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SYNOPSIS

The best known application of Computers in Medical diagnosis, is

their use in analysing and evaluating Electrocardiograms.

In this project, we have builtan ECG analyser with an interface to
Micro Computer. In this system, the ECG signal, which is picked by the
electrode placed on various parts of human body is amplified, processed and
the ECG waveform is made available at the CRT monitor of Microcomputer.
For implementing this system a powerful 80186 processor is used. It’s speed

flexibility and its memory accessing capability being advantageous.

A generalised processor board is implemented with facilities in
excess of the requirements of a data acquistion system to make or-board

emulation possible. The software is also made inteiligent enough for limiited

analysis.

Further, we wish to make this system, a portable module, with a
graphic LCD display, under the auspicies of our backers, M/s. PRICOL

Industries, Coimbatore.
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INTRODUCTION

The ability of Electronic Computers to store very large quantities of
data and to have it readily available for further processing makes them
extremely useful in a Hospital setup. In Clinical application, the object of
the use of the computer is to make a contribution to better and quicker
diagnosis, and treatment free from subjective errors. The computer does in
no way relieve the physician of the task of making a decision but at the same
time it provides him information on the clinical examinations in a clearer
form and saves him from drudgery of doing repetitive and routine
calulations. An additional advantage is that of storage of clinical patient data
for future study and analysis.

The ECG is got from human body as a differential summation of
potential at two points. This is taken to the computer by suitable means,
where processing includes digital filtering, removal of artefact, averaging of
complexes and fully sutomated measurement of the P,QRS,T wave

amplitudes and duration.

Chapter I tries to explain the basics of Electrocardigraphy and
describes the normal Electrogram complex. It also contains notes on various

lead positions and bio potential sensors.



Chapter II gives an indepth coverage of the normal ECG amplifier
and the characteristic features of INA102 Instrumentation amplifier used in

this development.

Chapter III provides an overall view of the Designed system,
explaining the functions and advantages of the various ICs used in the

realisation of the Dataprocessing system.

Chapter IV gives the part played by the Intel 80186 processor used

in our project, and explains salient features.

Chapter V gives the functions of the various on-board Pernipherals

used in the system and their related devices.

Chapter VI incorporates the realisation of the various designs, which

indicate the practical effort put-in,

Chapters VII & VIII include the software required for the functioning
of both the Dataprocessing and Display sytems.
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THE ELECTROCARDIOGRAM

The Electrocardiogram is a reflection of the electrical activity of
the heart. The ECG 1s a quasi-periodical, rhythmically repeating signal
synchronised by the function of the heart, which acts as a generator of
bio-electric events. The potentials originating in the individual fibres of
the heart muscles are added to produce the ECG waveform. This
generated signal can be described by means of a simple electric dipole,
consisting of a pair of a positive and a negative charge. The dipole
generates a field vector, changing nearly periodically in time and space
and its effects are measured on the surface. Thus an ECG reflects the
rthythmic electrical depolarisation and repolarisation of the myocardium
(heart muscle) associated with the contraction of the atria and the
ventricles. The shape, time interval and amplitude of the ECG give the
details of state of the heart. Any form of Arrhythmia (disturbances in the
heart rhythm) can be easily diagonised using the electrocardiogram.The
heart is unique among, the muscles of the body in that it posseses the
property of automatic rhythemic contraction. The impulses necessary
to maintain the pulsations, arise from a specialised location interior to
the heart. The heartbeat is a spontaneous, periodic, electrical potential,
originating in a small area of the heart muscle tissue, the Sinoatrial
node. The fundamental beat generated in the S.A. node, first travels
through the heart muécle to the atria, causing them to simultaneously

contract. The electric wave then travels to the Atrioventricular node,



which permits transmission of the contractions, causing potentials to the
venticles. These are conducted throughout the heart by dedicated fibres
which result in the exitation of muscle fibres throughout the
myocardium. The impulse formation and conduction also produces
weak electric currents conducted to the body surface, from where these
can be measured by connecting electrodes because they travel through
the body which is an infinite homogenous conductor. The ECG 1s
recorded as a the differential sum of the outputs of the various

electrodes placed at different locations in the body.

