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ONSOZ

Bu tez caligmasinda  hir nabiz sayici ve lerimomelre tasar -
lanmis ve gerceklestirvilmisticBu aygit nabiz ve sicaklik icin alt ve iist
s uyariciiarina sahiptir Aygit devaml katibrasvona gerck géster -
memekic ve nabiz i¢in 20 ile 20) atim/dak. arasinda 7 5. sicakbk
icinde 39 ile 45 C arasinda % | duyarhkta calismaktodir. Tasarim ali-
silagelmis TTL tiimlesik devrelerie gergeklestirilmistir Bu tasarim
"sirasinda atdan en dnemli adim hoyle bir aygity yeterli duvarhkta ve
ekonomik bir sekilde gerceklestirmektin

Sonug, Siclimieri gerekli duyarlhikia yapmak ve ckonomi agi-
sindan basarih bir sekilde elde edilmistir
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ABSTRACT

In this thesis, a heart rate monitor and»digitél
thermometer has been designed and,buiit.r This.instru-
ment haé low and high alarms for heart rate and tem-
perature, The device does not need frequent calibra-
tion and,ha; an operating rahge,.for-the:heart:fate
monitor; from 20 to 200 beats/nin with an accuracy of
+ 5%, for d1g1ta1 thernometer; from 30 to 45°C hlth an
agcuracy of + 1%. The design 1s realized w1th usual
“TTL integréted circuit. The major goal was to produce
a deék-top heart-rate<thermometer moﬁitor which allows
to calculate heart'rate and tenmperature with enough
accuracy, and to reallze this in an economlcal way.
The results obtained are qulte satlsfactory both in

performance and economy.
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CHAPTER 1

INTRODUCTION

Biomedical Engineering seems to be‘a new Branch
of engineering. But, it begins in the Sixteenth cen-
“tury, the dawn of medicine, Qith‘Leonardo,da Vinci
(1452-1518). Da Vinci was a great argist and an eh-
gineer. He studied the motions of bones and muscle in
xtensive detail. . Later, VWillianm Harvey (1578-16575,
tlie great English physiologisg, discovered fﬁat blood
is pumped by the hégrt, and pointed out the diffefenées
in directioh§ of flbw in arteries and veihs. After‘some
bther physidlogical developments, Galvani (1737-1798)
and Volta (1745-1827) made studies of electrical pheho-
menﬁ ih the body. fhey showed that external currents -
can’effett muséles. After a few yearé kalliken énd
Miller showed that during the contraction of thérheart
an electrical potential is produced. This potential
‘was recorded in 1887 by Waller, who uéed a device called
a capillary electrometer, introduced by Lippman in 1875.
lHow Biomedical EngineéringAhelps nedicine in a big‘area?

stainless steel has been used extensively to repair
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joints and bones, nylon thread is aiwidelyvused'surgi;
cal material. Artificial organs are used‘extensively;
Heart-lung devices, heart vglves, etc.  Also, Biomedi-
~cal EIngineering can perform very many sensitive.measure-

nients, -

These measurernients are;

a. DBioelectric potential: .
Bioelectric potential can be separated into
three branches
i) ECG - Electrocardiography that is
| coning frém the heart
ii) ELG - Llectroencepholography that is
coning from the Dbrain '
iii) EMG - Electromyography:that is coning
| from the nuscles.
b. Skin resistance measurements
¢. Cardiovascular measurements
d. Respiration
e. Tcnperature
£. Physicél movement$
.  Behavi0ral.characteristics (sound, speech,
taste, smeil) | |
These measurcnents help thc-doctoré in their

diagnosis. Also these measurements help tlhe develop-

nient of medicine.




This thesis is based on fwd'geasurements; Heart
late and Temperature. These parametérs are very im-
portant for a person's state of health., These instru-,
ments are always used at bedside and central station
monitoring assenmblies for convernience in narration and
analysis., In designing this instrumenp; reliabiiity,
econony and'simplicity have been emﬁhasized.

Béfore explaining the heart rate aqd clinical
thermoneter and going into details, it is worth to men-

tion some properties of heart rate and temperature.



" CHAPTER 2

HEART RATE

2.1, HEART

The heart is a living punp. it is a bundle of
nuscle cells, nerves, tubés and fibers., It is located
in the»upper chest cavity slightly to the left andvbe-
low the center of the breast bohe. 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 51terna11y sucked in from
the veins and lungs by the right and left atriﬁm and
squeezed out by the left and right ventricle through
the arteries in order to supply the body tissues; Tliese
sucking and squeezing actions'are initiated by the elec-
trical action of the heart muscle itself. This elec-
trical action of the heart is called Electrophysiology

of the heart.




Electrophysiologf of the Heért
The electrical action of the heart is the main
peculiarity éf the hearf.
- The electrdcardiogram (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 impulsé formation in thé
primary pacemaker (sihuskmode).j

2, Transmission of the impulsé through the
specialized conductionléystem of fhe heart.

3. Activation (depolarization) of the atrial
and ventricular myocardium,

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 muécle cell and ‘a sccond indifferent electrode

is placed in a remote location, no electrical potential

will be recorded because of the high impedance of the



cell nembrane. However; if the_céll membrane is pene-
trated by a capillary electrode, a negative pdtentiai
of about 90 miiivolts (mV) will be'recorded. »This is
known as membrane restinglpotehtial (MRP). The major
factor that determines MRP is thevgradient of the po-
ta%sium ions (K+) across the cell mehbrane. The intra-
cellular concentration of K* is apbroximatély 150 MEq/
liter, and extracellular concentration is approximafely
,SMHEq/liter. ‘This K* gradient is SO[i. On the other
hand, an opposite gradient exists fof the sodium ions .
(Na+). Under suitable conditions, distribution of ionic
concentration will result in a potential difference be-
tween these differeﬁt-concentrations. This potentialr
difference can be calculated by using the NERANST
equation. T o

..

concent. oneside of memb.

Potential(mV) = 61.0 log
concent. of other side of m.

1
61.6 log —
°¢ 30

Potential (nV)

61.6 (log 1 - log 30)

Potential 61.6 (0-1-1log 3)

1}

61.6 (1-1-0,478)
- 61.1 (+ 1,478)

4

- 90 v




For univalent ionic solutions, the formula is

changed and potential is found by using the mobility

of ions:

U - nobility of negative ions

V - nobility of positive ions

Potential (mV) = 61.6 U -V |
U+\f i

Na® gradient does not alter the IIRP because the. cell

nenbrane is considerably less permeable to. Nat than to

f. It is estimated that the cell membrane in the

L . - . -~ . ard _
réesting state 1s. 30 times nore permeable to K7 than to

Na*. How, 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 restihg state is 30 tines leéess
permcablé to Ma* than to K, the foruer docs pass across
~the cell menbrane. Host electrophysioclogists believe
‘that the eﬁcrgy for maintenancc:of the IHRP is derived
frbm the Ha*., Theoretical considerations and some ex-
perinentél evidence would seem-to warrant\thé 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 pump".

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



prdduce the source of energy. The sodium ions theﬁ
conbine wifh soriec unknown interacellular subeance, and
this nonionic combination leaves the cell, - At'fhe 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 resﬁlt in avsharp rise of intracellular poten-
tial to + 20mV. This is associated with a migration of
potassium ions outside the_celi nembrane, Following
this rapid phase of depolarization, there is a relétively
slow and gradualbreturn to intracellular ﬁotential to
the MRP. This is the phase of repolarization and is

usually divided into 3 phases.

Phase 1 - An initial rapid period of fepolariia-
tion. &

Phase 2 - A plateau period of‘repolarization.

Phase 3 - Thé last period of fepblarization;-a
slow, gradual return of the intracellu-
lar potential to the MRP. |

Phase 4 - tHembrane resting potential.

Figure 1 shows the diagram of the action potential
of a ventricuiar nuscle cell,
| The duration of thié curve from the onset of de-
polarization to the termination of repolarization is the

duration of action potential. The monophasic action



potehtial curve of the action‘of'a ventriculaf,musélc
cell. Phase 4 (MRDP) and_depolg;izafion are similar but
Phase 2 is shorter in an atrial muscle cell. And the
sino atriall(SA) node is ma}kedly different from then.
Figure 2 shows these differences,

The curve of_sino-afrial node can also-be divided
3 phase as thé curve of atrial or’ventricular cell.
" But it has a lower MRP (-60 to -70 mV) at the omset of
| diastole. Depolarization is slower and does not rich
sufficient positive potential to be recorded on a sur-
~face clectrocardiogram. The peak of the action poten-
tial is rounded and repolarization is.h single slow
curve in whigh phases 1,2,3 cannot be defined. The
cells.of sino-atrial nodekdd not want any pulse to
start depolarization. There is.a gradual rise of the
MRP during diastole. It is this prepotential.thét ex-
plains the automatic function of the sinus.paceméker.
"The sinus pacenakef works autdﬁaticly and it gauses-the
‘atrial and veitricular depolarizations. The potential -
which is created by ‘the cells spfeads through the nodes
to body. The source of these potentials is the SA node.
.From‘the SA node, the electricél potential ‘goes to the
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. Because of thesec spreading,
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the conduction velocity is inpo%tant.‘ Velocity 'is moét
rapid in the Purkinje fibers and slowest in the mid-
portion bf the AV.node, )

The following figures are averagé’valugs of animal
‘species; SA node: 0.05 n/sec ;ﬂatrial muscle‘= 0,8-1
n/sec; AV node = 0.05 m/sec, bundle of His 0.8=1m/sec,
Purkinje fibers = 4 n/sec and.ventricular muscle 0.9 -

1 m/sec,?

2.3. ELECTRODES, LEADS, AND THEIR PLACEMENT
" We have discussed above how thé heart beats are’
produced in the body.'-These bio-eiectfiC’impulses;
travel due to each cell's depolarizgtion. 'The action
potential discussed previously occurs aéross everf'
cell's menbrane, ahd many of these acting togetherﬁgive
rise to quite large electromagnetic fields and currenté
Qithin,the body. Fortunafély, these eiectro~physiolo-
gical effects are detectable at the body's.surface.

Thus, if two clectrodes 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

N

into three categories.
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‘1. Bipolar limb leéads (I,II,III), concerned with
voltages between tE? linbs and the left and
right sides of the bddy.

2. Unipoiar limb leads (AVR, AVL, AVF), concerned
with voltage differences between a particular
limb and a central terminal potént?al.point\
created by a resistance network placed be-
tween the other two limbs.

3. Unipolar chest leads (Y leads), connected so
as, to devélop 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 eléctrode leads
from the right arm, left arm, and leg passing

through three separate, equal resistances.

2.5.1. BRipolar Leads

Lead I delivérs difference of potential
bétween the left arm and the right arm. Lead II de-"
livers difference of pptentiai between the left leg and
the right arm. Lead III delivefs di?ference of poten-
tial between the left leg and the left arm. The rela-
tion between the 3 leads 1s expressed algebraically by

Einthoven's equation: o -~



Lead II = Lead I + Lead III

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

zero. Ve couid writenﬁhis‘eqUation in this manner;
(Lead I) + (; Lead II) + (Lead’III) =0
The equation bgcomes,
i - II + IIT = 0

Then, I + III = II is obtained. Now, we can see the
greatest lead is leadeI. But 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
bbetween the right arm and the Wilson refe-
rence. |

ii) Lead AVL deliVeré difference of potential

between the left arm and the Wilson reference.




iii) Lead AVF delivers difference of potenfial
between the left deg and the Uilson refe-
rence,

iv) Six\unipolar_chest leads deliver potentials
between the chest electroae (this elec-
trode places éix difference points) and

| the true Wilson reference. -

The Wilson reference: We have scen above that

Lead I + Lead II + Lead III = 0,. If we connect threce
linb (I,II,III) with a resistance hetwork, it will re-
sult ih a zero potential, This potential is the true
~Wilson referen;e. This reference is used to measure
Unipolar chest leads. If we want to see unipolar linb
leads, e disconnect a l1imb lead of the trué WWilson
reference that is measuring the limb. This degenerate
Vilson refcrénce is called the Wilson reference (Figure
6). Diﬁgnostically, this means that the'épecific
shape,“anplitude, or duration of the various QRS and T
wavéforms tells a hﬁmber of basic things about'details
or cven about the overall nechanism. But our device
tells us only the duration of the QRS. We have dis-
cussed normal and abnormal cardiac rhythm and its cli-

nical significance in Chapter 8.

»
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CHAPTER 3

TEMPERATURE

The produ;tion:of heat, its internal transport
and its dissipation from the human body are topics of
great importance we would like to'discuss-the magnitpdé
- and source of heat prbduction‘iﬁ fhe‘bddy, the-WQYS
in which heat iS transported internally from one region

of the body to another and heat losses.
3.1, IIEAT PRODUCTION

The basal metabolic rate of an average person is
about 72.kca1/hr.' Basal metabolic rates are detéermined
with "human'éalorimeters". The basal heat is produced
in tﬁe body. The organs/that are moSt.active mechani-
cally and chenically produée the most heat (liver,
heart, brain). These active organs génerally-ruﬂ 1°

or 2° F higher in temperature than the surrounding tis-

sues. In addition, the body '"core'" is warmer than the
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body's extermities and surfaces.‘_Figure 7 shows iso-
therns in the body.' Hormal nuscular activity cau raise.
heat production to 125% or so of the basal metabolic
rate, but af naxinun activityvthis figure may be as
“high as 1500 ~ 2000% of DIR,3 |

The heat produced in the body is derived from
breakdown, synthesis and utilization of food. Figufe
8 shows how heat and external work are generated in
the body.

Starting with 100 units éf food energy, we see
that 5% is ultimately lost in the form of entropy
change. The rest of the food remains-as potentially
available free energy} The body utilizes all foodrésr
the formation of a compound called adeﬁosine triphos-
phate (ATP). ATP is used to power all'necessary funé;
tions, such as keeping the Dbdy repaired, synthesizing
chemicals, fueling the heart and lung muscles, driviﬁg‘
nervc.impulses,'ctc. And also ATP is converted into
external work. All processes excépt for external work
entail a degredation of chemical energy into heat.
ﬁcncc, if no external work is being performed, all food
energy ultinately is.conVertéd into about 5% entwropy

and 95% heat,

Loss of lleat to the Environnent

ve have said all food energy is approximately con-

)
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verted into'heat. It would be interesting to discuss,
if there is no heat loss in fhe body.. Lef us assume
a body Qéight of 68 kg, a heat capacity of 0.86 Lcal/k
- 9C and basal heat production rate of 72 kcal/hr.

