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INTRODUCTION




INTRODUCTION

“Quality is no Accident” - With the emerging applications in this
modern age of highly improved medical sciences providing quality
medical service has taken on a new importance. We bring into focus the
biotelemetry system, which is one of the areas of modern medical
sciences. Biotelemetry has made possible studies of active subjects under
the conditions that so far prohibited measurements. It is therefore an
indispensable technique in situations where the patient cannot reach the

hospital in time.

Telemetric surveillance is convenient during transportation, within
the hospital area and for continuous monitoring of patients sent 1o other

wards or clinics for checkup or therapy.



The electrical signal from the heart characteristically precede the
normal m‘echanical Jfunction and monitoring of these signals has great
clinical significance. It provides valuable ;'nfonnation about a wide
range of cardiac disorders such as the presence of an inactive part
(infarction) or an enlargement (cardiac hypertrophy) of the heart muscle.
Electro cardiographs are used in catheterisation laboratory, coronary
care units and for routine cardiac diagnostic applications in cardiology.
Hence there is a need for the biotelemetric system for measurement of
physiological parameters. Here the priority is more for ECG as it

detects a wide range of cardiac disorders.






ECG WAVEFORM ANALYSIS

Before we  proceed, let us have some knowledge about
electrocardiogram  waveform. The electrocardiogram is a graphic
recording or display of the time — variant voltages produced by the

myocardium during the cardiac cycle.

Figure shows the typical ECG wave

It consists of P wave, QRS complex and T wave. T, hey reflect the

rhythmic electrical depolarization and repolarisation of the myocardium



associated with the contractions of atria and ventricles. The
electrocardiogram is used clinically /.'n. diagnosing various diseases and
conditions associated with the heart. It also serves as a timing reference
for other measurements.

Alphabetic designations have been given to each of the prominent
features of the ECG. These can be identified with events related to the
action potential propagation pattern. The P wave represents
depolarization of the atrial musculature. The QRS complex is the
combined result of the repolarisation of the atria and the depolarisation
of the ventricles, which occur almost simultaneously. The T wave is the
wave of ventricular repolarisation, whereas the U wave, if present, is
generally believed to be the result of after - potentials in the ventricular
muscle. The P — Q interval represents the time during which the
excitation wave is delayed in the fibers near the AV node.

The shape and polarity of each of these features vary with location
of the measuring electrodes with respect to the heart, and a cardiologist
normally bases his diagnosis on the readings taken from several
electrode locations. A cardiologist would first look at the heart rate. The
normal value lies in the range of 60 — 100 beats per minute. A slower
rate than this is called bradycardia (slow heart) and a higher rate,

tachycardia (fast heart). He would then see if the cycles are evenly



spaced. If not, an arrhythmia may be indicated. If the P — R interval is
greater than 0.2 second, it can sugge.-vt blockage of AV node. If one or
more of the basic features of the ECG should be missing, a heart block of
some sort may be indicated.

In healthy individuals, the ECG remains reasonably constant, even
though the heart rate changes with the demands of the body. It should be
noted that the position of the heart within the thoracic region of the body,
as well as the position of the body itself, influences the electrical activity
of the heart.

Under pathological conditions, several changes may. occur in the
ECG. These include

e altered paths of excitations in heart

e changed origin of waves (ectopic beats)

e altered relationships (sequences) of features
e changed magnitudes of one or more features
o differing durations of waves or intervals

If the PR interval is more than 0.22 sec., the AV Block (First
degree heart attack) occurs. When the QRS complex duration is more

than 0.1 second, the bundle block (severe heart attack) occurs.



The origin, amplitude and duration of the different waves in the

electrocardiogram are given in the table.

PHYSIOLOGICAL NATURE OF ECG WAVEFORM:

of the
intraventricular
(Purkinje fibers)

system

Origin Amplitude Duration
(m)) (SECS)
P Wave Artrial 0.25 0.121t00.22
depolarisation or (P-R interval)
contraction
R wave Repolarisation of 1.60 0.07 to 0.1
(ORS complex) the artria and the
deplorisation of the
ventricles
T wave Ventricular 0.1t00.5 0.05t00.15
Repolarisation (S-T interval)
(Relaxation of
myocardium)
S-T interval Ventricular
contraction
U wave Slow Repolarisation <0.1 0.2

(T-U interval)
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ECG LEAD CONFIGURATION

Usually surface electrodes are used with jelly as electrolyte
between skin and electrodes. The potentials generated in the heart are
conducted to the body surface. The potential distribution éhanges in a
regular and complex manner during each carfdiac cycle. Therefore to
record electrocardiogram, we must choose standardized electrode
systems.

1. Bipolar limb leads (or) standard leads

2. Augmented unipolar limb leads

3. Chest leads (or) precordial leads

4. Frank lead system (or) corrected orthogonal leads
Among these four systems, the first three are widely used.

Bipolar Limb I.eads — Standard Leads I, IT and I1I:

In standard leads. the potentials are tapped from four locations of our
body. They are

1. Right arm.

2. Left arm.

3. Rightleg.

4. Leftleg.

Usually the right leg electrode acts as ground reference electrode.



Figure shows the standard limb leads positions and it’s
corresponding wave patterns and the Einthoven triangle,



Lead | position — gives voltage V1, the voltage drop from the Left arm
(LA) to the right arm (RA).

Lead 2 position  gives voltage V2, the voltage drop from the Left leg

(LL) to the Right arm (RA).

Lead 3 position — gives voltage V3, the voltage drop from the Left leg

(LL) to the Left arm (LA).

The closed path RA to LA to LL and back to RA is called the
Einthoven triangle. According to Einthoven, in the frontal plane of the
body, the cardiac electric field vector is a two dimensional one. The ECG
measured from any one of the three limb leads is a time variant single
dimensional component of that vector. Along the sides of this triangle,
the three projections of ECG vector are measured as shown in the figure.
Further, the vector sum of the projections on all the three sides is equal
to zero. Thus following Kirchoff's law, the R wave amplitude of lead II is
equal to the sum of the R wave amplitude of leads 11 and I. For example,

the R wave nominal voltage from different leads is given in the next page.



Lead I Lead I1 Lead I1I

V1 (mV) V2 (mV) V3 (mV)
0.53 0.71 0.38
0.07-1.13 | 0.18-1.68 0.03-1.13

The voltage given in brackets indicate the range of the measured
voltage. Thus V2 = VI + V3.

AUGMENTED UNIPOLAR LIMB LEADS:

In the augmented unipolar limb leads system, which is introduced
by Wilson, the electrocardiogram is recorded betweén a single
exploratory electrode and the centrdl terminal that has a potential
corresponding to the center of the body. Thus two equal and large
resistors are connected .to a pair of limb electrodes and the center of this
resistive network acts as the exploratory electrode. By means of
augmented ECG lead connections, a small increase in the ECG voltage
can be realized. The augmented lead connections are augmented voltage
Right arm (aVR), augmented voltage Left arm (aVL) and augmented

voltage Foot (aVF) as shown in the figure.
Even though the resistors in these limb leads have large value,

their values are smaller when we compare with the input resistance of the
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preamplifier. By Kirchoff's law, the augmented voltages can be written
as in terms of standard lead voltages.

aVR =-VI-V3/2

aVR = VI- V22
aVR=V2-VI1/2
UNIPOLAR CHEST LEADS:

In the case of unipolar chest leads, the exploratory electrode is
obtained from one of the chest electrodes. The chest electrodes are
placed on the six different points on the chest close to the heart as shown
in the figure. By connecting three equal large resistances to the left arm,
right arm and the left leg, a reference electrode or central terminal is
obtained. This lead system is known as Wilson system. Thus the
electrocardiograms are recorded from these 12 lead selections such that
3 standard bipolar leads, 3 augmented unipolar leads and chest leads.

The ECG potentials are measured with colour coded leads
according to the convention:

White — Right arm
Black — Left arm

Green — Right leg



Red - Lefi leg
Brown — Chest

This is internationally adopted for easy reference.

FRANK LEAD SYSTEM:

The corrected orthogonal leads system (or) Frank lead system is
used in vector cardiography. Here one can get informations from above
said 12 leads. Further using this lead system, the heart’s dipole field is
resolved into three mutually perpendicular components and hence the

state of the pulse is studied three dimensionally.



BIOTELEMETRY SYSTEM

Biotelemetry is the measurement of biological parameters over a
distance. The means of transmitting data from the point of generation to
the point of reception can take many forms. Perhaps the simplest
application of the principle of Biotelemetry is the stethoscope, whereby
heartbeats are amplified acoustically and transmitted through a hollow
tube system to be picked up by the ear of the physician for interpretation.
The following types of data were obtained by biotelemetry:

1. Temperature by rectal or oral thermistor.

2. Respiration by impedance pneumograph.

3. Electrocardiograms by surface electrodes.

4. Indirect blood pressure by contact microphone and cuff.

As the field progressed, it became apparent that literally any
quantity that could be measured was adaptable to biotelemetry. Just as
with hardwire systems, measurements can be applied to two categories:

1. Bioelectrical variables, such as ECG, EMG, and EEG.
2. Physiological variables that require transducers, such as blood

pressure, gastrointestinal pressure, blood flow, and temperature.



With the first category, a signal is obtained directly in electrical
form whereas the second category requires a type of excitation, since the
physiological parameters are measured as variations of resistance,
inductance or capacitance.

In a typical system, the appropriate analog signal (Voltage,
Current, etc.) is converted into a form or code capable of being
transmitted. Aﬁér being transmitted, the signal is decoded at the
receiving end and converted back into its original form. Currently, the
most Mdespread form of biotelemetry for bioelectric potentials is in the
transmission of the electrocardiogram.

One example of ECG telemetry is the transmission of
electrocardiograms from an ambulance or the site of an emergency to a
hospital, where a cardiologist can immediately interpret the ECG and
arrange for any special treatment that may be necessary upon the arrival
of the patient at the hospital.

The use of telemetry for ECG signals is not confined to emergency
applications. It is used for exercise electrocardiograms in the hospitals
so that the patient can run up and down steps, unencumbered by wires.
Also, there have been cases in which individuals with heart conditions
wear ECG telemetry units at home and on the job and relay ECG data

* periodically to the hospital for checking.



PROJECT INTRODUGTION



Transmitter section

Electodes To
(ECG signal) Amplifier — | Telephone
line
Tone
Oscillator
EEPROM
8085 v — Monostable
Divide by
¢ latch < t ol
CPU counter multivibrator
8255
Divide by «—
PPI counter PLL
Switching
counter Relay _\
Monitor | | Output From
amplifier i Telephone Line

The Block Diagram







CIRCUIT OPERATION

By placing the electrodes in the correct part of the body,
the ECG signals that are to be transmitted are received. These signals
are amplified in two stages in order to increase the strength of the signal.
The amplified signal is then transmitted to the receiving end through the
telephone line. Before the signal gets transmitted a tone signal is
generated by the timer oscillator to indicate the transmission of the
electrocara'iogra)n signal from the transmitter section. The amplified
signal is connected to the mike point in the telephone that is used to
transmit the signals through the telephone line. The signals from the

various parts are mixed and amplified by 741 series operational

amplifier.

RING DETECTION:

In the receiver side, we have the microprocessor, ring detector,
tone detector and a monitor. The ring detection section in the receiver
detects the ringing and hence receives the amplified signal through the
telephone line by lifting the telephone unit. In the ring detector section by

using 4017 IC as a monostable multivibrator, we have already set that,
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after receiving 3 pulses, ring detector sends the ring detection pulse. At
ringing time AC signal is received. Thé bridge rectifier with IN4007 and
the capacitance setup converts this AC signal to DC signal. This DC
signal is amplified by the transistor BC547 When it receivés 4 rings it
enables the port A. By using Port A of 8255 peripheral interface device
as input, this pulse is compared with the pulse that is already stored in
EPROM. If it matches, a signal is triggered in the Port B of 8255. At this

time, the hook switch is released by switching on the hook switch-relay.

TONE DETECTION:

In the tone detéction section, the phase locked
loop IC567 is used as a tone decoder. The action of the PLL is to lock the
output frequency and phase to the frequency and phase of input signal.
Similar to ring detector section, after receiving the preset number of
pulses, we receive the tone detector pulse at the output of 567 IC. By
using Port C, this tone detector pulse is compared with the tone detection
pulse that is stored in the memory. If this matches, then the output Port B
is activated and the triggering signal switches on the amplifier ON —
relay. The power supply of +12V is regulated by a regulator 7805 IC

to +5V, which is the supply voltage for the microprocessor unit. The two



relays, hook switch relay and amplifier ON-relay remain in on condition
for 3 minutes. The microprocessor switches OFF the relays after this
delay time of 3 minutes by resetting the entire unit.

If Port B is activated, then the switch is closed and the
data terminals of PPI (8255) are enabled. The data followed by ring and
tone signals are amplified by the 741 series op — amp. The ouiput

terminal can be connected to either a plotter or a CRO. By using parallel

connection, we can use both.

THE FUNCTION OF 8085:

The microprocessor unit in the receiver section features a 8085
processor that controls the relays. It operates on 8-bit data and uses 16-
bit address. Since it usesl6-bit address it can directly address 2 power
16=65,536=64K memory locations. The 8085 is designed using NMOS
transistor in 40 pin DIP (Dual In-line Package). It requ.ires a single
power supply of +5 volts. The 8085 generates a clock signal internally
and divide by two for internal operations. The NMOS 8085 is available
in two versions 80854 and 80854-2 with maximum internal clock

frequency of 3.03MHz and SMHz respectively.



