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BIYOTELEMETRI SISTEMI

Bu cahsma Biyotelemetri sisteminin EKG kismmi olugturmaktadur.
Sistem pratik olarak gergeklenmektedir.  Sistem genel olarak bes kisimdan
olugmaktaduir,

Ik kisimda; yiizey elektrodlan ile EKG isaretleri algilanmaktadir. Bu
isaretler sag kol (RA),sol kol (LA), sol bacak (LF) derivasyonlandir; bunlar
Einthoven tiggeninde I, II, IIT nolu bipolar derivasyonlar ve frontal diizlemdeki aVR,
aVL, aVF unipolar derivasyonlarmi (Goldberger) olugturmak i¢in kullamlmaktadir.

Ikinci kisimda; sag bacak siiriiciisii kullamlmakta ve bu RA, LA, LF'den
alman igaretler kalbin vektor acgis1 bozulmayacak gekilde 3 egit direng ile siirticii
tizerinden sag bacaga verilir; siiriictiniin gérevi viicut lizerine sebeke veya diger
elektromanyetik etkilerden dolay1 ortak modda olugan gerilimlerin meydana getirdigi
kagak akimlarm sag bacak siiriiciisindeki diren¢ sayesinde diisiik akimlara
doniistiiriilerek viicudun olugacak akimlardan etkilenmesi 6nlenmis olmaktadir.

Ugiincii kisimda; filtreler, kuvvetlendiriciler ve offset ayar devresi
bulunmaktadir. Ilk kat K1 = 40 kazangh olup, filtreler ise énce algak gegiren filtre
olup iist kesim frekans1 110 Hz ve bu katin kazanct K2 = 2 segilmistir. Usgiincii katta
gentik (Notch) filtre konulup frekansi 50 Hz'e ayarlanmigtir, kazanci ise K3 = 1'dir.
Déordiincii kat K4 = 6.23 kazangh olarak diizenlenmis; besinci kata yiiksek gegiren
filtre konulup bunun kesim frekansi 0.34 Hz olarak diizenlenmistir; burada 6nceki
katlardan gelen DC offset kaymalar da Onlenmektedir. Altnci katta ise K6 = 2
kazangh ve tiim kanallar igin +2.5 Volt'luk pozitif yénde offset kayma saglayacak
offset devresi diizenlenmigtir. Bu sayede her kanalda toplam K = 1993.6'hik kazang
saglanmugtir. Tepeden tepeye 2 mV olan EKG isaretleri bu kuvvetlenme ile yaklas;ik
4V seviyesine yiikselmigtir. H8/532'nin ADC girigleri 0-5 V arasi ¢ahgtigmdan 2.5
V'luk pozitif yondeki offset Gteleme,isaretin 0.5 V ile 4.5 V arasmda H8'n ADC
girislerinde goziikkmesine neden olmaktadir.

Doérdiincii kisim; H8/532 16 bit mikrodenetleyicisi ve bunun ¢evre
birimlerinden oligmaktadir. Burada HS8'in gorevi 3 kanaldan gelen bilgileri dijitale
cevirmek ve bunlan seri ¢ikigindan vermektir. Yani burada her kanal 8 bit’e gevirilip
H/8’in seri ¢tkigindan her kanala bir start bir de stop biti eklenerek génderilmektedir.
Senkronizasyonu saglamak igin 1, 2 ve 3 nolu kanallarm oniine sifir bigisi igeren sifir
byte’1 eklenerek bilgisayarin RS-232’sine 9600 baud’luk bir hizla génderilmektedir.

Besinci kisim; PC bilgisayar tarafinda H8'den gelen bilgilerin porttan
okunmasi, kodlanmasy, I, II, I, aVR, aVL, aVF derivasyonlarmm elde edilmesi ve
bu derivasyonlarin real time siipiirme (sweep) grafigi ile monitérda gosterilmesmden
olusmaktadir. Hasta isimleri girilerek ekrandaki gerekli istenen grafikler hard diskte
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depolanmakta ve bunlar istenildiginde tekrar hard diskten ¢agnlarak ekranda
gosterilmektedir.



SUMMARY

BIOTELEMETRY SYSTEM

Biomedical Telemetry is a special area of biomedical instrumentation that
permits transmission of physiologic information from an often inaccessible location
to a remote site. The goals of biotelemetry include the capability for monitoring
humans and animals with minimum restraint and to provide faithful reproduction of
the transmitted data. Although some telemetry of physiologic is done via telephone
lines, the majority is carried via radio link. The encoding of physiologic data into
some unique format is common to all biotelemetry systems. Formats differ
according to system performance requirements, the number of required data
channels, size, and cost. The transmitting unit can be carried outside the monitored
subject as a backpack unit or can be implanted within the subject’s body after
appropriate miniaturization and sealing against body fluid.

Thanks to the innovativenes and resourcefulness of investigators, who
since the 1950s have developed biomedical telemetry to the useful and flexible
mstrumentation tool it is today, biotelemetry method are found in many areas of
medical research and clinical monitoring. Biomedical telemetry offers complete
electrical patient isolation and ambulatory freedom in the clinical monitoring setting.
With telemetry portable emergency care units, physiologic data such as ECGs can be
communicated to hospital base stations from remote emergency sites. The freedom
from attached wires and physical restraint is often desirable in human and animal
research. Biomedical telemetry has provided this freedom in a very broad and
diverse spectrum of experiments and animal species. Human stress and exercise
physiology, pH, CSF pressure, fetal and meternal physiology, and many others have
benefitted from the technique. Animals reported to have been monitored with
biotelemetry include cockroaches, lizards, fishsnakes, seals, birds, elk,
giraffes,dolphins horses, and turtles in the wild and dogs, cats, rats, rabbits, monkeys,
and baboons in the laboratory. Morover, virtually physiologic parameter has been
monitored with biomedical telemetry. Electrocardiogram (ECG), electromiyogram
(EMGQG), hidrogen ion consantration (pH), temperature, pressure, muscle contractile
forces, gait, and blood flow are the phiysiologic data that are most frequently
transmitted with the benefits of biomedical telemetry.

Electrical Activity of excitable cells

Bioelectric potentials are produced as result of electrochemical activity of
a certain class of cells, known as excitable cells, that are components of nervous,
muscular, or glandular tissue. Electrically they exhibit a resting potential, and, when
appropriately stimulated, an action potential, as we shall explained in the following
paragraphs.



The resting state

The individual excitable cell maintains a steady electrical potential
difference between its internal and external environments. This resting potential of
the internal medium lies in the range - 50 to -100 mV, relative to the external
medium.

The cell membrane is a very thin (7-15 nm) lipoprotein complex that is
essentially impermeable to intracelluar protein and other organic anions (A’). The
membrane in the resting state is moderately permeable to Na™ and rather freely
permeable to K and CI'. The permeablity of the resting membrane to potassium ion
(Px) is approximately 50-100 times larger than its permeabilty to sodium ion (Py.).
The reason for these differences in permeabilty of the membrane to various ionic
species is as yet unknown, but it may be based on the size of pores in the membrane.

For frog skeletal muscle, the K* concentration of the internal media is
140 mmol / liter, while that of the external media is 2.5 mmol / liter. Thus there is a
diffusion gradient that is directed outward across to membrane duen to the
concentration imbalance. The movement of the K* along this diffusion gradient
(while the nondiffusible anion components stays within the cell ) is in such a direction
as to make the interior of the cell more negative relative to the outside of the cell (i.e,
positive charge is removed from the interior). A transmembrane potential difference
is thus established. The membrane may than be described electrically as a leaky
capacitor. That is, it acts as a charge separator, yet it has a dielectric material (the
lipoprotein complex of the membrane itself) that allows a leakage flow of ions across
the membrane via pores. The electric field supported by the membrane capacitor is
directed inward from positive to negative across the membrane, and tends to inhibit
the outward flow of positively charged ions (such as CI'). Thus the diffusional and
electrical forces acting across the membrane are opposed to one another, and a
steady stead is ultimately achieved. The membrane potential at which this steady
state exists (considering K” to be the main ionic species involved in the resting state,
that is, Px » Py, ) is called the equilibrium potential for potassium Ex. It is measured
in volts, and is calculated from the Nerst equation :

_RT [K]o

| (K] |
= 0. !
[K]z 0.0615 - log1o ') @

[K]i

at 37° C (body temperature). Here n is the valance of K; [K]; and [K], are the intra-
and extracellular concentrations of K’ in moles per liter; R is the universal gas
constant ; T is absolute temperature in K ; and F is the Faraday constant. Equation
(1) gives a reasonably good approximation to the potential of the resting membrane,
which indicates that the resting membrane is effectively a potassium membrane. A
more accurate expression for membrane equilibrium potential E that accounts for the
influence of other ionic species in the internal and external media was first developed
by Goldman (1943) and later modified by Hodgkin and Katz (1949), who assumed a
constant electric field across the membrane

Ex
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E = RT I Px[K]o + Rv«[Na]o +P0[Cl]i
~F (PK[K]f + Pu[Na]i + Pa[Cl]o

M (i)

Here E is the equilibrium transmembrane resting potential when net current trough
the membrane is zero and P is the permeability coefficient of the membrane.

Maintaining steady-state ionic imbalance between the internal and
external media of the cell requires the continual active transport of ionic species
diffusing gradients. The active transport mecanism is located within the membrane,
and is sometimes referred to as the sodium-potassium pump. It activly transport Na*
out of the cell and K™ into the cell. Enegy for the pump is provided by a common
source of celluar energy, adenosine triphosphate (ATP).

The Active State

Another property of an excitable cell is its ability to conduct an action
Potential ( Figure 2.2 ) when adequately stimulated. An adequate stimulus is one
that brings about a depolarization in a membrane that is sufficent to exeed the
threshold potential of the membrane and therby elicit an all-or-none action potantial
that travels in an unattenuated fashion at a constant conduction velocity along the
membrane of the excitable cell. Because of the steady restinig potential, the
membrane is said to be polarized. A lessening of the magnitude of this polarization is
called depolarization, while an increase in magnitute is referred to as
hyperpolarization. The all-or-none property of the action potential means that the
membrane potential goes through a very characteristic cycle; a change in potential
from the resting level of a certain amount for a fixed duration of time; for a nerve
fiber V = 120 mV and the duration is approximately 1 ms. Further increases in
intensity or duration of stimulus beyond that required for exeeding the threshold level
only produce the same result.

The origin of the action potential lies in the voltage in the voltage and
time -dependent nature of the membrane permiabilities to specific ions, notably
sodium and potassium. As the membrane is depolarized, the permeability of the
membrane to sodium Py, (or, equivalently, the conductance the conductance of the
membrane to sodium gy, ) is significantly increased. As aresult, Na" rushes into the
internal medium of the cell, bringing about further depolarization, whgch in turn
brings about a further increase in gy, (that is, g, is depent on the voltage across the
membrane). If the membrane threshold is exeeded, this proses is self- regenerative
and leads to runaway depolarization. Under these conditions, the membrane
potential tends to approach the Nerst potential of sodium, Ey,, which has a value of
about +60 mV.

The membrane potential never achives this level, however because of
two factors: (1) gna is not only voltage-depent, but also time-dependent and(2) Ther
is a delayed increase in gK that acts as a hyperpolarizing influence, tending to return
the membrane to resting levels (Figure 2.1 ). As the membrane potential ultimately
return to the resting level, gk is still elevated with respect to its resting value and
return slowly along an exponential time course. Since potassium ions continue to

viii



leave the cell during this time, the membrane hyperpolarizes and an undershoot is
produced in the transmembrane potential waveform (Vm).

Anatomy and function of the heart

The heart serves as a four-chambered pump for the circulatory system
(Figure 3.1). The main pumping function is supplied by the ventricels, and the atria
are merely antechambers to store blood during the time the ventriculs are pumping.
The resting or filling phase of the heart cycle is referred to as diastole. The
contractile or pumping phase is called systole. The smoot, rhthmic contraction of the
atria and ventricels has an underlying electrical precursor in form of a well-
coordinated series of electrical events that take place within the heart. That this set
of electrical events is intrinsic to the heart itself is well demonstrated when the heart
(particularly that of cold~blooded vertebrates such as the frog or turtle) is removed
from the body and placed in a nutrient medium (e.g., glucose-Ringer solution).The
heart continues to beat rhythmically for many hours. The coordinated contraction of
the atria and ventricels is set up by a specific pattern of electrical activation in the
musculature of these structures. Moreover, the electrical activation patterns in the
walls of the atria and ventricles are initiated by a coordmated series of events in the
“specialized conduction system” of the heart(Figure 3.1 ).

In relation to the heart as a whole, the specialized conduction system is
very small. It constitutes only a minute portion of the total mass of the heart. The
wall of the left ventricele (Figure 3.1 ) is 2.5-3.0 times as thick as the wall of the right
ventricle, while the intraventricular septum is nearly as thick as the left ventricular
wall. The major portion of the muscle mass of the ventricle consists of the free walls
of right and left ventricels and septum. Considering the heard as a bioelectric source,
strenght of this source can be expected to be directly related to the mass of the active
muscle (i.e., the number of active myocardial cells). Therefore the atria and the free
walls and septum of the ventricels can be considered the major contributors to
external potential fields from the heart.

