JoT o1 [famffoatunfsaf®€t m(n
N o [e | i [+ (o] [oooe x
2 - ]
3 v
4 [
S
7
]

g:

0 ° 11 [x]oJoooo n— =
1 x| x \ V100 _‘N
) x [ o] x| o Jcouwr
[} 1

0§ x] 6] x fCOUNT

RIS IRBIRBIE

LI L 9] x}x]o jcoun [

1 ' ) x10] 0] x |count —Zgﬂvs.‘nn 1.12

-lolelo|ole|ele]olc
-]

NC—Ne lnswnal Connmtdon FLAT q»h..)cn (TOP VIEW)

@@@@@@@

NOTES: 1. Ouput A sennscted to ingut BO fer BCO soume.

These high-spesd, monolithic decade counters consist
g.ggi;tz?%g

d ide a divideby-two counter
and a!ar.!a«ogl Gated direct reset lines
are ‘iis..?!agagtlg!
outpuls 10 2ero of 10 8 binary coded decimal (BCD)
count .w As the output .:x..:.v...os) is not

G@@@@@@

8 .S stages, the
count :.2 be sep n thwes independent count
modes:

pusitive logls: 00 wvih ubie

1. When used a8 & binary coded decimal decade coumier, the BD Input Mmust be externalty connected 1o the A
output. The A input receives the incoming count, and & COunt g is cbtained n d with the
geglggggg .:ln:.o:! conventionsl 2o resst, inputs are provided
to reset 8 BCD count for nine’s N applicats

2. M a symmetrical divide-by-ten coumt is desired for nehesi or other applicstions requiring
division of a binary count by & power of ten, 3‘0%—3" extarmnelly connected 1o the A input.
The input count is then spplied st the BD input and » divide-by-ten square weve is Oblained st output A,

3. - For operstion s a divide-by-two counter and & divide-by-five , "0 X -e
* required. Flip-flop A is used s § binery slement for the divide-by-two function. The 8D input is used to
. obtain binary divide-by-five operation at the 8, C, and D outputs. In this mode, the two counters operate

independently, however, all four fiip-Hiops are resst simultansously.

Thess circuits are completely compstible with Seriss 54/74 TTL and DTL logic tamilies. Average power dimipstion
is 160 mW.

TeEXAS INSTRUMENTS
INCORPORATL O

POAY MSSis AnE aais . Maiiaa TENas ramsn

CIRCUIT TYPES SN5490, SN7490
DECADE COUNTERS

absolute maximum ratings .;iuﬁlgq!‘catﬂc’l!lao[v

Supply Voltge Vec (SeeNote3) . . . . . L L L L Lo e e v

Input Voltage Vi (SeeNotes Jend &) . . . . . . . . .. L S5V

Operating Fres-Air Temp Renge: SNS490Circuits . . . . . . . . . . ., . .. ~86°C w0 125°C
SNI4OCweuits . . . . . . . . . . ... ... 0°C w 70°C

Sorspe Temperasture Rangs . . . . . . . L L L L L e ~86°C w0 150°C

NOTES: 2. i%t’l’g‘g‘ii

4. 19put signels Must B8 2070 OF SENTIVG With reapest 80 ANtweark greund Narminel,
recommended opersting conditions

Supply Voltags Vi {See Note 3): SNB400 Circuits
Normali

Width of input Count Pulss, tolin) -

. Width of Resst Puise, to(reset)

NOTE

%graﬂg%iligg.%e;i.