Using

dT
- dt

]
L

=
)
o]

we find that,

dT _ _Q 72
er m.Cp 68 x 0.86

= 1.2 °c/hr

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

is very important in human life,
A 3.2.  LOSS OF HEAT TO THE ENVIRONHENT

lleat loss can be separated as follows:

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

c. ELvaporative heat losses from the body

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

ii) Héat loss by sweat secretion,
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iii) 'Heat loss Ly evaporation of water into

inspired air. -

How, we will briefly discuss this subject and the

relationships between thenm,

3.2.1. Radiative leat Losses from the Body

All objects continually radiate energy

in accordance with the Stefan-Boltzman law, proportioﬁa-
tely with surface area, enissivity, and fourth power
of absolute temperature., If the surroundings that
‘covers the body are hotter than,the Body surface‘teﬁ-
pefature, a net heaf'gain via radiation occurs. Vhen
the Sufroundings are cooler, net heat loss occurs;

‘The loss of‘heat:Lor gain) from the body has;been\

characterized by the equation;
. _ . . y v
Qe = X'y Ap eg (Ts* - Tr ) /

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

the temperature of solid surroundings (T " - T") can

- be expanded into two factors.

»

)

T4 - Tt = (T *T 2T +TT 2T, %) (T, - T,

r
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If temperature is a normal range of conditions, we take

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

follows:
Qr = Ky Ap eg (Tg - Ty)
AL is tlie effective area of the Lody, for a nude
body, A, is 80% of the total surface area, eg is the

. enissivity of the bbdy for incident infrared radiation,
the hbsorbﬁivity of the hunan body is wvery 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-
pendiﬁg on whether it is white or dark reSpectivelf.

e couldrcstimate an average value for Ky, Ruck and
Patton (1965) cite |

K

r is 7 kcal/hr-n?-C°.

3.2.2. Convective licat Losses from tlhe Body

Convective heat losses from the body is
characterized by this fornula,

»

Q = Ke Ae (Ts = Ty)

Tq and T, are surroundings and ambiend tempera-
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tures. A, is.the effectivc‘area for convectivé‘trans;
port. A, is generally abougbso% of the total surface
area, for a nude body. K. is q_éonvective heat trans-
fer coefficient. ConVeétive heat losses can be sepa-‘
rated as "free convection" and '"forced convection' heat
transfer on the activity of sufrounding environmént.
'If there is no air velocity to the person, pure free
convection occurs and, if there is a definite velocity
of air to the'person, 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 Kc is equal to 2.3 kcal/m?-hr-C°®, If there is
"forced convection" Kcrcan be defined approximately‘Sy
this formula: o
c = 5.6. v 0’:”67{

Fdrced convection is more important than free convec-

tion. Ve would see this in a simple example. In our

exahple Tg = 339C, T, 299C and A, = 1.8 m?,

e take two cases:

First, there is no air movement and free convection.

occurs. lleat loss 1is;

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

lHeat loss is;

Q. = 5.6 * 1°°7 (0.8)(1.8)(33-29)

32.25 kcal/houf

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

that-heat convection losses are very important.

3.2.3. CLvaporative Heat Losses from the Body

We have. said evaporative heat losses

occur by several nechamisms., These are as follows:

~
)]

i)"Hcat loss‘by diffusion of water througlh skin:
Viater diffusion through human .skin is about
350 nl/day in an‘aferage person, The diffusional heat .
loss Q4 is proportional to the difference betwecen the
Vapor pressure of water at skin temperature (Pg) and
the partial pressure of water Vépor_in‘ambient air (PQ).
Qd'is also proportional with the surface area of the

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

Qd = 0.35 AN (PS = PA)

N 1



21

Lo
Pg can be represented well by the formula;

-

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

=)
n

¢ = 1.92(33) - 25.3 = 38.1 nmlig

Qg = 0.35 Ay(Ps - Pp)

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

This value is 11% of the BIR, Also this'represénts
the evaporative heat loss associated with 340 mL/day,

since -the latent heat of vaporization of water is

about
570 kcal/kg at 33°C
Qg ¥ 8.24 = 192 kcal/day
192 = 0,540 - 340 nL/day

70

1

i

ii) lleat 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 héat
loss is the sweating fesponse, ‘One can see that the
maximum amounts are quite large - up to 5 orvmore
1iters each day. The evapo%ation-process‘can be for-

mulated in two methods,

Firstly, in dry air; the evaporative heat loss
in kilocalories per hour is,

. )
Qv 570 m W

m®, is the rate of water excretion by the sweat glands

in kilograms per hour.

Sccondly, in stagnant and moist. air,

LS|

Qe = Ko Ay (Pg - Pg)

A, is wetted surface area, Pg and‘Pd are water partial
pressures corresponding to the surface and ambient con-
ditions, and Kg ié an evaporation transfgr coefficient.
Ko have beeg_expcriméntally détermined by‘C1ifford and

it can be found by these formulas:

12,7 v 0+63%

V > 0.58 m/sec + Kg

n

V < 0.51 m/sec + K¢ 9.66 v 0e25




iii) Heat Loss Associated with Respirétion-

When air inspiféd‘ heét and waterlvapbr
are transferred to it by convectlon and evaporatlon in
‘the deepest parts of the lungs. As the air fioves out-
ward through the respiratory tract some heat is trans-
ferred outward. lieat loss can be described by fhe

eqﬁation;
- o] 7

where mg is the kilograms of air breathed ‘in and out

.

per hour (dry basis)'Yo and Y, are expired and inspired
air water contents (in kilograms of water per kilogfam
of dry water), and A is the latent heat of vaporization
of water at the expired air temperature (kilocalories

per kilogram).

e}

The pulnonary Ventilaﬁion rate m;

is primarily a
function of metabolic rate and follows pretty well the

relationship
ng = 0,006 M

~ where M is the metabolic rate in kilocalories per hour.
We have seen above the production of heat and
its dissipation fros the human body. 1ile have started

with 100 units of food cnergy and have seen that all
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. . . ) [ .
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 formulates:
Food = Entropy + Heat + External work.
'If there is no external work

Food

= Efropy + lleat
Entropy = 5% food
Heat = 95% food B
Heat = Qp + Q- *+ Qq + Qe‘+ QeL

= KpApeg (Tg=Ty) *+ KA (Tg-Ty)
* 0,35 Ay(Ps=Pa) + KeAy(PsPa) .
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CHAPTER 4

DESIGN OF HEART RATE MONITOR

~

i

4.1. DESIGN CONSIDERATIONS

A digital beat-to-beat cardiotachometer which
calculates heart rate digitally in a Sinmple manner
has been constructed. The device needs no calibration:
and lLas an measuring range frdm 20 to ZOQ'beatS/min.
We would likc to feel that a need could be fulfilled
with this instrument wiiich had the following specifi-

cations:

i) Digital-display of heart rate
ii) Display updated every beat to the value
obtained over therprecediﬁg period., |
iii) ‘Hinimum and maximum‘alarms in a digital
nanner |
iv) Easily applied transducers
v) No controls except ON/OFF'switéh

vi) Range of 20 to 200 beats/min

B(]GPZK}\ (INIVERSITES! KBTUPHANgS\ _



vii) = Accuracy of 5%
This part of the thesis describes the prinéiples

and circuitry of such an instrument.
4.2, THE PRINCIPLES OF CARDIOTACHOME&ER

ECG signaliis a low frequency signal. lMeasuring
the frequency of this low frequency signal directly is
a slow précess, since enough signal cycles must be
counted to give the needed resolution. The normal
approach to the problem of caléulating heart rate beat-
to-beat in a digitalrmanner would‘be to measure the time
between heart beats and then divide this number into
1 to dbtain the heart rate in Déats per minute, This
method isvvery aécurate but involves some complicated(
digital"electronics. We have devised a method of cal-
culating rate which gives ﬁEeded accuracy but which is
ruch simpler to implement, And with‘this method an
alarm circuit can be designed eaéily. We want to dis-

. cuss the principles of some other important heart rate

measurenent techniques before the explanation,

4.3. ALTERNATIVE HEART RATE MEASUREMENT TECINIQUES

‘A -variety of circuits have been described in the
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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 Technique!!

In thls nethod there are two RC networks-
whlch are alternately charged and discharged. We
know that a capacitor 1S charged with an exponential;
function .

-T/k)

Vi =‘VB (1 - e

T is the interval between pulses and k is the
IC tine constant.>.This relationship is shown in Figure
y for dne particular time constant k = 0.3,

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

We could see that the rclatlonshlp 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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,uﬁderstbod that, a capac1t0r 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 preanplifier and is conver-
ted to a single pulse, This pulse drives the bistable,
Each pulse changes the output Q and Q. Then, Ci1, and

C, are alternately'chérged and discharged, V, and

1
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 complications, because of this

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

4.3.2. The Sccond Technique'?

Researchcré at the Inétitute of Environ-
mental Stress at the University of‘California‘at Santa
Barbara expressed a need for an accurate heart rate
nonltor which could monitor heart rate elther beat -to-
beat or averaged over various nunbers of Leats. This
device consists of a digital ﬁclock" which, instead of

reading t in ninutes, reads 1/t. Thus, if one heart
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beat is used to start clock and the next beat is used

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

. o 1 1
troduced " T clock". This " % clock" works:in the

following manner: a 3-decade down counter which is
initially set to 999 at t = 0 is counted down. If

the counter frequency changes with time as follows,

dR o

- R2
dt

L4

where R is the number in the down counter shows us the
rate. Ve could see this_rcsult,‘integrating the first
‘equation from 0 to t. o

Then we obtain;

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

we would like to obtain the true value Ry.

Ry

- 1
t
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 R, at;




reset R
At the reset time:
- 1 1 R
reset 1 1 T 20
Ro‘ R0
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In this case, the counter resets to 999 when it

first reaches 500 after this time, the number in the

- down counter is always %vuntil the clock is stopped.

Now, we can examine the block diagram of % clock in

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

AY

EUE:-R?"

in " = clock", Now we can see that f, is;
, t v

f,R

f =
Sl 1000

Then £, can be fdund.that,

N

' . 2
£R - fR

f2=...___‘- .
1000 1068

»

for ‘ .

| ‘ | 1 16.666 1
£ = 16.66 Kliz. . £, = [

0 : 108

.
i



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

 In this circuit, CD4527&can be used as a rate
multiplief, and we could choose CD4029 as a down-goﬁnter.
But these integrated circuits are nét'found eaéily.,
If the circuit is- designed with these components, it -
is not lpw-cosf and its alarm circuit needs complica-
ted circuitry.

4,3,3., The Third Technique!3

As we have said before, ‘there are several
nmethods for measuring heart rate. The second method
is more simple than the méthod‘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.®‘

4

Counter A - meééures.thé period of the unknown
signal by counting the number of
clock pulses. The number N which
is 1éngth of the measuring period
performs B(
Counter B - which.is a programable 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 ité frequencyi,

Now, we would like to discuss how to design a
heart rate monitor with this,method.“?irst of all we/
' havg to find F which is period-clock frequency.b'Heart
rate‘isvchanged from 20 fé 200, If we want fp heésure a
with 2% accuracy at 200 beats pervmiﬁute, the signal
period is 0.3 seconds, ' To measure the rate to 2%, 50
clock'pu1ses nmust be counted in this time, so the clock

frequency must be 20 . 166.,7 Nz, At 20 bpm, the sig-

0.3
nal period is 3 seconds. Counting clock pulses for this
time results in 3 x 166.7 =>500 coﬁnfs;lso counfers A
and B are each 9 bits, The pulse bufst/must give a
quotient of 9 with 500 counts, so'it.mustrbe(4500 counts
long; therefore, K is 4300, and counter C thus requires
13 bits. Counter D, the display régistef,‘musf'count
ub to the maximum of 200, R

Three BCD decades will suffice in Figurek14,

complete circuit diagram is shown,

4,3,4. The Fourth Technique

We ﬁould 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

N

v
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.miliseconds’wide synchronized wiéh clock and‘input-

We have 135kHz clock and 135 kHz gives us 2048‘pulst
~in 15 msec. 2048 pulses %reﬁﬁsed to give K pulses.

If we use 33 iz as a period clock, our K/N pulses gives

us heart rate in 20 to 200.pulsés; Figure 14 shows the

block diagram of the instrument.

4.3.5, The Fifth Technique'"

We would like to give a heart rate meter
which measures heart rate more accurate. One main pur-
pose of this device is to provide a mére accurate neans
of determining when a pacemake should be féﬁlaced.vf
This circuit performs the necessary arifhmetic and con-
trol functions for digital division and control the
counter display‘logic.

The division performed 1is 600.0007K, where K is
in miliseconds;- The division algorithmAis implémented
by a counting technique tnat utilizes the'interval
signal K. The interval signal is gated»with a 1KHz
clock. to form a signal KF1. This is sent into a 12
bit bindry counter (countgr A) Fo'obtain‘g nunber M,

M isvtransferred to a.iatch and compared with the con-
tents of a second counter, B. Lach time the latch out-
but equals the cdntents of the counter B, fhe3digital

. comparator outputs a pulse to the counter display unit.




The bLlock diagram is given in Figure 15.

How, ve would like to explain a new lleart rate

-

neter design.

4.3.6. The Sixth Technique!?

, The Russian pulse-frequency measurers
developed an eiectgonic 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 frequéncy 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 "amp1ifer-§e1ector". For the -
sake of simplicity, no amplifier is provided for Ehé
biopotentials, but ECG signals is takenrfrom‘an elec-
tfccardioscope,or'electrocardiograph. To eliminate low
frequency components, the ECG signal passes through a
',high pass frequencf filter (HIFF). From the output of
- the amplifier (A) the signal enters the input df a low-
pass frequency filter which nainly determines the
accuracy of the pulse interval, The pulse which cones
(LFF) passes £hrough Fhe threshold device (ThD) and
blocking device (BD). These devices select the ECG

signals and reject noise. Figure 16 shows us the
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Amplifier-Sélector. - _ - S
* The dutput 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‘operatés 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 the univibrator'UVl.
The univibrator returns the decade pulse counter (C1,
C2 and C3) to zero in fhe digital counter section.
The trailing edge of this pulse puts the trigger (tr) .

into position "1", When this occurs,-the controlled

saw tooth genecrator (CSTG) is charged with Ic.

= — (1)

where t is the time‘elapsed. C is the capacity of the.
capacitor of the CSTG.

I is direct}y proportional to the controlling
potential

K, is a constant.

»

The potential Uggpg Passes to the input of the

.comparator'(COHP). When UCSTG is attqincd 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 6b-
taineq USTGT USTG is proportional with Ty which is

the time interval measured.

USTG = KZ Txv.

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

when UCSTG equals Uref t is T.

_ Uref- * C Uref s C
K, K, T

K Ugrg X
In a time T, N pulses of frequency fref from” a
reference LC generator enter thejinpUt of the digital

counter:

; 1
N = T fref = Ko fref 'T;

Figures 16 and 17 show us the period-codé converter: and

its operation.



4.4, TIMPLEMENTED DESIGN

Ve have described different types of medical and
physiologital investigatibns in heart rate_measuremeht.
But tliese often have some expensive cbmponehts or do-
not have the foliowing séecifications. It was felt that
a need could be fulfilled with an instrument which had
the following specifications and works with.basic'elec-
tronic components. i |

i) Circuit has to bé designed ﬁitﬁ low Cost.
components which coﬁld be'fouﬁd easily.

ii) The same circuit has to be used as gftemj  ’
perature measuring instrument in addition
with minimum amounts of components.

iii) CEasily applied transducers.

iv) Range of 20 to 2001beats/mih.