In clinical electrocardiography,more than one lead must be recorded to
fully describe the heart’s electrical activity. In practice, several leads are taken in the
frontal and transverse planes.

Three basic leads make up the frontal -plane ECG. These are derived
from the various permutations of pairs of electrodes when one electrode is located on
right arm (RA in Figure 3.6 ), the left arm (LA), and the left leg (LL). Very often an
electrode is also placed on the right leg (RL) and grounded or connected to special
circuits. The resulting three leads are lead I,LLA to RA; lead II, LL to RA; and lead
II, LL to LA. The lead vectors formed can be approximated as an equilateral
triangle, known as Einthoven’s triangle, in the frontal plane of the body. The
components of a particular cardiac vector can be easily determined by placing the
vector within the triangle and determining its components along each side. The
proses can also be reversed, allowing us to determine the cirdiac vector when we
know the components along the three lead vectors, or at least two of them. It is this
latter problem that usually concerns the electrocardiographer.
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Three additional leads in the frontal plane -as well as a group of leads in
the transverse plane - are routinly used in taking clinical ECGs. These leads are
based on signals obtamed from more than one pair of electrodes. They are often
referred to as unipolar leads because they consist of the potential appearing on one
electrode taken with respect to an equivalent referance electrode, which is the
average of the signals seen at two or more electrodes.

One such equivalent reference electrode is Wilson central terminal,
shown in Figure 3.9. Here the three-limb electrodes just described are connected
through equal-valued resistors to a common node. The voltage at this node,which is
the Wilson central terminal, is the average of the voltages at each electrode. The
signal between LA and the central point is known as VL; that at RA, as VR; and that
at the left foot, VF. Note that for each of these leads, one of the resistances R shunts
the circuit between the central terminal and the limb electrode. This tends to reduce
the the amlitude of the signal observed, and we can modify these leads to augmented
leads by removing the connection between the limb being measured and the central
terminal. This does not affect the direction of the lead vector, but results in a 50%
increase in amplutude of the signal.

The augmented leads - known as aVL, aVR, and aVF - are illustrated in
Figure 3.9 ,which also illustrates their lead vectors, along with those of leads I, II,
and ITI. Note that when the negative direction for aVR is considered with the other
five, all six vectors are equally spaced, by 30°. It is thus possible for the cardiologist
loking at an ECG consisting of these six leads to estimate the position of the cardiac
cycle by seeing which of the six leads has the greatest signal amplitude at that point in
the cycle.

This project consists of ECG part of Biotelemetry System. The system is
realized pratically. This project generally contains five different parts.

In the first part ECG signals are sensed by means of surface elektrodes.
This signals are derivations of right arm (RA), left arm (LA), left foot (LF); which
are used for LILII numbered bipolar derivations at Einthoven triangle and to
constitute aVR, aVL, aVF unipolar derivations at frontial plane.

In the second part; the signals sensed from RA, LA and LF are
connected through the driver by three equals resistors without affecting the vector
angle of the heard; the function of the driver is to prevent the body from the leakage
currents, conmstituted by the common mode voltage because of mains and
electromagnetic wave effects on the body; are reduced from high to the low curren
levels due to the effective output resistor of the right foot driver.

In the third part; there are filters, amplifiers, and offset adjusting circut.
The first block has a gain of K;=40 , and the second block is a low pass filter having

a cut off frequency of 110 Hz and a gain of K»=2. In the third block; a Notch filter
that frequency is of 50 Hz; is designed and its gain is of K3=1. In the fourth block; a
circuit having a gain of K4=6.23 is designed; after that in the fifth block; a high pass
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filter is designed and its cut off freqency is of 0.34 Hz, in this block the DC offsets
coming from the early blocks are also prevented. In the sixth block; a circuit is
arranged for a gain of Kg=2 and its output DC level is shifted by +2.5 Volts.

As a result in the every three channels a gain of K= 1993.6 is totally
ensured. ECG signals having a peak to peak voltage level of 2 mV on the body are
approximately amplified to the level of 4 Volts peak to peak voltage levels or -2 V to
+2 V. Due to running of HS8/532 microcontroller its ADC port accepts a range of
0-5 Volts input signal. The shifting of +2.5 Volts in the positive direction by offset
circuit causes the input signal to become in the level of +0.5 Vto +4.5 V.

The fourth part has H8/532 microcontroller of 16 bits and its peripheral
devices. In this place, the first one of the functions of H8 is to convert the signals
coming from 3 different chamnels to the digital signals, 8 bits, having 224
Samples/second sampling rate and 9600 baud rate and is to send them to the serial
output of the microcontroller. The second one is to constitute a senkronization byte,
used before first, second and third channels’ sampled bytes.

The fifth part includes receiving data; sent by H8; at RS-232 port side of
the PC, computing LILIII, aVR, aVL,aVF derivations and these derivations are
monitored by real time sweep graph on the PC screen. In addition, entering the
patient names information -graphs- on the screen can be saved into the hard disk and
whenever they are necessary for the observer ( Medical Doctor etc.), they can be
monitored on the PC screen.
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BOLUM 1.

GIRIS

1.1 Telemetrinin Tarihgesi ve Gelecegi

Biyomedikal telemetri ¢ogunlukla erisilemeyen bir bélgeden uzak bir
goriintilleme bélgesine fizyolojik bilgilerin iletimine izin veren 6zel bir biyomedikal
enstriimantasyon alamdir.  Biyotelemetrinin hedefleri,iletilen bilgilerin giivenilir
sekilde tekrar elde edilmesini ve mmimum kisitlamayla insan ve hayvanlardan alman
bilgilerin goriintiilenmesini saglamaktir. Buna ragmen baz bilgilerin telemetrik
iletimi telefon hatlan yoluyle yapilir, ¢ogunluklada radyo link yoluyla gergeklesir.
Bazi tek yapidaki fizyolojik verilerin kodlanmasi tiim biyotelemetri sistemlerinde
ortaktir. Bu yapilar sistem performans ihtiyaglarma, gerekli veri kanali sayisma,
boyutuna ve fiyatma gore farkhdir. Verici initesi ya canlnm sirt bélgesine muhafaza
edilmis gekilde konur yada uygun kiigiiltme ve viicut sivilarma karg1 uygun koruma
yapildiktan sonra viicut igine yerlegtirilir.

Kullamigh ve gok esnek bir yapida olan biyotelemetri sistemini bugiinlere
getirmig olan aragtrmaciarm yenilik ve becerikliliklerine tesekkiir etmek gerekir ki
bu biyotelemetri metodlarina birgok tibbi aragtirma ve klinik gériintiileme alanlarmda
yer bulunmugtur. Biyomedikal telemetri sistemi klinik goriintiileme sistemlerinde
hastaya tamamen elektriksel izolasyon ve hareket serbestisi saglar. Tagmabilir acil
telemetri saghk iiniteleri ile, EKG gibi fizyolojik veriler uzak acil bélgelerden ana
hastane merkezlerine iletilebilir. Fiziksel ksitlama ve viicuda baglanmig kablolarin
olmamasi serbestist insan ve hayvan aragtrmalarmda siklikla arzu edilmektedir.
Biyomedikal telemetri ¢ok genis ve farkli deneysel alanlarda ve hayvan tiirlerinde bu
serbestiyi saglamigtir. Insan stresi ve egzersiz fizyolojisi, PH, fetal ve anne fizyolojisi
ve bir gok alanda bu teknikten yarar saglanmugtir. Vahsi hayattan biyotelemetri ile



goriintiilenen hayvanlardan hamambdécekleri, kertenkeleler, baliklar, yilanlar, foklar,
kuglar, geyikler, zirafalar, yunus baliklan, atlar ve kaplumbagalar; labaratuvar
ortammda ise kopek, kedi, fare, tavsan ve maymunlarm rapor edildigi ifade
edilmektedir. Buna ek olarak, her tiirlii fizyolojik parametre biyomedikal telemetri
ile gorintilenmigtir. Elektrokardiyografi (EKG), elektroensefolografi - (EEQG),
elektromiyogram (EMG), hidrojen iyon konsantrasyonu (pH), sicaklik, basing, kas
kasiima kuvveti, yirime ve kan akisi biyomedikal telemetri ile siklikla iletilen
fizyolojik verilerdir.



BOLUM 2.

EKG OLUSUMU VE OZELLIKLERI

2.1. Biyolojik Isaretler

Biyolojik sistemler yagam fonksiyonlarm siirdiiriirken yasam igin gerekli
birgok isaretler iretirler. Biyolojik isaret veya biyoelektrik potansiyel olarak
isimlendirilen bu isaretler canlnin ve 6zel olarak insanmin i¢ haberlesme, kontrol ve
zihinsel aktivitesinin sonucu olarak ortaya cikarlar. Biyolojik igaretlerde gézienen
bozukluklar, bu isaretin kaynaklandig sistemdeki bozuklugu yansitirlar, Bu nedenle
biyolojik igaretlerin iglenmesi ve yorumlanmasi giiniimiizde hastalik teshisinde énemli
bir yer tutmaktadir.

Biyolojik isaretlerden elektrod adi verilen ve kimya-elektrik enerji
doniistimii yapan doniigtiiriiciilerle deri {izerinden algilanan ve klinik ¢ahigmalar i¢in
onemli olanlari; beyinden algldanan elektroensafalogram (EEQG), kalpten algilanan
elektrokardiyogram (EKG), kasdan algilanan elektromiyogram (EMG) igaretleridir.
Bu isaretlerin temelinde hiicrenin elektro-kimyasal aktivitesi vardir ve herhangi bir
biyolojik sisteme ait biyolojik igaretler, o sistemi olugturan hiicrelerin ekeltriksel
aktivitelerinin toplam olarak algilanirlar.



2.2 Aksiyon Potansiyeli

Biyolojik igaretlerin kaynag: olarak ele alman hiicrenin membraninm
(zarmm) iyonlara kargi olan segici gecirgenli§i, membranm iki yiizii arasinda, bagka
bir deyigle hiicrenin igi ile digt arasmda, membran potansiyeli adi verilen bir
potansiyel farkinmn olugmasma neden olur. Membran potansiyeli, Sodyum (Nat),
Potasyum (K+) ve Klor (CI') iyonlarmm, hiicre zarmmn bu iyonlara karst segici
gecirgenlii nedeniyle ortaya gikan, hiicre igi ve dismmdaki konsantrasyon farklarmn
sonucu olarak sifirdan farkhi bir deger ahr ve hiicre dist referans alnarak
degerlendirilir. Iyon komsantrasyonlarmm hiicre igi ve dignda farkh
konsantrasyonlarda, bir denge i¢inde, bulunmas: pasif ve aktif transport olaylan ile
aciklanabilmektedir.

Pasif Transport: Pasif transportta, iyonlar ¢ok yogun ortamdan az yogun ortama
dogru (konsantrasyonun ¢ok yogun oldufu yerden az yogun oldugu yere dogru)
enerji gerekmeden difiizyon ile pasif olarak gegerler. Ancak bu gegisi, bir yerde,
kars1 yonde etki yapan hiicre igi potansiyeli smirlar. Hiicre i¢i potansiyelnin esas
kaynag ise iyonlara goére segici gegirgenlifi olan hiicre membramdir. Hiicre
membrani, negatif yikli anyon durumundaki agir molekiill yapih hiicre igi
proteinlerini hiicre digma gegirmez. Bu nedenle negatif yiikli Cl iyonlann da hiicre
i¢ine giremez. Pozitif iyonlardan K+ ise Na* iyonuna gére hiicre membraninmndan
daha kolayhkla gegerek hiicre igine, bu hiicre igi negatif potansiyelinin etkisi ile girer.
K+ ve Na* iyonlarmm hiicre igine girisi ancak kendilerine 6zgii olan kapilardan (K
kapilan ve Na kapilan) olur. Na kapilan, hiicre dinlenmede iken, Na* iyonlarmi
zorlukla gegirmektedir.  Yani hiicre membranmm hiicre dinlenmede iken
permeabilitesi (gegirgenligi, iletkenlifi) daha azdwr. Difiizyon ve elektrik alam
etkilerinin birbirlerini dengeledigi kararli durumda, her iyona 6zgu denge potansiyeli,
belli sicaklhikta o iyona ait hiicre igi ve hiicre dist konsantrasyonlariyla baglantih
olarak "Nernst esitligi" ile verilir. Omegin bu esitlik, K* iyonlan igin, K+ iyonunun
hiicre digt konsantrasyonu [K*], ile, hiicre i¢i konsantrasyonu [K*]; ile ve isil
gerilim VT ile gosterilmek iizere,



K]
Vi=Vrin e 2.2.1)

olarak verilir. T=300 K i¢in V =26,7mV, [K+]o=5 mmol/l,

[K*+]i = 150 mmol/1 alnwsa, Vg = -91 mV bulunur. Nat ve CI' iyonlan i¢in
Nemnst esitlikleri ise hiicre i¢i ve digt Na* ve CI' konsantrasyon degerlerime gore,
VNa = +62 mV ve Vg = -90 mV olarak elde edilir. Hiicre i¢i potansiyeli (membran
potansiyeli, Vi, ) ise, iyonlarm denge potansiyellerine oldugu kadar, membranm
iyonlara olan gegirgenlifine (veya iyonlarm membran ortammdaki hareket
yetenegine, ki burada p ile gosterilecektir) de bagimh olarak Goldman bagmtisi ile
verilir .