The pin configuration of the microprocessor used in the receiver

circuit is shown below:
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The lower order address byte and data lines AD0O to AD7 are
multiplexed. At the beginning of a machine cycle the address is given out
on ADO to AD7 and it is latched on into the external latch by using ALE.
Then the line lines ADO to AD7are multiplexed. At the beginning of a
machine cycle the address is latched into external latch by using ALE.
Then the lines ADO to AD7 are used to carry data. The pins A8 to A15
are unidirectional and contain the high byte address. The RD signal is
asserted low by the 8085 during a memory or I/O READ operation.
Similarly, the WR pin signal is asserted low during its internal
operations.

The ready input can be used by the slower external devices for
obtaining extra time in order to communicate with the 8085.The READY

is made low to provide wait state clock periods in the machine cycles.



The HOLD and HLDA signals are used for the Direct Memory Access
(DMA) type of data transfer. The DMA controller places a HIGH on
HOLD pin in order to take control of the system bus. The HOLD function
is acknowledged by the 8085 by placing a HIGH output on the HLDA
pin.

The 8085 has the clock generation circuit on the chip
but an external quartz crystal or LC circuit -or RC circuit should be
connected at the pins X1 and X2 is divided by two internally for internal
clock. The frequency of outpul clock signal is same as that of internal
clock. The RESET IN signal, when pulsed LOW, causes the 8085 to
execute the first instruction at the 0000H location. In addition, the 8085
resets instruction register, interrupt mask bits and other registers. The
RESET IN must be held LOW for at least three clock periods.

The program instructions are stored in memory, which is an
external device. To execute a program in 8085, the starting address of
the program should be loaded in program counter. The 8085 output the
content of program counter in the address bus and assert read control
signal low. Also, the program counter is incremented.

The address and the read control signal enable the memory
to output the content of memory location on the data bus. Now the

content of data bus is the opcode of an instruction. The read control



signal is made high by timing and control unit after a specified time. At
the rising edge of read control signal;c, the opcode is latched into the
microprocessor internal bus and placed in the instruction register. The
instruction-decoding unit decodes the Instructions and provides

information to timing and control unit to take further actions.’

FUNCTION OF THE 8255 PPI:

The 8255 has three ports A, B and C. the ports A and B are 8 — bit
parallel ports. Port A can be programmed to work in any one of the three
operating modes as input or output port. They are:

Mode 0 - simple 1/0 port

Mode 1 — handshake 1/O port

Mode 3 — bi-directional I/O port

The port B can be programmed to work either in mode — 0 or mode
— 1 as input or output port. The port C pins (8 — pins) have different
assignments depending on the mode prort A and B. The Port A and Port
C act as input ports and Port B acting as the output port releases the

hook switch and activates the amplifier.

The pin configuration of the programmable peripheral interface

used in conjunction the processor is shown in the next page.
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If ports A and B are programmed in mode ~ 1 or mode — 2, then
some of the pins of port C are used for handshake signals and the
remaining pins can be used as input/output lines or individually set/reset
for control applications.

/O MODES of 82535

Mode — 0:  in this mode all the three ports can be programmed either as
input or output port. In mode — 0, the outputs are latched
‘and the inputs are not latched. The ports do not have
handshake or interrupt capability. The ports in.mode — 0 can
be used to interface DIPswitches. Hexa — keypad, LED's

and 7 — segment LED’s to the processor.



Mode ~ 1:  in this mode, only ports A and B can be programmed either
as input or output port. Iﬁ mode — 1, handshake signals are
exchanged between the processor and peripherals prior to
data transfer. The port (. pins are used for handshake
signals. Input and output data are laiched. Interrupt driven
data transfer scheme is possible.

Mode - 2: in this mode, the port will be a bi-directional port. Only port
A can be programmed 10 work in mode — 2. Five pins of port
C are used for handshake signals. This mode is used
primarily in applications such as data transfer between two
computers or floppy disk controller interface.

The ports are grouped as group A and group B. the group A has

Port A, Port C upper and its control circuit. The group B comprises of

Port B, Port C lower and its control circuit.

The Read/Write control logic requires six control signals. These signals
are given below.

RD  (Read):This control signal enables the read operation. When this

signal is LOW, the microprocessor reads data from a

selected I/0 port of the 8255A.



WR (Write): This control signal enables the write operation. When this
goes LOW, the microprocessor writes into d selected 1I/0
port or the control register.

RESET: This is an active high signal. It clears the control register

and set all ports in the input mode.

C.—S—‘ A0.Al: These are device select signals. The CS is connected to the |
decoder in the system. AQ and Al are generally connected to
A0 and Al of the processor..
The 8255 can be either memory mapped in the system or it can be
'O mapped in the system. When CS is LOW the 8255 is selected. The A0
and Al select any one of the four internal devices.
The 8255 ports are programmed by writing a control word
in the control register. For set;ing l/O functions and mode of operation

the 1'0 mode control word is sent to the control register.

FUNCTION OF THE EPROM:
The EPROM in the receiver section for storing the ring detection

and the tone detection pulses and it acts as a memory for the

MICroprocessor.



This memory stores a bit by charging the floating gate of a FET.
Information is stored by using an EPROM programmer, which applies
high voltages to charge the gate. Exposing the chip to ultra violet light

can erase all the information and the chip can be reprogrammed.

We have used an Intel 2732 EPROM which is a 32, 76 8 — bit
ultraviolet erasable and electrically programmable read only memory
(EPROM). It operates from a single 5-volt power supply, has a standby
mode, and features an output enable control. The total programming time
for all bits is three and a half minutes. The above mentioned features
have made designing with the 2732 in hicrocomputer systems faster,
easicer, and more economical.

An important 2732 feature is the separate output control, output
enable ((—j—b:) from the chip enables control (CTZ). The CE control
eliminates bus contention in multiple bus microprocessor systems. It also
has a standby mode, which reduces the power dissipation without
increasing access time. The maximum active current is 150mA. While the
maximum standby current is only 30mA, an 80% savings. The standby

mode is achieved by applying a TTL high signal to the CE input.



Thirteen address lines (A0 - Al2) are required to access the 2
(8kb) location within the device. DO - D7 are the data output lines and

are connected to the data bus.

MODE SELECTION:

a——

PINS CE OE/V Vec OUTPUTS
MODE (18) (20) (24) (9-11-13-17)
Read VIL VIL +5 DOUT
Standby VIH Don't Care +5 High Z
Program VIL Vpop +5 DIN
Program verify VIL VIL +5 DoUT

Program inhibit VIL Vpp +5 High z p73




The pin diagrams and functional block diagram are given in

figure. u?
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Vpp is used for programming (writing into and burning) the 2732
by providing a high voltage (usually 12.5V or 21V). PGM is also used for
programming. Its functions as a WR signal and is held low. for the time
that is required for programming (write into) a selected location
(accessed by the status of the AQ — A12 lines). In addition to these lines,
the 2732 has two enable lines, the CE (chip enable) and the 57:: (output
enable). When the CE is made low, it is used to force the 2732 out of the

standby mode. OF is used in conjunction with CE for two-line control to

avoid bus contention.

OPERATIONAL MODES:

The 2732 has eight modes of operation. The modes are selected on

the basis of the signals present on the pins. The first three modes (read,



output disable and standby) manifest, depending on the status of the CE
OF and PGM when the 2732 is not bez’ﬁg programmed.
The various modes are described here:
READ:

In this mode, the Vpp pin is held at Vcce level (+5V) and PGM is
held high. The CE pin is made low in order to select the device and OF is
made low in order to gate the data from the output pins (DO — D7). The

contents of the memory location specified by AQ — Al12 can then be read
oul into the system data bus.

STANDBY:

When the CE pin is held high, thé device is deselected and enters
the standby mode in which the current consumption is reduced from an
active value of approximately 100mA to 40mA. The outputs are (DO -
D7) are tristated regardless of the CE status.

OUTPUT DISABLE:

The outputs are disabled and tris'ated when the CE is low and DE
is high.
PROGRAM (STANDARD PROGRAMMING):

In this mode, data can be w. iiten into a desired location by
selectively programming zeros. Prior to programming, the data at a

location is FFH. If the data at that locaiion is to be changed, the Vpp pin



is given upto the programming level voltage; with CE and PGM enabled,
and the desired data is placed on the DO - D7 pins of the device.
VERIFY:

After a location is programmed, a verify operation (o be performed
to ensure that the location has been programmed correctly. The Vpp pin
is made high (22V or 12.5V for 2732 and 27324 respectively), the CE
and DE made low, while PGM is high. The data on DO — D7 pins can
then be compared with the data that was placed on the pins during
programming.

PROGRAM INHIBIT:

With the Vpp pin held high 22V for 2732 a high CE inhibits
programming regardless of the status of the PGM input. This is of
particular advantage when multiple 2732s are programmed with

different data for the same addresses.

FUNCTION OF THE LATCH:

The latch is a basic component of any circuit. We have used a latch
in the receiver section of the circuit. The latch has been used in
demutiplexing the address lines in the microprocessor. Latch is a basic
element of memory, which is.nothing but a flip-flop. To write or store a

bit in the latch, we need an input data bit (Din) and an enable signal



(EX!). In this latch, the stored bit always available on the output line
(Dout). The latch we have used is a 74LS373 latch.

A latch is used commonly to interface output devices. When the
microprocessor unit sends an outpul, data are available on the data bus
for only a few microseconds, and therefore, a latch is used to hold data
for display.

Typical examples of the latches are the 74LS373 and the 8282.
Both are functionally similar; however, they are pin compatible. These
octal lat;;hes are suitable to latch 8 — bit data. The latch we have used is

7418373 latch the pin diagram of which is shown below:

u?

3 2
}-T DO Qo S—E <
3'—7 D1 Q1 6_E
3_8— D2 Q2 g—-E
}T D3 Q3 'TE
3——1—4— D4 Q4 —15—'E
F— D7 Q7 —t
30 oc
—G

7418373

The devices include eight-D latches with tristate buffers. It
requires two input signals, enables (G) and output control (OC). The

enable is an active high signal connected to the clock input of the flip -

flop.



When this signal goes low, data are latched from the data bus.
The output control signal is active low, and it enables the tristate buffers

1o output data to the display devices.

TRUTH TABLE QF 74 LS 373

FUNCTION TABLE:

OUTPUT ENABLE
CONTROL G D OUTPUT
L H H H
L H L L
L L X 00
H X X Z
FUNCTION OF 555 TIMER:

The 555 timer is used both in the transmitter and the receiver
section. In the transmitter section it functions as a tone oscillator and it
functions in the monostable mode in the receiver section. It is highly a
stable integrated circuit capable of functioning as an accurate time —

delay generator and as a free running multivibrator. In the transmitter



section, it is used as a tone oscillator and in the receiver section, it

operates in monostable mode.

2 R 3
F—=E— TR Q t—=
oIS L7 _ ¢
324 cv ™R F—E
u?
NES555

Pin connections for the IC are shown in the figure.

The functional diagram, which is shown in the next page, IS
explained below. The three Sk ohm resistors act as voltage divider,
providing bias voltage of (2/3) Vce to the Upper Comparator (UC) and
(1:3) Vcc to the Lower Comparator (LC), where Vcc is the supply
voltage. Since these two voltages fix the necessary comparator threshold
voltage, they also aid in determining the timing interval.

It is possible to vary time electronically too, by applying a
modulation voltage to the contfol voltage input terminal (Pin 5). In
applications where no such modulation is intended, it is recommended by
manufacturers that a capacitor (0.01 micro farad) be connected between
control voltage terminal (Pin 5) and ground to by — pass noise or ripple
from supply. In the standby (stable) state, the output QO of the control

flip—flop (FE) is HIGH. This makes the output LOW because of power

amplifier
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FUNCTIONAL DIAGRAM OF 555 TIMER
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that is basically an inverter. A negatz’veA going trigger pulse is applied to
Pin 2 and should have its DC level greater than the threshold level of the
power comparator (Vec/3). At the negative going edge of the trigger, as
the trigger passes through (Vcc/3), the output of the lower comparator
goes HIGH and sets the FF (Q=1,0 =0). During the positive excursion,
when the threshold voltage at Pin 6 passes through (2/3) Vce, the output
of the upper comparator goes HIGH and resets the FF (Q = 0).

The reset input (Pin 4) provides a mechanism to reset the FF in a
manner that overrides the effect of any instruction coming.to FF from
lower comparator. This overriding reset is effective when the reset input
is less than about 0.4 V. When this reset is not used, it is returned to Vcc.
The transistor Q2 serves as a buffer to isolate the reset input from the FF
and transistor Q1. The transistor Q2 is driven by an internal reference
voltage Vref obtained from supply vloltage Vee.

MONOSTABLE OPERATION:

In the standby state, F holds transistor Q1 on, thus clamping the
external timing capacitor C to ground. The output remains at ground
potential (LOW). As the trigger passes through Vcc/3, the FF is set. This

makes the transistor Q1 off and the short circuit across the tiining



capacitor C is released. As O is LOW. output goes HIGH (= Vce). The
timing cycle now begins. Since C is uﬁciamped, voltage across it rises
exponentially through R toward Vec with a time constant RC. After a
time period T the capacitor voltage is just greater than (2/3) Vec and the
upper comparator resets the FF, R=1.S=0. This makes Q = 1, transistor
Q1 goes on, thereby discharging the capacitor C rapidly to ground
potential. The output returns to the standby state or ground potential.
T = 1.1RC seconds

The timing interval is independent of the supply voltage. Once
triggered, the output remains in the HIGH state until time T elapses,
which depends only upon R and C. Any additional trigger pulse coming
during this time will not change the output state. However, if a negative
going reset pulse is applied to the reset terminal (Pin 4) during the
timing cycle, transistor Q2 goes off, Q1 becomes on and the external
timing capacitor‘(l' is immediately discharged. The output w.ill now be as
in figure in the previous page.