S v) No controls except ON/OFF switch.

vi) Digital‘display of heart’rate and‘tempera-

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 much simpler to

inplement. We could see this instrument in four sub-



38

sections; QRS to squared pulses 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 1is
shown in Figufe 18. The QRS spikes are converted to
square pulses by a analoque circuit. Then we want to
measure the frequenéy of thesevpulses which is the in-
Versevof the ihtcrvai between thése pulses, rThis
rneasurenent may be summarized by'the féllbwing equations.

If we charge a capacitor with fixed current, the

capacitor voltage is:

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:

T, = v

K, is a constant depending on the monostable capacitor
' Cz.

T, was input period. T

, can be written as %2
1

~where £, is the heart rate in beats per minute,

therefore:

K, K, Ka. Ko£,"

voxT ok & K160

If this pulse of length opens a gate and allows clock
pulses through-at'a rate C hertz then clock pulses ad-

- mitted to the counter

Clock pulses = C . T,
K. £,
K,60
_CK, o : | »
If —— =1 then pulses in counter £; and these can be
60K, : o

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

-QRS to squared pulse converter.

Firsg‘of all, imn order to obtain cleén,
artifact freevECG,signals, cohventional electrodes are
attachéd to the'stérnum of the patiént. As we have
seen, Lead I configuration is the moét.useable lead.
For this connection, electrodes are attached between
the left arm and right'arm, The last electrode is
connected to the ieft leg for grounding. After these
conhections,‘we obtain’a QRS spike at the input of out
differential amblifier. Now we havé to amplify this
signal and also we have to eliminate all interference
and.noise.‘ TherRS spikes which come from the hu%an
body have some noise, this noise ‘is of the same mag-
nitude and the same shape in‘bOFh leads. Because 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 frém the output of fhe'differen-
tial aﬁplifiers. The ¢1ectrodes which come from right
aﬁdyleft arm are coﬁnected to the noninﬁefting inputs
of two operational amplifiers A, and A,.  The 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 émplitude as follows:

.

ECG out of préamplifier =

Input. impedance of Preamplifier
Input impedance of Preamplifier+R

x ECG amplitude

Consider the situation where the electrode is_aﬁtached
to the“pafieht with an electrolyté cream to enhance
the contact (to lower the‘junction'impedance). The
eléctrolytebimpcdanCe Could easiiy be 50K-ohms. We

Vchobse (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 by the preamplifier. In this way we obtain
ECG signdals to amplify the input of (A,) differential

amplifier.

ElectrodelfRElectrodez
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Frequency Respomnse:

The frequency responée of the ECG anplifier is
defined as the maxinunm freauency to which the instru-
nent can respond and ﬁéintain the calibrated amplitude
within 70.7% of fhe true signal. The American Heart
Aésociation specifies a minimum frequency response of
0.05 Hz to 100 Hz. The frequency response is important
to insure\;hat accurate amplitude measurements will be
obtained. 'BuF out device ié not- an ECG ampiifier;

- that means we do not want to see‘aﬁy éhape changes ot
_ QRS, we only want to mecasure heart rate. Because of
this reason, we could take a frequenc; band which shows
"oﬁly QRS spike. ‘Our‘preamplifier has two stages, first
stages have low and high peak points of 2 Hz and 18 Hz -
respectively, end differential stage 1liiz and 34 lz.

. At the output"bfbdifferehtial stage A; we obtain
a QRS splke which has a magnitude of 2 to 3 volts.
This 51nna1 is then passed to the stage incorporating
A, which is an absolute value amplifier. Thus at the
eutput of fhis”stage only positive going signals
~appear which afe applied directly to the noninvcrting

P

terminal of Ag. Ag is used as a comparator. The beak

S .
value of tiie signal is also transferred to C38 and the
inverting terminal of the comparator. Assumlnb Tr is

OFF canac1tor is allowed to discharge in an eyuonentlal

manner -dictated by Rai. Dlode Dy is' to replace tie
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voltage dropped by D,;. Thus the last peak‘?oltage of
the signal (decayed someﬁhat) is stored on C8 and as
‘the signal exceeds the storedhvalﬁe on the next QRS.
spike the comparator switches from V- sat to vt sat
and back., The diode D, is to prevent the comparator
Ipulling the TTL monostable input to below 0 volts, -
The purpose ofrTr3 requiresva little,explanation.»‘The
decay of the voltage on C8 has to be such that it does
ﬁot allow the comparator to switch due to the T wave of
the ECG or noisé on the signal during the longest pe-
riodic time, which is Slsec.(20,beats/min)§“>However; at
switch ON, the transients in the amplifiers take the
voltage on the_capacitorrto,Vsat ahd, if the subject has
~a very low anplitude, the settling time of the instru-
‘ment could be unduly long, The ramp, deever, reaches
the botton bf its sweep after 3‘s¢c,'and_so; when this
happens, Tra is ON and the 18 kQ4in fhe collector of
Tr3 brings the voltage on C8‘down much more ?apidly.
In normal steady state use, therefore, the fast decay
circuit is inoperative, | |
Now we have obtained ; square pulsé which is in
synchronism with the QRS spike the complete circuit dia-
gram of this part is shown in Figure 19, Time to
Frequency Converterss . = -
‘As we have explained, the QRS to square puilse

converter gives us a square pulse which is synchronized
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with the QRS spike, This pulse triggers the "dead
time" monostable, The dead timemonostable provides a
Qead time of 300ms. This dedd time prevents the coun-
ting signals which have fepitiations larger than 200
Hz. On the rising edge of "dead time" monostable,
however, triggers anothef monostablp of about 140 nsec
| duration. Whilst the output from this monostable is
in the high state it resets the decéde counters, and
when it falls the‘voltage controlled monostable and
minimum 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
tonnected pin 10 and 11. When the voltage controlled
monostable pulse falls{ﬁthe raﬁp resetting monostable
enits a 3 ms pulse. : . , 1 4
Now, we will see how'the VOitage of V.C.M change

with héart‘rate.- N | o

| Rzsy Rzsy Rpy and Ty, make up a constant current
source and this current source charges the capacitor
C10 with constant current. If ramp resetting monostable
is triggered, Tr6 and Trs:are‘fired,A Ioweyer, Trs de-
charges the capacitor ClO., And the voltage of point A
rises to 10 volt. After this time, Cl0 charges linear
fashion., As C10 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 of capactior C10.

VA can be written as follows:

V

V, passes through Tf7 and Tra - Trg and Ral forms a
constant current Source. Tﬁe purpose of Ag is to
measure voltage drop’due to the base enmitter junctions
to Tr7 and Tr;énd feapply it to the top of Rj; to cor-.
rect for the error which would otherwise result. Now,
we can look at the operation of this section.

The purpose of‘As and the output of Tra which
goes to voltage controlled monostable requires a little
explanqtioh.. Tr;’ TrB and Ag¢ make up a converter which
converts voltage to current. Input voltage of this
systém-is Va and output current Idut goes to the vol-
tage controlled monostable.

We could see the relationship between VA.and
i . with the following equatiouns:

out

VA'= input voltage

AV, = The base emitter junction voltage of T,

AV,

The base emitter junction voltage of T
: 8

/
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The simplified block diagram of it is given in Figure
20, |
Using the principle of superposition output vol-

tage VQ is:

; :
V’o - VA ('l) + V + AV; + AV, + 10
. ' 2

VO = -VA + VA + AV1 + AV, + 10

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

Ilowever, the output'current of T, , I is found as
a i

out?
follows: ’

Vo - Vg(Volt)

I =
out 10 k @ ’
_ 10+ Bviow AV, - (Vp 4 AV, + AV,)
" 10 k @
: 10 - Vp (Volt)
IOUt - —————————— (mA)

10(kQ)

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

defined by the»relationship:



»_tp(out) = CTRT loge-Z

P
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T 0,7 ReCrp

We do not use RT‘in VLM, we use constant current source

formed by T; and Ral‘inétead of RT.
-8

of T,(out), Ry can be replaced by I

The formula of'tp(out) is used

re;istor and capacitor are connected

As we have seen, Rp produces a

It ;’%¥ . Now, we could say; ‘
Ry # %K-
. T
Then, |
tPout 07 T% . CT

I+ is equal to the output current of

10 - V5 (Volt)

1 = =1
eut 30k g T
t. (out) = 0.7 °* —4——5;-— « C
P 10-Vp T
10 kQ
_ 35,107, ¢

10-Va T

" In the formula
as follows,
ﬁhen external
as in Figure 21.

current which is

Ty, " Iout-



In our curcuit CT was chosen as-0.005 P

=9

= 3
tp(OUt) = 22'10 &-5 . 10
10 - Vi
As we have seen
Vo =10 - KT
' _6
(out) KT C
. 17P. ClO - f}(;.
(out) Igp * T "
175 , c10(F) R R
) * * ¥ sec
ISt ,(f\) . T‘(SN)

This pulse (t_ .
p(Out)

~output of them is sent to the counter.

counting number(beats/min) =

or,

t .
p(out) clock

t—, (sec) £
p(out) .“:ClOC

4(gsec)'f  (MHz)
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) choppes with 1 MHz clock and the
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We have chosen the clock frequency 1 MHz. Now, we can

write;

Heart rate = tp ~ (usec)
(out)

175 . Cyo(F) 60
t o~ . U secC
P(out) 60 . Ist(a) _ T(seC)

t =k 22
(out) T(see)

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 TIIERMOMETER

5.1, DESIGN CONSIDERATIONS

A digital ;linical thermometer which measures
body temperature digitally has been‘constrhcted. The
device has an operating rangerbetween 30 to 45°C, In the
design of this thermometer, economy was the most im-
portant factor; Because of this reason our design had
to use as few as possible number of components., Now,

we would like to discuss some thermometer scales.
5,2, THERMOMETER SCALES

" There are four fhermometer scales, The first,
the centigrade séale,'divides standard interﬁal between
ffeezing point of Water and boiling point of.it into
100 equal parts Called éentigrade‘degrees.- Second,

the Fahrenheit scale, divides the standard interval in
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180 equal parts called the Fahrenheit degrees. Keivin
divides the standard interval in 100 equal,bartslcalled
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 3cales,may_be*conVerted'to centigrade as

foliows:
C = g (F - 329)
C =X - 273, 16°

(R - 491,69)

@]
!
wlun

Body temperature is’usually measuréd with tﬁéréenti-
grade scale. DBecause of this reason we used the ceénti-
grade scale. | 7

Temperature can be measured only by indirectl>
nethods, .WeAgenerally transfer heaf to an insfrument
designed to respondvthe energy so transferred.

Tenperature can be measured with these instru-

" ments:

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

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

x) Thermodynamic

In general medicine, mercury-in-glass and alcohol-

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

thermometer.
5.3. ‘NTC TYPE THERIISTORS

" In this device, NTC type thefmistor is.uéed.
Now, we may see, how to use a NTC and whpt'is its
special property. NTC thermistors are resistors with .
a high negative temperature.;oefficient of resistance..
They are prepared from oxides of'the iron group of
transition elementé, e.g., Cr, Mn; Fe, Co, or Ni,
Theseboxides havé-a high resistivity,in‘the pure state,
but can be transformed into semiconductors by adding
sﬁallramounts of foreign ions which have different va-
lency. It can be explained with an eXaﬁple. Iron

+3

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

T

replaced by Ti** ions. These Ti ions are compen-




sated by an equal amount of Fe?* ions in order to main-
tain electroneutrality. At low temperatures the
extra electrons of the Fe*? jons are situated on Fe

ions next to the Ti'**

ions but at higher temperatures
they are gradually‘loosenéd from thesé sites and con-
tribute to the conductivity. In this case we obtain
an electron or n-type seniconductor.

We know that the conductivity ¢ of the materials

can be generally described by, .
0 = ne

where e répresents the unit of electric charge and n
and u the concantration‘and the mobility of. the chéfge
carriers respectively. Both n and n depend on tempera-
ture., For n, this dépendence is an exponential one,
according to a Boltzman law.

n."’e-ql/kT
or

-q,/kT
n=ke W/

where q, is related to the electrostatic binding energy
- of the carriers to the foreign ions.

Ve can write the temperature dependence of u as

follows:
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' - T
=Ke q2/k

where q, is thermal activation energy for each group
to neighbor side. |
The total temperatufe dependence of conductivity

is generally proportional to:

-(q,+ kT
g = K e (ql qZ)/
So that, the resistance variation of the thermistor
can be represented by the simple formula:

B
R =Ac¢e /T

5.4, DESIGH IMPLEMENTATION

'Now, we would like to expiain how ﬁe dééignéd 
thé thermometer part of out'instruméﬂt. AWé have mea-
sured heart rate with the moﬁoétab1¢f74121 which gives
,us'a pulse whose width is proportioﬁdilfb'heart rate.
If we want to mcéSure‘the temperaturé by adding ﬁinimal
anount of components, we have to usé thé sane pfinci@-
ple; 'Thus,'if we use the sanme principie ﬁebobtain a
pulse whose width is proportional with temperatufe.

-

We have had a countér which counts the pulse length of
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heart rate., If we use the same principle that means,
if we obtain a pulse whosé 1engtﬁ is pr0poftional to
the temperature, we can ﬂeasure the.length of this

i pulse using the same counter. That means, we have’to
use monostable 74121, '

‘We have known that this monostable gives us a
pulse whose width changes with external resistance and
capacitance., If we use thermistor instead of external
R resistance, the output pulse of monostable changes
with tenperature., There are two inportant prdblems to
neasure the temperatufe usingkthe monostable 74121,
The first one, the output pulse 74121‘¢hénges with am-
bient temperature and supply voltage. The second pro-
blem is the réverse relation between-thevoutput pulser
of 74121 and the thermistor temperature. It means
that, if the.teﬁperaturé.of thermistor'increases, the
output pulse of 74121 decreases. If the temperature
of the thermistor decreases the output pulse of 74121
increases. These two probléms can be solyed‘by adding'
a monostable wﬁich gives us a fixed pulse. If we sub-
/tract the first pulse from the fixed pulse, we obtain
~'a pulse whose length is proportlonal to the. temperature.
And we can see that if the pulse width of 74121 changes
‘with supply voltage and ambient tempcraturé two mono-
stables are also influehced from Voltage and ambient

temperature., Voltage effects of monostables cancel each



‘other, if supply voltage of monostables changes, and
also if ambient tmeperature changes; this effect is
cancled by two monostables. Now Qe can see how we
neasure temperature, The circuit diagram is shown
in Figure 23, )

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

If we say that the pulse width of monostables
outputs are ti;- The output pulse of the second mono-
stable is t, which depends on thermistor temperature.
The output pulse of’thé 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 usec.