,uk.[K*]o + Uy, ~[Na+] +

V =V, -In — ,
4 /'lk.[K+:|i T Hya ’[Na+]

m

Bu esitlikte una, MK ve ucl, membranm sirasi ile Na, K ve Cl
iyonlarma olan gecirgenlikleri [Na], [K] ve [C]] ise bu iyonlarn verilen indise gore
hiicre igi ve hiicre digt konsantrasyonlarm: gostermektedir. Normal bir hiicrenin,
hiicre uyanlmadigs siirece kararh kaldifn membran potansiyeli, sukunet veya
dinlenme potansiyeli adm alp -90 mV'luk bir degere sabiptir.  Dinlenme
durumundaki hiicre i¢i potansiyeli gesitli hiicreler i¢in farkh degerlerde olmaktadir.
Omegin kalp kasi igin -95mV, siniis diigiimii igin -65 mV, iskelet kasi igin -70mV,
insan alyuvarmda -10mV olmaktadir. Bu potansiyel nedeni iledir ki hiicre
dinlenmede (siikunette) iken "polarize olmugtur" denir. Bu nedenle hiicre igi
potansiyelinin dinlenme durumundaki degerine de "dinlenme (siikunet) potansiyeli”
veya "polarizasyon gerilimi" ad1 verilir. Hiicre uyarilmadigi durumda her zaman igin
bu denge durumunda kalmaya galigacaktir. Hiicre dinlenmede iken bile iyonlara olan
gecirgenligi sifir degildir. Gerek sifir olmayan bu gegirgenlik ve gerekse membran
potansiyeli ile iyonlarm Nemst denklemi ile verilen denge potansiyelleri arasmdaki
farkm sifir olmast nedeniyle K ve Na iyonlar, denge durumunda bile pasif transportla
hiicre membranindan gegerler. Ancak iyonlarm Na-K pompasi adi verilen aktif



transport ile gerisin geri geldikleri yerlere iade edilirler. Cl iyonlar i¢in membran
potansiyeli, denge potansiyeline esittir ve Cl iyonlann i¢gin membram1 gegmesine
zorlayacak etki yoktur ve gene bu nedenle bu iyonlar i¢in aktif transporta da gerek
yoktur.

Aktif Transport: Aktif Transportta, bir enerji yardim ile iyonlar, ¢gok yogun
olduklar1 ortama dagru ( Nat hiicre digma, K+ hiicre igine dogru) aktif olarak bir
tastyic1 yardiom ile tagmirlar. Boylece hiicre igi ve digi arasindaki iyon konsantrasyon
oranlart da korunmus (sabit tutulmus) olur. Aktif transportta gerekli enerji ATP
(Adenozin trifosfat) bilesiklerinden saglanir. Aktif transport, organizmada enerji
tiikketimini gerektiren en Onemli olaylardan biridir. Hiicre denge durumunda iken
iyon dagihmlarmdaki denge su sekilde 6zetlenebilir:

Negatif yiiklii agir protemnlerin hiicre iginde yogun olusu ve hiicre
zarmdan disan gecemeyisi nedeniyle hiicre igi negatif potansiyeldedir (V=90 mV).
Cl iyonlari, denge potansiyeli ancak bu gerilim engeli kadar oldugundan hiicre igine
gecemezler. Aktif transport devamh hiicre igine tagman K+ iyonlar, denge
potansiyeli hiicre zan potansiyelinin ¢ok az lizerinde oldugundan, pasif transport ile
¢ok az miktarda hiicre digmna gikarlar. Aktif transport ile hiicre digma atillan Nat
iyonlari, hiicre zarmm kendilerini ¢ok zor gecirmeleri nedeniyle ¢ok az miktarda
hiicre igine girer. Bdylece pasif transportla hiicre igine giren Na*, aktif transportla
geri hiicre digma atthr. Pasif transportla hiicre digma gegen K+ ise aktif transportla
geri hiicre igine ahmir ve sonunda denge olugur. Hiicre i¢i ve digindaki iyon
konsantrasyonlan da boylece korunmus olur. Iyon konsantrasyonlarmdaki dengenin
pasif transportla bozulmasi durumunda aktif transport mekanizmasi dengeyi kuracak
yonde daha aktif olarak ¢ahsir.

Isik, mekanik, magnetik, 1s1 ve daha ¢ok elektrik (akim veya gerilim)
veya kimyasal etkiler ile hiicre uyarildiginda hiicre zarmm Nat iyonlarma olan
gecirgenlifi ( pNa ) 500 kat kadar artar ve Nat iyonlan hizla hicre igine girerek
hiicre igi potansiyelini poztif bir degere getirmeye gahgir. Nat iyonlarma olan



gecirgenligin bu kadar artmasina, uyanima durumunda Na kapilarnm iyice agilmasi
neden olmaktadir. Hiicre uyanldigmda K kapilan da Na kapilan kadar olmamakla
beraber biraz daha acilir ve K+ iyonlarmm hiicre digma ¢ikisi biraz artar. Na kapilan
aglarak Nat  iyonlarmm bir ¢1§ gibi hiicre i¢ine girmesi sonucunda, hiicre igi
potansiyeli +20 mV degerme ulagir. Hiicrenin uyanimas: sonucu olugan bu olaya
"depolarizasyon" adi verilir. Depolarizasyon siiresi, normal hiicrelerde 1-2 ms
kadardur.

Hiicre igi potansiyeli +20 mV olunca, gerilime duyarl Na kapilarinm bir
kismi kapamir ve Nat iyonlarma kargi hiicre zarmm gecirgenligi ¢ok c¢abuk eski
durumuna gelir. Bu sirada, K+ iyonlarma olan hiicre zan gegirgenligi iist diizeydedir.
Hiicre i¢ine giren Na* iyonlan kadar K+ iyonlarmm hiicre digma ¢ikmas ile hiicre igi
potansiyeli dinlenme durumundaki deferine gelmis olur ki bu olaya da hiicrenin
tekrar polarize olmast anlamma gelen "repolarizasyon" adi verilir.  Hiicre igi
potansiyeli normal dinlenme durumundaki degerine gelmigtir ancak iyonlarin
konsantrasyon dagihmlan normal degildir.  Ciinkii, son durumda, dinlenme
durumundakinin tersme Nat hiicre iginde, K+ ise hiicre digmda daha fazladir.
Buraya kadar olan olaylarda agm enerji kullanimi gerekmemektedir. Iyonlarm tekrar
eski dagihmlarma dénmeleri Na-K pompas: (aktif transport) yardimiyla olmaktadr.
Hiicrenin depolarize ve repolarize olmasi siirelerinde hiicre zarmm Na+ ve K+
iyonlarma olan gegirgenlikleri ile hiicre zan potansiyelinin zamana gére degisimleri
Sekil 2.1'de temsili olarak gdsterilmigtir.

Hiicre igi potansiyeli polarizasyon degerine yaklagirken hiicrenin K+
iyonlarma olan gegirgenligi st diizeydedir ve bu nedenle bir siire daha hiicre digma
K+ tagimas1 devam eder (g, 'mmn azalma egimi daha digiiktiir, Sekil 2.1 ) ve bu
durum hiicre i¢i gerilimini polarizasyon degerinin daha da altma diigirir. Bu
durumdaki hiicre "hiperpolarize” olmugtur. Membran potansiyelinin,birbirini izleyen
depolarizasyon ve repolarizasyon olaylan sirasmdaki degigsimi pozitif bir darbe
seklindedir ve bu degigime "aksiyon potansiyeli" adi verlir. $ekil 2.2'de aksiyon
potansiyeli, uyaran ile birlikte yeniden ¢izilmigtir. Canh organizmanm haberlesme



sistemi elemant olan sinir hiicresinde bilgi ve emirler, o hiicrenin gekli ve genli§i hep
aym olan aksiyon potansiyelinin olsturdufu darbe katarmm frekanst lizerinde
tagmmaktadir.

Ena’Bx §
B
(bagil) Na
g
Q l t
A '
| s .
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|
|
!
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Sekil 2.1  Depolarizasyon ve repolarizasyon durumlarmmda Na*+ ve K+
iletkenliklerinin ve buna bagh olarak hiicre zan potansiyelinin

( Vin'n ) zamana gore degisimleri.
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Sekil 2.2 Uyan ve aksiyon potansiyelinin degigimi.



Belli genlikte uyar verildiginde hiicrenin depolarize olabilmesi igin uyart
siiresinin belli bir minimum degerin iizerinde olmasi gerekir, ¢linkii hiicre ancak
hiicre igi potansiyeli belli bir esik degerine (-60 mV'a) ulaghfmnda uyanlmig
olmaktadir ve hiicre igi potansiyeli bu egik degere ulasana kadar da belli bir siire
gerekir. Uyar, hiicre igi potansiyeli bu egik degferine erigtikten sonra kesilse bile
hiicre igi potansiyeli arik dig uyarilarm etkisinde kalmadan kendilifinden +20 mV
depolarizasyon gerilim degerine hizla ¢ikar ve hiicre tetiklenmig olur. Demekki
hiicre, hiicre igi potansiyelini egik seviyesine ¢ikaran uyaranlar i¢in tetiklenmis
olmaktadir, aksi halde hiicre i¢i potansiyeli esik degerinim altmda kalan bir potansiyel
degisimi verse bile tetiklenmemis sayilmaktadir. Yani hiicre bir uyarana karsi ya
tetiklenmis olmaktadir veya tetiklenmemis kalmaktadir ki buna "hep veya hig kurah"
veya "ya hep ya hig kurali" adi verilirr Yalmz tetiklenen hiicre tetiklendigi
depolarizasyon gerilim seviyesinde fazla kalamaz ve tekrar eski durumuna dénmeye
cahgir. Bu sekli ile hiicre, giriginde esik seviyesi olan bir monostabil devre (tek
kararh ikili devre) gibi calismaktadir.

(V) v, (o) V, (V) 4V
+20 ¢ +201
0__] t 0
-70—
-90
—
1xs 4dms

Sinir Gizgili kas Kalp kasa

Sekil 2.3 Cesitli hiicrelerde aksiyon potansiyelinin degigimi.
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Hiicre uyarldiktan sonra en giddetli uyaranlara bile cevap vermedigi kisa
bir siire vardir ki bu siireye "mutlak bekleme siiresi (absolute refractory period)" adi
verilir (Sekil 2.2). Mutlak bekleme siiresinden sonra hiicrenin ancak giddetli

uyaranlara cevap verebilecegi "bagil bekleme siiresi” vardur.

Aksiyon potansiyelinin degigimi cesitli hiicrelerde farklihklar gosterir
(Sekil 2.3). Sinir ve ¢izgili kastaki akséyon potansiyeli, siire ve genlik bakimmdan az
¢ok farkeder. Kalp kasmda ise sekil biraz degisiktir. Kalp kasi potansiyelinde, 0
mV'da kaldia 200 ms kadar uzunca siireli bir plato vardr ve daha sonra bu

potansiyel hazla dinlenme potansiyeline diismektedir.



BOLUM 3.

ELEKTROKARDIYOGRAFI

3.1 GIRIS

Insan viicudu iizerinden algilanan ve kalbin elektriksel aktivitesinin
sonucu olarak ortaya ¢ikan belli tipteki biyolojik isaretlere ekeltrokardiyogram,
elektrokardiyografik isaret, EKG isareti veya kisaca EKG adi verlir. EKG
isaretlerinin gosterilmesini veya kaydedilmesini saglayan cihazlara Elektrokardiyograf
ve EKG ile ilgili sistem ve olgulara da genel olarak Elektrokardiyografi denir. insan
oliimlerinin biiyiik bir yiizdesini kalp rahatsizhklan olusturmaktadir. Bu yiizden
kalbin gahgmasi sirasindaki bozukluklarmm iyi bir géstergesi olan ve insan viicudu
tizerinden, yaralama, desme yapmadan kolaylhkla elde edilebilen EKG igaretleri,
islenme ve yorumlama agisindan biiyiik 6nem tasimaktadir. Bu béliimde EKG
isaretlerinin degisim gekli ve olusumu iizerinde kisaca durulduktan sonra, algillanmasi
ve iglenmesi konusu ele alimmaktadir.

3.2 ELEKTROKARDIYOGRAM

Insan viicudundaki tiim kaslar biyoelektrik uyanlarla kasiimakta ve
bunun yanmda kendine has biyolojik igaretler tiretmektedir. Uyarilan kasm yakmina
konan bir ¢ift elektrod aracilifiyla, kasm kasilmasi sirasinda ortaya gikan elektriksel
isaretlerin izlenmesi mimkiindiir. Kalp kaslar1 da, belli bir ritimde kendi igindeki
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simiis diigimi (SA digimi) tarafindan periyodik olarak kendilifinden tretilen
elektriksel igaretlerle uyarlmakta, bu uyan sonucunda da kalp periyodik olarak
kasilip gevseyerek viicudun ihtiyaci olan kam1 pompalamaktadir, Bu pompalama
islemi i¢in kalp kaslarmm bir diizen iginde kasimasi gerekmektedir ki bu, kalbm
elektriksel iletim sistemi yardimiyla olur(Sekil 3.1). Kalbin iletim sistemi, SA
diigiimii (sino-atrial diigiim), AV diigimii (atriyo-ventrikiiler diigiim), his demeti ve
purkinji liflerinden olugur.