It may be seen that the output of Q2 is connected directly to the
input of Q1 so as to turn QI immediately and thereby avoid the
propagation delay through FF. Now, even if the reset is released, the

output will still remain LOW until a negative going trigger is again
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applied at Pin 2. The figure in the previous page shows a graph of the
various combinations of R and C necessary to produce a given time

delay.

FUNCTION OF RELA YS:

Relays are used in our circuit basically to control the hook switch
and to switch on the amplifier. The relays arekactivated if signals are
received from the output porl of the PPl They are basically
electromagnetic devices, by which operation of one or more circuits are
controlled by the operation of some mechanical contact and with their
help, they control the operation of their circuits. They are required to
produce impulses at rather high speed and are also used to receive
signals at high speed at the receiving side. They are generally provided
with one moving contact known as tongue.

There are mainly four types of contacts as given below:

*\Make contacts: in this the contacts that are normally broken are

made when the relay is operated

*Break contacts: these are the normally made contacts that are

broken by the operation of the relay.



*Change over contacts: In this the movable contacts While
changing over its positions by the operation of the relay breaks with one
contacts and makes with the others.

*Make — Béfore _ Break contacts: in this type when the relay is
operated, one normally broken is first made and then only a second
normally contact is first made and then only a second normally contact is
broken.

When a current is passed through the coil of the relay, a magnetic
flux is produced through the core. It's path is completed through the
yoke, the armature and it moves against the force exerted by the different
spring contacts and when it moves, the. pin also moves up thereby moving
all the spring contacts fixed to the pin and so the various contacts are
operated.

The electromagnetic relay is basically a switch (or a combination
of switches) operated by a current flowing through a coil. Essentially, it
consists of four parts — an electromagnet comprising of a coil and a
magnetic circuit, a movable armature, a set of contacts, _and a frame to
mount all these components. The relay used in our circuit is the clapper
type relay. Although this relay has many variations, all have one feature

in common — a hinged armature that is attracted to a core when the core

is magnetized by a current in the coil wound around the core. It contains
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a core surrounded by a coil of wire. The core is mounted on a metal
frame. The movable part is called armature. When a voltage is applied to
the coil terminals, the current flowing through the coil produces a
magnetic field in the core. In other words, the core acts as an
electromagnet and attracts the metal armature. When the armature IS
attracted to the core, the magnetic path is from the core through the
armature, through the frame, and back to the core. On removing the
voltage, the spring attached to the armature returns the spring to its
original position. In this position, there is a small air — gap in the
magnetic path. Hence, more power is needed to keep it held in the
attracted position.

The relay contacts and the terminals are mounted on an insulating
board. When no current flows through the relay coil, the contact arm, or
pole as it is called, mounted on the armature, touches the top contact.
When the coil is energized by the flow of current, the armature along
with the contact arm, touches the bottom contact. The relay is actudlly a
Single Pole Double Throw (SPDT) switch.

When an electric current is flowing through a relay coil, it is said
to be energized and when the current flow stops, it is ;aid to be de—
energized. The commercially available clapper type relays have a set of
parallel contacts that are all pulled On being energized, whether a relay

makes contact(s) or breaks them depends on the design of the contact

arrangements.



FUNCTION OF THE PHASE LOCKED LOOP:

The receiver section in the circuit features a PLL IC 567 to lock the
output frequency and phase to the frequency and phase of an input signal. In
our circuit it acts as a tone decoder. PLL synchronizes the signal that is
developed by an oscillator with an input signal in frequency as well as
phase.

If the generated signal is matched with the reference signal, the phase
difference between these two signals (error signal) is zero. The VCO is a
free running multivibrator whose center frequency is determined by an
external timing capacitor and an external resistor. Its center frequency can
also be shifted to ei{her side by application of a dc control voltage to
appropriate terminal of the IC. The frequency deviation is directly
proportional to the dc control voltage and hence it is called a ‘voltage
controlled oscillator’ or in short as VCO. The VCO output is presentec;’ to a
phase sensitive detector, where its phase is compared with that of the
incoming signal. The detector produces a dc output whose magnitude is
directly proportional to the phase difference. This is called the error signal
and is first passed through a low-pass filter to remove the components of the

VCO and input signal frequency and then amplified by a dc amplifier, called

the ‘error amplifier’.
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SOFTWARE DESCRIPTION

Port initialization of 8255 PPl is done by writing the
appropriate control word in control register. Then port A is read for
input from the ring detector. It is compared immediate with 01 and if it is
not zero then hook switch relay is activated by giving the output to port
B. The port C is then read for input from tone detector. This is compared
immediate with 01,if it is zero means hook switch relay and amplifier
power ON is activated by giving the ou(put to port B and some delay is
given for receiving the ECG signal.

After delay the hook switch and amplifier power is switched
off. Then the program jumps to the start again and the whole procedure

repeats again when the tone oscillator generates the pulse for signaling

transmission of ECG signal.



PROGRAM ASSEMBLY FORM

PROGRAM TITLE : ....EPROM  PROGRMVIE i
HEXADECIMAL ~ MNEMONIC INSTRUCTION

' ADDRESS INSTR. LABLE OPCODE | OPERAND COMMENTS
8000 3E START: Myt A 99 ‘CONTROL  \WORD
8001 a9
8002 o3 QUT 03 03 CONTROL. REGIST
8003 03
B004 D8 Ll IV 00 RiNG DETECTION
g009 00
8006 FE cPI Ol TINPUT FROM POX
80072 o\ 1S COMPARED )l
g008 c2 Inz ) loi TF Zero Jue
8009 04 T0) LOOP | .

| 800A g0 | o
8008 3E my| A ol TE WNOT ZERO
g00¢ 0|\ AV 1E THE
200D D3 ouT o} HOOK SWITCH R/
800¢& Ol
800F DB L2 v 02 TONE DETECTIA
010 02
gon £E cPI o) PORIC INPUT  AS
8012 01 COMPARED WITH
8013 C2. INZ L2 TE ZERO TUMP -
8014 OFf £L00P >,
8015 80 ,
801§ 3E Mmy) A 03 TE _ANDT ZERN
8017 03 76 AMPUFIER
goig D3 ovT ol LPOWER AN /S
Bol9 0} ACTIVBTED
B0JA 1) 4%1 D B4- 00
8018 B4
g0\C 00
201D ol L4: LX) B FF_FF
801E FF
80I1F Ff




PROGRAM TITLE :

PROGRAM ASSEMBLY FORM

-------------------------

HEXADECIMAL MNEMONIC INSTRUCTION

ADDRESS INSTR. LABLE OPCODE | OPERAND COMMENTS
§020 08 L3 pex 8 DELAY _FDR
802} 79 Moy A C RECEIYING THC
8022 80 ORA B £l SIGNAL
8023 C2 TN Z L3
83024 20
8025 20
8026 1B Dex D
8027 7R Moy A c
8028 B2 ORA D

o029 c2 Tyz L4
802A ID
2028 80
802C 3E MYl A 00
802.p 00 '
802¢ D3 QUT 0)
g02F 0]
8o30 c3 TMP START | OROGRAM TuM)
o3 ) 00 70 S7ART AG)
8032 g

&0
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8085A/8085A-2

SINGLE CHIP 8-BIT N-CHANNEL MICROPROCESSORS -

| Single +5V Power Supply
B 100% Software Compatible with 8080A
W 1.3 us Instruction Cycle (8085A);
0.8 us (8085A-2)
B On-Chip Clock Generator {with External
Crystal, LC or RC Network)

B On-Chip System Controller; Advanced
Cycle Status intormation Available for
Large System Control

The Intel® BOB5A is a compiete 8 bit paraiiel Central Processing Unit (CPU). its instruction set is 100% software compatible

with the BOBOA microprocessor, and it is designed to improve the present 8080A's performance by higher system speed.

Jts high level of system integration allows a minimum system of three IC'S [8085A (CPU), 8156 (RAM/I0) and 8355/8755A

B Four'Vectored lntermpt inputs (One is
non-Maskable) Plus an 8080A-
compatible interrupt

B Serial in/Serial Out Port

B Decimal, Binary and Double Precision
Arithmetic ~ ‘

® Direct Addressing Capability to 64k
Bytes of Memory

{ROM/PROM/IO)] while maintaining total system expandability. The B0B5A-2 is a faster version of the BOBSA.
The 8085A incorporates all of the features that the 8224 (clock generator) and 8228 (system controller) provided for the

8080A, thereby offering 8 high level of system integration.

The BOB5SA uses 8 muiltiplexed data bus. The address is spiit between the 8 bit address bus and the 8 bit data bus. The

on-chip address latches of 8155/81 56/8355/8755A memory

products allow a direct intertace with the 8085A.
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 8085A/8085A-2

BASIC SYSTEM TIMING

The 8085A has a multiplexed Data Bus. ALE isusedasa
strobe to sampie the lower B-bits of address on the Data
Bus. Figure 9 shows an instruction fetch, memory read
and 1/0 write cycle (as would occur during processing of
the OUT instruction). Note that during the VO write and
read cycle that the 1/O port address is copied on both the
upper and lower haif of the address.

There are seven possible types of machine cycles. Which
of these seven takes place is defined by the status of the
three status lines (10/M. S1. So) and the three control
signals (RD, WR, and INTA). (See Table 2.) The status
lines can be used as advanced controls (for device selec-
tion, for example), since they become active at the T1
state, at the outset of each machine cycle. Control lines
AD and Wil become éctive later, at the time when the
transfer of dats is 1o take piace, $0 are used as command
lines.

A machine cycle normally consists of three T states, with
the sxception ot OPCODE FETCH, which normally has
sither four of six T states (uniess WAIT or HOLD states
are forced by the receipt of READY or HOLD inputs). Any
T smomustbomonmpouibnmles.snomnin
Table 3.

TABLE 2. 8065A MACHINE CYCLE CHART

A ROL
MACHINE CVCLE oAt si]%
OPCODE FETCH  (OF} o f1}1]Jof v}
MEMORY READ  IMA) o] 1joefo] ]
MEMORY WRITE MW} .- - ojolr}r}of
1/0 READ WOR) . -l t frlojo] v}
1O WRITE oWy y Jofrir e}
ACKNOWLEDGE .
OF INTR aNA) NEIRIEE B R
BUS IDLE B1); DAD ofi1lolrv i}
ACK. OF .
RST.TRAP NEIRIRE BB
HALY vs|o]jojvs|vsf
TABLE 3. 8085A MACHINE STATE CHART
Satws & Buses | Conwol
Machine e
smee [S1.50)10/0 ROJWR ALE
Ty x P xe] x¢ X 1 vi
T2 X | % | & x x x}o
Twart x| x x x X x| o
T x | x 3 x x x{o
Ta 1 | o x TS ' 110
Ts 1 Jor | X s 1 sl o
Te 1 o X ) 1.l v
Taeser } X | TS s TS TS ] 1]
ATar | O | 78] TS b3 Ts|vjo
Tworp | X 1 TS| TS i3 s} 1] 0
o= Logid 0™ TS ~ High impudense
1= Logik ~1” b 34

. Auuuwmwmnnummolwuw.
110/ = | during Tg-Tg of INA machine cycle.