ECG LEAD CONFIGURATIONS

To record an electrcardiogram, a number of elecrtrodes,usually
twelve are affixed to the body of the patient. These leads are  placed
in three standardised electrode positions:

(1) Bipolar limb leads or Standard leads.

(2)Augmented unipolar limb leads.

(3) Chest leads or Precordial leads.



Bipolar limb leads :

These consist of the standard leads I, Il and III. The three bipolar
limb leads were first introduced by Einthoven. In these, the potentials
are tapped from four locations of the body - (i) Right arm (RA), (i1) Left
arm (LA), (iii)Right leg (RL), and (iv) Left leg (LL).

Usually the right leg electrode acts as the ground reference
electrode. The lead positions (shown in fig.1.) are as follows:

Lead I : Left arm and Right arm.

Lead II : Left leg and Right arm.

Lead III : Left leg and Left arm.

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
varient, single dimensional component of that vector. Along the sides of
this triangle, the three projections of the ECG vector are measured, as
shown in fig.4. Further the vector sum of the projections on all the three
sides is equal to zero. The relétion between the three leads is expressed
algebrically by Einthoven's equation:

Lead Il = Lead I + Lead III.



This is based on Kirchoff's law, which states that the algebric
sum of all the potential differences in a closed circuit is zero. If
Einthoven had reversed the polarity of Leadll the three bipolar lead axes
would result in a closed circuit and Leads I + II + III would equal zero.
However, since Einthoven did make this alteration, in the polarity of the
Lead II axis, the equation becomes: 1-II1+1I1=0.

Hence, II1 =1+ III.

The electrical potential as recorded from any one extremity will
be the same no matter where the electrode is placed on the extremity.

The electrodes are usually applied just above the wrists and ankles.
Augmented Unipolar limb leads:

In this system, introduced by Wilson, the ECG 1is recorded
between a single exploratory electrode, and the central terminal, which
has a potential corresponding to the centre of the body. This central
terminal is obtained by connecting the three active limb electrodes
together through resistors of same size. In Unipolar limb leads, one of
the limb electrodes is used as an exploratory electrode as well as
contributing to the central terminal. This double use results in an ECG

signal, that has a very small amplitude. By means of Augmented ECG



lead connections, a small increase in the ECG voltage can be realised.
The Augmented lead connections (shown in fig.2.) are:

(1) aVR - Augmented voltage Right arm.

(2) aVL - Augmented voltage Left arm.

(3) aVF - Augmented voltage foot.

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 six different points of the chest, close to the heart, as shown
in fig.3. These chest positions are called the PRECORDIAL
UNIPOLAR LEADS, and are designated, V1 to V6. All the three active
Jimb electrodes are used to obtain the central terminal, while a seperate
chest electrode is used as an exploratory electrode. The common
precordial electrode positions used are:

V1 : Fourth Intercostal space at right Sternal margin.

V2 - Fourth Intercostal space at left Sternal margin.

V3 : Midway betweeen V2 and V4.

V4 - Fifth Intercostal space in the Mid-clavicular line

V5 : Anterior axilhiary line.

V6 : Mid axillary line.
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Colour Code :

Normally, ECG potentials are measured with colour coded leads,
according to convention, to facilitate their easy identification The
placement of electrodes as well as the colour codes used to identify each
electrode is shown in fig.5.

White - Right Arm.

Black - Left Arm.

Green - Right Leg.

Red - Left Leg.

Brown - Chest.

BIOPOTENTIAL SENSORS

The most common type of electrodes used for recording ECG are
rectangular or circular surface electrodes. The material used is german
silver, nickel silver or nickel plated steel. They are applied to the surface
of the body with electrode jelly. The typical value of contact impedance
of these electrodes of normal sizes is nearly 2 to 5 kiloohms when
measured at 10 Hz. The electrodes are held in position by elastic
straps.They are also called limb electrodes as they are most suitable for

applications on four limbs of the body.
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All types of biopotential electrodes have a metal - electrolyte
interface. In each case, an electrode potential is developed across the
interface proportional to the exchange of ions between the metal and
electrolytes of the body. The potential across a membrane seperating

two concentrations of an ion is given by Nernst equation:

E =-(RT/mF)In((C1f1)/(Co12))
Where R - Gas constant (8.315%107 e/m/K).