Normal EKG isareti, kalbin dinlenme durumundaki izoelektrik seviyesi
(taban seviyesi) iizerinde swralanan belli bash P, Q, R, S, ve T adlan verilen
dalgalardan olugur (Sekil 3.2). S-A diigiimiinde meydana gelen depolarizasyon
dalgasi, kulakgiklar igindeki iletim yolu iizerinde 30 cm/s hizla ilerlerken kulakgik
kaslarm1 uyarir ve bunun sonucunda kulake¢iklar bir biitiin oiarak kasilarak kendi
iginde kalmig kanmn tiimiini karmciklara pompalar. Kulakgiklarn kasilmas: sirasmda
EKG igaretinde P dalgas1 ad1 verilen degigim olugur.

Aks iyon potansiyelleri

/
sa daginis L ININ

yvd
L
. 7 L
Y

1

\
7"&-‘\»
\
Purkinje ~L..~ r\
g Tifleri : NN
T
- R
. . Ventrikiils
Purkinje
lifleri Septum
; !
EXG ¢ TN 1 N
1 1 1 t(s)
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Sekil 3.1. Kalbin elektriksel iletim sistemi, kalbin ¢esitli bélgelerindeki
aksiyon potansiyelleri ve EKG.
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Sekil 3.2. EKG isareti iizerindeki tipik dalga sekilleri ve araliklar.

0,1 s kadar siiren P dalgasmm genligi, kulak¢ik kasmm aktivitesi
hakkmda bilgi verir. Depolarizasyon dalgas: kulak¢iklarla karmciklar arasmdaki AV
digimiine gelince iz 5 cm/s'ye kadar diiger. Bu sayede, AV diigiimii, bir gecikme
elemam gibi gorev yaparak aksiyon potansiyel dalgasmmn karmciklara, kulak¢iklar
kasildiktan 0,1 s sonra ulagsmasma neden olur. Aksiyon potansiyeli dalgasi, his
demeti ve purkinje lifleri yardimiyla tiim karmncik kaslarma 3 m/s gibi bir hizla
yayiinca karmcik bir biitiin olarak kasir. Karmciklann kasimasi sirasmda EKG
isaretinde 0,1 s kadar siiren ve QRS kompleksi ad1 verilen degisim gozlenir. Q, R ve
S dalgalarindan olusan QRS kompleksinin 0,1 s'den daha uzun siirmesi karmciklarin
hem zaman olarak uyanlmadiklarmi gosterir.  Karmcik kaslarmm kulakgik
kaslarmdan daha ¢ok ve giicli olmasi nedeniyle QRS kompleksindeki R dalgasi, P
dalgasmmdan genlik olarak oldukga biiyiiktiir. Bunun yanmda R dalgasinm genliginin
normalden biiyiik olmas: hipertansiyonda kalp biiylimesinin bir gostergesi olabilir. S
dalgasindan sonra karmcik kaslari aym potansiyeldedir ve bu nedenle T dalgasmna
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kadar EKG igareti izoelektrik seviyededir. Bu seviye ST segmenti olarak
bilinmektedir. Karmcik kaslarmm hizh repolarizasyonu sonucunda T dalgas1 olugur.
EKG igaretinde dalgalar arasinda kalan uzaklhklara "aralik" ad: verilir. PR araligi, his
demeti iletim zamanm gosterir. PR aralifmm 0.2 s'den uzun olmasi, his demetinde
bir iletim bozuklugu oldugunu belirtir. ST aralify 6zel olarak ST segmenti olarak
isimlendirilir ve normalde izoelektrik seviyededir. ST segmentinin izoelektrik
seviyeden olan sapmalari ve anormal uzunlugu da kalbin normal ¢aligmayigmm
gostergeleri olarak kullanilmaktadir. ki R dalgasi arasi uzakhiga RR aralig veya bir
kalp periyodu adi verilir. RR aralify, kalbin dakika vurum hizmm bir gostergesidir ve
kalp rahatsizhiklarmm teghisinde kullamilan parametrelerden biridir.

v
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Sekil 3.3 Biyolojik isaretlere ait gerilim ve frekans seviyeleri.
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3.3 Biyolojik Isaretlerin Gerilimi ve Frekans Seviyeleri

Sistemde kullanacagimz elemanlarin kazang ve band genigliklerinin tayini
agismdan biyolojik igaretlerin fiziksel 6zelliklerini bilmemiz gerekmektedir. Gerilim

s W oo

ve frekans seviyeleri Sekil 3.3'de gériildiigii gibidir.

Asil amacimiz FKG igaretlerinin taginmasi oldugu igin frekans bandi 0.1-
150 Hz, gerilim seviyesi 10-2-10-4 V arasmda olan EKG igaretine uygun yénde
devre tasarimma gidilmistir. Ancak diger biyoelektrik igaretlerin tagmmas1 da aym
devre elemanlarmm kazang ve band genigliklerinin ayarlanmasi yoluyla saglanabilir.

3.4 Biyolojik Isaretlerin Ahnmasi

Biyolojik isaretler viicuttan viicut i¢i veya yiizey elektrodlan ile almabilir.

E
| T Ehe
ELEKTROD ~{: Cq -:Rd

ELEKTROD —ig
- PASTASI 1°s
R A
]’Ese "'T'Ep
EPIDERM T ——
s L
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Sekil 3.4 Viicut yiizeyine yerlestirilen bir yiizey elektrodunun
toplam elektriksel egdeger devresi.



16

Burada kullanim kolayhg: nedeniyle yiizey elektrodlant ile algilama yolu
incelenecektir. Viicut iizerine yerlestirilen bir yiizey elektrodunun elektriksel modeli
Sekil 3.4'deki gibi gosterilebilir.

Yukandaki gekilde;

Epe = Yanm pil potansiyeli

Rqve Cg = Elektrot ile elektrot pastasi kesiminde polarizasyon olaylar

sonucunda meydana ¢ikan empedans ve kapasite

R = Elektrot kablosu ve elektrot pastasinin toplam seri direnci

Ege = Birlesme yiizeyinde olusan potansiyel

Re ve Ce = Epidermin direng ve kapasitesi

Ry = Viicudun i¢ direnci

Yiizey elektrodlarmm baglicalann metal plaka elektrodlar ve metal disk
elektrotlardir ( Sekil 3.5).

Sekil 3.5 Metal plaka ve metal disk elektrodlar.
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3.5 EKG Eldesinde Kullanilan Baglantilar

Ekektrokardiyografik kayitlar1 yaparken, elektrodlar1 yerlestirmek i¢in
cesitli pozisyonlar kullamhir. Her kalp déneminde, kaydedilen polaritenin pozitif yada
negatif olmasi kalpteki akimm yéniine gore elektrodlarn yerlestirilme yerleriyle
belirlenir. Genel olarak "elektrokardiyografik derivasyonlar" adi verilen ve pratikte
kullanilan elektrod sistemleri gunlardir.

1- Einthoven metodu
2- Wilson metodu

3- Goldberg metodu
4- Nehb metodu

Einthoven Ugkeni: Kalp bolgesinde iki kol ve sol bacak ug noktalarmu igeren bir
ticgen tammlanabilir. Ust iki kose iki kolun kalbin gevresindeki svilarla elektriksel
olarak baglandiklan noktalari, alt ug¢ noktada sol bacagm sivilarla bagh oldugu
noktay: temsil etmektedir. Bu baglant: ile bilinen yasaya gore bipolar ekstremite
derivasyonundan herhangi ikisinin elektrik potansiyelleri bilinirse, bu ikisini toplamak
suretiyle tigiinciisiiniin bulunabilecegini 6ngérmektedir.

Einthoven Metodu : Einthoven derivasyonu ii¢ degigik baglanti sekli ile elde
edilebilir.  Sekil 3.6 Einthoven derivasyonlarmi gdstermektedir. Sekil 3.6 'da
goriildiigii gibi I. ve HI derivasyonlarm toplam potansiyeli II. derivasyon
potansiyeline esittir. Bu da yasanmn gergeklenmesini saglar.

Biitiin bipolar ekstremite derivasyonlan birbirine benzedigi igin, kalp
aritmilerimin teghisi istendigi zaman hangi derivasyonun kaydedildiginden daha 6nemli
olan sey, kalp doneminin farkh dalgalart arasi zaman iligkisinin  bilinmesidir.
Ventrikiil yada atriyum kasmm veya ileti sisteminin harabiyet derecesinin tamisinda
hangi derivasyonun kaydedildigi 6nem kazamir. Ciinkii kalp kasmm anormallikleri
baz derivasyonlarda elektrokardiyogramlarm yapismi onemli olgiide degistirirken,
otekilerini bozmayabilir.
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Sekil 3.6 Einthoven derivasyonlan.
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Wilson Metodu (Unipolar Derivasyon) : Wilson metodu "gogiis derivasyonu”
olarak adlandirihir. Derivasyonda biitiin ekstremiteler sisteme direngler iizerinden
baglanir, Pozitif girige baglanan ayn bir aragtinici elektrod alti noktada kalbin
elektriksel aktivitesini izler. Genel olarak alt1 dl¢iim noktasmdan alnan elektriksel
potansiyel degisimi kullanilir.

Sekil 3.8 Wilson Metodu (Unipolar derivasyon)

Golberger Derivasyonlar: (Kuvvetlendirilmis Mod) : Modern uygulamalarda
unipolar ekstremite derivasyonlarmdan elde edilen genlikler diisiik oldugundan,
isaretin genligini yiikseltmek igin Goldberger derivasyonlart kullamhir. Wilson'un
unipolar derivasyonlarmda ( VR , VL , VF ) kol ve bacaklar Wilson noktasina
baghdir. Oysa Goldberger derivasyonlarinda ekstremiteler Wilson noktasmmn digmda
kalir. Bu yontemle ¢ikig igaretinin genlifi %50 oranmda yiikselir. Bu nedenle
Goldberger derivasyonlan bagmda bulunan 'a’ (augmented kuvvetlendirilmis) harfi ile
vurgulanmigtir. Sekil 3.9 ' de gosterilen bu derivasyonlar aVR , aVL , aVF ile temsil
edilmektedir.
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aVR

aVL

Sekil 3.9 Kuvvetlendirilmis modda elektrodlarin baglanis sekli.

Nehb Metodu : Ug einthoven elektrodu gogis iizerine baglanir. Ik elektrod sag
gogiis kafesinin iist kismma dogru baglanirken, ikincisi sol koltuk altma , iigiinciisiide

sol gogiisiin orta tarafina baglanir.



BOLUM 4.

SISTEM TASARIMI

4.1 Algak Gegiren Filtre

2. Dereceden Sallen-Key algak geciren filtresi kullamlmaktadir. Bu
amagla filtrenin ikinci derece frekans cevabi ( Second -Order Freqency Response)
sekil 4.5 'e gore iyilik faktorii Q = 1/d = 1 alnarak

c1
-

|
1

R1 R2 U1A

n >_1,_¥Qu1;

R4

Sekil 4.1 Algak Gegiren Filtre.

Vou 1 K

= . - 4.1
Vin RiR,C\C2 SI+[ 1 + 1 +1 K]'S'*' 1
RiC: R:Ci R:2C:2 RiR2C\C2
dow=— 4L 1=K (4.2)

T RC: R:C:  R:Ca
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Sekil 4.2 Tkinci Dereceden Algak gegiren Filtrenin Frekans Cevabt.

! (4.3)
RiR2C:1C2

2
@, =

R, (44) veC=C = C, (4.5) atmp (4.1),(42), (4.3) ve (4.4)'den

=
1

7~
1

il

3K 1 -
d- @, E—C" (46) w, = ‘—é—é" (47) elde edilir.

d=3-K (4.8) ve d = 1 almp, (4.1), (4.2), (4.3) ve (4.4)den K = 2 kazanc

bulunur.
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K= —&;}ﬁ (4.9)

4.2 Yiiksek Gegiren Filtre

2. Dereceden Sallen-Key yiiksek gegiren filtresi kullanilmaktadir. Bu
amagla filtrenin ikinci derece frekans cevabi gekil 4.2'ye benzer olarak Q = 1/d = 1
almip

(o} ca uice
“_‘h‘ *9 8 ¢ vaut
R4
@:a
Sekil 4.3 Yiiksek Gegiren Filtre.
- 1 1 - f—K 1 (410
Vi §2 4 + + I8+
R:C2  R2Ci: RiCh RiR2C:1C>
d-w, 1 1 1=K (4.11)

=R2C2 R:C:1 RiC

R=R =R, (412, C=C,=C, (413) amp (4.10), (4.11),(4.12),
(4.13)'den
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d=3-K (4.14) bulunur. d =1 almp K =2 bulunur.

R3+R4 (M
K = 4.15)'dir.