- - ",
ax N L3 T 1. A T T \ L] LY ~ T ’
— . .
Ay 7C,, [WIGH ORDER ADOAESR weewn, - 10 PORT
- EDOONE
Wow OROER DAYA FROM . DATA FROM MEMORY DATA TO MEMORY
ADORESH MEMORY 14/0 FORT ADDRESS)
INSTRUCTION
ALK .
. T T
S
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—
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Figure 9. 3085A Basic System Timing
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8085A/8085A-2

TABLE 4. ABSOLUTE MAXIMUM RATINGS®

=~

AmbitmTcMamu Y TCOMMENT o e
Storage Temparauye -« - 1 mwm“;:;:vzmmmmm‘km
Voluolonmﬂn- I ,Wunmammucummmmm
With Respect to Ground:. /. . . . . - - L —0SVI0+TV oA e e o O e ot s
Power Dissipation . . ..., 1.5 Watt may shect device retiabitity. : -
P
TABLE 5. D.C. CHARACTERISTICS S -
(Ta = 0°Cb 70°C; Vg = &V £5%; Vgg = OV uniess otherwise specified) ‘ o
Symbol .. Parameter o Win. Max |- Units .. Text Conditions
Vi . |.. Wnput Low Voltage . © +0.5 w08 |V w .
Vin Input High Voltage 20 | Vect05 v s
Voo Output Low Voltage 0.45 v lop * 2mA
Vou " Output High Voltage 24 v tow = ~400HA
lec . || Power Supply Current 170 mA S
W Input Leakage: 10 HA Vin = Vcc
o Output Lsakage - £10 A 0.45V < Vo € Ve
Vitr Input Low Level, RESET 05 +0.8 v
VinR Input High Level, RESET 24 Vec H0.5 v
Vi _ Hysteresis, RESET 0.25 . v

i/
A

e e = b e B BT
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TABLE 8. AC. CHARACTERISTICS
To=0°Cto 70°C; Vg =5V £5%; Vgs=OV

@ 8085A- 22
Symbol _Parameter 8085A (Pretiminary)
T D Min. | Max. Min. Max.
teve . 1 CLK Cycle Period 320 2000 200 2000
t ’ CLK Low Time (Standard CLK Loading) .80 40 '
12 CLK High Time (Standard CLK Loading) 120 70
tolt ™ "CLK Rise and Fall Time 30-:° 30
Axxn X, Rising to CLK Rising 30 . 120 30 100
- txxp X'NslmtoCLKFm 30 .| 150 - 30 10-
tae < 1 Valid touwweaooofww“l 210 15 . :
“tact Valldtouwnqai_boolconuol 240 115
tao 1s Valid to Valid Data o - ' . 5715 350
tarn Address Float After Lesding Edge of
READ (INTA) ) ] 0
W Aq-1s Valid Before Tralling Edge of ALE 15 50
tul 7 Valid Before Trailing Edge ot ALE 90 50 ,
tany READY Valid from Address Valid 220 100
“tea . {Ag.15) Valid Alter Control _ 120 &0
tee . . Width of Controt Low (FD, WR, INTA) : ‘
Edge of ALE : 400 230
ta Tralling Edge of Control to Leading Edge.
of ALE 50 25
tow Data Valid to Trailing Edge ot WRITE 120 230
thABE HLDA to Bus Enable 210 150
tHABF Bus Float After HLDA 210 150
tuacx HLDA Valid to Trailing Edge of CLK 110 40
ton HOLD Hold Time 0
thos HOLD Setup Time to Tralling Edge of CLK 120
tinm INTR Hold Time o
tipe INTR, RST, and TRAP Setup Time 10
Faning toge of CLK 150
(1T Address Hold Time After ALE ' - 50
Wwe Trailing Edge of ALE 10 Leading Edge
of Control 60
LIV ALE Low During CLK High 50
tLoR ALE to Valid Data During Read 460 270
tLow ALE to Valid Data During Write 200 120
tw ALE Width 80
LRy ALE to READY Stable 10

10

ns

ns
ns

ns
ns
ns

-
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Table 6. A.C. Characteristics {Cont.)

.. 8085A- 2%
Symbol Parameter 808541 (Preliminary) Units
Min. Max. Min. Max.
tRAE Trailing Edge of READ to Re-Enabling 150 90 ns
of Address
tRD AEAD (or INTA) to Valid Data 300 150 ns
tay Control Trailing Edge to Leading £dge 400 229 ns
of Next Control
tRoH | Data Hold Time Atter READ INTA 0 0 ns .
tpyy | READY Hold Time 0 0 ns'
tRYS READY Setup Time to Leading Edge 110 100 ns
of CLK '
twD Data Valid After Trailing Edge ot WRITE 100 60 ns
WOl LEADING Edge of WRITE to Data valid 40 20 ns
Notes:

1. AgAjy address Specs

whereas 10/, Sq. andS, are stable.

2. Test conditions:
For all output timing where C

25pF < C < 150 pF: -0.10nsipF
150pF < C ¢ 300pF: +0.30nsipF

~e ¢ &

Output 1iMings

Data hold lime is guaranteed under

input Wavetorm for AC. Tests:

\cyc = 320ns (B0BSAY200 ns (8085A-2F: O

are measuted with pusely capaciive 10a0.
All timings are measured al output votage Vi =08V. Vy = 2.0V. an
To calculate timing spe

apply 10 10IM. Sg. and Sy except Aghis

= 150pF.
L= 150 pF use the lollowing: correction factors:

are undelined during T4 T of OF cycle

24

) (u n: <
-— rowTS -
e bl Tas o
'
’

8 1.5V with 20ns rise and tall time on inputs.
citications at other values of icyg vse Table 7.
a¥l loading conditions

R W
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8035A INSTRUCTION SET SUMMARY BY FUNCTIONAL GROUPING

Table 6-1
ov-ceh Cove (1) Instruction Code (1}
Marmonic  Dewcnption 07 Dg Uy Va D) 02 0y Dg Page Moemoow  Descrplion 0y Og Dy D¢ D3 Dz Oy Dg Pape
MOVE, LOAD, AND STORE ,
MOV 17 Move regster 10 repster 8 v & w C 5§ $ S 54 c2 Cabl on rere T 1 0.0 1 % 0 0 5N
MOV M.r Mow register 1o memory O 1 1 1 a s $ S 5a e Call on no Iere t 4 9 0 o0 ] 8.0 Su
MOVIM Mowmemoryiongss 0 1 D 0 O 3 1 0 S4 c Calt an positive I R T T TR T T 87
MV Muve immadiate : egrster [ S 2 U 0 ¥ T9 54 (=} Calt on mwaes. ] ] 1 t 1 1 0 0 5w
MVIM Mave immedrnm memory O L} ] 1 0 ) ] 0 5 CPE Call u.qu v LIS | 1 0 1 1) o 0 514
1418 Lusdimmediotereguter @ 0+ # n 0 @ 1 8% cPo Calt on paity odd t 1t 1 9 0 1 0 0 M
PorB&C RETURN
(211} Losd immadiale registee 9 0 . 9 ¢ 0 ¥ 5% AET Return ] " @8 0 Vv B8 0 ) 51
PwOBE . RC Return o0 carry T 1 8 Y 1 6 o 0 s
VITH - Lesdimmedaiecegiw 0 0+ L 2 0 B 0 8S RNC Return on ao carry P 0 Y 0 0 0 0 e
Farnib Az Retrn on 2oy T 1 8 8 1 0 0 0 51
SYAX®  Store A inwect [ T T T A T R Y ] RNZ Resetn on ne swre T+ 8 0 0 0 D-8 SM
STAX O Store A indwect L] ] Q 3 u [ LI I ¥ 1 ar Mm on positive ¥ ) ' T 0.0 8 8 51
LDAXD  Load A indirect ¢ 0 v & 10 08 " Return on mines T T N T T Y Rt
LOAXD  Lowd A mdirect [ I T S T T S N T 4 PE Retorn o oty tvom T 1 1 0 1 o8 B sm
t;: i"‘" : drect : L L L PO Return on parity o4¢ Tt Y e 0 8 8 8 S
oad A dwect 1) 1 1 1 1) ? 0 5% RESTART
SHLD Store H & L direct [ '] T e o8 o 0 %% RS Restat ' T A A A ' ' ) s
ANLD Losd HB L dinect 0 6 v 9 1 8 1 0 5%
ACHG Exchangr D8 E.HBL ) Vo o6 1 0 1 sk INPUT/OUTPUT
Regstens " input [T T T T S T B B S 1
STACK OPS ouT Outpwt 1 ] [] 1 [] [ ] 1 1 516
ViSH B Push regates Pan 1 3 ' i 0 0 0 @ 1 518 INCREMENT AND DECREMENT . .
Con stack INR Increaent regestar e 0o D & 0 1 & 0 53
vkl Push regste Ve 0 8 [ S N T R SN B N 11 DCAt Decrament regster 0 ¢ D D D 1 B 1 38
€ on stack INLM  Increment memory 2 ¢ 1 1 0 1+ 0 0 58
re Push ey P M S U A ) DCRM  Dacroment memory 6 0 -1 1 0 1 0 t S8
& onstack INXE  incumest 88 C 9 0 0 0 0 0 1V 1 s
SN Cusn A and Flags 1 1 10 Yy 0t o5 " registens
on seack IO increment DB E o 0 0 1 0 O 1 1 5%
[ Pop tegstes Pt B & T v 0 0 9 06 0 1 %1% registens
C alf stack T ey vy ¢ 0 1 8 0 0 1 1 59
POPD Pop regste Paw D 8 LI R T I I I I O 1% regision
voe foftuaa DCXB  Decromemt B C 0 0 0 9 1 0 1 1 59
o :°;m':’ Purks Torore a0 e 0CXD  Decroment DB E B 0 0 1 01 0 v 1 59
POPPSW  Pog A and Flagy v or ot 1 o 8 ot s OCXH  OwrememtHE L o o 1 0 t 0 1 1 S
ot stach ADD
xiny Exchange top at o o1 8 0 0 1 ) % ADD ¢ Add regater 10 A v 0 0 0 0 S S S 56
ach HEL ADC:  Adarewier 1o A 1 0 8 0 3+ S S S 5%
SPHL H 3L 105Kk poenter [ER I SR S R Y S S 11 wath canry
LXISP Losd immediate siach o 6 ' 1 0 0 0 1 85 ADDM  Add memory o A v 0 C 0 0 1 % 0 56
ponter ADCM  Add memory 10 A [ ] | T T S B I %}
INX §P increment s1ach pomter 0 0 1 t 0 LI I %} oLy
NCYST Decremans siack [ T S T S R Y | At Add immediate 10 A t 1 0 0 0 1 1 0 56
pownler [\q] Acd immediaie 10 A ) 0 81 1t 0 57
wilh Carry '
Jump wAconditions! v o1 6 0 8 0 4 osi DAGB  AGIBBCloMSL o 0 0 8 1+ 0 O 5
Junp om carry T 8 4 1 0 1 o osm DADD  AdDBEHSL 0 0 0 v 1 0 D 1 59
Jomg om no carry v or e 1 3 6 1 o osn OADN  AdOMBLIOHAL 9 0 1 6 1+ 0 @ ) 53
Jumg on sero f ) o 0 ' 0 f G 53 NADSP | Add slgl puntet o [] ] L 1] 1] ] 1] LI
Jump on ag Jete 1 ' e 0o o 0 10 51} et
Jump on pontne t 1 Y 1 0 8 1 0 %13 SUBTRACT
Jump on mems Voo o e a s Sus, Subiract regster I 0 0 3+ o S S S 5
Jump on panty sven ) 1 ) o ' o f o 513" trom A
Jump an parsty 0dd ' ' ' o ° ° ' 0 w13 586 ¢ Subliact teynter lrom 1 0 0 1 1 s 8§ s 5
W& L o program [ SR T TR T SR S I N W14 & min bortem :
counter suem Subliact imemory 1 0 0 1 o ' ] 0 57
hom A
seg m Subiract memory lrom ¥ [ [] 1 ] 1 1] 0 58
Cat uncondinions L I B I D T B A wath horrow
£ o corry Vv o0 1 o e oToske sur Subiract mmeshate IR N Y
Calt 4 no carry [ T T T T T S SN T) trum A
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CONTROL WORD

Op [Of | By | D |Dy D 1D | Dy
] l r';!:m’l’
x x L] -
g | o-neser
CARE
Y SELECY
28B88000U
oocgoocs
Jceaccons
ooopncy
WT SET/RESET FLAG
o= ACTIVE

Figure 5. Bit Set/Reset Format

When Port C is bemg used as stamslconn'ol for Port Aor B,
these bits can bosetormatbyustmt}uBnSﬂ/RsetOP
eration just’ it they were data Gutput ports. ’
Interrupt Control Functions

When the B255A is programmed to operate in mode 1 or
mode 2, control signais are provided that can be used as

“interrupt request inputs to the CPU. The interrupt re-

quest signals, generated trom port C, can be inhibited or
enabled by setting or resetting the assocllted IN‘(E flip-
flop, using the bll set/seset functionof port C. “~

This function’ amm Progmnmtodinllowor allow a

specrhc IIO dw‘ie! 5 tonup’t ih‘oCPU vmhouraffoaing
any ‘other dcviee in

e Ferts

INTE flip-flop dcﬁmnon N
lnunup! cnabh'

“(BITSET) — INVE is SET —
(arr-nesm ‘wm‘e:‘s‘ RESE‘T(_—-! terrupt disable
v ) CESL AN tHi% &

Note: Al Mak flip-flops are mtom‘wc'lly‘ uut dunng
mode selection and device Reset.

Operating Modes

MODE 0 (Basic Input/Output). This functional contigura-
tion provides simple input and output operations for

Mode 0 Basic Functional Definitions: .
® Two 8-bit ports and two 4-bit ports.
L d Anvponmbcmtwoumut.

@ Outputs are latched. . . .-

., Inputsnnotmched

each of the three ports. No “handshaking” is required, ® 16 different lnpudOutput conf Figu are possibl
data is simply written to or read from a specitied port. . in this Mode. i
\ - s
RO
. 7
fa——rtyy g ._-..,—.‘
e A ) 4
) SRMDUNIN PRI R e R

33,81, 40 )(

o,o.——--——-——-——-_---’-‘--;(;. X i _ P ———

‘no —2 : ‘or -
MODE 0 (Basic nput)
PO S —
wh ‘ ' --:)T- o 7(
o0, - © X "X
'[ Yaw __'. K wa
€3 Ar. A0 x - ey
oUTrUY
i It |
MODE 0 (Basic Output)
oy Lt Rall
00744A
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ISP EY S

EaN

0, b 0, D, D, D, B, O
1] L]

CLlefelete 1]
l | T

{__,d__. ’e,»c,
<

030+

LYY

sl e,

MODE 0 Port Detinition
A ] © GROUP A GROUP B :
e PORY C “PORTC
. Dy | D3] 01| Do | PORTA | ml? PORTB [\ cweR) -
0 ].0.| 0 | o | ouTPuT | OUTPUT | 0 | OUTPUT | OUTPUT
0 {010 T | OUTPUT | OUTPUT [ 1 | OUTPUT | INPUT
o |lo | v [0 |outPur | OUTPUT | 2 | INPUT OUTPUT
olol t | OUTPUT | OUTPUT | 3 | INPUT INPUT
[ IE 0 | 0 | OUTPUT | INPUT 4 | OUTPUT: | OUTPUT .
o |1 0 | t | OUTPUT | INPUT 5 | OUTPUT | INPUT
0 {1 1 | o | outeut | INPUT 6 | iNPUT OUTPUT
KR 1 | OUTPUT | INPUT 7 | INeUT INPUT
[ 0 t-0-t o ] weur OUTPUT | 8 | QUTPUT | OUTPUT
) o ol 3 | mneur DUTPUT | 9 | OUTPUT | INPUT
1 o |1 ] o |inur ouTPuUT | 10 | INPUT OUTPUT
Tt O |3 T | INPUT © | OUTPUT [ 11 | INPUT INPUT ™
ENENERERN S INPUT 12 | OUTPUT | OUTPUT
.01 .o | v LneuT INPUT 3 | OUTPUT | INPUT
1 1 1 0 | INPUT INPUT 14 | INPUT OUTPUT
[ ’ 1 1 | INPUT INPUT 15 | INPUT INPUT |
MODE 0 Configurations
CONTROL WORD »9 CONTROL WORD #2

0, b, By O, Dy Dy D Dy

CLl-Telelef 1]

Jy SHESEVLISDSY " 7S

28hA
"—_ﬁ“_" rC,rC,
al

0,0y ————1

sfe—rt— e

—-—+2—.VC,M. .