AT

[

Our thermistor can be formulated by using its |

temperature dependence which is shown in Figure 24,

And we can write R,

1 .
Rtherm' 6 (68 - T) kﬂ
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How, we have to obtain a pulse whose length is
equal to thermistor temperature., Our temperaturec-to-

v

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. We can write these dependence,

T=1t, - t, usec '

T. = 0.7 RC = a usec

T, = 0.7 (Rtherm R G '
T =0.7 RC.- 0.7 MRenern R,) C,
T = a 0.7 Rtherm C, - 0.7 Ry G
b
1= a->b - 0.7 Riern C, ;

T rniust be 320 usec at 32°C and 440 usec at 44°C. If

we subtract T,y fron T,,

Tyy - Ty, = C - 0.7R,,C

1 - (C'007R32C1)

»

120 uSGC = 0.7(R32 - R““)\Cl

e A . it . rmam s



We have known that Ry, = 6kQ and R,, = 4kQ. .

120 pysec = 0,7 fﬁZQOO . C1

120.10°°

C, = =2 = 0.085 uF

1400

\\

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

N .

t, = 0.7 (Rtherm * Rl} C
tsz2 =

"

76.107° = 760 u sec -

Ty

640 usec
at 32°C, t must be 320 usec.

Tv=t2"t32

320 = t, - 760 + t, = 1080 usec

at 449c; T nust be 440 usec.

1080 usec.

440 = t, - 640 - t,

0.7 (6.8 + 6) 0.085 + 107

0.71 (6.8 + 4) 0,085 + 10°°
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We can adjust t, as 1080 sec with R and C.

5.5. ACCURACY OF THERMOMETER
‘The .accuracy of the'puISe'width depends on the

following reasons in a digital thermometer.

i) Accuracy of thermistor resistance
ii) Accuracy of timing capacitance-
iii)’ Linearity of thermistor characteristics
Civ) Voltage dependence of 74121
v) Linearity of 74121 | |
vi) Ambient teﬁpérature dependence of174121v

vii) Power to dissipiated factor of thermistor.
Our pulse width relation was,
T=t, -t

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

which change pulse width changes

t, >t + Aty t, > t, + At,

If we write pulse width relation,

o ettt At ae e A © R WL I S D e e o A L AL, s AR A B NS, Y Y £ e
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T = t2 + Atz = (t1~ + At])

At, and Atz are approiimately equalvbecause of

two monostables have the same conditions.
)

T

L1}
o+
N
'
ct
-

We have seen that conditions {iv) and (vi) are

!

not importént for us.
'  We have worked in a narrow band for ;hermistor

and monostable, so we Can think thét ﬁonostablevand
thermistor work linearly in this band. fhis implies

that COnditiOns (iii) and (v) can be solved. Pfoblems
(i) and tii) can be solved by usihgbtﬁe Best quality
components. Now there is an interesﬁing problem. ﬁfhis
is the power diésipation of thermistor. In our cir-
cuit, current passes througﬁ'the thermistor for less than
1 y sec iﬁ every 2 sec. . Now we can gay that if we use
cerdmic cabacitanc¢ and an accuréte"thermistor, ouf cir-

cuit works linéarly and it works accurately.

p)
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CIIAPTER 6

ALARM CIRCUITS

We have four,alarﬁs;l These are low and high
heart rate alarms and low and highvtéﬁperature alarms.
These four alafms were constructed with the same prin-
ciple as we mentioned in Chapter 5, Section 4. We
neasure heart rate and temperature with pulse width,
Also algrms 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 alarms and the others

for the:tempefature alarms,
6.1, HEART RATE ALARAMS

We have knowh that we had measured heart rate
beat-to-beat and at the end of interval V.C.H gives us
‘a pulse whose width/eqﬁals heart rateiiﬁ microseconds.
If we use two monostables andvtriggér’them with short
monosfable‘(which triggers V.C.KH) 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.M. pulse.

This comparison can be mnade by AND and OR gates.
6.1.1. 'Low Alarm

74121 haé both positive and negative
going output pulses, For low alarm, we multiply the
negative going oufput of VCM_aﬁd the positive going
output of low alarm monostable. We~édjust low-alarn
monostable to give a pulse whose length is low dlarm |

value in psec, 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. lligh Alarm

For high alarm, we multiply the positive
going outputvof VCM and the negative going outpuf of
high alarm monostable. lligh alarm monostablé gives us
a pﬁlse 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 VCM-is longer than the output
of high alarm monostable, the output of ANP'gate'gives

1

us a pulse. .
Alarm pulses which come from low or high alarm
circuits are set to the OR gate. The output of OR

“gate triggers a monostable (M ) whose pulse width

v alarn
is fixed. This fixed pulses could start the alarm as
soon as heart rate goes out of set limits. But this
is not a good procedure, because‘sometimes in normal

conditions,‘heart nay go out of these linits, this
abnormality continues two or three pulses then the
heart returns to the_healthy state. This implies that
we. have to use a delay\circdit. This circuit nust

work as follows:

1) ¢ or more back to back alarm pulses have

to start alarm

ii) 2 or S.Back to back alarm.pﬁlses do not
have to stdrt_aiarm | |

iii) Some abnormalities which are shorter than
6 beats nust fire alarm, if thése abnor-
nmalities occur frequently.

These conditions are obtained easily with the

alarm delay circuit which is explained as follows.

’



6.1.3. Alarm Delay Circuit

Alarm deiay cir;uitvis shown in Figuré
25, As we havexseen, delay circuit éonsists of a cur-
rent source and a capaciténce (C,). Evefy alarm. pulse
chargest1 and R, decharges C,. If 6 br more alarm
beats are coning, C, charges and fhe-voltage of C,
décreases under 4 volts. The voltage combarator is
fired when the voltage of C, is lower than 5 volts.
And the alérm starts. If heart works abnormally, there
 will be alarm signals which will not come sequentiéii;'
These signals will also fire the alarm. Thus, the ca-

pacity discharges slowly and charges quickly.

6.2. TEMPERATURE ALARM

The principle of the temperature alarm circuit

has the samnc principle of heart rate alarm circuit.
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CHHAPTER 7 .

POWER SUPPLY

7.1. SAFETY

fn the medical instrumentation field; we have
recognized the need for inproved safety standards for
nedical equipnent of'all;types. lie have to establish
‘quick lines of safety to profect'both.the patients and
personnel., DBecause, current higher than the safety
level can causc immediate death. Now, we will look‘
how .much current makes one feel uncomfdrtable, what
causes death,vcté.

The thfesholdﬁdf perception of shock varies
widely from person to person, it is about 1 milianmpere.
At this level, a faint tingling sensation is felt. At
current levels of around 5 milianperes, many scnsory
nerves are stinulated and the sensation becomes pain-
ful, ﬁsually to the poiﬂt that the éubject jumps away

from the source of stinulation. At current levels,



higher than 5 miliampefes, notor nerves are stimulated
~and the associated muscles contract. 'At the so called
""let go" current level,'(appygximately 10 to 20 mili-
amperes) a person can just manage tobrelease his grip
on conductors supplying current. From 20 ﬁiliamperes-
to approximately 100 miliamperes, the subject has no
ability to control his own muscle actions and he is
unable to release his gfip on.the electrical conductor.
The eiectfical current stinulation becomes increasingly
painful and physical ipjury may result by’the povwerful
contraction of the skeletal ﬁuscles. Despite paih and
fatigue, the heart and resplratory functions usually
continue since the current spreads unlfornly through
the trunk of the body and tends to bypass the heart'a§
it makes up a relatlvely small part of the cross-
sectional area of the human trunk. At about 100 mili-
amperes, more life-threatening pﬁysiologlcal phgnomena
- can occur, and ventricﬁlar fibraillation starts. Con-
" tinuous hlgh current levels of 6 Amperes or h15h den-.
j51ty of 6 Anperes are very dangerous. This level may
cause burns and also-death.

| From many investigations conducted over the years
5 miliampéres has become accebted as the maximum cur-
rent that should be allowed to pass through a human
from external contact. o

All figures which are given above, are taken in
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nornal conditions} but, if we measure heart rate, the
eclectrodes are located with the péste which reduces
the instrument's electrodes-tbbpatient,skin resistanée,
and‘because of the 1o¢atibn,4;ll‘current‘passes through
the heart. In these conditions,_vent}icular fibrilla-
tion could be produced by currents as small as 20 micro-
amperes.  Because of this reason we have to take
10 microamperes as the upper limits.

How, we have known that we_have'to prevent the
‘passage of the current through the body. . We have

two ways to achieve safety.

‘1. Grounding

'2. Isolation

1. All (circuits) in theAequipmént nust be
grounded, also. we should use a good second
ground for safety., If the first grounding
'is broken, second wire grounds leakage cur-
rents,

2. Isolation caﬁ be made by an isolation trans-

former,

Isolation

In our circuit, patient and instrument power

supply are isolated. This isolation is made by DC-to-DC

o e i A AP A vt ST < M o s b A & e L § ol gy AP Wi et .. i RS~ P e e e At W e A o it S e o K RO
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converter operating at high frequency.
The push-pull dc-dc converter is acﬁually a free

running oscillator that,pfoduces an unreguléted squafe

wave ahtput. "The dc inpﬁt is chopped into complementary
square waves, passed through a tranéformer, then-rec-
tified and filtered. Preamnplifier which ampiifies 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 comés from the
transformer is rectified and is chopped. Chopper
‘circuit comnsits of two ICs (7404 and 7476). We ob-
tained 25kliz from 7404 and this 25 kHz drives the clock
of 7476. The output of 7470 gives us a square wave,
The reason of using 7476 is to obtain anvexact square
wave. If we‘can'nqt obtain éﬁact square wave, one of
fhe transistors which chops 15 volt gets hotter than
the other becausé'it conducts nore ﬁhén the other.
Square wave which comes from 7476 drives BC237 and the
output of BC2Z537 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, 7476 has two outputs, one of them is

inverse of the other. DBecause of this reason, when one
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of fhé BD139 is ON, the other‘ié OFF, and we obtain a
square wave. This square wave passes through a trans-
former, then rectified and filtered. Cpmpléte_circuit
diagram ié shown in Figﬁre 26. In this circuit, - the
nost important problem is finding N{f N can be found

by,

N = | U
4.,44.£.¢
f = 25.000 iz
"¢ = B.,S; S = 1.7 cm?

15

N = - —
4,44x25,10%® x 1.7x10"% +« 2000 x 10~*

= 15 + 100 = 7.85 turns

4,44x25x1.,7°*2

e cén téke 8 tﬁrns.

At tﬁé,output of the transformer,‘we‘want to obtain
? 1S>volt. The output windings are calculated .to
give ¥ 18 volts. Then this output is rectified and
regulated to obtain ¥ 15 volt. VWe have to use a fil-
ter at the output of the supply. This filfef is a

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

CLINICAL SIGNIFICANCE

8.1. HEART RATE

In counting heart‘rate,bfhere are two measuring
$y$tems, Cne way is to feel pulsé and the ofher iSA
the ECG, The first way may cause us tOvmake'a;mistake
Because, all of the heart beafs may not be conducted
to the pulse. - |

The normal values of the heart rate are:

in adults - 060 - 90 beats/min
in children - 80 - 110 beats/min

in new born - 100 - 120 beats/min

Heart beats are controlled by the autonom nerve

system, and the other systeuns that affect this are;

the peripheric vascular resistance, adrenargic activity

"and the local metabolic factors;
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Cardiac output depends on two fa;tors§ one. is
the heart.rate, the other is the beat voiume. In acute
changing, the heart'raté; in chronics thevheért volume
is'important and effective to ﬁake the cardiac output
constant, - | '
| This compensation mechanism is for a normal per-
“son. 1In ﬁgrsons whose heart raté is pafhologic it
differs. | |

These abnoimal cafdiac rhythms can be summarized

as follows:

Regular Sinus Rhythn

f
This is the normal rhythm of the heqrt; The

average rate is 60-100 beats/min.

Sinus Tachycardia

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

beats/min in the adult.

' Sinus Bradycardia

A regular sinus rhythm, a rate under 60 beats/

min,
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Sinus Arryhtnia

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 increasing

- 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 abause in the cérdiac rhythm due
to a momentary failure of the sinus nodevto.ihitiatg
an inulse. 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 temperature

is Endotoxin which causes to release fever proddcing
substances into the circulation fron fhe Leuchytes.
These substances whicﬁ have been called endogénbus‘-
pyrogens are presumabely factors whiclh act on the
thermoregulartory centers to produce-fever;

The endotoxins which are pyrogenic are some




bacteria ahd,a‘few virusesQ

In geﬁeral, it is safe to regard an oral tempera-
‘ture above 37.2°C in a person at led rest as an indi-
cation of disease. The{femperature‘may be as low as
33.89C in healthy persons. Rectal teﬁperature is usual-
ly 1° - 0.59F higher than ofal_temperature.

Deviations of 5°F (approx. S.SOC)ifromrthe nornal
body tenperature do not interfere apprec1ab1y with
rnost bodily functlons. Convulsions are common at tem-
peratures higher than 41.1°C and irreversible bfaih
damage, presumably due to protein dcnaturutioﬁ is com-
mon when temperatures of 42,20C are réached. Fortuna-
tely when hyperthermia reachés dangérous levels, the
méchanisms for heat loss are suddenly activated; coﬁ-
sequently oral témperatures above (41.1°C) are rare
in nan, Conversely, ﬁhen temperatures are lowered to
32.8°C loss of consciousness -ocCurs, and between 83
~and 84°F (32.8°C) slow atrial fibrillation supefvcnes.