4.3 Centik (Notch) Filtre

EKG kuvvetlendiricilerinde rastlanan 6nemli sorunlardan birisi de sebeke
frekans1 (50 Hz) nedeniyle EKG isaretlerinde goériilen bozuimalardir. Bu igaretleri
sondiirmek i¢in gentik filtre kullamlmugtir. Devre tiglincii dereceden olup tasarim
basitligi agismdan soniim (Centik) frekansi

R, =R, =2.Rs (4.16)

C1 =C= GC3/2 (417)
1

- 4.18

J; 2-7-R -C (4-18)

almmigtr. Band genigligmin olabildigince genis olabilmesi i¢gin A= 0.98 olarak
secilmigtir.

w
1
2
c3 T R4
5
Z 4”’1 A=R4 /RS

Z ng

Sekil 4.4 Centik Filtre.
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Sekil 4.5 Centik Filtre Kazang-Frekans egrisi.

4.4 H8/532 Mikrodenetleyicisi

Devrenin sayisal kism: Hitachi H8/532 mikrodenetleyicisi yardimiyla
gerceklestirilmistir. H8 mikrodenetleyicisi, zellikleri nedeniyle kontrol iglemlerinde
gok sik kullamilan bir devredir. Tasanmmm kolay olugu, C dilinde programlamaya
uygun emiilatérii, entegre yapisi tercih edilmesinde onemli unsurlardw. 16 bitlik
mimarisi ve 16 bitlik i¢ hafiza erigimi iglemciyi gergek zaman uygulamalan igin
uygun duruma getirmektedir.
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Sekil 4.7 H8 Blok Diyagramu.

H8 kimigmda RAM, ROM, zamanlayicilar, bir seri haberlesme
arabirimi, analog-saywsal (A/D) gevirici ve giris-cikag portlan yer almaktadir.
Maksimum saat frekansi 10 Mhz'dir.
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Kuvvetlendirilmis olan EKG igareti H8'm

A/D gevirici girigine

uygulanmaktadir. Denetleyici, 6mekle-tut devresini de igerdiginden gevirme iglemi

i¢in ayr bir elemana ihtiyag duyulmamaktadar.

Elie i
Modiil Bilgi Yolu = | 1¢, Bilgi Yolu
 — — @
~ o >
| <
K]
S
AVER sy
waoa K 'g'ﬂlg g g § g
- 99
AVES cmrgpt
A : U
o feeecencoea. -
AN2 e g : g | rane, 480
e - : L-/
ANa S E n Kontrol | e os18
sy S| Ll pevrest
AN§ ——pl 2 | Ornekle & tut
<
ANY i
A
o ALl
Kesme Sinyali
Sekil 4.9 Analog/Sayisal Cevirici.

10 bit duyarhikla 5 V'luk isareti sayisala gevirebilmektedir. denetleyicinin
onemli bir 6zelligi giriginde igaret olan kanallar taramasidir. Béylece igaret olmayan

kanallar atlanabilmektedir.
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Bilgisayara veri aktarma iglemini de kapsayan mikrodenetleyicinin
¢alismasm1 saglayan program C dilinde yazalmig olup Ek. B'de verilmigtir.
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SONUC

Bu galigma, telemetri sisteminin EKG kismmm olugturmaya yoneliktir.

Genel amagh kuvvetlendirici ve filtrelerden elde edilen isaretler 224 Hz
gibi bir drmekleme frekans: ile 6rmeklenmekte ve 8 bit duyarhkta sayisallagtiriimakta
bu t¢ kanalm Gniine bir sifir byte’t konarak bilgisayar ortamma 9600 baud'luk bir
hizla transfer edilebilmektedir.

Sistem 2x9 Volt'luk pil ile beslenmektedir. Bu amagla devrede minimum
gii¢ tiiketimine yonelik elemanlarm kullanimma 6zen gésterilmigtir.

Devrenin ¢ahgma band genigligi 0.34 Hz ile 110 Hz arasinda
tasarlanmugtir. Bunun nedeni telemetrtyi kullanacak canlnin hareket halinde olacag:
diigiiniildigiinden ve canlnm solunum igaretleri EKG igaretlerinin izoelektrik
seviyesini modiile edeceginden 0.34 Hz gibi bir yiiksek gegiren bir filtre yapilmugtir.
Ayrnca elektromiyografik igaretler hareket halinde daha etkin oldugundan EKG
isaretlerini bozacaktir. Bunu engellemek i¢in algak gegiren filtre frekansi 110 Hz
tasarlanmigtir.  Centik filtre 50 Hz'e ayarlarlanarak gsebeke etkileri minimuma
indirilmigtir. Devrenin ekranlanmasi olugabilecek osilasyon ve diger bozucu etkileri
Onlemek icin etkili olacaktir.

Sistemin bilgisayar tarafinda yapilacak yazhm degigiklikleri ile
kullanicmm istegime yonelik olanaklar saglanabilir.
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‘LINEAR TYPES TL06GO, TLOGQA, TLOG1, TLOGIA, TLOG1B,
INTEGRATED TL062, TLO62A, TLO62B, TLOG4, TLOGAA, TLOG4B
CIRCUITS LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

BULLETIN NO, DL-S 12647, NOVEMBER 1978

19 DEVICES COVER COMMERCIAL, XS OR P DAL INLINE

INDUSTRIAL, AND MILITARY PACKAGE (TOP VIEW)
TEMPERATURE RANGES

e Very Low Power Consumption

o Typical Supplerurrent ... 200 A

¢ Wide Commofi-Mode and Differential
Voltage Ranges

» Low Input Bias and Offset Currents

e Qutput Short-Circuit Protection orFiEY Y “om Vez.
e " e
e High Input Impedance . . . JFET-Input o
Stage TLO61, TLOGTA, TLOG1B
) JG OR P DUALN-LINE
e Internal Frequency Compensation PACKAGE {TOP VIEW)
e Latch-Up-Free Operation our ot

~C  VeCo PUT D

e High Slew Rate ... 3.5 V/us Typ pninnns

description

The JFET-input operational amplifiers of the TLOB1
series are designed as low-power versions of the
TLO8! series amplifiers. They feature high input

. . . 1f1eflafje
fmpedance, wide ba{'\dwndth, high slew rate, and lgw o o v
input offset and bias currents. The TLO61 series ot Ut
features the sarf\e terminal assignments :{s the TLO71 TLO62, TLO62A, TLOG28
and TLO81 series. Each of these JFET.input opera- JG OR P DUAL-IN-LINE
tional amplifiers incorporates well-matched, high- PACKAGE {TOP VIEW)

voltage JFET and bipolar transistors in a monolithic
integrated circuit.

Device types with an ““M" suffix are characterized for
operation over the full military temperature range of
—55°C to 125°C, those with an 1" suffix are
characterized for operation from —25°C to 85°C, and
those with a “C” suffix are characterized for
operation fram 0°C to 70°C.

OUT NV NOM vep
Y NUT N
L

TLOB4, TLOG4A, TLOG4B
J OR N DUAL-IN-LINE
PACKAGE (TOP VIEW)

INVERT MDKW NONI (RYEAT
NG VERTNG VERTING NG
QUIRUT WPUT NPT VoL, ™RUT  NPUT OUTRT

B

AMILIS A ND 4 Aure 18 1ER MO 3

AMPLISIEN NG Y AMPLISTER MO 2

1 >

M 2 3 4 1] L] ?

QUTPUT INVERT MONMI  vee, NORIN INVERT OUTIUT
NG VERTING VERTING 1NG
YT eut WU T

NC No :nternal connection
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TYPES TLOGO, TLOGOA, TLO61, TLOGIA, TLOGIB,
TLOG2, TLO62A, TLO62B, TLOG4. TLOG4A, TLOGAB
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

schematic (each amplifier) va

H

NON INVERTING
INPUT

INVERTING
INPUT %00
p
$iwon
COMP Or = an o oo o o b o e o
OFFSEY NULL/
11060 ONLY coun O = == = = .
B
OFFSET NULL IN2IOv = o= U~
)

r =

1

1 }

H 1

[ o ]

OFFSET OFFSEY OUTPUT  Veco
NULL NULL
(NRY N2y C1¢ 16 pF ON TLOBY TLOB2. AND TLOGS ONLY
COMPONENT VALUES SHOWN ARE NOMINAYL
TLOBY ONLY

absolute maximum ratings over operating free-air temperature range (unless otherwise noted)

TLO6_C
TLOE_M TLO6_} TLO6_AC | UNIT
TLO6_BC
Supply voitage. Vcc+ {see Note 1) 18 18 18 \
Supply voltage, Veg— (see Note 1) ~18 -18 -18 \
Difterential input voltage (see Note 2) £30 =30 +30 v
Input voltags {see Notes 1 and 3} =15 =15 *18 v
Duration of on:tout short circust (see Note 4) Untimited Uniim:ted Unlimsted W
Continuous totat dissipation at (or below) 25° C free-air temperature (see Note 5) 680 680 680
Operating free-air temperature range -551t0 125 | -251t088 01070 ‘C
Storage temperature range —65 10 150 | —65 16 1580 | —65 10 150 *C
Lead temperature 1/16 inch (1,6 mm) trom case for 60 seconds |J or JG Package 300 300 300 C
Lead temperature 1/16 inch {1,6 mmi from case for 10 seconds |N or P Package 260 260 ‘c

NOTES 1. Al voitage values, excep! aitferential volitages, are with respect 10 the zero reference level [ground) of the suppiy voltages where
the zero reference level 15 the midpoint between Voo, and Voo
2. Difterennial voitages are at the nominverting input terminal with respect 1o the inverting snput terminal
3. The magnitude of the input voltage must never exceed the magnitude ot the suppiy voltage or 15 voits, whichever 15 less,
4, The ocutput may be shorted 10 ground Or to erther supply, Temperature and/or supply voltages must be hmited 10 ensure that the
dissipanon rating 1 NoOt exc eeded

.
5. For operation above 25 C, tree asr temperature, refer to Dissipation Derating T able.

DISSIPATION DERATING TABLE DEVICE TYPES, SUFFIX VERSIONS, AND PACKAGES
POWER DERATING ABOVE TLO60 TLOB1 TLo62 TLoB4
PACKAGE RATING FACTOR T
A TWE.M | JG 4G G J
J 680 mW 8.2 mWAC 87°C TLO6_! | JG.P JG, P G, P iN
G 680 mwW 6.6 MW/C arc TLoe_Cc | JG6.P JG, P G, P iN
N 680 mW 8.2 mWPC 76°C TLO6_AC| JG.P JG, P G, P LN
P 680 mW 8.0 mWAC 65°C TLOB_BC JG,P 1G,P LN
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TYPES TL060, TLOGOA, TLO61, TLOG1A, TLOGIB,
TLOG2, TLOG2A, TLOG2B, TLOG4, TLOGAA, TLO64B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

electrical characteristics, VQC- =+¢15V

TLOG_C
PARAMETER TEST CONDITIONS? TLOS_M TLOS-! TLOS-_AC it
TLO6 _8C
MIN_ TYP MAX [MIN TYP MAX MIN TYP MAX
"60, ‘61, ‘62 | 3 6 3 61 3 15
Rg =50 12, ‘54 3 9 3 6 3 15
Ta *25°C ‘60A, ‘1A, '62A, '64A i 3 -
Vio i~oy? 3¢fsat voltage 518.528. 58 ] 2 3 mv
’ 60, ‘61, ‘62 ; gl 3: 20
1 fg =50 €L, ‘64 ! 15] 9. 20
Ta = tull range |'6OA, ‘61A, ‘624, '64A 1 i 75
! ‘618, ‘628, ‘648 g 5
IR ST R R R
! ‘60, ‘61, '62, 64 5 100 s 100; 5 200
§ Ta = 25°C ‘60A, ‘B1A, '82A, ‘B4A ' 5 100! pA
. ho Input 3%¥set currentt 518, 528, 648 l 5 100
i 80, ‘61, ‘62, '64 i 20 10 51
{ Ta = full range |'60A, "61A, "62A, ‘64A " 3| nA
' ‘618, ‘628, '648 i | 3
‘80, 61, '62. ‘64 ; 30 200 30 200; 30 400
: Ta =25°C "60A. ‘61A, ‘62A, '64A | i 30 200| pA
e 1nou® 3 a5 currentt ‘618, ‘628, '848 ! | 30 200
! ‘80, ‘61, ‘62, ‘64 i 50 20 10
! TA = full range |"50A,°61A, ‘62A, ‘644 | 7| nA
! 818, 628, 648 i | 7
] ‘60. ‘61, '62, '64 i1 12 | #11.5=12 $10 11
ly Commsnmodeicput | .35'c  [GOA.‘6TA, 62A 634" ‘ €115 912 v
p ICR voltage range*® A : o : i 11.5 11
| '618,'628, ‘648 ; #1512
{ Voe Max.~.im geak-to-peak [T =25°C, R = 10 k2 i 20 27 20 27 20 27 v
' outpLt sOltage swing Ta = tuil range, Ry > 10 k12 20 20 20
| R« 10k, I'80. 61, 62, ‘64 4 6 4 6 3 6
; Vg =:10V. |'60A,'B1A, 62A, 'B4A | 4 6
i a Larges gnal differential |Tp =25°C_ |'G18B, 628, ‘648 46
VD A Vimv
voltage amolification R > 10k, ['60, ‘61, 62, ‘64 4 4 3
’ Vo =:10V, |'60A, '61A,°62A, 64A 4
TaA = tull range |'61B, '628B, 648 4
8y Unity-gan bandwidth  [Tp = 25°C, Ry = 10 k2 1 1 1 MHz
3 Input ~asistance Ta=25C 1012 1012 1012 [$]
Comman.mode rejection {Rg < 10 k2, 0. 81, 62, 64 80 % 8 8 076
cMRR Tan257C ‘60A, '61A, ‘62A, '64A 80 86 a8
‘618, ‘628, ‘548 80 86
vsyR Suop's /oltage rejection {Rg < 10 ki2, §2A6161i26§; TYY 8% 30_¢95 ;g :: a8
rano ‘A Veg./a Vgl [Ta =28°C Z - -
(618, ‘628, ‘648 80__ 95
P Tota cower dissipation |No lead, No signal, 6 75 6 75 ' 6 75| mw
(eacn amplfier) Ta=25°C ’ : .
lgg  SupRlv current No load. Na signal, 200 250 20 250 200 250 | uA
{each ampiitier) TA =25°C #
Vg31/Vg2 Channet separation Ayp = 100, Ta =25°C 120 120 120 d8

YAl characterisucs are specifiad under open-loop conditions unless otherwise noted. Full range for Ty is ~58°C 10 128°C tor TLO6 _M; ~25°C
10 85°C for TLOS 1. and 0°C to 70°C for TLO6 _C, TLO6 _AC, and TLO6 _BG.