CONTROL WORp #
o v,

nopoooon

T

LI
Oy C{
VLA

8 pormefe——- e, P,

59

a ~ ra,Pa,
[ -
- FA—e rey e,
Dy D, #——rm] c«‘

I
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CONTROL WORD 98 mmn
o B, Dy Dy By O D, B D, D, B O B
rllllllll HHHHJ
) A--_;—+3——°'~'~' X N LRSS
"{-'—,—/-f—n.n. VIR oy 2
0,0, < 0,0y ————— c-[
S e S e rp iy
IR SRS sfb—p e,
B O, Dy Dy By By D Dy o, 0 b By Oy
CLLTTIT H l JRE I o1}
A——-—-ﬁ'—‘m h‘v——-f:'—'h,lh.
[ 7Y ' oA’
) {——4-‘——":'&.
Dy Dy - c By Dy =] <
{-——/-‘——vc,«. R
oA, . Lo,
wm' mmmno
B 0 5 D B 0 o B O 0 O O
llll L1 [HHHU |
-—-——rd——'*;*& . pr oayen,
'—‘—D“"-"‘ L2 o e, .t
0,0, +———1 C{ 0,0y w1 C{
e ey, e rey2, :
ln—-—-f-!-—-'l,l!, lr-—/—'——'l,& .
mm" CONTROL WORD #13 2
n.n.o,o.o.m D, D, O, D O D, O By 4
ﬂ el le g 10 CLLLTT1 0 5
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8255A/8255A-5

CONTROL WORD #12
% o 0 0 B B

poponoonn
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CONTROL WORD 2%
Oy O By B B O O

nooonpng

P FEEL SELRY S N

] S (e
¢

P

0y Dy ———

——/'L"":*C-
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D, D, Dy DO O O O Oy

nononoon

" Aot rarra
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8,0y "] .
e 77y
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ot veyoc,

Operaling Modes

MODE 1 (Strobed InputOutpul). This functional con-
figuration provides a means for transfesting VO data to
o trom a specified port in conjunction with strobes or
- “handshaking™ signals. in mode 1, port A and Port B use
the lines on port C 10 generate or accept these “hand-
shaking” signals.

Mods 1 Basic Functional Definitions:
® Two Groups {(Group A and Group B}

© Each group contains one B-bit data port and one 4-bit

control/data port.

® The 8-bit data port can be sither input or output.
Both inputs and outputs are latched. ’

® The 4-bit port is used for control and status of the
8-bit data port.

:
!
!
i
|
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df'"lr
2732 e e
32K (4K x 8) UV ERASABLE PROM
. ¥ };1 1
= Fast Access Time: = Pin Compatible to lnteIO 2716 EPR(?“‘
— 450 ns Max. 2732 . R
— 550 ns Max. 27326 = Completely Static*™" " " r~j _
» Single +5V + 5% Power Supply ket T
ts
= Output Enable for MCS-85™ and . imxg?xmngm:::::; .
MCs-88™ c'”"p“_'bm" — Programs wllh Onc Soms Pulse
= Low Power Disslpation: -
150mA Max. Active Current B Three-State Outpu! lor Dlrect Bus
30mA Max. Standby Current Interface s by

The Intel® 2732 is a 32,768-bit uitraviolet erasable and slectrically pcogunwnabhuaﬁ-oﬂymmlEPﬂOM) The 273%
operates from a single 5-voit power supply, has a standby mode, and features an cutput enable-control. The tolal program-
mmmmuuumw.nmwmmammmmmmmmmmmwmm
faster, easier, wmmical

An important 2732 feature is the sepanw outp it control, Output Enable (OE). Trom the cmp Embb eomrol (GEN: Thoaf
control eliminates bus ion in multiple bus microp sy intel's Application Note AP-30 describes thh
micropr: system imp tion of the OE and CE controls on Intel's 2716 ana 2732 EPROMs. AP-J0 is availabl
from Intel’s Literature Department.

The 2732 has a standby mode which reduces the p dissipation without incr asi ] time. The maximum active

current is 150mA, while the maximum standby current is only 30mA, an 80% suvlngs. The standby mode is achieved by
applying a TTL-high signal to the CE input.

PIN CONFIGURATION - (AODE SELECT IO“

‘ pns | C2 | OEvee | Voo | ouTRUTS
M~ 26 Ve
18] (24 | 911,930
~d =b MODE | 120 240 | BN
[N F) z0» Read Vil W +5 Ooyr
A e Ay * Standdy Vin [Oon’t Care » High Z
AM0s 2 [3%Em, Program Vil ver +*5 D
::E s » ;n Program Verity f Vi, | Vi +5 Dour
7 " ey 5
A wbo, Program Inhibit] Vies | VPP +5 Wigh Z
%0 18[00,
] o 15 [0 :
%dn v % BLOCK DIAGRAM
ooz 13130, . i )
DAYA OVTPUTS
vEg o Op-07
CND e
| _ = T
PIN NAMES' ) a- e QUIPVT BurFERS
. 1 .
[k | ADGAESSES aa-ayy | —1_DECODER E Yaarma
3 P ENABLE Mrers | B
ot OUTPUT ENABLE = b : 3278807
0y-0; | OUTPUTS ==| vecoven 1o | ceumatax .




e 2732

PROGRAMMING a.%;co,.,fv 74 4
et . - Ky Prp e
The programming specitications are described in the Data Gatalog PROMIROM Programming Ilf&lquugg 6? 3
P . . s ot . ; yre! rylhs, é
. 5 . e, oy
ABSOLUTE MAXIMUM RATINGS* COMMENT o oy o, Yo
L : . m.m:mumw:-mumnmmum%c&qg
Temperature Under Bias ............ -10°C to +80°C- permanent Jamage 1o ihe device. Thuyis a siress rating only and tunéimnato
Storage Temperature ........ “oo BS7C10 +125°C°  opwiation of the demce at ihese or. bt Ao siom Rl
Ali Input o Output Voltages with e E 1o fating for exte penods
Respect to Ground ................... +6V to -0.3v may atfect device retabuity. . :
D.C. AND OPERATING CHARACTERISTICS
Ta=0°C to 70°C, Vcc = +5V * 5%
READ OPERATION
- Limits
Symbol | . _Parameter I Min. | Typ.) | Mmax. | Unit Conditions
i Input Load Current (except OF/Vpp: 10 uA |Vin =525V .
] OE/Vpp Input Load Current 10 uA | Vin =525V
o .| Output Leakage Current 10 uA | Vour = 5.25v
icch Vee Current s Standby- 15 30 | mA |CE = vin, OF = vy
Iccz Ve Current : Active. 85 | 150 | mA |OE =CE=~wn
Vi, Input Low Voltage : -0.1 0.8 v
Vin input High Voltage 20 Vcet v
VoL Output Low Voitage 0.45 V JloL = 2.1tmA
Von Output High Voltage 24 vV  [lon = -400uA
Note: 1. Typical vaiues are for Ta = 25°C and nominal supply vollages.
TYPIZAL CLARACT 2AISH iCy
lcc CURRENT CE TO OUTPUT DELAY (1cg) CE YO OUTPUT DELAY (1)
VS. TEMPERATURE VS. CAPACITANCE VS. TEMPERATURE
100 o0 %00
L] <y
bl // 00
ol a" ATV '\ «00 - /_,./_—
W ot "1
2 Of— vee o 5v _ . M - o 1
3o ‘ 3
Py $ - 200
» Iocy ISTANDRY CURRENT)
CK = vy 200 )
» ot VetV - 100
"
1 Va5 C Veg * SV
0 : 1 " 0 i 1
"'nnnsnnn O 100 200 300 600 300 €00 T00 oo 00 76 30 40 56 s T w0

TEMPERATYRE | C) C oF) TEMPERATURE ( C)

23 ) 5



2732

A.C. CHARACTERISTICS
Ta=0"C 0 70°C, Vec = +5v £ 5%
2732 Usits 2732-6 Limits
Symbol _ Parmmeter i | Wax | M | Max
twc | Address to Outpul Delay 450 550
“teg | CE to Output Delay 450 550 °
toe Output Enable 10 Output Delsy 120 120
tor Output Enable High ‘o Output Float [} 100 [} 100
] o\uputnoldtmnmdrosm.CEot 0 ' o
low * | O, Whichever Occurred First 3 .
CAPACITANCE 1) T, =25°C, t=1MHz A.C. TEST CONDITIONS
Symbol| - Parameto? Typ. | Max. Unit | Conditions OMpu;Lo;:;; ?IILTW .':2& = 100pF
nput Rise al)l Thnes: S
Cont Input Cs
Except =" Input Pulse Levels: 0.8V 0 2.2V
OE/Vee hd 6 | oF V=0V Timing Measurement Reference Levet:
Coz OF/vep Input jnputs WV and 2V
~ | Capacitance 20 | pF {Vm=0V Outputs 0.8V and 2V
Cour | Output Capacitance 12 pF |Vvour =9V

A.C. WAVEFORMS 2

- =X
T N
i

-

eT

/
-

I

on

mon Z M‘OG“I

VALID QUTPUT ﬂl.’

nOTER

%, TYIS PARAMETER IS ONLY SAMPLED AND 1S NOY Y00 TESTED.

T ALL TIMES SNOWN 6 PARENTHESES ARE N oot THAES ANO ARE NSEC UNLESS OTHERWISE SPECIFIED.
3 DU MAY BE DELAYED P 1O 00ms AFTER THE FALLING EDGE OF TE WITHOUT IMPACT OB tace
& tgr 13 IPECIFIED FROM TE OR LT, WHICHEVER OCCURS FIRSY

24
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2732

ERASURE CHARACTERISTICS

The erasurs characteristics of the 2732 are such that
erasure begins to occur when exposed 10 light with
wavelengths shorter than lpproximno‘y 4000 Angstroms

{X). 1t should be noted that sunlight and certain types of
fuorescent lamps have waveiengths in the

rangs. Dats show that constant exposure 1o FOOM Jovel

fluorescent ting could erase the typical 2732 in
apptoxlmudyay'om. whileitweuld 1axeapproximately 1
week 10 Causs erasuie when exposed 1o direct sunlight. 1
the 2732 is 10 be exposed. to these types ot lighting
conditi for extend d periods of time, opaquelabeisare
avaitable from intel which should be placed over the 2732
window to prevent unin_lomional erasure.” .-

page 483 for the 2732 ‘is exposwic 10 shortwave
ultraviolet

" Angstroms (A} The jntogn\sd dose (i.e.. UV intensity X

exposure time) for erasure should be a minimum of 15W-
sec/cm2. The erasufe time with this dosage is approxi-
mately 15 o 20 minutes using an ultravioiet lamp with a
12000 pW/Cm2 power rating. The 2732 should be placed
within 1 inch of the lamp tubes during erasuie, Soma
lamps have afilteron their tubes which should be removed
betore erasure.

DEVICE OPERATION

The five modes of operation of the 2732 are listed in
Table 1. A single SV power supply is required in the read
mode. All Inputs are TTL levels except for OBV pp during

programming. in the program mode the OE/Vpp input i

puised trom a TTL fevel to 25V.

‘TABLE 1. Mode Selection

PINS [3 I OF/2op ‘ Vee OUTPUTS
| wooE on- | @9 8 | en3m
rn-—w Vo e 5
| swoncoy Ve | Don'tCare )

[ Program A Ver +5 O
{ Frogram Verity Vi Vi 5

Oour
[ Progaminniot | Vue Ve | 5 ‘\’ wonz_ |

Read Mode

The 2732 has two control functions, both of which must
be logically satistied in order to cbiain data at the out-
puts. Chip Enable (CE) is the power control and should
be used for device selection. Cutput Enable {0y is the
oLput control and should be used 10 gate data to the
output pins, independent of device selection. Assuming
that add bl oss ume (taco |®

are addr

equal to the delay from CE to output {ice: Data is
available at the outputs 120ns (tog) aiter the falling edge
of OF, assuming that CE has been low and addreases
have been stable tos at least tacc — o€

Standby Mode

The 2732 has a standby mode which reduces the aclive
power current by B0%, trom 150mA 10 30mA. The 2732is
placed in the standby mode by applying a TTL high
signal to the TE input. When in standby mode, the out-

Ed

. Programming . ..