The systemic Symptoms4accompanying deviatipns
in temperature are poorly uhderstood.' For example, at
temperatures of 102°F (39°) nany patients have rialaise,
~drowsiness, weakness and genéralized aches and pains.
Hany other, howefer, feelrentirely well., Heat pyrexia
is most‘common-in individuais 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 knowﬁ. - In these internal_bod;
temperaturés as high as 44.4°C'havc becen reached;

Hypothermia is far less common than is elevation
in tenperature, but is of:considerablé importance be-
cause it represents a medical emergency which lends |
itself to treatment., The diagnosis of hypothermia
- has ﬁroved_elusive largely because clinicai.thermo-
meters 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 aré
usually unconscious. One young patient was saved even
after her temperature dropped to 20.6°C, |

| In many illnesses fever is the most prominent

and often the only manifestation of disease. There

are four types of fever,

i) An intermitten; fever is one in which
the temperature falls to nbrmal each day.
ii) In remittent fever, the temperature falls
each day, but does not return to normal,
Ciii) 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.
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As indicated above, small variations of fever
is not so important, but the daily changes and its

persistency are important.,



CHAPTER 9

CLINICAL TESTING

9,1 TESTING TIE HEART RATE MOKITOR

For_testing\the'heart rate mpnitof, the pulses
obtained from ECG simulator>w;re applied instead of
human heart beats, - Tﬁisviﬁstrument has anioperatiné
range of 40 tb 200 beaté/min ﬁith an accuracy of T>5%;
The curve of error shows linear character between 40
beats/minrand'ZOO beats/min. At 40 beats/min, the

error is - 5% and at 200 beats/min, it is + 5%.
9,2, TESTING CLINICAL THERMOMETER

For testing the clinical thermomecter, we have
neasured oral temperature, but this measurement dJdid not
give us an exact value. Different parts of tiie mouth

gaﬁé us different values. If we test our instrument

with different cups that are filled with water which
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have. different temperatures, test results can be ob-
tained easily. This result gave us + 2% error. This
error depends on using 0,075 pF instead of 0.085 uF

in thermometer design. (Figure 23)

N



CHAPTER 10

10,1, FURTHER IMPROVEIMENTS

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

The most important of these are:

1. ‘Isolation“circuit power output increase

2., Tenmperature neasurenent circuit éccuracy ;
inprovenent,

In this devicg, isplation tfansformer is used

~only for amplifier section. But, isolation circuit

has to be designed for all circuit isolation. If there

are some changes in the isolation circuit (for example,

if 2N3055 1is used instéadrof BD139) it can beed all

circuits.easily. . |

Secondly, for temperature measurement, 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 wou1d>be nuch more accurate. Due to
unavailability of 74123 in the market, we coulq not

use this approach.
10.2. - COST DETERMINATION
'System used for‘CQst Determination

The basic procedures for determining manufac----

. . . “",&‘ . A;“t‘v‘. . ..
turing costs are thersamé 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 cdsting;'costs
afe accumulated on the basis of specific jobs, batches
or customer ordérs and generally used by custom manu-
~ facturers. Additionally,'the units produced in one batch
may.. differ with respect to styles, qualities, finish
and oﬁhcr characteristicsrfrom the units ﬁroduced in
another batch, |

Cost determination may be on a;



a., Historical bésis, or,
b. Predetermined basis
Qur cost determination is not a historical-basis,
because costs are accurniulated as they occﬁr and used
as being the actual data for the cost accouting system.
Our cost determination is on a predetermined basis.
That neans, coéts are prcdetérmined in advgnce of pro-
duction., Variation from the prédetermined costs are
accunulated in separate accounts so that the managemenf
will be able to‘ﬁake plans and édjustmentS'in operétions.
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,

‘We ignore spoilage.

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

The possible expenses would be in

kl. Circuit compdnent and parts

2. Auxiliary material

3., Labor costs



4, Depreciation

5. HManufacturing Overhcad

6. Service Costs

_CIRCUIT COMPONENTS

“Quantity Description Price
13 SN74121 . 390.00
9 - SN72741 315.00
4 SK7490 160.00
3 SN 7447 210,00
2 SN7400 30,00
2 SN7404 30.00
1 SN7408 115,00
1 SN7432 25.00
1 SN7476 . 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 _
Potentiomneters 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

AUXILARY MATERIAL

.LABOR COSTS -

= 3080 x 100

3 x 10,000 x 12

81

508,000,00 TL

100,000,00

360,000,000 TL



DEPRECIATION

The price of equipment 150,000.00

The price of equipment

after 10 years 50,000.00

100,000, 00
_ 100,000 -
10 years

MANUFACTURING OVERHEAD

Insurance ‘ 6,000.00
Repairs and

‘HNaintanence : 24,000.00
Rent 60,000.00
Faétory'expenses | 10,000;007

-

SERVICE COSTS

TOTAL

N
/

The price of one unit =:TOTAL
\ 100

82

10,000.00 TL

100,000.00
60,000.00

938,000,00 TL .

9,380.00 TL



10,3, DISCUSSION AND CONCLUSION

In, this study, a heart rate monitor and clihical
thermometer.has been designed, Thése instruments are
generally used in hoépitalé, and each'patient needs
such an instrument. Becaﬁse_of this reason,'it had to
be cheap. This condition is satisfied. We can not
obtain more sensitive instrumeﬁt because of uéing low
cost components and simplicitx. ,But, this sensitivity
iS enOUgh,for us, thus we willvuse this instrument as
a bedside unit, This instrument is created with a
nmonostable 74121. 74121 is used in the heart rate
nonitor and in the clinical thermometgr as é main com-
ponent. Data books say that 74121 works iinearly in-a

fixed‘région, but we saw that it does not exactly work
linearly in these regiouns. This.pecﬁlafity brings non-
linearity. But\we no not exceed the,accuraCy regilon
'which is given in the Abstract;

'



APPERDIX A

OPERATING IWSTRUCTIONS

1

"A. The heart rate monitor and clinical thermometer

can be operated in tne following modes:

i) Heart-rate nonitor

ii) Thermoneter

B. The front panel controls are:

1. ON/OFF Switch

2.  Function commutator

i)

ii)

iii)

iv)
V)

vi)

Heart rate
lleart rate mnininum alarn set

lieart rate maxinum alarm set -

Temperature

Tenmperature nininum alarn set

Tenperaturc maxinum alarm sect

3. Control potentiometers: These adjust

»

lower and upper limits of the heart-rate

one potentiometer for cach of the following

and temperature safe rangcs.  Ticre is



linits,

cc
%2

i) lleart rate mininmun

ii) Heart rate Taxinun

iii) Temperature minimum

vi) Temperature maxinum

C.. Inputs
i) Heart-rate probe
ii) Tenperature probe
D. The output indicators are:
1. Display
2. Alarn indicators
i) Héart rate
ii) Temperature
E. - Power connection: »An ZZOV

rear of

220V.

cable extends from the

the instrument.

CAUTION: The instrument can only be supplied by



alarm indicators

display  —~_
T[T | c . Heart Rate E Temperatue|
T |1 ) peatsiin I L - |
) _ . (Mo ser ] - [easet ] | Min. set | | Max set ] : /’E‘SG"'
controls N - ‘Q"""'O",__ switches
potentiometers .
- Ow |
function corhm.——/

switch

onof/—/ - |
o | ',‘_lf_;pufs'"

Diagran showing Front Panel of the Instrument
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LINEAR INTEGRATED
CIRCUITS

CIRCUIT TYPES SN52741, SN72741

HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

> Circuit Protection .
o Offset. Voltage Null Capability .
o Large Common-Mode and .

Differential Voitage Ranges

ieription .|

The SN5274% and SN72741 are high-performance

operational amplifiers, 'n!uvmg offset-voltage null

. capability.

The high common-mode input voltage range and the
absence of latch.up make the amplifier ideal for volt:
age-follower applications. The devices are short cir-
cuit protected and the internal frequency compensa-
tion ensures stability without external components. A
low-velue potentiometer may be connected hetween
the offsst null inputs to null aut the offset voltage as
shown in Figure 11,

The SN52741 is characterized for operation over the
full mititary temperature range of —~55°C to 125°C;
the SN72741 is characterized for operation from 0°C
t0 70°C.

minal assignments

No Frequency Compensation Required

Low Power Consumption

No Latch- up

Same Pin Amgnmenu as SN52709/SN72709

schematic .

avrerec
e e

LOMPONERT ¥A LLEY SuOwn 204 Omsy

JORN bUALlN-UNE L PLUG.IN PACKAGE

PDUAL-IN-LINE
Z FLAT PACKAGE

PACKAGE
PACKAGE (TOP VIEW) (TOP VIEW) {TOP VIEW) (TOP VIEW)
CIH WY
~rmay e e wwe W

'. X v v ¥ v 1
SIS N ONONORORONONO)
-
‘PIN 4 1S IN ELECYRICAL e ]
CONTACT WITH THE CASE - - - - IR e o~

L ==~

Nao interns! esnnection

CIRCUIT TYPES SN52741, SN72741%
HIGH-PERFORMANCE OPERATIONAL AMPLIFIERS

absolute maximum ratings over operating free-air temperature range (unless other wise noted}

SN?2741 [UNIT

" | sns27an
L e X —
Supply vollage Voo (see an_ri 22 v
Supuly voltage Vog . fsee Note 1) ” v
Oifterential iInput voltage (see Note 21 +30 v
Input voltage lela\—::v;uul see Notes 1 and 3} . 15 v
Vaitage hetween sihes nifset mull termmal (NVNZ and Vg - 05 v
Duration of output short circuit {see Note 4) K unlimited unhimited
DF‘;::.:;;"; 1013l pawer dissipation at {or helow) 55 C fres gir temperature {see Note &) o 500 !’:fl:)’ mwW
Operating free au temparature range § —} 5510 125 A ,9 l_u_l_(l_ c
‘Sit;;;ﬂ—v;vavulv range ) . 6510 160 | 6510 150 C
lud Iﬂ'nl)c'l'uu' 1716 inch from case for 60 seconds . [ J, L, or 2 Package 300 3;‘0 [+
Lead tempwrature 1116 inch from case tor 10 seconds l N or P Packagr 260 260 C

NOTES: 1. All voltaye values, uniess Otherwise noted, are with respect Lo the zero referrnce I!vﬂ farsund) of the supply voltaye where the
1000 taterence teel s the midpoint between Ve, and Ve ..

2. Ditterential voltages are at the nomnverting input termunal with resiiect 10 the inverting snpint #rmunal,

3. The magrutude bt the input valtage must naver exc rerd the magnituds of the tupply voltage or 15 votts, whichrvet 1 Iese ©

4, The ontput may be shorted 1o ground or either power supply. For the SN52741 only, the unlimited duration of the shart cregn
spphies at (or helow) 125°C cate‘temperature or 75 C free air tempersture .

5. For onerstion shove $3°C fres air 1emperature, reter to Dusipation Derating Curve, Fiqurs 12,

electrical characteristics at specified free-air temperature, Vgc+ = 15V, Vgg-=-16V

PARAMETER < TEST CONDITIONS! SNS2741 SN72741 UNIT
MIN TYP  MAX MIN TYP MAX
vio Input otfset vottane Rg < 10 k4 :i"c'w ! Z - ! ’.: mv
AViOtadi)  Offset voltage adjust range 25C : "g - +15 mv
"o Irput offset currant 25C 20 200 20 200 na
. N Full range 500 300
25 C . 80 500 80 500
T} 1nput has current nA
Full-range - 1500 L. 800
vy Input voltage tange ' 25 ¢ 112 ML 12 13 \Y
i F!_All ange 12 +12
. Ry ~tokir | 25 C- 240 . 28 24 28
Vore Maximum pesk-10-pesk R > 10k fu,' ange 24 24 v
outpul voltage swing Ry~ 2 k§t 25°C 20 26 20 26
. AL -~ 2 k82 Full range 20 20
Avo Largr ugnat gl fesential RL~2ki1, {25C 50,000 200,000 20,000 200,000
voltage amplification Vg = 10V | Full range 25,000 15,000
" Input resstance 25'C 03 . 2 0.3 2 Mst
Yo Outout rewstance - :: ;::; ®cC 53 1 1
[ Input capacitance 25C 1.4 14 pf
CMRAR Common-mode rejection ratio | Rg « 10 ki1 3L L 20 10 0 Ll
3 . Full range T0 - 70
AVyo/avee Power supply senutivity Ag < 10ks2 :i"c'm 20 ::: 30 ::g uvv
'os Shoi tcircuit output current 25C . +25 +40 425 ‘40 | mA
Tee Supply current No load, 25 C 1.7, 2 L» 1.7 28 mA
No sgnal Full range 3.3 a3
Po Totat powes dissipation No toad, 25 C - %0 RS .50 BS W
No ugnat Foll range 100 100

. AN characteristics are spacilisd under open loep onun-ou.‘rull range ftor SNS2 741 is - 55 C 10 125 € and fnr SN72741 40 C tn 70 €

NOTE % This typirst valus apnin only at fraquencies shove & tew findred heriz hecause of the efferta ot it and theemal tasehark




CIRCUIT TYPES SN54121, SN74121 : v ) v : - : - CIRCUIT TYPES SNJ4121, SN/4i2

logic W ELAT PACKAGE -4 OR NDUAL IN LINE PACKAGE - ' description {continued) ) _
ITOP VIEW) 110P VIEW): y i he full t nd Vo range for more than six decades ot timing
N 1 thre 3} . Jitter-tree operation is maintained over the full temperature a cc ge B
- TRu™ IAB!.E S Nom 1o ‘ Selemiond B Notmsu st . capacitance {10 pF 10 10 uF) and more than one decade of timing resistance (2 k{2 to 40 k). Throughout them
1, INPUT thet et ot nmm. PinNg ranges, pulse mdm is defined by the relationship to ¢ Cp R l0g, 2.
. . outry .
“ar[a2] 8 . I ”
l:‘ ‘:z : T ]V 7 Inhiit - “ I" lmr"u u. Circuit performance is achieved with a nominal pawer dmapmon of 90 milliwatts at 5 volts (50% duty cycle) and »
ot xivlo)xfo tnhitat ] Quisscent dissipation ol typically 65 milliwatts, .
xtolt] x|[o}o Inhibit 2 . .
o x|o] o} x|t Onesnha . X . . i
X[ojo} x o1} OneSnot » j@.—D . . Duty cvclu a8 high as 90% are achieved when using Ry = 40 k{1, Higher duty cycles ars i 2 cortain
vy ] x]o |V ] Onesno aQ of pulse-width jitter is allowsd. :
L R ] 0 | X |V ]| OneShot i . , : . ’ . .
xjolofl x| 1 ]od tenen : .
O x|O [ 8.0 Xf0] Invbu @ | . n ,J— ) B
xlo v ] v] | Inhibit : ) . . .
s lalal st s @ Ne Al Az s a o N u A1 8 a anD . recommended operating conditions _ poee YRR
1 1i{o x|o]o Inhabit - . . . . NOM 5 v E
Vjrjojofx]o ot ) poutive ioge: 900 truth table snd notes 5 and § : " Supply Voltage Ve SN54121 Cirquits . . & o ¢ o0 o 0 e .o L] ] 5 N
N N - SNII21Circuits . . . . e 4 e e s e e s Y] L) 8.8 v
'.v'"""}v 8. A1 snd A2 sre negative sdge irggered L External timing casacitor may be ! Normatized FanOutFrom EachOutput,t N . . . . . v « « & « & & 10 -
0V, S08V loge 1nputs, and will trigger the one connected between pin D (o Input Putse Rise/Fall Time: Schmittinput ) . . . . . . . . . ! vs |, )
. i E . shot when either or both go 10 logicel O tive) and pin @ With no esternel . Logic Inputs (ALA2) . . . . d e e . ] Viss i
. with 8 at logkal 3, capacitance, sn Output pulse width in - 50 ~ )
N put Pulse Width | . P .
NOTES. 1. ¢ = th et 1 6. B s a pusitive Schmilt ingger inpus for of typically JO ne is cbwined. . vy K
J‘.m.uor ore frewt dow edyes or level delection, snd will & To use tha internal timing resistor ) External Timing R'“W a““'"" P"“@“@"“%" L ] 14 % vy 4
2.1, = time sher Input trgger the One shot when B gow 1o (2 kil nominall, connect pln@n E:lmulTlmmg Aesistance: SNS4121 . . . . . PO E
wenution, logicsl 1 with either Al or A2 at @ - ) ) SN74‘2| C e e e e e e e e e e e 40 i:l
2. X ingicetes thet sith . logical 0. (Ses Truth Tabia) & T0 obtain verisbie pulse width con- . A . 0 000 | »
a0 3 "“:v"b: . ‘ 7 nect starnsl verisble 1etance bé- Timing Caoxntfmc e e e e e e e e e e e e e e — .
present. . tween pln@mﬂ DMG No eater. : OQutputPulseWidth . . . . . ¢ o o s i o o s ¢ o o o o o = o
4. NC = No internal Connection. . " nal current limiting 1t needed. . Outy Cycle: Ap=2k. . . . . . . v e e e e e s e e o
; N . 1Q For sccurate repeatebls pulve widths Re® m kn (SNSMND orRe® ‘okn (SN"':" . s w s
N connect an enternsl 1e8l1tor between ' T T .
description ) ‘ sin @ sna vin B witnh pin (® !
open<itcunt \
This monohthic TTL able multivibrator festures d< I »
riggering from positive or gated negative-9oing inputs with ‘ i
inhibit facility, Both positive and negative-gaing output '
pulses are provided with full hn«oul to 10 novmahud N t N
loads. ¢
o 1]
Pulsa triggering occurs at a particular voltage level and is . - '
not directly related to the transition time of the input pulse. Schmitt-trigger input circuitry (TTL ible ang )

featuring temperaturs-independent backlash, See Figure L) for the B input allows jitter-free triggering from inputs with
tansition times as slow as 1 volt/second, providing the circuit with an excellent noise immunity of typically 1.2 volts.
A high immunity to VCC noise of typically 1.5 volts is aiso provided by internal latching circuitry.