Tinout bias currants of a FET-input aperational amplifier are normal junction reverse currents, which are temperature sensitive, Puise
techniques must De used that will maintain the junction temperature as cloge to the ambrent tempaerature as 1 Possible.

*The VicR limits sra directly linked voit-for.volt to supoly voltage, viz the limit Is 4 volts less than [vccgl.
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TYPES TLO60, TLOGOA, TLO61, TLO61A, TLOG1B,
TL0O62, TLO62A, TL062B, TL0OG4, TLOG4A, TLOG4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

operating characteristics, Vgc: = *15V, TA=25°C

PARAMETER TEST CONDITIONS MIN  TYP MAX UNIT
] Vys 10V, R = 10 k1,
SR Slew rate at unity gain CL = 100pF. See Figure 1 3.5 Vius
ty Rise ume Vi=20mv, R =10kqa, 0.2 us
Overshoot factor Cy = 100 oF, See Figure 1 10%
Va  Eauwalent input noise voltage Rg - 100 %2, fa1kHz a2 nV!\‘i;

PARAMETER MEASUREMENT INFORMATION

100 kit

1012 .,__?_[(__4
p C!' 500 pf

1wl
v o—-\m—J (3}
d
vy 1 Gy ) . O~=AAA—4
K : 100 pF 1°L —20
) | 10 %52 @
[ < Ry 8
b3 ) ¢ TLO6O

Ce < 10pF = l 00 o!

tor TLOSO = =
andg TLOB0A oy

FIGURE 1-UNITY-GAIN AMPLIFIER FIGURE 2—-GAIN-OF-10 FIGURE 3-FEED-FORWARD
INVERTING AMPLIFIER COMPENSATION

iNPUT OFFSET VOLTAGE NULL CIRCUIT

TLO80

“For best results use R = 20 M3 for
Vegs =215 ViR = 5§ MQ for
Veee =23 V.

FIGURE 4 FIGURE 5




TYPES TL060, TLOGOA, TLOGT, TLOGIA, TLOGIB,
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TLO62, TLOG2A, TLO62B, TLO64, TLOG4A, TLOG4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS
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only within the ratey operating free-air temperature ranges of the various devites. A 10-pF
compensation capacitor is used with TL060 and TLGE0A.




39

TYPES TLOGO, TLOGOA, TLO61, TLOGIA, TLOG1B,
TLO62, TLO62A, TLO62B, TLO64, TLOG4A, TLO6G4B
LOW-POWER JFET-INPUT OPERATIONAL AMPLIFIERS

TYPICAL CHARACTERISTICST

ALL EXCEPT TLOB.C NORMALIZED UNITY GAIN BANDWIDTM

INPUT B1AS CURRENT
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TOat at high and low temperatures are applicable Only within the rated operating free.air temperature ranges of the vanous devices, A 10-pf
compensation capacitor is used with TLOG0 and T LOEGOA. .




IcL23

IVhiV4L

+5 Volt Powered Dual RS-23
Transmitter/Receiver \g\

GENERAL DESCRIPTION ﬁgﬁ' ey

The ICL232 is a dual RS-232 transmit /regemef‘intef-
face circuit that meets ail EIA AS-232C spedifications. It
requires a single +5V power supply, and features two on-
board charge pump voltage converters which generate
+ 10V and ~ 10V supplies from the 5V supply.

The drivers feature true TTL/CMOS input compatibility,
sloew-rate-limited output, and 300 ohms power-off source
impedance. The receivers can handle up ta +30 volts, and
have a 3 to 7 kilohms input impedance. The receivers aiso
have hysteresis to improve naise rejection.

Typical Applications

Any System Requiring RS-232 Communications Port:
* Computers—Portable and Mainframe

® Peripherais—Printers and Terminals

® Portable Instrumentation

* Modems

® Dataloggers

ORDERING INFORMATION

Part T'";::’::"" Package

ICL232CPE 0°Cto + 70°C 16 Pin Plastic DIP
ICL232CJE 16 Pin CERDIP
ICL232IPE —~25°Cto +85°C | 16 Pin Plastic DIP
ICL2321JE 16 Pin CEADIP
ICL232MJE | ~55'Cto +125°C | 18 Pin CERDIP

cre [T > 78] Ver
ve [T T3] cN
-3 T4 Ty

czs (@ INTERSIL T3] A1y
- OB [TErigy

v- 5] T1] Tty

T 19] T2,y
R2y (] 9] R2oyr

0100-2
Qutline Drawing (PE, JE)

Flgure 1: Pin Contiguration

INTERSIL'S SOLE ANO EXCLUSIVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDINON OF

Rt

9 SZHIINT lEnll\)llIb 3

LW ot 5

FEATURES

* Meets All RS-232C Specifications

® Requires Only Single + 5V Pawer Supply

* Onboard Voitage Quadrupler

* Low Power Consumption

® ESD Protection > 2000V

® 2 Drivers
— 19V Output Swing for + 5V lnput
—=300 Ohms Power-off Source Impedance
-Qutput Current Limiting
~TTL/CMOS Compatibie
~30 V/us Maximum Slew Rate

& 2 Recelvers .
~+30V Input Voitage Range £
-3 to 7 kohms Input impedance i
—0.5V Hysteresis to improve Noise Rejection

® All Critical Parameters are Guaranteed Over the i
Entlre Commiercial, Indusirial and Military :
Temperature Ranges

SRR JUP LD U RN

i

o B g e W B by U e AR (AT s RS

J-—-‘ +5Y 10 +10V i
ct+ l’" VOLTAGE DOUSLER t~{T6] Voo
L
v+ (2] +10V 10 =10V bcuo
VOLTAGE INVERTER
1= 3] T3] Toyr
c2+ [T T3] Rty
c2- 5] Tg]ntm
v- (€] [T Tt
T2qyr (] 75 125
A2y TRz
ska

0100-1
Flgure 2: ICL232 Functional Diagram

|

THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE IN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLUDING THE IMPLIED WARRANTIES

MERCHANTABILITY AND FITNESS FOR A PAATICULAR USE,
NOTE: AR typicat vkses Nave baen cherscierized but sre not tested.
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ABSOLUTE MAXIMUM RATINGS

BT T 1T L +6 Volits
P 10Qround ..ouiueiiiiarenssiainciaaaess .+ 12 Voits
Ytoground ....ieeiiiinneecnacannn. vesees.—12 Voits
put Voltages

Tien T2 veeenes tererrecesesess=0310 (Vop + 0.3V)
Rl Rl ceveenenennnn. teseriseesrrsrrsesones +30V
Otput Voltages

TIQUT: T20UT +veeveresecces(VF +0.3) to (V= —0.3V)
RlouTs R20UT .+ v veerrsensena..=0.310 (Voo + 0.3V)
Swrt Circuit Duration

TIOUT T20UT e evvvenecrserannsancsesss.. Continuous
tontinuous Total Power Dissipation (T, = 25°C)

CERDIP Package ........ resvecsencsaanstsies 500mwW
derate 8.5 mW/*C above 70°C

Plastic Package.......... tisrreessersaraaess . 37EMW
derate 7.0 mW/*C above 70°C

Tt Cireuit as in Figure 3 (unlass otherwise specified)

41

Storage Temperature Range........... -55'Cto +150°C
—Tvad Temperature (Soldering, 10seC).....cv.uu. +300°C
Operating Temperature Range
IcL232C....... cereneaes terressesacenes 0"Cto +70°C
ICL232! .. ivvivinnnenn. heeiecenraans —25'Cto +85°C
ICL232M ....ccvuen.n.. RN ~55'Cto +125°C

NOTE: Strosses above those listed under “Absoaste Manrmum Ratings™
may cause permanent damage 10 the device. These 8re stress ratings only
and functional operation of the device at these or any other condtions

#bove Mose i n the op

of the specifications is not

implied. Exposure fo absoiute maxirum rating conditions for extended peri-

ods may atiect dovice reliabiiity.

?LJ.ECTRICAL CHARACTERISTICS Test Conditions: Vog = +5V, T, = operating temperature rangs,

‘symbol Parameter . Test Conditions Limits Units
Min | Typ | Max
Tout Transmitter Output Yoltage Swing T1out, T20yT loaded with +5 +9 | 10 v
3 kN to ground

oo Power Supply Current Outputs Unloaded, T, = 25°C 5 10 mA

\ Tin, Input Logic Low 0.8 \'4

Y Tin, Input Logic High 20 v
Logic Pullup Current Tlin, T2in = OV - 15 200 pA

¥ RS-232 Input Voltage Range -30 +30| Vv

S Receiver Input Impedance Vin = 13V, £25V 3.0 5.0 7.0 kN

ol Receiver Input Low Threshoid Vee = 5.0V, Ty = 25°C 0.8 1.2 v

LM Recsiver input High Threshold Vee = 5.0V, Ty = 25°C 1.7 | 24 v

) Recsiver input Hysteresis 0.2 0.5 1.0 v

o, TTL/CMOS Recolver Qutput Voltage Low | loyy = 3.2mA ot | 04 v

iy | TTL/CMOS Receiver Output Voitage High | loy = — 1.0mA 35 | 48 v

o Propagation Delay RS-232 1o TTL or TTL 1o RS-232 0.5 Mus

A Instantaneous Slew Rate ?: - ; ?(’).(p;:(,N l}e 1.:!zl)u'l. 30 | Vips

£ Transition Reglon Slew Rate RL = 3 kN, C = 2500 pF Measured 3 V/us

from +3Vio -3Vor —3Vto +3V

tw | Output Resistance Vee = V4 = V= = OV, Vo = +2V | 300 n
RS-232 Output Short Circuit Current T1out, T2oun Shorted to GND 10 mA

fﬂ!i: Guaranteed by design.

2 See Figurs S for definition.

TOUNTABILITY AND FITNESS FOR A PARTICULAR USE,
T AR fypicel vaiss have Deen characterired it sry 1ot tested.

11-37

PL'S SOLE AND EXCLUSVE WARRANTY OBLIGATION WITH RESPECT TO THIS PRODUCT SHALL BE THAT STATED N THE WARRANTY ARTICLE OF THE CONDIMON OF SALE.
WARRANTY SHALL BE EXCLUSIVE AND SHALL BE WN LIEU OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, iNCLUDNG THE IMPLIED WARRANTIES OF
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semo TYPICAL PERFORMANCE
uur 4557 wyT CHARACTERISTICS
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INTERSIL'S SOLE AND EXCLUSIVE WARRANTY OSUIGATION WITH RESPECY TO THIS PAODUGT SHALL BE THAT STATED IN THE WARRANTY ARTICLE OF THE CONDITION 0F SRk
THE WARRANTY SHALL BE EXCLUSIVE AND SHALL BE !N LB OF ALL OTHER WARRANTIES, EXPRESS, IMPLIED OR STATUTORY, INCLURING THE IMPLIED WARRANTES
MERCHANTABILITY AND FITNESS FOR A PAATICULAR USE.

NOTE: AR typical vetsss have bwer charscterized bt arw not lested,
1138
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" DETAILED DESCRIPTION

The ICL232 is a dual RS-232 transmitter/receiver pow-
wred by a single + 5V power supply which meets all EIA RS-
" 232C specifications and features low power consumption.
” The functional diagram (Figure 2) illustrates the major ele-
;. ments of the ICL232. The circuil is divided into three sec-
<+ fons: a voltage quadrupler, dual transmitters, and duai re-
:_ Yoltage Converter

% The voitage quadrupier contains two charge pumps which
+ 8 two phases of an internally generated clock to generate
< 410V and —10V . During phase one of the clock, capacitor
"0t is charged 10 V. During phase two, the voitage on C3
. added to Vee, producing a signal across C2 equal o twice
+ Voo At the same time, C3 is also charged to 2V, and then
- ting phase one, it is inverted with respect to ground to
; produce a signal across C4 equal 1o —2Vge. The voitage
. torverter accepis input voitages up to 5.5V, The output im-
. pedance of the doubler (V+) Is approximately 200 chms,
. snd the output impedance of the inverter (V—) is approxi
- mately 450 ohms. The test circult (Figure 3) uses 22 uF
. eapacitors for C1-C4, however, the value I8 not eritical. In-
. the values of C1 and C2 will lower the output im-
' pedance of the voitage doubler and Inverter, and increasing
" e values of the reservoir capacitors, C3 and C4, lowers

_ bharipple on the V+ and V- supplies.