OF input.
Output OR-Tieing
Because EPROMs are usually

rays, Intel has provided & 2 tine control functiont s, 6

_commodates this use of ‘muitiple memory connect
The two line =ontrol function allows-for. ’

a) the lowest possible mermory power ‘disslp,anop, and
b) complete assurance that cutput bis contention will
not occur.

To most etficiently use these two controk lines, it 13
recommended that CE (pin 18) be. dacoded and used a3
the primary deyjce selecting tunction, while TE (pin 20)
be-made a common consection 10 ail devices in the ar-
ray and connected to the READ line trom the system
- control bus. This agsures that all ideselected memory
devices are in theit, low: power standby. that

the output ping. are only ‘active when data Is ‘desired
trom a particular memory device.””

Initialty. and after each erasure, all bits of the 2732 are in
the "1" state. Datais introduced by selectively program-
ming “0's” into the desired bit locations. Although onty
“0's” will be programmed.. poth "V, and r0's™ can. be
presented in the data word. The only way to changea” 0™\
10a“1"isby ultraviolet light erasure. .

The 2732 is in the programming mode when the DE/VeP
input is at 25V. It is required that & 0.1u4F capagﬂt’ov be
placed across OE/Vpp and ground 10 suppreas spurious
voltage transients which may damiage thedevice. Thedata
10 be programmed is spplied 8 bits in parallel 10 the data
output pins. The leveis required for the address and data

* inputs are TTL.

When the address snd daia are stable, a 50msec, active
tow. TTL program. puisy is appiied to the CE input. A
program pulse must be applied at each address focationto
be programmed. You can program any iocation at any
time — oither individually, ly, or st random. The
program pulse has a maximum width of 55msec. The2732
must'not be programmed with 8 DC signal apptied 1o the
CE input.

Programming of muitiple 27323 in paraliel with the same
data can be easily accomplished due 10 the simplicity of
the programming requirements. Like inputs of the
paralieled 2732s may be connected togethes when they
are pfogumme_g!im the same data. Alow tovel TTL pulse
spplied to the CE input programs the paraiioied 2732s.

Progra™m Inhibit

Programming of ‘multiple 27323 in paraliel with ditferent
dats is slso easily sccomplished. Excopt tor CE, all like
inputs (including OF) of the parsiiel 27328 may be
common. A TTL level program pulse applied to 8 2732
CE input with OE/Vee at 25V will program that 2732. A
high tevet CE input \nhibits the other 27323 trom being
programimed.

Program Verify

A verity should be perlormod on the pvooummod bits to
determine that they wers correctly programmed. The
verity is accomplished with DE/Ver and CE st Vu.. Data
should e veritied tov after the falling edge o1 CE.

?
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Technical Data //__//
File Number 1639

CD54/74HCA4017
CcD 54/74HCTA017

High-Speed CMOS Logic

(]
cLOCK 1 . e .
— 2|3 Decade Counter/ Divider with
ENABLE 3| 3

o3 10 Decoded Outputs
MASTER 13 s H .
AESET e
: 2 Features:
. e s Fully static operation
e s Buffered inputs
¢ s Common reset -
i u Positive edge clocking
$268-30460 s Typical fuax ® 50 MHZ @ Vec = 5V, C.=15 pF, Ta= 25°C
FUNCTIONAL DIAGRAM

CDSA/TAHCADYT, CDSAI'MHCTQD‘I‘I

The RCA-CDS4/74HC4011 and CDS4/74HCT4017 are high Family Features:
speed silicon gate CMOS 5-stage Johnson counters with 10 » Fanout {Over Temperature Range):

 decoded outpuls. €ach of the decoded outputs is normaily Standard Qutpuls — 10 LSTTL Loads
jow and sequentially goes nighonthelow to high transition - Bus Driver Qutpuls — 15 LSTTL Loads
of the CLOCK {CP) input. Each output stays high for one = Wide Operating Temperature Range:
clock period of the 10 clock period cycle. The CARRY (TC) CD74HCIHCT: .40 to +85°C

output transitions low to high after OUTPUT 10 goes low, u Balanced Propagation Delay and Transition Times
and can be used in conjunction with the CLOCK ENABLE ® Significant Power Reduction Compared 10

{CE)tl0 cascade several stages. The CLOCK ENABLE input LSTTL Logic iCs

disables counting when in the high state. A RESET (MR)  ® Alternate Source is Philips/Signetics

input is also provided which when aken high sets all the ® 6054HC/CD74HC Types:

decoded outputs, except “0". low. 2t06V Operation

The device can drive up 10 10 tow power Schottky equiva- High Noise immunity: N = 30%. Nuw = 30% of Vee

: ! @ Ve = 5V
tentioads. The CDS4/74HCT4017 is an enhanced version of a COS4HCTICOT GHCT Types:

equivalent CMOS types- 451058V Operation

The CDS4HC4017 and COS4HCT4017 are supplied in Direct LSTTL Input Logic Compatibility
16-iead hermetic dual-in-iine ceramic packages (F sutfix). Vi = 0.8 V Max., Vi = 2 V Min.

The CD74HC4017 and CD74HCT4017 are supplied in CMOS Input Compatibility

16-lead dual-in-line piastic packages (E suftix) and in LS 1pA @ Vou Von

16-lead dual-in-line surface mount plastic packages
(M sutfix). Both types are also available in chip form

(H suffix).
TRUTH TABLE
‘ cp \ CE \ MR \ Output State* ‘

L X L No Change
X H N No Change
X X H “Q =H."1"9"=L

S L L Increments Counter

~ X L No Change
X Ve L No Change
H N L Increments Countet

H * High Level
L= Low Level
-\ * High-to-Low Transition
/ = Low-to-High Transition
X=Don't Care .
“fn<s TC=H, Otherwise=L TERMINAL ASSIGNMENT -

92C8- 38439

-
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Technical Data

CD54/74HCA4017
CD54/74HCT4017

MAXIMUM RATINGS, Absolute-Maximum Values:

DC SUPPLY-VOLTAGE (Vee):
(Voltages relerenced to GIOUIG) s eneeemnesmeess s st e am e s s -05t0+7V
DC INPUT DIODE CURRENT, lu (FORV, < -0.5V ORV, > Ve FOSV) . eeernrerennns +20mA
OC OUTPUT DIODE CURRENT, loa (FORVo < -05VOR Vo > Vec +0.5V) $20mA
DC DRAIN CURRENT, PER OQUTPUT (lg) (FOR -0.5V < Vo< Vee FOSV)ereraarnnieenns . = 25 mA
B Vo OR GROUND CURRENT, (c) ..+ 1cssssrrossess s sssossss s st e +50mA
POWER DISSIPATION PER PACKAGE (Po):
For Ta = -40 10 ~60°C (PACKAGE TYPE ) oo e e 500 mW
For Ta = +60 10 ~85°C (PACKAGE TYPE B} ...oooeinvnrmnremsmnrermernr s . Derate Linearly at 8 mW/°C to 300 mwW
For Ta = -55 t0 +100°C (PACKAGE TYPE . HY e eeenneneeamsssenans s sssssssnsi s 500 mW
For Ta = +10010 +125°C (PACKAGE TYPE F, H) _ Derate Linearlv at 8 mW/°C to 30 mwW
For Ta = ~4010 *70°C (PACKAGE TYPE M) T A SO 400 mW
For Ta = *7010 +125°C (PACKAGE TYPEM) ..covvvvvrorrmeeeesnenes G eeaeaeenaane Derate Linearly 8t 6 mW/*C to 70 mW
OPERATING-TEMPERATURE RANGE (Ta):
A GKAGE TYPE B, H . vesasasesensnasssssenssnssasssssssssssssesssssssesess e -5510 +125°C
PACKAGE TYPE B M..voneinvnnnrnnrnrmessersnsssrrtet?
STORAGE TEMPERATURE (Tug) vvoersrvnrsrensreresrmentrsn s it st

LEAD TEMPERATURE (DURING SOLDERING):
At distance /16 = /32in. (1.59 £ 0.79 mm) from case tor 10 s max.
Unit inserted inta 2 PC Board (min. thickness 1/16 in.. 1.59 mm)

with solder contacung lead HPS ONLY L ovvvnner e O R R TER TR
0" o e e e "yt
3 2 ) 7 10 1

! .
1
1
! 1
[} Ll o O o & o &
C q @ C 5 9 Ca 0 c 5 ©
i
!
13
MR
_13
CEQO—

PLCL - 384GIRL

Fig. 1 ~— Logic diagram for the CD54/T4HC/HCT 4017
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Technical Data

PREREQUISITE FOR SWITCHING FUNCTION
LIMITS
T o to +85°C -55 +125°C
CHARACTERISTIC CO::)?TION =C - e °C to +125 UNITS
HC HCT 74HC 74HCT S4HC S4HCT
v
v Min. [Max. | Min. [Max. | Min. |Max. | Min. |Max. | Min. |Max | Min. |Max.
2 0|~ -t—=fj1w00]=]=1|—|120}]- -
CP Pulse Width tw 45 w|—-1186}]— 20]{—-712 - 24| — — ns
6 14 | = — ) - 17{ -} -1 = 20{—]1—1{-—
2 W =1 —=J100]—|=|=1120]—1|~1=
MR Puise Width e 45 16 { — | 16| — 20|—j20}— 24| — (24— ns
[ @l =l=li7{=t=1—121=1=1=
2 6 | ~ | — s1l—1—=1—] 41—1=1—
Max. Clock Freq. fc, (max.) 4.5 30} — {25 35| —|2]— 20 — | V7] — MHz
: 6 sl -1 — wl—-]-=1-]128}—-1=1=
CEwoCP 2 By == Bl M} —-—f{-1-
+ 45 151 —115§}— 9l —-119]|— 2i—l21 - ns
Setup Time tsu ry 3l-l=1= 16 = el 121 —=
CEtocP 'n 425 g 2l = g Z1o)- g ) P I
Hold Time 3 ol Zl=i= ol = | =12 ol 21 =1=
2 5| — | —|—] S5|=— —1 51— -
MR Removal Time  teen 45 5| = S| — 5| — - 51 — 5§t — ns
. 6 §|—|—-]—135 ~{—-1 5]~ -
SWITCHING CHARACTERISTICS (C. = 50 pF, Input 1, 4 =6 ns)
25°C -40°C to +85°C -55°C to —~125°C
CHARACTERISTIC SYMBOL | Ve HC HCT 74HC 74HCT S4HC - 54HCT | UNITS
Min. |Max. | Min. {Max. | Min. {Max. Min. |Max. | Min. {Max. | Min. [Max.
Propagation Delay tmn PR ) e a al K2 Bl B B 45 — | —
CP to any e, 45 | — &)~ |46 | — | B — 58 | — 69| — {69 ns
Dec. Out 6l —-j9j—}|—-|—148|—-1—-1= 89| — | —
[ 21— 120 —- | — |~ |2~ =}|— 3457 — 1=
CP1oTC [ 45| —- | 6| — 146 |~ | 58| — 58 | — | 69} — | 69 ns
. 6 |—lal—]=]—~Jel—l—1—]5]=-"1~=
Jo— toun 2 w20 == | =385y~ |=}|— 35| — | —
CE to any tma 45| — | 50y — |50~ | 6] —|68|—}75}|~— 751 ns
Dec. Qut ) 6 |l —|a@|—-|—-]—-184]—1—1= 64| — | —
— ton 2 -_20| — | — | — {385} — | —|— 3|~ -
CEtoTC o 45| — | s0|l —1s0|— | &} 63| — | 751 — {75 ] ns
6 |l —]lal-l—-{—-|s4j—t-t—]8&4}—1=
MR [ 2 l—120] — | — | = |20l —{=|—|3]|—|=
Dec °°‘J:Y b las|—| 4] —|a6|—|88|— |58} — |6}~ 69| ns
. 6 | —lool—-l—-|—~la@j—]—1—1881—}—
toun 2 j— |20 ~|—j=]|20}| =1 45| — | —
MR to TC toa 45 | — 6| ~1a6 |~ | 58— (58| — 69| — | 69 ns
6|l —la|l—-{—-1—-1a|—-1—1—151—-1}—
Transition Time [X s =1 msl=-]—-1—-1les|—-|=|—(10}—1|~
TC. Dec. Out true 45| — 1 5| -] -1 w9}l —118|— 2l - |22 ns
6l —-lun]l-l—-t—-1lw®]l—-]=1—]119t=1=
Input Capacitance Cw _~twl=1wl-—-lw]—{w0|—1] 10— 10 | pF
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Technical Data

RECOMMENDED OPERATING CONDITIONS:
For { rellability, inal operating conditions shouid be selected so that operation is always within the
following ranges:
LIMITS
CHARACTERISTIC UNITS
MIN. MAX.
Supply-Voltage Range (For Ta = Full Packagé Temperature Range) Vce:"
CD54/74HC Types 2 6 \
CD54/74HCT Types 4.5 55 v
DC Input or Output Voitage Vi. Vo 0 Vee v
Operating Temperature Ta:
CD74 Types -40 : +85 °C
CD54 Types -55 +125 °C
Input Rise and Fall Times. t., t
at2v 0 1000 ns
ata5Vv . ) 0 500 ns
atév 0 400 ns
*Unless otherwise specified, ait voltages are referenced to Ground.
SWITCHING CHARACTERISTICS (Vec =5V, Ta = 25°C, Input t, & = 6 n3)
c. Typical Values
CHARACTERISTIC SYMBOL UNITS
(pF) HC HCT
Propagation Delay ten .
CP to Out tom 15 19 18 ns
CPtoTC tru 15 19 19 ns
[
TEto Out toun 15 21 21 ns
. o
— trun
CEto TC 15 21 1 n
Lo, 2 s
MR to Out e 15 19 19 ns
trre
MR to TC trun 15 19 19 ns
trr,
Max. CP Frequency fmax 15 60 50 MHz
Power Dissipation Capacitance’ Cro - 39 39 pF

*Cro is used 1o determine the dynamic power consumption, per package.
Pp = Cro Vec? §i + I Cu Vee? fo where {, = input frequency.
f, = output frequency.
C. = output foad capacitance.
Vee = supply voitage.
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Technical Data

CD54/74HCA4017
CD54/74HCT4017

Y == INPUT LEVEL cLOCK — INPUT LEVEL
GLocK
GND - e GND
toun Lk e
™ vs
pECooED vs .
——— INPUT LEVEL INPUT LEVEL
RESET vs L Vs
GND [T W aND
L
R R o vs ouTPUT
MV
“or, TC vs FTOCR ~\ vs (T INPUT LEVEL
ENasLe e ——GND
W
sy i h
INPUT LEVEL ~— INPUT LEVEL
SO Ty, cuoex 7\
GND GND
e tPLM
TC vs
92CL-38462R1
—— INPUT LEVEL
cLock vs ano
new
—-:l ~—— INPUT LEVEL
RESET vs o
GND
e LEVEL
NAD vs INPUT CDS4/74HC | CD54/74HCT
awno tnput Level Vee 3V
Vs 0.5 Ve 13V
Tr times and propagation delsy times.