Once fired, the outputs are independent of further transitions on the inputs and sre 3 function only of the timing
components. Input puises may be of ‘any duration relative to the output pulse, Output pulsa lengths may be varied
from 40 ds to 40 ds by choosing appropriate timing companents. With no external timing components .
ie, pm@connecud 10 pin @ pins @ @open) an output puise of typically 30 nangseconds is.achieved which - [
V\ay be used as a d-c triggered reset signal. Output rise and fall times are TTL ble and ind of ‘pulse
lerqth.

N\

4 e ——

Pulse width is achieved through internal compensation and is virtually independant of VCC and llmpculun In most . : . . . ) . RN

apphdnons, pulse stability will only be limited by the .ccuucv of cxlunal timing components, - N ) 4 . - «
T . . | A r




IRCUIT TYPES SN54121, SN
MONOSIAB[E MULTIVIBRATORS

'lc(.lnc.ll ch«uuclenshcs over operalmg free-air temperature range

PARAMETER FI'GE:;E TEST CONDITIONS! MIN TYPI MAX | UNITS
hold voltage a1 A 1nput 57 Veg CMIN 14 2 v
V‘ Negative g;(u;mrmold vOllage at A NPy 57 Vee * MIN 08 14 g V]
V‘ 0’;.;1v;;;n;]llrnmold voltage at B 1nput 57 vcc * MIN . - 155 2 v
Vy Negative guing threshold voltage at B input 57 Ve = MIN i 08 115 Y
>-~vm~“»(—“ 1 by &1 0 oulput voltage ’ 57 VEC = MIN, dga» 16 mA 022 [ X} v
Voutf1) Loun et 1 output voltage 57 Vee » MIN,  bgag = 400 uA’ 2.4 3.3 K]
. Lw-j‘b level input . - _
Vi 0) N 58 Vee = MAX, Vip=04V 1 ~16] mA
Lewo) | Logwal O level input current st B -89 | voo e MAX, Ve 04V -2 32| ma
Log-ul VVievel nput p | VEC e MAX, Vin 24V 2 40 uA
Yt et et AT or A2 80 Y CTMAK. Vin 65V (Y-
Log.ul 1 level input 61 vep s MAX, Vo 24V 4 BO wA
o e a8 Vee < MAX, Vin =55V 6.05 1 mA
- 62 - SNS412Y| ~20 -25 -55
Lhort Cweuit oulput .
3 = and VG * MAX mA
08 _ & | < I R
Power supply current in i .
~ Vee - MAX 13 % . mA
fce ausesc g0t tunfwec) state 6 cc
ice Power wpply current in husd state 64*, Ve * MAX 23 4« mA
1Fo1 conditions shown as MIN of MA X use the ¥ value soeci unde {J for the
Guvice lype.
1A typical values are 8t Ve * 5 V. To = 28°C. R
§ Nol mare than one Output should La shorted st a tima,
.wnchong chamctemtlcs VCC 5V, Ta® 25'C
'\7 PAHAMETER : . "‘:::! TEST CONOITIONS MIN TYP MAX | UNITS
el I wow =] .
lov "
e n - Cy = 80 pF
Pyupwl-on delsy time to 1ogw 1 Co = 16pF, T o 2 P 2 e
tpat tevel trom AV/A 2 inputs loOautpul - Lo .
t . .Pmumh;n dn—l.uv ume lu Ioo»cll 0 20 0 66 e
o0 bovel trom 8 input 1o o oulpul 72 L - 15 oF - 80 pF
\ Propragation delay time 10 16g:Cal L . S ol 0 - 50 .80 n
0 fovel rom AT/AZ inputs 10 O output .
. Putse wnith obtaned using 73 | Gt < 15¢F, Cr - BOOF, 7 10 10| ™
Bloutlh einat g resistor Ry = Open, Pn @ w0 Vee :
t Pulve with obtained with Cy «15pF, Cy-o0.
t . 7 20 30 S0 ns
vout) o Unung capacitance 3 Ry < Open, Pn @ to Vee .
€L » 15 pF, “Cy « 100 pF,
. 600 700 8OC ns
' Pulse wiith obiained using 7 Ry =10kn, Pin @ Ooen
Plost) o vernal timing tmistor -CL « 15pF, Cy = 1 4F, 5 3 8 m
. Hy » 10 ki), Pn (© Open
. Cy - t5pF, Cr = BOoF,
thaid Minunum dutation of trigger pulse 3 ﬂl, . O;:n P'l" @ to Ve 30 | m

cIRCUIT TYPES SN54121, SN7H121°
'MONOSTABLE MULTIVIBRATORS

TYPICAL CHARACTERISTICSS

DISTRIBUTION OF UNITS
. . . toe
OUTPUT PULSE WIDTH

’VAMATION IN INTEANAL TIMING RESISTOA VALUR
) v

FREE-AIR TEMPEAATURE

Y © 8 e30%
:'cc zZ’Z ’ :
A / \ E oaox
L€y = 101 pF _ i
Ry*10kn ; y,
J {External) ~, E 1% /
s -8 - - /
-
« E 139
4 £ /
» £
Y . & — c
Y gl 5 ¢ 5§ o
5 ¥ \ls P 41
. : .
a ) § y l - ; >|__’ -5%
[ 8
Ik_‘_" 99% of Units —J = SN14121—e
" T _1om 1 1
691 604 697 700 703 706 ~76. -50 -26 O 258 & - 75 100 128
|p‘°u">0«lwl'u|“ Width-ns TA"""M \'lmp«nul~'C . .

FIGURE H

VARIATION IN OUTPUT PULSE WIDTH
v .
SUPPLY VOLTAGE

"o
£ .
Q. %
£ F
2 .05 - [
3 2
& b SN 74124 et - &
A t 2
3 — 1
€ 0 - :
$ P | T'otoun” 420m . 5
s N - [ AVREY V) £
H etV —f ]
L . i
's-05}C o600 g
-i RT =10 k02 (Ell.ﬂuﬂ
a [7, = 28°c -
-10 1 -
_ s 45 50 528 55
Vcc-Supply Voitsge-V |
FIGURE J

§ Unises otherwise net~ 1. deta 18 8pplicenle Tor SNS4 121 and BNTA12Y.

FIGUAE ¢

VARIATION IN QUTPUT PULSE WIDTH
v .
FREE AIR TEMPERATUARE

10%
+0.5%
%
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= -05%
.3
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CIRCUIT TYPES _SN5412AI,SN74I2I
MONOSTABLE MULTIVIBRATORS

TYPICAL CHARACTERISTICS §

SCHMITT TRIGGER THRESHOLD VOLTAGE

FHEE-AIR TEMPERATURE

18— -

vi

v \ 2N R M.
> Y )
518
>
3 N
g N .
r‘: ) Poutive-Going Thisshoid VT.
814 -
K . \\
E I;J Vee ® 5V [— ~
! J‘K T Negstive-Going Thwashold V. :
" . .
Tl d_ | fesven-e| |
=75 <80 ~25 0 25 - 50 75 100 125

2 TA—F"MI' Tomperature-"C

FIGURE L

PROPAGATION DE}.AV TIME TO LOGICAL 1 LEYEL’

{8 INPUT TO Q OUTPUTI
vi

" FREE AIR TEMPERATURE -

4
Jo
t
b
8 60—, =100pF
¢ L
- N i
o $0 CL-SOD \ - t
t o T~
e T
e =18pF e )
> L et .
i \.‘ i |- !
T
8 , VetV
g 20 . Cy = BOPF o
8 e { Ry« Internal
s 10 + -
_g " ‘—5?74!2]-’L

[}
~75 -5 <25 0 2% &0 7% 100 128
Tp—Fresalr Temparatute~"C
FIGUREM

§ Uniess otherwine noted dets is eppin sble tor SNS412Y and SN76121,

|pw—vw'-$n Deisy Teme to Logicsl O Lovei-ns

CIBINPUT TO G ouTPUT)
v

< FREE-AIR TEMPERATURE

. PROFAGATION DELAY TIME TO LOGICAL O LEVEL

]
70 _CL
(N !WDF
80 —
CL_'-'?O",; . L
P st
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p- SN 741210
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FIGURE N

CIRCUIT TYPES SN54121, SN74121
MONOSTABLE MULTIVIBRATORS

TYPICAL CHARACTERISTICS §

OUTPUT PULSE WIDTH
ve
TIMING RESISTOR VALUE

10 me
1
1
o
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€1 ol
1ms ’/
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Jaay
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100 4 . I/
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§
g 3 =
1 y
F i ]
B o Pl of ]
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HUnlsss otherwiss notod dets i applicable for SNBA121 end SN7412Y.




IRCUIT TYPES SN54121, SN74121 o © CIRCUIT TYPES SN54122, SN54123, SN7#122, SN7TH123
\ONOSTABLE MULTIVIBRATORS ‘ , : B RETRIGGERABLE MONOSTABLE MULTIVIBRATORS WITH CLEAR

TYPICAL CHARACTENISTICS % . . ‘ .
' k e Retriggerable for Very Long Output - o D-C Triggered from High-»or Low-Level

Pulses, Up to 100% Duty Cycle . Gated Logic Inputs
' o Overriding Clesr Terminates Output Pulse o Compatible for Use with TTL or DTL |
OUTPUT PULSE WIDTH : . : : : ) ;
L] o Diode-Clamped Inputs . " @ Typical Aversge Propegation Delay to
EXTEANAL CAPACITANCE togic o OutputQ...21ns _
10 e - K - :
== 2 22 : . SNS4122,SNT1Z2- SNBA122, SNT4122
SN 7 t : . TRUTH TASLE . JOR N DUAL.IN-LINE OR
— Vee=8Vv - s : : Son A ‘ W ELAT PACKAQE [TOP VIEW)!
[ Ta-mc 4 ( 18oe ot {SEE NOYES 8 THRU D)
. - y INPUTS OUTPUTS vee " NC €, ML, 0 -
’ 4 / Al A2 81 m2{ 0 & wllnlhaln D. 1 [
tm - H H X X|L H =
= - X x L x|{tL W
X X X X Lt M :
£ A L x H M|t H
g / L ox 1 owlnw
— - i Py / L X Wt YT
100 m : & /) M X L W H|L H
=5 A3t X L .t win v et Ul s
¥y ﬁ(‘ x Lt W tln v AV AT BT W cliam B owo
] “ H +  H HIN W DATA INPUTS
l I'4 LY Y4 ) oy ¢+ v U sositive logic:
x ’ v . I\ W H HINL U Low input 1o clear remts 10 low
: ’ Py / . . ] tevet and inhibits data inputs
’} 1000 — N : . .
’ = ' . SNBA123, SN74123
: — : . JOR N DUAL-IN-LINEOR -
i ) Z o ) W FLAT PACKAGE (TOP VIEWH'
y : R : R ¢ {SEE NOTE D} :
H - ' 1)
Ty . f’ / - , . SNBA123, SN74TY i D vee :n- f-lcc w B ul’u non
- : . . " . . .
’ ééé ==2ii ) . : TAUTH TABLE . wlinl{uliollalin}ju]fs
4 o S (See Note A} - . . :
! o -
p.4 A 8l a &
/ N W x| L H
100 re | il E m x Lt]luv W
= =gttt p——t-+H -1 Lt otlnuovw
q 1 Wi v
; positive logie:
. . ) ) Low input 10 clesr resets Q 10 fow
t - o . ’ . ) level and inhibits deta inputs
0ne ’ . -
- 10K 100 pF 1000 pF . 001 4F ) 01aF Vot o .'~ . ) 1P _lul.ﬁnonn for these circuits are the seme for all peckeges. .
’ Cy—Timing Capactince - . NOTES: A. M = high level {steady ttatel, L = low level Isteady statel, | = trarsition from 1ow to high level, | = treneitien trom high te low
FIGUAR P ' : . ) fovel, S = one high leve! pulse, U = ane low-level pulse, X | t tony Input, .
. . . 8. NC = Ne internel connection, .
l ) © €. Yo use the interne) timing resistor of SNBA122/3N74172 110 11 nominal), connect Ain to Vee.

™ otherwise neted o is anpiiesbia for SNEATZT ang BNT4 121, D. An timing capecitor mev be ! Caxt 87d Mgy /Cout fpositive).