Transmitters

—The transmitters are TTL/CMOS compatible inverters
which translate the inputs to RS-232 outputs. The input tog-
ic thrashold is about 26% of Vee, or 1.3V for Voo = 5V. A
logic 1 at the input results in a voltage of betwean —5V and
V- at the output, and a logic 0 resuits in a voitage between
+5V snd (V+ —0.6V). Each transmitter input has an inter-
nal 400 kilohm pullup resistor so any unused input can be
left unconnected and its output romains in its low state, The
output voltage swing meets the RS-232C specification of
+ 5V minimum with the worst case conditions of: both trans-
mitters driving 3kohm minimum load impedance,
Vee = 4.5V, and maximum allowable operating tempera-
ture. The transmitters have an internally limited output Slew
rate which is less than 30V/us. The outputs are short circuit
protected and can be shorted to ground indefinitely. The
powered down output impedance is a minimum of 300
ohms with + 2V appiied 10 the outputs and Ve = OV.
Recsivers

The receiver inputs accept up to 130V while presenting
the required 3 to 7 kilohms input impedance even it the
power is off (V.= 0V). The receivers have a typical input
threshold of 1.3V which is within the 3V limits, known as
the transition region, of the RS-232 specification. The re-
ceiver output is OV to Ve, The output will be low whenever
tha input is greater than 2.4V and high whenever the input is
floating or driven between + 0.8V and —30V. The receivers
feature 0.5V hysteresis to improve noise rejection,
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Figure 5: Slew Rate Definition
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Figure 6: Propagation Delay Definition
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APPLICATIONS

The ICL232 may be used for ail RS-232 data terminal and
communication links. It is particularly useful in applications
where t 12V power supplies are not available for conven-
tional RS-232 interface circuits. The applications presented
represant typical interface configurations.
: A simple duplex RS-232 port with CTS/RATS handshaking
¢ is illustrated In Figure 7. Fixed output signals such as DTR
' (data terminal ready) and DSRS {data signaling rate select)

is generated by driving them through a 3 k1 resistor con-
nected to V*+,

.

In applications requiring four RS-232 inputs and oum
(Figure 8), note that each circuit requires two charge pump .
capacitors (C1 and C2) but can share comman reservol ~
capacitors (C3 and C4). The banefit of sharing common ron

R |

ervoir capacitors is the alimination of two capacitors and the |
reduction of the charge pump source impedance which el

fectively increases the output swing of the transmitters. . .
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” cl 1E; 30 TERMINAL READY
e N1 LA 0sws (20 oara
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224F ST 5| S 22wF INPUTS & OUTPUTS
] ——
N nf NI 14
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N " g
10 7
; ; RTS)————-DO——D RTS (4) REQUEST TO SEND
12 13
b - 9w 4———-oq——<,ao (3) RECEVE DATA
or 7 9 R2 R1 8
Spms4——0< < CTS (5) CLEAR 7O SEND
v
T
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15 @ SIGNAL GROUND (7)
i
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Figure 7: Simple Duplex RS-232 Port with CTS/RTS Handshaking
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Figure 8: Combining 2 ICL232 for 4 Pairs of RS-232 Inputs and Outputs
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/* H8 ANALOG SAYISAL GEVIRICI VE TRANSFER PROGRAMI

J*

/ e sk e e fe e e <k . . e

e 3¢ 34 */
*/
*/
*/

#include
#include
#include
#include
#include
#include

void prc_

#define

"stdio.h"
"string.h"
"ioch8532.h"
"inth8532.h"
"math.h"
"float.h"

cmd (void) ;

SEC 500

#define MOD_DELAY SEC*5

#define AD ADDRAH (* (unsigned char *) ( Oxffel ))
#define AD ADDRBH (* (unsigned char *) ( Oxffe2 ))
#define AD ADDRCH (* (unsigned char *) { Oxffe4 ))

interrupt [FRT1_OCIA] void timerl();

interrupt [AD ADI] void ad_conv();
interrupt [SCI_RXTI] void ser_rx();
interrupt [SCI_TXI] void ser_tx{();

interrupt [SCI_ERI] void ser_er();

#define RX DTMR (* (unsigned int *) { 0xfb80 ))
#define RX_DTSR (* (unsigned int *) ( 0xfb82 ))
#define RX_DTDR {* {(unsigned int *) ( 0xfb84 ))
#define RX DTCR (* (unsigned int *) { 0xfb86 ))
#define TX DTMR (* (unsigned int *) ( 0xfb88 ))
#define TX_DTSR (* (unsigned int *) { Oxfb8a ))
#define TX DTDR {(* (unsigned int *) ( 0xfbsc ))
#define TX DTCR (* (unsigned int *) ( Oxfb8e ))
#define DT_RXI (* (unsigned int *) ( 0x00aa ))
#define DT_TXI (* (unsigned int *) ( 0x00ac }))
#define ENTX SCI_SCR |=0x20

#define ENRX SCI_SCR |=0x10

#define DISTX SCI_SCR &=0xdf
#define DISRX SCI_SCR &=0xef

#define ENRXTRF INTC_DTED |[= 0x20;
#define ENTXTRF INTC_DTED |= 0x40;
#define DISRXTRF INTC_DTED &= Oxdf;
#define DISTXTRF INTC_DTED &= Oxbf;

Aedeokkok
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#define DCC 40 /* transfer edilecek data sayisi +1 */

#define ENTXI SCI_SCR |= 0x80;
#define ENRXI SCI_SCR |= 0x40;

#define DISTXI  SCI_SCR &= Ox7f;
#define DISRXI  SCI_SCR &= Oxbf;
#define DISCOM  DISTXI;DISRXI
#define ENCOM ENTXI ; ENRXI

#define TDRE 0x80
#define RDRF 0x40
#define ORER 0x20
#define FER 0x10
#define PER 0x08

/****************************************************************/

#define ACK 0x06
ffdefine NAK 0x15
#define SOH 0x01
#define STX 0x02
#define ETX 0x03
#define CR 0x0d

#define MAXBUF 16
#define VALQ 0
#define KWHQ 1
#define VAHQ 2
#define PFQ 3
#define ALR 4
#define WAVE 5
#define PSW 6
#define SERQ 7
#define WRE2 8
#define RDE2 9
#define CALB 10
#define CONT 11
#define ERRQ 12
#define REM 13
#define LOC 14
#define STAT 15
#define DIS 16
#define ECON 17
#define DCON 18
#define SPNT 19
#define RESQ 20
#define ELIN 21
#define DLIN 22
#define TIPI 23
#define RES 24
#define EXT 25
#define INT 26
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#define TON 27
#define RON 28
#tdefine ROF 29
#define CTR 30
#define VIR 31
#define VREF 32
#define IREF 33
#define VICL 34
#define SETD 35
#define VMOD 36
#define IMOD 37
#define VCAL 38
#define ICAL 39
#define IOF 40
#define VOF 41
#define RDRMX 42
#define WRRMX 43
#define RATEX 44
#define DISE 45
#define DISD 46
#define HELP 47
#define NUL 255

/*unsigned bekle[MAX OP}; */

const unsigned char bilgi[]={"SULEYMAN OZKAPTAN HAZYRAN 1994 "};

#define WAIT_PRX 1

#define NOWAIT_PRX 0

#define TIME OK 1

#define TIME_NOK 0

const char cmdtbl([] = "VAL ";
const char cmdtb2[] = "KWH ";
const char cmdtb3[] = "VAH ";
const char cmdtb4([] = "PF ";
const char cmdtbs([] = "ALR:";
const char cmdtbé6([] = "WAVE";
const char cmdtb7([] = "PSW:";
const char cmdtb8{] = "SER ";
const char cmdtb9[] = "WRE2";
const char cmdtbl0{] = "RDE2";
const char cmdtbll(] = "CALB";
const char cmdtbi2[] = "CONT";
const char cmdtbl3{] = "ERR?";
const char cmdtbl4[] = "*REM";
const char cmdtbl5[] = "*LOC";
const char cmdtblé[] = "STAT";
const char cmdtbl7[] = "DIS:*;
const char cmdtbl8[] = "ECON";
const char cmdtblS[] = "DCON";
const char cmdtb20[] = "SPNT";
const char cmdtb21[] = "RES ";
const char cmdtb22[] = "ELIN";
const char cmdtb23[] = "DLIN";
const char cmdtb24[] = "TIP:";

const char cmdtb25{] = "RST ";
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const char cmdtb26[] = "*EXT";
const char cmdtb27[] = "*INT";
const char cmdtb28{] = "TON:";
const char cmdtb29[] = "*RON";
const char cmdtb30([] = "*ROF";
const char cmdtb31[] = "CTR:";
const char cmdtb32(] = "VIR:";
const char cmdtb33[] = "VREF";
const char cmdtb34[] = "IREF";
const char cmdtb3s[] = "VICL";
const char cmdtb36[] = "SETD";
const char cmdtb37[] = "VMOD";
const char cmdtb38[] = "IMOD";
const char cmdtb3g9([] = "VCAL";
const char cmdtb40[] = "ICAL";
const char cmdtb41[] = "IQF:";

const char cmdtb42[] = "VOF:";
const char cmdtb43({] = "RDRM";

const char cmdtb44[] = "WRRM";
const char cmdtb45[] = "RATE";
const char cmdtb46[] = "*DEN";
const char cmdtb47([] = "*DDS";
const char cmdtb48([] = "HELP";

#define MAXCOM 32

unsigned char txbuf [50];

unsigned char rxbuf [MAXBUF] ;

unsigned char rx ptl,tx_ptl,rxd,rx _stat,ptl,pt2;
unsigned rate;

/*********‘k*******************************************************/

#include "pwanl.h”

interrupt void ser_rx(void)

{

if( tst.rx_ok )

{

SCI_SSR &= 0x87; /* clear RDRF */
rxd = SCI_RDR; /* read data */
if({ rx ptl <= MAXBUF )
{
if( rxd <= 'Z' ) rxbufrx ptl++] = rxd;
else rxbuflrx ptl++] = rxd - ( 'a' - 'A' );
while(! ( SCI_SSR & TDRE ) );

SCI_TDR = rxd;
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SCI_SSR &=0x7f;

if ( rxbufrx ptl - 1]

{

rxbuf [rx_ptl] = 0;
st.rx ok = 1;

while (!
SCI_TDR =

O0x0a;

SCI_SSR &=0x7f;

}i
}i

if (rx_ptl >= MAXBUF )

}

else SCI_SSR &= 0x87;

interrupt void ser tx(void){

DISTXTRF;
while (!
DISTXI;
st.tx ok = 1;

interrupt void ser_er(void) {

DISRXTRF;
DISTXTRF;

DISRXI;

DISTXI;

TX_DTSR = 0xfb90;
TX_DTCR = DCC;

RX DTDR = 0xfbc2;
RX_DTCR = 6;
SCI_SSR &=0;

void ser_init (void) {

SCI_SCR = 00;
SCI_SMR = 4;

SCI_BRR = 25; /*1200
SCI_SCR = 0x30;

INTC_DTED = 0;

TX_DTMR = 0x4000;

( SCI_SSR & TDRE ) );

st.rx ok = 1;

0x0d

( SCI_SSR & TDRE )

)

)

/* clear RDRF * /

/* TX RX disabled
/* 8,n,1 c:16Mhz
207;*/ /* boud rate

/* internal clock

/* DT MCDE */

*/
*/
9600
*/

/* wait TDRE = 1 */

25:16Mhz */
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TX_DTSR = 0xfb90; /* DT. SOURCEADDRESS = tx_buf */
TX_DTDR = Oxffdb; /* DT. DESTINATICN ADDRESS = TDR */
TX_DTCR = DCC; /* transfer count */

if( SCI_SCR & RDRF ) SCI_SSR &= ~RDRF;

ENRX;
ENTX ;

ENRXTI;
ENTXI;

void start_tx(unsigned char len) {

st.tx_ok = 0;
TX DTCR = len;
TX_DTSR = 0xfb30;
ENTXTRF;
ENTXI;

/* while(!st.tx_ok);*/

interrupt void ad_conv(void)

{

AD_ADCSR &=0x7f;

txbuf [0] = O0;
txbuf (1] = AD ADDRAH+1l; /* chl */
txbuf (2] = AD_ADDRBH+1; /* ch2 */
txbuf [3] = AD ADDRCH+1; /* ch3 =*/
start_tx(4);
AD ADCSR = Oxla; /*la */
}
interrupt void timerl (void) { /* DISPLAY & WRITE OUTPUT */