P2C3-a0ev0

FF DETAIL

R AV N W W W W W W W W W W

“REsET__
ek U
0T\ o
ny» IERY ' un
- o .
v I3
e A\
g a8
wgrr m
nye m
- "
o 22l
COUNT J Y S —
92Cu-~39483

Timing diagram for the CD54/74HC/HCT4017
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General Descﬁptfon

“The LMSSE & @ highly stable’ dwicl for w\onﬁng
_asccurats time delays or oscillation. Additional terminals °
- “are provided for triggering or resetting if desired. inthe

time delay mode of oparation, the time is precisely ¢on-
..trolled by one extarnal resistor and capacitor. For astable..
-operation as an oscillator, the fres running frequency and

_ duty cycle are accurawly “contralied with two external Lol
rasistors and one capacitor. The dfwlt may be triggered
. snd reset on falling waveforms, and the output circuit . -
can sourcs of sink up to 200 mA or drive TTL circulp. .

Features .. ' ° l_‘ v
® Dirsct replacement forSESS5/NE$55
® Timing from microseconds 'hrough hours

8 Operatss in both ‘sstable and momnabh modes

'Applicatlons o

Output and squlyTl'

;3
-Tompcutun subfhtvi‘a “lhan 0.

Pm:mon tumng
Pulse generation

g

Sequential timing .- j C
Timae delay generation - - "
T e
Pulse position modulation e

Puise width modulation

Linear ramp mmuux

e

Schemalic ﬁiagram

v .
™
]
n
a » [ 11
'
o . $%
! L
l’lmﬂ.. at U\
Q2 @ R
umun' @4 Vo) R I
VOLTAGE B
. 1 .
480 O Y o
. . =
© TRIGGER O] *h "‘:
£4}
a (1)) b3
RESEY ]
y

. . C‘
Connectlon Dlagrams
A AR




d Absolute Maximum Ratings
‘U | Supply Voltage Cossy
E 1 Power Dissipation (Note I) .600 mW -
. | Operating Temperaturs Ranges .
T LMS55C . 0°C#70°C ..t Tt
T2 LM555 -55°C to +125°C -
LD | Storage Temperature Range —65°C 10 +150°C .
0y ]
E Lead Temperature {Soldering, 10 seconds) 300°C
J _ . C ' R :
. ' v ' ' ” . L . ' .
Electrical Characteristics (1, = 25°C, v¢c = +5V 1o +15V, unless otherwise specified)
> . A LN X LN -
B fumys <
PARAMETER _CONDITIONS ., Lmsss " T
) S MIN TYP o[ MAX MIN
" Supply Voitage - 45 8 45 .-
Supply Current Vee 6V, R = o : 3 5
Veo = 1BV, R == 10 2,
{Low State} (Note 2)
Timing Ecror, Monastable .
Initist Accuracy 05
Onift with Tempsrature Ra.Rg = k10 100k, 0
C =0 1uF, (Note 3)
Accuracy over Temperature 1.5
Onitt with Supoly " 0.05
Timung Error, Astable
3 Instal Accurecy 5
Drift with Temperature 20
. Accuracy over Temperature 28
. Dritt with Supoly 0.8
; . Threshold Voltage 0.567
' 1 Trigeee Voitage Ve = 15V a8 s 52
Vee = BV 145 167 19
' Trgger Currant [X43] 0S8
Resat ’Vuup 0.4 05 1 04
Resat Current 0.3 04
Threshold Current {Note 4) 0.1 025 0.1 0.25
Control Voltage Level Vee = 15V 96 10 0.4 ° 10
Vee = SV 29 333 38 26 333
Fin 7 Leakage Outout High " 100 1
Fin 7 Sat {Note 5)
Outout Low Vee =15V, 1; = 15 mA 150 180
- Outbut Low Vee ~4.5V.1; »45mA 70 100 80
| Outbut Vottage Drop {Low) Ve = 16V .
gk ® 10 MA 01 0.15 0.1 -
Igix ® 50 mA 04 05 04
Isnx * 100 mA ? 22 2
gk * 200 mA 25 25
Vee = BV .
Ik " 8 MA 0.1 025 .
sk "5 mA - 025
Output Voitage Drop (High) Isounce = 200 mA, Ve = 16V 25 o 125
. tsounce = 100 mA, Vg = 15V 3 133 | s 133
Vee » BV 3 33 - 275 a3
Rim Time of Outant - LE 2 N e
LY
Fati Tims of Output . 100 o .1 00
, ;
. l
Now 1: For opersti b mcdwumunbod-nndbandmnﬂso'c Juncti
R molﬂS‘CMiumlontomleO—GwﬂSoCM ion 1o ambi lorhom kg
H Note 2: Wﬂmlmnwwlhiwmwlv'lmAlo-ltvcc-SV "
3. N-:I.Tuudnvcc'SdeVcc-isv . Nl :
% Nots 4: This wilt determine mwi’mmvdwolRAtﬂg lov lSVowonuon Thomunwmtoul (Ra + Rg) uzoun
it Note 8: No pr 968inst excassive pin 7 curtent is y providing the packsge dissipath r-an,wmnoxuuw .
. 2 m—
—— -




3 : Pulss Width
i Roquired for Triggering .
ARYNENE]
Vec = 10V 1111
reatzre fA1-1
.,
LL
Te-Wb"C 4
[ ¥ud
]
8] [ 3] “ “

%°¢

" Output Propegetion Delay vs
. Vohags Level of Triggee Putse

y
4

[ 8] 9

¢

s

. 2l Performance Characteristics

'\' Supply Current vs

" Supply Voitage

A\
A\

SUPLY VOLTAGE V)

Low Output Volitage ve

Output Sink Current

- Vea » WV

4

L)

£
NN

giliili
¥} e
|-. imA}

Output Propegetion Deley v
Voitsge Level of Trigger Pulse

T7
Veg » 18V l

-~
—

PROPAGATION DELAY fad)

L] L 2] .

A

PR TUAS

P

High Output Voltage vs ™ *°

Output Source Current
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v
v
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.
“
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~
] Applications Information . SHRidoeIeaT oA
. , -
O | moNOSTABLE OPERATION T e , /
) E L e S e A 1 4
| In this mode of operation, the timer functions as 8 ~—:.c T s : 1 //
- B oneshot (Figure 7). The external capacitor finigalty - < ;0 m o] _«J/ .
- L | nheld discharged by a transistor inside the timer. Upon ag- = - A § i (/55’#/ / .
D piiculononm'vtiutriganpulnoflmﬂtml/livce - . ;§ Y €8 % O
. E %0 pin 2, the fiip-fiop is set which both releases theshort .. >, © 3 s / / /\3 1
- circuit across the capecitor and drives the output lgigh. S S .J” Wiy o1
' s o A raravavdm Rt
‘ ' - . PR T e Ame 10ms 100 me s W
o - b s . ST aTmeoray
',' e | L o[ s , S o : ) T Z.', ]
L N <Ll moumed. Tmeoser o s Y
PP L Lo multivibrator. The e:lternal capacitor charges thr_éom,
’ , conrnoe R + Rp and discharges through Rg. Thus the duty’}
i wer | e _L‘ __gycle may be precisely sat by the ratio of these two
‘ somuir S , — . . resistors. - RS . NIRRT
LA S -l—uu . e . e . 4
FIGURE 1. Monostable * i
The voltage across the capacitor then i p . N 4 - .
tially for a period of t= 1.1 RAC, at the end of which .~ 3~ . 5
time the voitage equals 2/3 V¢c. The comparator then 1
resets the flip-flop which in turn discharges the capacitor R
and drives the output to its low state. Figure 2 shows * |
the wavsforms generated in this mode of operation. . .
Since the charge and the threshold level of the com- 2 v -
parator ars both directly proportional to supply voltage, ;: ~ 1
the timing internal is independent of suppty.. - T
- = '
~ N o L ’ N
N . r L - FIGUREA. Anphh PR S LN q;?}
0 [ oot T I I 2 1
- . " In this mode of operation, the itor charges and_
i~ 1T ; discharges betwesn 1/3 Vgc and 2/3 Ve 'As in the |
1. triggered mode, the charge and discharge times, and there: *
o fore the frequency are independent of the supply voltags. ;
. ) A N %
A . Figure § shows the waveforms generated in this mode 1
-~ .of operation. oo s I
- P Yo Veves: loget $V/B. LU IR . N ot
. VL 2 A} NV ke Troww: Botput /0. L v - - | :-“"
B Y T Senen Toms: Capouten Yohmes 2V/B. N \ - v A . (3
[y ") R - ..'.‘v.h-;qd
FIGURE 2. Monostable Waveforms .. .o | e e e
: . T
During the timing. cycle when the output is high, the - S TR p O %2
further application of a trigger puise will not effect the vd NV
- circuit. Howaver the circuit can be reset during this time T VA
the app of a negative pulse to the reset .
L terminal (pin 4). The output will then remain in the low o -
L state until a trigger pulse is again applied. e ‘;_;c_'_"w ;:'_—;:-W-:‘_"_ o
¢« .o | Wnen the resat function is not in use, itis recommended - 117 Tt e Lo
= that it be connected to Vee to avoid any possibility of ... ., e 3".‘” ) .
false triggering. L g ‘FIGURE 5. Astable Waveforms
Figure 3 is 8 nomograph for easy datermination of R,C :’:}‘,’, K R LA
values for various time delays. ’ ' NN time (output high) is given by:
NQTE: o opastiachie operation, the trigger should be BN ',%,.,&1:0.&3 {Ra +Rp) C
drivc;" of "rc'w:""““,'" 4 tin;ing cycle. TRl i the glischarge time (output low) by:
. : Supply current when cutput S ha s o '
- ASe3: Temamvec=8VandVee [ B b .-'0.593‘(R.‘)(.: .
~ Jpts &: This will determine the maximwn in Figure 4 {pins 2.
apte Bi No protection sgeinst iverself and free run as 8




P s i
.

~ -
e e ——— — > mm——— =

Y

L -

i b

o e sy

o ot e w0

23

LM567/LM567C

VA

National
Semlconductor

LM567ILM567C Tone Decoder

General Description ‘ B '- S
The LM567 and LM5E7C are general purpose tone

decoders designed 10 provide a saturated transistor -

switch to ground when an input signal is present
within the passband. The . circuit consists of an

and Q detector driven by a voltage controlled .
oscillator which dclmmnu the center frequency -

of the decoder, Exlerml components are used 10

’

.