M NOM  MAX | UNIT
............. 48 ] (23 v
SN74@0Circuits . . , . . . . . ., ... 476 5 5.28 v
............ 10
.................. 50 "
.................. 50 "

8. Faneut frem eumut A 10 ingut 8O ond 1o 16 sadiionst Series BA/74 loats b permirned.

20t Fan-Out From Each Output (Ses Nota 5)

| vest
PARAMETER . \J
rauns TEST CONDITIONS M TYPt max | uer
Viatt Input veitage required te ensure
0 iogical 1 8t any input terminet 2 v
input voltage required 10 snaure
v
d logical O ot any input Wirningl 2 os v
Vout(1) Logicsl | eutput voltage 2 |VECTWIN,  ligeq® —400 A 24 v
Vouti0) Logecsl 0 output voltage 1 VEC*MIN, - gy * 16 mA o4 v
Vlovel VCg ® MAX, Vin=24V
lmit)  #t Roq1). Ror2). Aen). or 3 pge s - 2 1w
VCC ® MAX, Via =88V 1 A
L TH]
tth) Lagscal 1 lovel ingut current 3 Vec e MAX, V=24V ”n »A
o nput A VCC*MAX, V=68V
. Logicel 1 level ingut eusvent 3 |Yecmmax, vp-24v 00 | ua
- o nput 8D VCC ~MAX, V-85V A .
Logcal 0 level ingut current .
Lai0) R Aoy Rgi2). Reqn). o L] VCC ™ MAX, Via04V -18 | mA
L 1]
Logecal O lovel input curvent .
haniO) o out & 4 VCC*MAX, V04V ~32 | mA
. Logcat O tovel input current
[} - -
- a0 4 |VecoMAX, Vac04V 44 | ma
os Shortcwcunt eutgut currentd } s Ve * MAX 3 =
cc Supply current 3 - MAX S 3 - mA
Vee $N7400 B R [ma
- —
.9 .ﬂcu-ﬂ..u:‘.olil!.ti; , b Whe value e ) for e
Al b

typicat valoes are at Ve *

SV T,-28%
§ N0t mere than one outputl should be sharted ot » Wme.

TEXAS INSTRUMENTS
INCOUPORATED
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FIGURE 1. Diagram of the Action Potential of a
Ventricular Muscle Cell
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FIGURE 2. Diagram of Action Potential Curves



Connected to ECG
- | +

RA lead LA lead

7

\
RA lead ’ ‘ LA lead

Connected - -~ Connected
to ECG i i to ECG

+ . +

LL lead ‘(“ LL lead

FIGURL 3. Connections for Bipolar Standard Leads

I, II, and III,



BIPOLAR LIMB LEADS

BUFFERS

Ll o™ -

C.M. MEANS "COMMON MODE"

BUFFERS

BUFFERS

LEADI LEAD I LEAD I
UNIPOLAR LIMB LEADS
BUFFERS BUFFERS na LA — aurrens
+
AL
cMm. -
AMPL AMPL AMPL
LEAD AVR _"* LEAD AVL ** LEAD AVF **

** Also known as "augmented" leads

UNIPOLAR CHEST LEADS

BUFTERS

Fourth intercostal space,
at right sternal margin,

Fourth intercostal space,
at left sternal margin,

Midway between Vg and Vg4.
”

Fifth intercostal space, at
mid-clavicular line,

Same level as V4, on an-
terior axillary line,

Same level as V4, on mid-
axillary line,

Ensiform, base of sternum.

LEAD V *=

CH POSITIONS
)

CH POSITIONS

FIGUR! 4, Standardized ECG

Electrode Leads.




Lead 1

Lead 2

Lead 3

Lead
AVR

FIGURE
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Lead Waveforn Variations
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6.

Lead
terminals

VVilson Flectrode hvetwork,

Central
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Isotherns (Surfaces Connecting Points of o
Lqual Tenperature) in the Dody. Left, Isotherus
in a VWarm Lnvironnent; Right, in a Cold EIn-

vironuent,

FOOD ENERGY
(100%)

FIGURE 7.

[ entropy change ..t 5,
| -
free energy |
potentially”available

( 95%)
biochemical ;
inefficiency = Heat 50%

free en(grgy pool
(eg ATP) 459,
|

\ v
structural and chemeal
integnty of body — ]

|5 internal work > > Heat 45t 20%

L, Skeletal muscle
contraction

=) xternal Work
0to 25%
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