CIKCUTT TYPES SN5400, SN7400

QUADRUPLE 2-INPUT POSITIVE NAND GATES A o | CIRCUIT TYPES SNS404, SH7404

- : - : N B , HEX INVERTERS

: - WEFLAT PACKAGE JOR N DUAL IN LINt PACKAGE
natic {sach gate) . . .
. (100 ViEw) {102 ViEw) ! schematic (each inverter) WELAT PACKAGE JORNDUAL IN UINE PACKAGE
N 'y 110P VIEW) (TOP Vit v
“ o “ G0 " Ja 1" .

| v-i lI{"lI"li'l"ll !}| L e @@ @@ O] ey
Ty ")J i ’

| t{)a N B 1 '
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[ !
3 s 13 I . [
\ . bigrt oy I P ¥ I
. . O@O@@O@ it as e
. Compenent velues shawn ore NOTE  Camponent vatlues shewn s nominet | 12 37 Ja \ T4 18 30 A av T s
N : . postve loge ¥ ¢+ A
recommended operating conditions
] " N . ™ M MAX JuniT ) : | MIN_ NOM  MAX | UNIT
mmended operating conditions o 3‘”:1‘2 re L Suoply Voltage Vec: SNSAGA Cwewnts . , . . ... . . A R T E A
Supply Voltege Vec:  SN5400 Caunts , , R LI I Fa7i7s Tem] v ' ) SNI4OACweunts . . ., . ... L., L. A KX N I
SNT400Cuculls .« . v & wlv b v e e e —5 Normalised Fan-Out From Esch Owirat, N . . . . . . . . . . . .. . .. '-*——T(i"”
Normalized Fan-Out From Esch Output, N . . . . . v v v v o v v v o v v o o L 10 o Opecating Free Au Temperature Rerge, Ta:  SN5404 Curcurts —_— e
Operating Fres Air Temperature Range, Ta: suuoo Clreuits. . oie qoooe - v - 0 | 8825 125 ._5 .  SN7404 Crcunts ; LENLC I W
70 C . soe e e s T, 0 g
. SN7400Cwcunts . . . o0 0 ... o_ 1 _ 0| *c | . ' h rorint
: . : ” electricat characteristics over recommended opouung lu&mr temperature range {(un|
ical characteristics over recommended operating free-ais temperaturs (unless otherwise noterd) . ) peratn per ge ( ",‘..9"?",‘."'“ noted)
: o . TESY o c M
PARAMETER
PARAMETER - resy TEST CONDITIONS! MIN TYPE MAX[UNI . . FIGURE TEST CONDITIONS! MIN TYPL  Max ] uner
FIGUASE e Logeal 1 ingnt voliage requsred
Logical 1 nput voltage requred ’ . 2 . v : Vinl1) % nput terminel 1o snsure 15 3
| 81 both nput terninels 10 eneure | ) ) ’ ) \ . 109 84 O tevet o1 auitput
logicst 0 bevel ot output - : - = 109481 0 100t valtege requesd
Logxcal 0 1nput voliege rocuwred . ] . < oal v : Vini0) 91 #7y mout eemanad 1o enmre P T I o8
| ether npul Terrminat 10 Sture 2 . ) ' ] . iopcol 1 lovet ot output . v
fogecal 1 level ot output . . LR SE—
- Vee * MIN, Viat 08V, 16 12 v . Youtll) Logeal § output voltage . . Vee s Min, VineQayv, 24 ~“ v
1) Logxdl t output voliege 2 load * - 400 4A g L o . . ‘mn‘”‘m-k . 3 |
Y |veCMIN TGV, v 022 o4 v : ) Youtio) togaOoutout vortage S 'Gm,A Vv 022 0a| v
0} Lopcal 0 output voltage : Yoot = 16 mA i SRS B — el - .
- Loge sl O -
Logecal 0 leve! input cusrent {asch 3 Vecs MAX, Ve - 0.4V . 16l ma ) "io) 08l O tavel inpul current " VCe ® MAX, Vinc0av 16| ma
eost roe e MAX. V. +24V T W . v c-MAx Via* 24V o . -
Ve s MAX, V.24V 0 | . bt Lopsl 1 level input current (TR e Vin 2 o @ | A
Lopcal 1 lavet input current lasch A cc " ~— == ) - [vce - max; Vin- 85V ' mA
“wnput) . Ve © MAX, Vin*55V . . 5 o DO il
: SNS400 2 Wl 'os S$hott Cirruit output cursenty 19 Veg - MAX ::‘-7:‘_42:_ N 3
¢ 1 currontd [ Vee ® MAX . g — M AL o
Short cweuit outpu . | Vee SN1400 18 5 [7CCior__ Loucat O ivel manohy cumrent 20 [Vee = max, Vin s SV 8 35 "ma ]
| Logecal O level superly cuntaet 6 Jvecomax.  vaesv ] 1o n] e fecun__ Lowsat 1 ieved iy curent 20 “vecemax Ty igl 3 TS
e = — o e 1 b - e - ——— — - [ Suibe
T Logeel 1 tevel muuly cuttent ] [ vee cC - MAR, Vin* 0 4 8| mA har v 5 v N :
- - ; . switching characteristics, - .TA=25°C,N+ 10
ving ch-octmnm, vee =5V, TA=26°C,N= 10 R e ng CcC A N -1
TESY TESTY S
TEST CONDITIONS MIN TYP MAXUNIT PARAME TR
PARAMETER FIGURE ‘ . L ] . FIGURE TEST CONDITIONS
’ , "._ "y » e - maa— o
_- Propagation deley time 10 logicat O levet 63 15 D‘ ) "L B ——_ I . . OPEYSNON delay tire B DYical O K
Y Ryl el : : Lt 15 pb .
nwa.-mnu.u. lm- u nauun-m o c._-|snr fnou S UL 3 Y -mﬂ ot : e CLe15ph, Ay =400 11
pahal WP ST, W RN B . g ) . — '
RARIONS oW o8 MIN or MA X, Use the voiue unier . 104 the appis alibe Yt I::"’"""‘ detey e 1o logreat 1 © - 15pF Ry - %0041
type . . e+ e .
Hesl velues e st Vo = 3 V. T = 28°C R -
ore 1hen ons ouLpUL shouks be shoried el s me ! $or conitions Hhown st MIN o1 MAK, uss the soprepriste velue e ited um " o 1 loe the sipie aile
i . . L1 Y WE97 ) .
! ans el irme B 8¢ Ve - Bt B o m@se




o T CRCUIT TYPES SNOAUG, SNOA0T, SRIAUS, SR7R0Y e euEaqn €y ian
L . | CIRCUIT TYPES SNS432, SN7432
. v e QUADRUPLE 2-INPUT POSITIVE AND GATES » « '

| - QUADRUPLE 2-iNPUT POSITIVE-OR GATES

<~ JORN w

; ‘ ~ DUALIN LINE PACKAGE . PLATY PACKAGE . . : . JOR N DUALINLINEOR
. " {YOP VIEW) B (TOP VIEW) ¢ X . . . . . WELAY PACKAGE (T0P VIEW)?
! ('.".N"ll'.".l“il','u;..'!‘. @ G:) '.’: e {? R scnematic (each gate)
G e e |
Choice - VDD ’LD"L) .
of Totem-Pole Qutputs (SN5408/SN7408) | o .
or Open-Collector Outputs (SN5409/5N7408) | ... D | R D, ,l( )l —1-—
| B R R o A | Y o C
st o @ o w w w of oo seq
S e bR LR ; . [
"»:: - v poutivaloge: Y - AB —ours

Positivelogle: Yo A+l

. ' ' '
ﬂ P10 sesignments 10r 1hese circuite are the sama tos ail fochages

lbsolulo maximum ratings over opoutmg fru -air temperature range (uniess othsrwisa noted)

O s._,pply voltage, Vo weNote 00 . ) :
putvoltage oot < o S Y ' o
g ) Opwrating tiee a» trmperature rangs: SNS432 Crreurts LT 55C o ;::
. - SN7432 Creuiits e . ()';Cl n'c
Stoug- temperaturerange .. . . . . L AR 65 C 1c ‘;50";
. e e G o
NOTE t Voitege values ore with OLDOCT 1O NAIWOIh g DU terrminal ’ )
c-mooa;vtl waluss shown &6 Reminal. |
? v ’ » neommlndod opumng conditions
) iption . L - . . R ST o ‘“5‘3’ I
descr . | e - __;_> [ S, . urp“nou MAX [MIN NOM MAS IUN"
These Series 54/74 'ITL ostes ptovido the wstem designer with direct implementation of the positive AND or negative Supoly voltege. VCC ) T les s :: ‘!',';. MTM- o]
. - e e — o e 32020 A -
OR functions. » Normalized fan out 1sum sach sutpt, N Highloge level ... 2
' - . i s v e+ 1 L0 lOgie teve 10
The snuoalsunoa. with totem-pole outputs, drives 10 normalized Series 54774 ks at the fow output level and 20 - Doerating ires 0u tempriature, T . SR RTTSE NS )
loads at the high output level. The SN5409/SN 7409, with open cullector output, pruvides additional tugic Hlexdality, as - o ' - -

the outputs may be wite:AND connected 10 extendd the AND function. The SNG409/SN7409 wilt sink suthicient -
, cutrent to drive 10 normalized Series 54/74 loads at the low uutput level. ' ) : ) . . .

The SN5408 and SN5400 are charactetized for operation over the full military temperature range of -5% Cto 125°C;
the SN7408 and SN7409 are characterized lor operation from 0°C 1o 10°C.




CIRCUIT TYPES SN5476, SN7476

CUIT TYPES SN5476, SNT7476 - ’ .‘ , : : ‘ ‘ »
\L J-K MASTER-SLAVE FLIP- FlOPS ‘ ‘ - . DUAL J-K MASTER-SLAVE FLIP-FLOPS
' : , e -~ WITH PRESET AND CLEAR

H PR!SET AND CLEAR

elactrical chanctofistics, TA = 0°C to 70°C (unless otherwise noted)

) JOR N DUAL-IN-LINE OR ¢ k ’
. ) W FLAT PACKAGES {TOP VIEM ! ’ - TEST T
' ‘ ’ ‘ . . . . | PARAMETER FIGURE TEST CONDITIONS! | MINTYPE MAX | UNIT
w 10 1T G xx 20 A v _ Input voltage required to P : e
TRUTH TABLE (luh Flip-Flop) Vint1)  ensure logical 1 st any and ] 2 v
input terminsl 47
!, Yoy : . Input voltsge required 1o 46
) K Q Vint0l enure logx sl O st any and : o8 v
[ [] ) .
S CLEAR PRESET PRESET CLEAR iniut tovmunes 2 v -
° ) ° 7 ) . Vout{1} _Logica! 1 output voltege 46 . CC = MIN Noad * ~-400 uA 24 35 v
1 [} [ 1 ELOCK K X CLOCK 4 Vouri0) _Logicsl 0output voltege 47 | Voo« MIN _ lgink = 18 mA 022 .04 v
1 ]y o e ' Logical O level input current
nl0) ndor K. Voo ® MAX, Viq= 04V 186 mA
4 A . Logicet 0 lavet input currant . .

ES: 1. 1, = Bit time befors clock pulse. : 3 3 = vs ‘2 1’ : NintO) . gt ctyr, provat, or clock Vee s MAX, Vip-04V 321 mA
2. 19 = 8it time sfter clock pulse. CLOCK PRESET CLEAR CcLock preser cLean : lingy P 1 tovel inout current - @ |YECT MAX, Vige24V 40 | ua
o ‘ . sior [3 Vor s MAX, Vi =55V 1 mA

. ' Pontive loge:  LOw 1nDut 10 preset sa1s O 10 togucet ¥ ' hntt) Logicel 1 leval input current e Voo s MAX, Vin=24V - 80 uA -
The SN7476 J-K flip-flop is based on the master-slave ' Lew inpul to clear 3013 Q 10 logieal O . ' i . o 21 clear. presat, of clock _ Veg© MAX, Vig=85V ) ! mA
principle, Inputs to the master section are controlied : Cleer and preset are Independent of clock . ‘ - |tos Short-circuit output current § 51 Vee® MAX, Vip=0 }-ﬁﬁs "7‘: =LA I
by the clock pulse, The clock pulse also regulates the Lo * {ice Supely current (esch il 18 o —
) . ) iip flop) - 49 Vee * MAX
ate of the pling transt s which ¢ 1 the TPIn swignmants for these civcuits are the teme . - (4 20 40 mA
" . N for a¥ pachages. R - !
_mester end slave The wq of opx - . i . ' . . :
is e follows: : S ' iochi P
. . o _ . . . . switching characteristics, Vcc* 5V, TA=26°C,N= 10 .
1. lsolate slave from master : . : : : Tes :
' . T T -
2, Enter information from J snd K inputs to ‘ ” PARAMETER riGuRe | - TEST CONDITIONS MIN  TYP . MAX | UNIT
o ..
mast [ Maxi ~a50 7]
3. Dissble J and K inputs | e - avimum clock frequency ) CL = 15pF Ry =4000 15 20 N
* 4, Transter informaetion from master to slave. ) o0spenon deley tims to logesl O .
; ' od1 evel from clear O prevet to 70 CL=15pF R ~4000 18 25 ns
: : ) ' ovtput ) :
~ CLOCK WAVEFORM Propagstion deley time to logicel 1
tod0 level trom clear of preset 1o 70 CL=150F R 4000 S 25 LT] .
' . output Co,~
ommended operating conditions S . Propagetion deley time 10 logical 1 \ - -
. N WOM __MAX | UWIT 9 vt trom cock to outout @ | CL=1sef R -400n LR TR O A
Supply Voltege Vog: SNSATEGIrCUI o « . + o o v v o o o s s s ss L v |- . Propegetion dsley time to logical 0 ' - .
SNTATBCIrCults o « o « o+ .« . o .. | AT 5 813 | v P et rom clock to outout @, |Crrreen Ruton R
Operating Free-Alr Temperature Range, To:  SN5476 Circuits ~8$ 2 129 °c 1¥0¢ canditions shown s MIN or MAX, use the value und 3
A « o s ) jor opetating 101 th,
. SN7476 Clrcuits . .. . 3 70 | ¢ : soplicable device tyoe. ‘ ’
. Normalized Fan-Out From EschOutput, N . . o ¢+ ¢ o7 0 v o0 10 . . $AI typical vatues wre "Avcc sV T, - :s'c.
Width of Clock Pulse, ty(ciock) (See figure89) . . o o0 0 0 v o7 2 L) )
Width of Preset Pulse, toincenqr) (See figure 70t « o ¢ 0 & 0 o 0 2% I §NOt more then One ouTPUL Sheuld be shorted st & time.
Width of Clear Pulse, ticlear) (Seefigura70) . . o « « « « o o o 3 ]
Input Setup Time, tygrypfSee figure 89) . . o - . .« .+« . o [Ploeck)
InputHOlA Time, thold  « o <+ o o o = 2 o o o s o s o o 0




CIRCUIT TYPES SN5445, QNSC“S, SN7445, SN74145
BCD-TO-DECIMAL DECODER/DRIVERS

L4
(4
. PARAMETER MEASUREMENT INFORMATION *
witching characteristics
Vee TSV
: 4
INPUT Y
i : 0 oureyt
8-42-1 A A i D—\O i
N H D—'b bR
TRUTH-TABLE & s ip—vo '
GENERATOR AP S
. Seenote I) ¢ |— —c P
> : 7p—>p
: o——/ L <,

L

L

TEST CIrCUIT

cem e em-
N

INPUT A s5v

TYPICAL INPUT e e ————
VOLTAGE o—
I "": (SEE NOTE 1)
(See Note 1) | f
N
L e
_. todl I‘—
]
' I
3 ) ) '
TYPICAL QUTPUT + Ittt
VOLTAGE ! .
WAVEFORMS " Tt e
1 (X1
K

H
'oaolo-

i

Hz, lnputs 8

2, €| Includes probe ond {ig capacitoncs,

FIGURE S-SWITCHING TIMES

Vin(1)

Vin 1)
Vin(h

Vinto)

Vour(l)

Veurto)

Veurtn)

Veut(0)

NOTES: 1, YM truth-toble generctor hos the following charocterlstics:
(,) 224V, v, {or 0.4V, 1, ond 1 <10 m, ond

M and D tramitlons occur simul~
owly with or prior 1o Input A hwlﬂﬂ.

m
Ms!