-

———

-Industrial Blocks

® High mccuon of out o! band slgnals and "°"'-l

®  Immunity to false signals . i

® Highly stable center frequency PR o5

u Center frequency nd‘usublc from 0.01 Hz m'
. 500 kHz .. -

o . ~ ]
independently set center’ frequency, bandwidth Appllcations
and output delay. ® Touch tone decoding
Fe B Precision oscillator
atures & Frequency monitoring and control
® 2010 1 frequency range with an external resistor ® Wide band FSK demodulation RS
® Logic compatible output with 100 mA current = Ultrasonic controls
sinking capability © . ® Carrier current remote controls B
® Bandwidth adjustable from 0 to 14% s Co ions paging decoders z
Schemahc and Connection Dlagrams .
Mcul Can Packoge Dual-In-Line Package
-..'?.'3—‘ P i
I [ =2 ,
n e Y n ‘.
-4 !E e 12
. '.A _‘_’-l
momten i
. ) "w e e e
Qrder Number LM567H or LM567CN Order Number LMS567CN
See NS Package HOBC See NS Package NOSS
. k]
4 5.
L <
. 4_




(ORI

' ) }
" Absolute Maximum Ratings o
I “ N . E— . | T opeem
" supply VolisgePin . CoL v 3 Aes a0 -
- power Dissipation (Note | e /- 300mW ~
. power DI R =2
e VO - - . . T3]
Vg - SV e L+ A7) '
vy - : - L Vg +0.5V _ 3
- Storage Temperature Range o -65 C to +150 C o
. )
e . - - RN ~ .
Electrlcal CharacteristiCs wuc e cimin1a-257c. Ve 80 :
“ PARAMETERS - CONDITIONS  [~—re—T—Fyp T WAK |~ WN o] TS
{- hower Supply Vohags Rangs 475 5.0 9.0 41 5.0 80 v
""" power Supply Current ‘ Ay =20k .
Quiexcont [ [} 7 0 mA
, power Supsly Current R =20k
"L Actmed " 3 2 " mA
v .
gt Aesintance . . 2 2 [TU R » ]
. e
Smattest Detectabie Ingut Voltage I e 100 mA, tot, 0 2% 20 2 | mvem )
Largent No Outout input Voltage g 100mA =1, | 10 15 1w 1% A mVems :
wnwwwmmwnmmuhb . s @ T
Minimom Ingut Sl to Wideband Noise Reto 8a v 100 kHZ -8 B ) o
. Largest Detection Bandwidth S om " 16 10 " 1] %off, : 5
Largest Detection Bardwigth Skow ' 2 H 3 | woett,
Largest o Bondwidth Vasiation with T ‘| 00 Jous w00 |os | we
1 WMMM Bordwdth Veristion with Supply Voltsge 4,75V - 875V 0N 22 11 £33 %V
Mighest Cemer Froauancy 100 500 100 500 kHz
Canter Fraquency Stabitity 0<T <0 360 35160 pom/’C
S5 T, <25 352140 352140 pom"C
Conter Fraquency Shift with Suppty Voltage 475V - 875V [ 10 04 20 v
[
Fastest ON-OFF Cycling Rate 1,/20 1,720
Output Luskage Current Vo 18V , 0o |2 001 | 75 »A
Output Seturstion Vortsge 1 aezsmv, 02 | o0s 0z | oe} v
* 1e* 0 mA
o2 my, 0.4 10 08 10
19 100 mA : -
Ovtput Felt Time . 20 2 v
Output Wi Time ’ 150 150 v
1 v -
Note 1: The uneti o of the LM567 is 150°C, whils that of the LMS67C and LMSETCN is . N
For ogerating 8t . devices in the TO-5 package must be derated based on 8 thermal resistt s N
150°C/W, junction to ambient w as5* crw luncuon t0 caw. For the DIP the device must be derated based on @ . 4} '.,‘ 1
resistance of 187°C/W, junction 10 smbient, . - R S
. . :
. *‘
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- gt . as . 2
*, I | Typical Performance Characteristics T, T s
b -.nw e R ~ g o orabe B stk
b L : N . .
: M mf....?vf.mgoi.::.,.., ‘ .. Typical Bandwidt': Vasistion  Typical Frequiency Drift with
: '} N ° * . Tempersture {(Mean and 5.D.) ,I.Da.lsvlg . . ?!l—ub,.-._.l-ill.tc
‘,. S 4 T g . 3 X " RS A TR 4
B [T B I . ] m weany
! m " M g
Cey o
| = " 3 wler fu 1
Cwd | E L d Eule g, -
= AT . 8 g
& a b ] 4 m wll H
- — 2. w 48
H 3 ‘ I~ - ,.m .. i RN I RS A
z FT R e 1] - S S A
. Rl BAXDWIDTN AT X°C m R B B A Ol B B el
2 ' s -
LIS R IR NI I R IR RN W R R - N R R L]
: L - L YEMPERATURE (') St TEMMATUREFD) ! S st TEMPERATURE(TY - --- -
Typicsl Fraquency Drift with . Bandwidth vs Input Signst :
Temperaturs {Mean and $.0.) Amplitude . Largest Detection Bandwidth
' g2 s 00 1
I e cEEREEE .
_ - LEEEEEE I N
s g, Fm - S n N
' m 2 // g m- M :
B " - e .
: g VI e & |
_” g m...\\‘ 74
i :, NI 17105 ) Tt
' ] 77, I Vg oSV
i . e 2o W Ryt b ey . |
L FHEE T R EEE R EEEEEEEREE R T
B TEMPERATURE ( C) SANOWIDTN FS0F 19 CEXTER FAEQUENCY (Ha)
e
N i .
_,_» : Detection Bandwidth a5 » ‘Typicat Supply Current vs Grestest Number of Cycles
w.,.. Functionof C2and C3 Supply Voltage Bsfoes Cutput
13 1 8 : 1008 -
3 aent nese| || [T T Joew
T ¢ Vee = SV N X0 LOAD "ON" CURAENT 800 N—— -+t Ta» 25°C
‘ 2 T AANOWIDTR LWTED BY C; |
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Typ Hevsteller M/Pol. Bild Kurzbeschreibung Vergleichstypen (Bild) Anmerkungen
Type Weredacturers M/Pol. Fig. Short description Comparison types (fig.) Notes
Tyoe f oscants M/Pol. Fig. Description succ. Types d'eqivalence (fig.) Notes
Tipo Yours miori M/Pol. Fig. Descrizione somm. Tipi correspondenti (fig.) Note
8C 527 Flm SiPNP  21s  NF.TI/E.60V, 1A, 0,625W | BC 534 (210}, BC 488 (210) kompi.: BC 537
(4_2% 8C 638 (21)
ac 528 Fiin SiPNP  21s NF.Tr/E.BOV, 1A 0.625W |BC 534 (21e), BC 490 {210) kompl.: BC 538
(825} _ 8C 640 (21}
8C 529 £/ Si-PNP  2le  Uni, SOV, 02A, 0.625W BC 567 (21a)
i} >100MHz, B=60-300
BC 50 Fon SiPNP  21e ' Vid, 130V,0.1A,0.625W | BF 398 (21a), 2N3930-31 (4a) kompt.: BC 532
— ¢ >SOMHz, B=40-180 BF 423 (21)
H SIPNP 218 Vid, 160V, 0,1A, 0.625W | BF 398 (21a), 2N393031 l4a} Kkompl.: BC 533
ac 512 >S0MHz, B=60-240 BF 423 (21) )
FCH SINPN 2lg  Vid, 160V, 0.1A, 0,625W | BF 297 (21a), 2NS550 (21e) kompl.: BC 530
BC s3I ¢ . >50MHz, 8+60-250 8F 422 (21)
CH Si-NPN  2t1e Vi, le 0.3A,0,625W BF 298 (21a), 2N5551 (21e) kompi.: BC SJ1
_ >50MHz, B=40-250 F 422 121}
8C 534 FCH SIPNP  21e  NF.TV/E.BOV.0.5A,0.625W] BC 490 (214). 6C 528 (21e) komgl.: BC 535
BC 538 FCh SiNPN  21e  NF-Tr/E, B0V, 0.5A, 0,625W gg ;gg mc) BC 538 (21e) kompl.: BC 534
:’f ‘f’g FCH SINPN  21e  NF-TI/E,60V.1A.0.625W |BC 535 (21, 8C 487 (210) komel.: BC 527
byt FCH Si-NPN  21e NF-Te/E.BOV, 1A, 0,625W | BC 535 (210), BC 489 (21s) xomel.: 8C 528
~ ‘ 8€ 639 (21)
BC 548 AEG, uf MUL, Si-NPN  21a  Uni. BOV, 0,2A, 0.5W BC 174 (21a), BC 150 (4a), séu7 210}
af:l.a;l PHI Sk VAL - e 300MHz, 8275500 * ¢ C 556
B ’mc 11T, MUL, SINPN 21a  Umi 50V, 0.2A 0.5W B8C 107 (4s}, BC 171 (21a), BC 182 (21a),8C 207 {4), 8C 237 (21a),
ucusa éﬁlt?v C 300MHz, 8=75900 BC 382 (21a), BC 582 (21 kompl.: BC 557 ¢
DIABC) |MEG.UIT.MUL,  SNPN 21a Ui, J0V.0.2A.0.5W B8C 108 (4, BC 172 m.) BC 183 (21s), BC 208 {4), BC 238 (21a),
8C 549 G I VAL 300MHz, 8=75-900 8C 383 (21a), BC 583 (21a) komp.: BC 558
8.0 PEGIIT. MUL,  SENPN  21a  Unive, J0V.02A, 0.5W BC 109 (4a), BC 173 (218}, BC 184 (21a), acmw BC 239 (21a),
BC 650 *Eés#fvabu, saen 21a OMHZ 200500 |8C384 21a). BCSSA M) gy ol 8
41
(8.c) PHI, SIE, VAL 300MHz, §-240.900 BC 184 (21s), BC 384 (21a], BC [ 2 mpt.: BC 560
8C 558 JATY, MUL,  SIPNP 212 Uni, B0V, 0.2A, 0.5W BC 256.(21a), BC 266 (4a), BC 648 (210} )
L\ga’m :21 SIE, VAL 150MHz, §=75-500 . kompl.: BC 546
e 'HG. ITY, MUL, SIPNP 212 Umi, sov 0.2A,0.5W BC 177 (4a), BC 204 (4), BC 212 {21a), BC 251 (21s). BC 307 (21a,
As lcsu:i_wu. | 150MHz, 8-75-500 8C 512 (218 kompl.: BC 547
L AR.CI AEGITT. MUL, SiPNP 210 " Ui, 30V, 0.2A,0,5W 8C 178 {4a), BC 206 (4), BC 213 (21a), BC 252 (21a), BC 308 (21a),
AB, L SIE, VAL 150MHz, 8275900 8C 513 (21a) komp.: BC 548
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| | TYPES SN5400, SN54HO0, SN54L00, SN54LSO0, SNS4S00,
] SN7400, SNT4HOO, SN74LS00, SN74500

QUADRUPLE 2INPUT POSITIVE:NAND GATES

! REVISED DECEMAER 1583

SN5400, SN64HO00, SN54L00 ... J PACKAGE
SNS4LS00, SN54S00 . .. J OR W PACKAGE

i o Package Options include Both Plastic and
SN7400, SN74HOO . . . J ORN PACKAGE

Ceramic Chip Carriers in Addition to Plastic

and Ceramic DIPs SN74LS00, SN7450¢. . . D, JORN PACKAGE
' - (YOPVIEW) |
¢ Dependable Texas instruments Quality and )
_Reliability : 1ad yee
- 180 48
description . . . AY O 4A
These devices contain four independent 2-input NAND : 2a( 4y,

-28.00
tes. p Py

L s, . . /' 2Y

The SN5400, SN54H00, SN54L00, and SNSALS00, GNO Q7
and SN54S00 are characterized for operation over the
full military temperature range of =55°C to 125°C. The

$NG5400, SN54HOO .. . W PACKAGE

SN7400, SN74H00, SN74LS00, and SN74S00 are (TOP VIEW)
characterized for ation from 0°C to 70°C. -
oper iath Undlay®
: FUNCTION TABLE (each gate) _ 1802 13048
i ' 1vQs  P4A
INPUTS OUTPUT veee ¢ 1IGND
A B v 2v(Qs 1w} 38
2A(s s[13A
H H L 28 (2 s[J3Y
L X H
X L H
SN54L500, SN54S00 . .. FK PACKAGE

SN74LS00, SN74S00 . . . FN PACKAGE
{TOP VIEW)

logic diagram {each gate)

—
s Y

positive logic
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TYPES SN5400, SN7400
QUADRUPLE 2-INPUT POSITIVE-NAND GATES

recommended operating canditions

SNS400 SN7400
UNIT

MIN NOM MAX | MIN NOM MAX
VGG  Supply voltage 4.5 5 55 | 4.75 5 5.25 v
Vip  High-level input voltage T2 ' 2
Vit Lowlevel input voltage 0.8 0.8
Ioy  High-level output current -04 =04 ] mA
IoL Lowlevel output current 16 16] mA
Ta  Opersting free-air temperature - 58 ©128 0 0|

electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)

. SN5400 8N7400 .
PARAMETER TEST CONDITIONS 1 uNIT
MIN TYP$ MAX | MIN TYP$ MAX
Vik VCC*"MIN,  lj=-12mA -15 -15) v
VoH VEC=MIN, V| =08V, Igy=-04mA 24 34 24 34
Vou VeC MIN, V=2V, Ig_=16mA 02 04 02 04} V
Iy VCC"MAX, V"S55V ' 1 1] ma
[ Ve " MAX, V=24V 40 40 | BA
e Vec " MAX, V=04V -16 -16| ma !
los$ Vee = MAX - 20 -55 | ~18 -55 ] mA
iccH VeoaMAX, V=0V « 8 4« 8| mA :
lecy VeC " MAX, Vi=45V 12 22 12 22| ma L
1 For conditions shown ss MIN or MAX, use the sppropriste value specified under r operating (’-
§ Al typicsl vatues are st Voo = 5V, T, = 25°C, w
§ Not more than one outout should be shorted st a time. o
——
e :zhing characteristics, VGG = 5 V, TA = 25°C (see note 2) 2
FROM 70 (a]
PARAMETER .TEST CONDITIONS MIN TYP MaX | uniT
: ) (INPUT) (OUTPUT) ':l
tPLH . 11 22 ] -
- AorB Y R =400 A, CL = 15pF
tPHL 7 15 n
°E 2: Ses Genarsi information Section for load Ciccuits and voltage wavelorms.
am
T {IP
. EXAS 3.5
- INSTRUMENTS ,
X i YOSTOFFICEBOXZIN 8 PALLAS.TEVAG M e e TS
- v v R »280 10, Cy ~ 25pF } U |
L tPHL I 6.2 10 l ns _] -

MOTE 2: Sees General Information Section for load cucuns and voitage weveforms.