T - Absolute Temperature (K). .

n - Valence of the 1on.

F - Faraday constant (96500 C).

C1,Cy - Two Concentrations of the ion on the two sides of

the membrane.

f1.f7 - Respective activity coeffients ofthe ion on the two

sides of the membrane.

The double layer of charge at the interface acts as a charge. Since
measurement of bioelectric potential requires two electrodes the voltage
measured is really the difference between the instantaneous potentials of
the two electrodes, as shown in fig8. If the two electrode are of the same
type the output is the actual difference of ionic potential between the
two points of the body. Mismatch of the two electrodes results in an
electrode offset voltage, often mistaken for a true physilogical event.

Also chemical activity within an electrode can cause voltage



fluctuations appering as noise on a biosignal. It is found that
silver/silver-chloride electrode is very stable, so this is normally used for

various applications.

The earliest bioelectric potential measurements used Immersion
electrodes, which were simply buckets of saline solution, nto which the
subject placed his hands and feet. This type of electrode presented many
difficulties, such as restricted position of the subject and danger of
electrolyte spillage. A great improvement over the Immersion electrode
was the Plate electrode. Originally, these electrodes were seperated from
the subject skin by cotton pads, soaked in a strong saline solution. Later
a conductive Jelly replaced the soaked pads. One of the difficulties in
~ using plate electrodes was the possibility of electrode slippage or
movement. Another type of electrode used today is the Suction-cup
electrode. In this type, only the rim actually contacts the skin. All the
preceeding electrodes suffer from a common problem. They are all
sensitive to movement. Even the slightest movement changes the
thickness of the thin film of electrolyte between the metal and the skin

and thus causes change in the electrode potential and impedance.

Later a new type of electrode, the Floating electrode was
introduced. The principle of this electrode is to practically eliminate
movement artifacts by aveiding any direct contact of the metal with the

skin. The only conductive path between metal and the skin is the
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electrolyte paste or Jelly, which forms an electrlyte bridge. F1g.9. shows
a cross section of the Floating electrode. Various types of Disposable
electrodes have been introduced in recent years, to eliminate the

requirement for cleaning and care after each use.

Purpose of Electrode Jelly:

The dry outer skin of the body, is highly non-conductive and will
not establish a good electrical contact with an electrode. So the area of
contact should be coated with an electrically conductive paste called the
electrode Jelly. Thus the electrode jelly decreases the impedance of
contact and also reduces the artifacts resulting from the movement of
electrode or patient. Generally, the conductivity of the skin is directly
proportional to the moisture on the skin. For example, the ECG
electrode contact impedance on dry skin is about 100 kohms and the
equivalent capacitance is about 0.01 microfarad. After the application of
electrode paste, the contact impedance reduced to 10 kohms and the

capacitance increased to 0.1 microfarad.



TYPICAL ELECTROCARDIOGRAM COMPLEX

Normal ECGs comprise a regular sequence of P, QRS, and T
wave segments, as shown in fig.6. The P, QRS and T waves reflect the
rhythmic electrical depolarisation and repolarisation of the heart
muscles. The Electrocardiogram is used clinically in diagnosing various
diseases and conditions associated with the heart. It also serves as a
timing refernce for other measurements. To the clinician, the shape and
duration of each feature of the ECG are significant. The waveform
however, depends greatly upon the lead configuration used. In general,
the Cardiologist looks critically, at the various time intervals, polarities
and amplitudes to arrive at his diagnosis. The various functions

represented by the segments are:

P wave : Depolarisation of the Atria.