CIRCUIT TYPES SN5440A, SNSAATA, SN5448, SN5449
'SNT446A, SNTA4TA, SNT7448, SNT449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS -

SNS446A, SNS447A, SN7446A, SNT44TA

featuning

o DIRECT DRIVE FOR INDICATORS

e OPENTOLLICTOR DTS

e LAMP TEST PROVISION .

o LEADING TRAILING ZERO SUPPRESSION

o CERAMIC OR PLASTIC
DUAL IN 1IN PACKAGTS

SN5448,SN7448

teatunng

PASS’IVE PHILL UP OUTPUTS
LAMP TEST PROVISION

\

SN5449, SN7449

featuning

e OPEN COLLFCTOR QUTPUTS
» BLANKING INPUT

LEADING/TRAILING ZERO SUPPRESSION
CERAMIC OR PLASTIC
DUAL N LINE PACKAGES

JOR N DUAL IN LINE OR W FLAT PACKAGE (TOP VIEWI!

SNS44RA, SN5447A,
SNT446A, SNT44TA

o WELDED FLAT PACKAGE

SN5449, SN7449

© WFLAT PACKAGE {TOP VIEW)

SN5448, SNT448

o\:TR"

ey ® @ @ @ o @ ®
nm u m .

réjﬁ‘.vr¢7%w,n

Ry e | QOH QO

TPin sssgnments tor these circuits ere the same for all packages.

ALL CIRCUIT TYPES FEATURE:

‘ ® TIL-DTL COMPATIMLITY,

© FULL DECODING OF ALL 16 INPUT COMBINATIONS
© LAMP INTENSITY MODULATION CAPANILITY .

. description . ) ) . .

These/ monolithic, TTL, BCD-to-seven-segment decoder/drivers consist of NAND gates, input buffers, and seven
AND-OR-INVERT gates. Three confiqurations offer active-low, high-sink-current outputs ISN5446A and SN5447A} for
driving indicators directly; active-high, passive-pull-up outputs, (SN5448) and active high, opencollectar outputs
{SN5449) for current-sourcing applications to drive logic circuits or discrete, active components. Seven NAND gates

and one driver are connected in 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 bullers provide lamp test, blanking input/ripple blanking
output, and nipple-blanking input tor the SNE446A, SN5447A and SN5448. Four NAND qates and four input butfers
provide BCD data and its complemem snd » buffer provides blanking input for the SN5449, See functional block
diagrams,

The circuits accept 4 bit binary coded decimal (BCD) and, depending on the state of the auxitiary inputs, decodes this
data to drive a seven-segment display indicator (SN5446A and SN5447A) or other components. {SN5448, SN5449).
The relative positive logic output levels, as well as conditions required at the auxiliay inputs, are shown in the truth
tables, Output configurations of the SN5446A and SN5447A are designed to withstand the refatively high voltages
required for seven segment indicators. The SN5446A outputs will withstand 30 volts, and the SN5447A will withstand
15 volts, with a maximum reverse current of 250 microamperes. Indicator segments requrieing up 1o 40 milliamperes ot
current may he driven directly from the SN5446A or SN5447A highperformance output transistors. Segment
_ ufentilication with resultant displays are shown in Figure A Display patierns for BCD input counts abave 9 are unigque
symbols to authenticate input conditions 4 .



CIRCUIT TYPES SNS446A, SNS447A, SN5448, SN5449
SN7446A, SNT447A, SNT448, SNT449
BCD-TO-SEVEN-SEGMENT DECODER/DRIVERS

[ 4
description (continued)

The SN5446A, SN5447A, and SN5448 circuits incorporate automatic leading and ‘or trailing edge 7010 hlanking control
(RB1 and RBO). Lamp test (LT} of these types may be performed at any time when the BI/RBO node is a logecal 1. Al
types contain an overriding blanking input (B1) which can be used to control the lamp intensity or to whibit the
outputs. Alf inputs except the BIZRAD noddes are ane normalized Series 54/74 load. Inputs and outputs are entirely
compatible for use with TTL or DTL lagic outputs. Power dissipation is typically 320 milliwatts (SNS44GA,
SN5447A, and SNS448) or 165 milliwatts (SN5449) ’ ) :

The SN5446A, SN5447A, SN5448 and SN5449 are characterized tor operation over the full military temperature range
of ~55°C to 125"C. The SN7446A, SN7447A, SN7448, and SN7449 {electrically identical to the cmvemonqu
Series 54 types) ace for operntion over the temperature range of 0°C to 70° [

TRUTH TABLE SNS448A, SNSA4TA, SNT448A, SNT4ATA
N .

— m ~ r— e OUTPUTS -
RECImAL
o :
HMCHON (%) e L 4 L] Y L5 [ 1s] - b [ 4 4 . f|g | NOUIE
Al 1] '] [1] )
] X 1 ] i
X 0 []
X
X
[
1
]
1 X 9 9
1 ] 0
1] ¥ X il
».._" L X
[1]] ]
i 0 ] X

NOTES: 9. mmnn is wire AND fogic serving 81 hisnt.ng input (B1) and/or rippte blanking output (ABOT The hlanking iaput (B1) must be

open or heid at 2 logica) 1| when gutput functians D thiough 18 are deured, and the Hippie blanking input mvm must he open or

at e lovul 11 htenking of 8 decimal O 11 not degirerd, X > input may he high or 10w,

When ¢ 10gical O is applien mvnn, 10 the bisnking input (Torced canditiont sl swegment outputs go 10 @ logical O regardiens of 1he

11ate of any ather input randitian,

. When the rinpie hianking wipnt (RBI) snd inputs A 8, C end D #re at 1og:cat O, weth the famp teat input st 1ogrest 1, all 1egment
QuUTPULY 9O 10 & tnQirat T and the ripple hlant ing sutput IRAD) gose to a2 log:ra! O fresponw condition), -

. When the hlanking innut/ripple blanking 0utput (RI/RBOT s open or hetd a1 » logical 1, and » logical 0 iy spplied 10 the 1amp 1eet
input, sit segnent Outpute 90 10 8 logicat D.

CIRCUIT TYPES SN5448, SN7448, SN5449, SN7449

TRUTH TABLE 5%-448, SNT4AR

— INPUTS _—r OUTAUIS e
AL
o
ey | e oat o . RS alw | cleladE o
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nr [ ¥ x x > X e} [ 5 ] oL I
&N 0 ] o [} n 0 n 0]9 ] ' olre 1
it 0 x ) [2 ] T I SEIN N BN R N O 1

1. BIARD a woe AND Ingee 3orving as blank:ng wout (BH and o cpple hianking ottt (RO, The hlank g M o b
fpen ar held a1 & toga AL 1 when Autgat func inns O tReaugh 1% are desrsd, and The « pipte Blanking snias I cle e open oe
At alnguat 14l btanking 0l 8 decimial 0 1 nat decrmd, X © ingn

2 When s mgueat s

v he hugh or low,

g1t (1o 1y 11 the Btank ing ingrit (100 e cORAdILANY A A8GIIRGT DL N G 10 A 1as ) I vemgardiens ot the
Atate ot any Other
3 When the fipnie hia
OHEPUTY 99 Y0 A Og:

pul conmtition

ng input (AAT) and puts A, B, C, and D are at logical O, withyths l.mn teet at lngicat 1 all tagrent
1 O and the repple blanking output {RAN) goes to 8 logical O tresponge conditiont
4. When the Hank.ng input

inle bianking outit (RT7RAOY  open or held a1 a 1ogieat 1, and 8 10ge at 08 as st 1o This L 1eet
input, all segrent ouiputs gn 10 e logical 1,

~

TRUTH TABLE SN5449, SNT449

: . —INPUTS -~ outrrs -
DECIMAL
or )
suncnon | 4 sl am " b ela o] gfton
" R ) LI L LIRS0 RSO LN N L
| T T [ S O S )
[ i ] 8 MU A S
V 1 ] i e o
0 0 1 i{folo [T
5 1 [] 1 1 1 1 n ) 1
s ] 0 [ [ [ SO N B
H 7 i [ S R e )
L] 0 ! [ I S U U L)
3 [ | ite ] ~ i1 -
a [} L B )
it ] G N
12 A . D 0. 1 - t
T Al
T v [ [ T O ]
7 ] ] ! 1 3 N A )
® ¥ X ¥ ¥ [ 0 [ o [ Fl

HIATES; 1, The blonking Tnput muat be open oc hel4 -1 a logicel 1 when outpt [ mctiom
0 threngh 15 ove dotive

2. V%o o leiral N i nnnlied 1a #he hlant ian fant

. , A  BCD-TO-SEVEN-SEGMENT D!(ODER/DRIVERS



m - CIRCUIT TYPES SN5490, SN7490

MS| DECADE (OUN"RS. . CIRCUIT TYPES SN5490, SN7490

DECADE COUNTERS

absolute i i . a1 .
MS! TTL HIGH-SPEED DECADE COUNTERS o maximum ratings (over operating temperature rangs untess otherwise noted)
. . for applications in : : Supply Voitaga VG (SeaeNote3) . . . . . . . . ... .
. : v v P v
o Digital Computer Sy o Data-Handling S e Control § . nput VoltageVin (See Notes Jandd) . . v v v v b u e s o BBV
- JORN ) Operating Free-Air Temperature Range: SN5490Circuits’ . . .« « « + o « o « o « . » =B85°Ct0126°C
gic , . DUAL-IN-LINE PACKAGE (TOP VIEW) : - SNMgOCWeuits . . . . . .. ... ... .. . 0CwLI0%C
TR :  StorsgeTemperaturs Range . . . . . . . . . . Ve v e e e e .., . —85°CO1S0°C
TRUTH TABLES A NC A D GNO 8 C " NOTES: 3. Thess voltegs vaiues are with respect 10 networs ground terminel. :
BCD COUNT SEQUENCE wijspynepinljnglsye . _ 4 1NGUT Hignal Mmust be 2610 OF POLIIvE With reepect 10 Netwark ground serminel.
See Note 1) BESET/COUNT (See Nete 2) . ) ‘
count -8 RESET INPUTS  JOUTRUT c

s ToTo Tol ol [fanfoafemiemt®t* t operating conditions

v .o flo ol 1{1]o]|xjoooo . : . MIN  NOM  MAX | UNIT

2 oJof1]o 1] v ] x]o [o000 « : Supply Voltage Ve (See Note 3): SNE490Circuits . . » . o . « . . . . + .46 6 88| v

) olo v xlx| tl (1001 : . CSNT4BOCHCUIts . . o « o . . . s . . . J[478 8 8B WV

n T oo ~To 1o Jcoum} ‘ Nt?vmlludFun-OuthomEad-Outpul(SuNonS)‘ e e s e ee e e e e e 0

. Width of input CountPulse, to(in) « = « « « « « ¢ o o s « o o + » o » o| 80
L] o j1 jog ol x}]ojx JCOUNT 1 s [ s 1 . . Width of Rest Pulte, to(reset] -+ + « o - e . o . e e e e - : n
L L L L L ofx]x|o |COuUN D NC Voo B & ' . o ] B ]
7 ol i} x10l0!lx |count e o) oy T TCC e . OTE 8. Fon-out from sutput A te Input 80 end te 10 sdsitienal Serics 84774 1oads I Permitiad.
z w . . L. . . . .
8 Vg0 jojo NC-No Inwmal Connection FLAT PACKAGE (TOP VIEW) electrical characteristics over recommended opserating tempsraturs range (unless otherwiss notsd)
9 1 Jojoj . { e ) —
PARAMETER L.
‘ . . = riouns] TEST CONDITIONS? MIN  TYPE  MAX | UNT
NOTES: 1. Output A sonnected to ingut BO fer BCD sount. @ ' .
. 2. X indicates thet sither o legleal 1 of & leglesl O may Viatt) nput voltage requirsd to ensure ' ,
: be presem. . fogical 1 st any input terminal - 2 . v
mcription and typical count coqflwnuom o Ve Toe——T— —
. . Y . logical 0 at an 1 torminal () ] v
 These high-speed, monolithic decade counters conist ¥ tnent torm :
of four dualtank, master-siave flip-Hops internally . Vout(t) Logcsl 1 output voitsge 2 VEC=MIN,  loeg ™ —400 sA 24
i d to ide 8 divide-by-two counter ] v -
{ pr . . ti0) Logscal 0 output vol - . L e
snd adivide by-five counter, Gated direct reset lines r o e ' [VecmMIN, - lny = 16mA 04
are provided to inhibit count inputs and retum alf Logical § leval input current Vee » MAX,  Vin®
outpuls 10 zers of 10 a binary coded decimal {BCD) @ Lin(1) . ® Ag(1). Roi2). Rg(1), o 3 vcc . qu' vm 24V . 0 |
count of 8. As the output from fliptiop A is not - Ro2) : cc . Vin 58V T | mA
_ internally -connected to the succeeding stages, the . aee truth tabie Logcal 1 lovel ingut corrent oA - .
count may be separated in thres independent count_ o . D W rout A 3 vcc < m’(' Vin-24VY 0 ;uA
modes: ' cc X, Viq=85V TR
= 1. When wsd as a binery coded decimal dacade counter, the 8D input must be externatly connected to the A . fagyy oW level ingut current 3 |VecoMAX, Vin=24V : 100 | oA
output. The A input receives tha incoming count, and a count sequence is obtained in accordance with the " stirput 80 Vec = MAX,  Via =88V T T
BCD count soquencs truth table shown above. In addition to & conventional zero resst, inpus are provided : Logacsl O level input current
to resst a BCD count for nine’s ) ' d ) applh . ‘ hnt0y  StRgu1). Roia). Rgit), or 4 Vee=MAX, Via=04V 18 | ma
2. It a symmatricsl divide-by-ten count is desiced for freq synthasizers or other applications requiring Raiar ) )
division of a binary count by a power of ten, the D output must be externally connected to the A input. ' 4 hatO} Logxcal O level input current N
The input.count is then applied st the BD input and s divide-biy-1en square wave s obtained st output A, " atinput A VEC=MAX,  Vipu04V o S 32| mA
3. For operation a & divide-by-two counter and & divide-by-five counter, no-axternal interconnections are N - Logical O leval input current o |veoemAK. Vi-0av ’

* tequized. Flip-flop A is used as 8 binsry element tor the divideby-two function. The BD input is used to . I " input 8D . ¢ < VT S sA | m
obtain binary divide-by-five operation at the B, C, md D outputs. In this mode, the two counters operate 108 Short<urcuit output currentd [ Ve * MAX ’ SNG40 Z = .
independently, howsver, all four fip-flops sre resst simultansously. S SN140 ‘Tﬁ——‘.‘%‘"ﬁ:

' P : . ' - ' SN5450 3
Thess circuits ars complétsly compatible with Series 54/74 TTL and DL logic families, Average power dimipation lec Supply current 3 Vg =MAx Tnia0 3: g x
is 160 mW. : . PRSI i }

1¢ o, .
“::“tlmmm shown a8 MIN o MAX, use the appr value under e 1or the Berticuter




FIGURE 1, Diagram of the Action Potential of a
, ' Ventrlcular Huscle Cell
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FIGURE 2. Diagram of Action Potential Curves
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