FRT1_TCSR &= 0x01;
AD_ADCSR = 0x7a;
set_interrupt_mask(6) ;

/*****************************************************************/

void init(void) {
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FRT1_TCSR = 0x01;

FRT1_OCRA = 4550; /* 62:20Mhz 50:16Mhz tclk/62 =
200 ®sec (clk = 20Mhz) */

FRT1_TCR = 0x21; /* tclk = clk/2/8 */

AD ADCSR = Oxla; /* scan mode,ANO to AN2 */

INTC_IPRB = 0x70;

INTC_IPRD = 0X67;

set_interrupt_mask(5);

main () {

init () ;

Il
O O O O

txbuf [0]
rxbuf [0]
st.tx_ok
st.rx ok =
ser_init () ;

AD_ADCSR = 0x7a;

-~

-

-

while (1) {
}i
}
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/*****************************************************************/

/* */
/* PC TAFAFI KAYIT VE INCELEME PROGRAMI */
/* */
/*****************************************************************/
#include <process.h>

#include <stdlib.h>

#include <conio.h>

#include <stdio.h>

#include <math.h>

#include <string.h>

#include <graphics.h>

#include <stdlib.h>

#include <dos .h>

#define LSR 5
#define RER O

FILE *fi;
FILE *fv;
char s[30]1, k[30];
int cikis, ctr,
sayac,isim_indis, secenek,d,e,f,qg,r,u,v;
int Gozi, Goz3,Gozv,Goz4;

unsigned int
I,II,III,avVR,avL,avF,3I,3jII,jIII,jaVR,javL,javVF,x,y,i;
unsigned char ch 1([5121, ch_2({512], ch_3([512];
unsigned base(2];

initgr ()
{
/* request auto detection */
int gdriver = DETECT, gmode, errorcode;

/* initialize graphics and local variables */
initgraph{&gdriver, &gmode, "");

/* read result of initialization */
errorcode = graphresult();
/* an error occurred */
if (errorcode != groOk)
{
printf ("Graphics error: %s\n",
grapherrormsg (errorcode) ) ;
printf ("Press any key to halt:");
getch () ;
exit (0);
}
}

void cerceve()

{
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/* Dis cercevenin cizimi */
rectangle(16,0,619,479);

/* Ic cercevenin cizimi =/
rectangle(62,6,576,473);

/* Scl kolonda skala cizimi */

line(59,45,63,45); line(59,123,63,123); 1line(59,201,63,201);
line(59,279,63,279); line(59,357,63,357); 1line(59,435,63,435);

/* Skalalara 1,0,-1 degerlerinin atanmasi =*/

outtextxy(50,16,"1"); outtextxy(50,45,"0"); outtextxy(43,70,"-
1) ;

outtextxy(50,94,"1"); outtextxy(50,123,"0");
outtextxy(43,148,"-1");

outtextxy (50,172,"1"); outtextxy(50,201,"0");
outtextxy(43,226,"-1");

outtextxy (50,250, "1"); outtextxy(50,279,"0");
outtextxy (43,304, "-1"};

outtextxy (50,328,"1"); outtextxy(50,357,"0");
outtextxy(43,382,"-1");

outtextxy(50,406,"1"); outtextxy(50,435,"0");
outtextxy (43,460,"-1");

/* Kanal sembollerinin yazimi */
outtextxy (594,45,"1I");
outtextxy(590,123,"I1I");
cuttextxy (584,201, "III");
outtextxy (584,279, "avR") ;
outtextxy (584,357, "avL") ;
outtextxy (584,435, "avF") ;

/* Milivolt yazdirma */

outtextxy(27,162,"M"); outtextxy(27,182,"i");
outtextxy (27,202,"1");

outtextxy(27,222,"i"); outtextxy(27,242,"v");
outtextxy (27,262, "0");

outtextxy(27,282,"1"}; outtextxy(27,302,"t");

}
void get_data{unsigned ctr)
{
char a,b;
do{
do{
a=inportb (base [0] +LSR} ; /*3F8+5=3FD -->port
identification*/
}while( !(a & Ox1 ));
b=inportb(base[0] +RBR) ; /*3F8*/

}while{( b == 0 );

/*do{
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a=inportb (base [0] +LSR) ;
}while( !(a & 0x1 ));*/
ch_1{ctr]l=b; /*inportb(basel0]+RER);*/

dof{
a=inportb (base[0] +LSR) ;

}while( !(a & 0x1 ));
ch_2[ctr]=inportb (base[0] +RBR) ;
do{

a=inportb (base [0] +LSR) ;
}while( !(a & 0x1 ));
ch_3[ctr]=inportb (base [0] +RBR) ;

}

/*****************************************************************/
void  REAL_TIME_GRAPH ()

{

get_datal(ctr);

jI=I; JII=II; FIII=III; jaVR=aVR; jaVL=aVL; jaVF=aVF;

I = 37 - ch 2[ctr]l + ch_llctr];
IT = 118 - ch_3{ctr] + ch_2[ctrl; /* II
Derivasyonu */
IIT = 193 - ch 3{ctr] + ch_1[ctr]; /* III

Derivasyonu */

avR = 271 - ch_1{ctr] + (ch_2[ctr] + ch_3[ctrl)/2; /* avR
Derivasyonu */
avL = 349 - ch 2[ctr] + (ch_3[ctr] + ch 1l[ctrl)/2; /* avL

Derivasyonu */
avF = 427 - ch_3[ctr] + (ch_1l[ctr] + ch_2[ctr])/2; /* avF
Derivasyonu */

setcolor(15); line{ctr-1,jI ,ctr, I);
setcolor{14); line(ctr-1,3II ,ctr, II);
getcolor(15); line(ctr-1,3jIII,ctr, III};
setcolor(14); line(ctr-1,javVR,ctr,aVvVR);
setcolor(15); line(ctr-1,javVL,ctr,avl};
setcolor(14); line(ctr-1,jaVF,ctr, avF);

Ctr++;
if(ctr == 513)
{
ctr=1;
/*cleardevice() ;*/clearviewport () ;
}

} /* REAL_TIME GRAPH sonu */

/*****************************************************************/

FILE_YAZMA ()
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/*Mevcut bir dosyanin sadece okunmak
icin acilmasinda kullanilir*/
if (NULL==fopen("isim.dat","rb"))
{
/* Dostanin sadece yazilmak icin acildigini
gosterir*/
if ((fi=fopen("isim.dat", "wb") ) ==NULL)
{
printf ("Cannot create a file");
exit (0);
}
else
{
isim_indis = 0;
fseek (fi,7700,SEEK_SET) ;
fwrite(&isim_indis,2,1,£fi);
fclose(fi};
}
}

if((fi=fopen("isim.dat", "rb+") ) ==NULL)
{
printf ("Cannot open a file \n");
exit (0} ; /*D0S'a doner=*/

}

fseek (£i,7700,SEEK_SET) ;
fread (&isim_indis,2,1,£fi);
fseek (fi, 0L, SEEK_SET) ;
Gozi = isim_indis*30;
fseek (£i,Gozi, SEEK_SET) ;
fwrite(s,30,1,£1);

fclose (£fi) ;

/*Mevcut bir dosyanin sadece okunmak
icin acilmasinda kullanilir=*/
if (NULL==fopen("veri.dat","rb"))
{
/* Dostanin sadece yazilmak icin acildigini
gosterir*/
if ((fv=£fopen("veri.dat", "wb"))==NULL)
{
printf ("Canngt create a file");
exit (0);

}

fclose(fv);

if ((fv=Ffopen("veri.dat", "rb+"))==NULL)

{

printf ("Cannot open a f£ile \n");
exit (0); /*DOS'a

}

fseek (fv, 0L, SEEK_SET) ;

doner*/
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Gozv = isim_indis * 1536; /*Max=256%*1536=393216

dir*/
fseek (fv, Gozv, SEEK_SET) ;
fwrite(ch_1,1,512,£fv); /* ch_1[l,ch_2{],ch_31]
*/
fwrite(ch_2,1,512,fv); /* buffer'larinin diske
*/
fwrite(ch_3,1,512,fv); /* yazilmasi
*/

fclose (fv);

isim_indis++;

if (isim_indis == 255)
{
isim_indis = 0;
}
if ((fi=fopen("isim.dat", "rb+"))==NULL)
{
printf ("Cannot open a file \n");
exit (0) ; /*D0S'a doner*/
}

fseek (fi, 0L, SEEK_SET) ;
fseek (fi,7700,SEEK_SET) ;
fwrite(&isim indis,2,1,£i);
fclose (fi);

}
/* FILE'a YAZMA sonu */

/***************************‘k***********************************‘k*/

void FILE_OKUMA () {
setcolor(15) ;
setviewport(0,0,639,479,1);
clearviewport () ;
gotoxy (9,16) ;
printf("Hasta ismini Giriniz:");
scanf {"%s",k);
u=strlen(k);
if(( £fi = fopen ("isim.dat","rb+"))==NULL)
{
printf{"Cannot open file \n");
exit (0) ;
}i
cleardevice () ; /*clearviewport () ;*/
gotoxy (9,16} ;
printf ("Hasta kayit numarasini seciniz:\n\n\n\n\r");
sayac = 0;

do {

Goz3 =sayac*30;

fseek (fi, 0L, SEEK_SET) ;

fseek (fi,Go0z3, SEEK_SET) ;
/* setvbuf (fi,NULL, IONBF,512);*/
fread(s,30,1,fi);

v=gtrlen(s};
if{(istrnicmp(k,s,u)) && (u==v))
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printf ("¥d\t\t\t", sayac);

sayac++;

} while(!feof(fi));/*feof(fi)=1 ise dosya sonuna
ulasilmistir*/

fclose (£i) ;

gotoxy(42,16) ;
scanf ("%d", &secenek) ;
printf ("%d", secenek) ;

cleardevice () ;

if(( fv =

{

/*Dosyayi kapat.*/

fopen("veri.dat", "rb+") ) ==NULL)

printf ("Cannot open file \n");

exit (0);

}i

Goz4 =

secenek * 1536;

fseek (fv, 0L, SEEK_SET) ;

fseek (fv,Goz4, SEEK_SET); /* Goz Byte'ina gir.*/
* getvbuf (fv,NULL, IONBF,512);*/

fread(ch_1,1,512,£fv);

fread(ch _2,1,512,£fv);

fread(ch _3,1,512,£fv);

cerceve () ;
setviewport (63,7,575,472,1) ;
I=37;II=118;I1I=193;aVR=271;aVL=349;aVF=427;

for (x=1;x<513;xX++)

{

jI=I; jII=II; jIII=III; jaVR=aVR; jaVL=aVL; jaVF=aVF;

I =
Derivasyonu
IT =
Derivasyonu
IIT =
Derivasyonu
avR =
Derivasyonu
avl =
Derivasyonu
avF =
Derivasyonu

setcolor (15
I11);

setcolor(15); line(x-1,3jIII, x,

37 - ch 2[x] + ch_1[x]; /* 1

*/

118 - ch_3{x] + ch_2[x]; /* II
*/

193 - ch_3[x] + ch 1(x]; /* III
*/

271 - ch_1[x] + (ch_2([x] + ch_3[x])/2; /* avR
*/

349 - ch_2([x] + (ch_3([x] + ch_1{x])/2; /* avL
*/

427 - ch_3(x] + (ch;l[x] + ch_2(x])/2; /* avF
*/

); line(x-1, jI,x, I); setcolor(14); line(x-1,3jII,x,

1,javR,x,avR) ;
setcolor(15); line(x-1,jaVL,x,aVL);setcolor({l4);line(x-1,jaVF,x,

avF) ;

}:

r
bir */

fclose (£fv) ;

=getch{);

III);setcolor(l4);line(x-

/* Bilgilerin ekranda donmasini saglar,
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/* tusa basilana kadar grafik ekranda

donar */

1f(r==27)

{

d=27;

}
else
d=0;

if(r==111) /* o tusuna basildi ise */

d=111;

clearviewport (); /*cleardevice();*/
return;
} /* FILE'dan OKUMA */

void main({void)

{
base[0]= 0x3£f8;
initgr(); setbkcolor (BLUE) ;

gotoxy (1,16) ;

printf("Hasta ismini Giriniz:"); /* Hasta ismini
*/

gotoxy (23,16) ;

gets (s); /* § stringine atama. */

cleardevice () ;

cerceve () ; /* cercevenin

cizdirilmesi =*/
I=37;I1I=118;III=193;aVR=271;avl=349;aVF=427; ctr=1;
setviewport (63,7,575,472,1);

cikis= 0; d=0;
do {
if (kbhit () 1=0)

{

d=getch{() ;

}

switch(d)
{
case 111: /* "o
tusu */
bas:
FILE OKUMA ();
if(di=111)
{d=0;
break;}
else
goto bas;
case 121: /* "y" Tusu. */
FILE YAZMA ();
d=0;
break;
case 27: /* ESC */
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cikis = 27;
/* Hala hic bir tusa */
break;
default : /* Hala hic tusa
*/
REAL_TIME_GRAPH (); /* basilmadi ise. */
}
} while((cikis != 27) || (d != 27));/*Icdeki do_while
sonu*/

/* clean up */
closegraph() ;
exit (0) ;
}i /* main() sonu.*/
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