QRS complex : This is generated by the depolarisation of the
ventricles. The initial negative deflection resulting from ventricular
depolarisation, is shown as the Q wave. The first posotive deflection,
during venticular depolarisation is the R wave. The first negative
deflection of venticular depolarisation that follows the first posotive

deflection is shown as the S wave.
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T wave : The T wave represents the repolarisation of the

ventricles and follows the QRS complex, and the ST segment.

U wave : This represents the slow repolarisation of the Intra-

venticular system, and preceeds the next P wave.

The typical amplitudes and time intervals of the various segments

are indicated n fig.7.
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The ECG Amplifier




THE ECG AMPLIFIER

BIO-Electric = measurements  are basically low level
measurements, involving amplification of signals at microvolt levels.
Also the time varying signals, cannot be fed to the microprocessor
directly. Hence, for quality data acquisition, powerful high-gain
amplifier with high Common Mode Rejection Ratio (CMRR) is to be
used, which also serves to reject any incident Electromagnetic
Interference (EMI). The bioelectric signal often contains cbmponents of
extremely low frequency. For faithful reproduction of the signal, the
amplifier must have excellent frequency response in the sub-audio

frequency range.

In RC coupled amplifier, low frequency response is limited by
the reactance of the coupling capacitors. To achieve the low frequency
response, the amplifier must have large values of coupling capacitance.
But large capacitors cause blocking of the amplifier, in cases of high
level inputs, arising due to switching transients. Because of the long
Time constant introduced by these capacitors, several seconds may
elapse before the capacitors are discharged back to their normal levels.
The amplifier therefore becomes momentarily unreceptive following

each occourences of overdriving signals. Although, the Direct Coupled



(DC) amplifiers give an excellent frequency response at low

frequencies, they tend to drift.

A Typical ECG Amplifier:

The most important consideration in ECG design 1s to provide

amplification to the ECG signal without distorting it, and at the same

time, to minimise all unwanted Artifacts. Consider the table given

below:
GAIN 1000.
BANDWIDTH 0.05 TO 100 Hz.
INPUT IMPEDANCE
DIFFERENTIAL > 2.5 Mohms.
COMMON-MODE > 100 Mohms.
CMRR > 20,000.
INPUT RISK CURRENT < 10 microamps.

OVER VOLTAGE PROTECTION

5,000 V (Defibrillator
discharge).




It follows from the table that the ECG amplifier should have the

following important features:

(1) Very high Input impedance.

(2) Rejection of Common-mode signals.
(3) Specified high Gain.

(4) Good low Frequency response.

The amplifying component is usually, an Operational Amplifier
which uses resistors and capacitors to form a complete amplifier circuit.

OPAMPs are used because of their following advantages:

(1) Infinite open-loop gain.

(2) Very high Input impedance and negligible Output impedance.
(3) Stability throught the range of operation.

(4) Infimte CMRR.

(5) Negligible d.c. offset.

(6) Negligible noise, drift and other temperature related effects.

Modern OPAMPs exhibit close to ideal performance and
therefore make the task of designing an ECG amplifier somewhat easy.

The IC design permits us to build to build amplifiers using very few



components and to attain a respectable performance, with some degree

of assurance.

The signal from the heart is picked up by the two electrodes
attached to the body, as shown in fig.10.

The ECG signal is obtained as a difference in potential, between
the two electrodes. Consequently, we need a differential amplifier for
recording ECG signals. The differential amplifier shown (fig.11.) feeds

one input to the inverting side and another to the non-inverting side of
the OPAMP. If the set of resistors are perfectly matched(i.e., R4/R3 =

R4'/R3"), then the output of the differential amplifier is equal to:

[R4/R3] * (V2'- V1)

that is, the difference between the two signals is amplified. One
limitation of the circuit shown in fig.11. is that, its Input impedance is
quite low. An altenative symmetric, double ended configuration shown
in fig.12. presents the inputs directly to the non-inverting inputs of each
OPAMP. Consequently, the input impedance remains extremely high.
The output of this configuration is also differential. It can be fed to a
second stage amplifier, similiar to the one shown in fig.11., to produce a
single ended output. A three OPAMP configuration, comprising of the

first stage in fig.12. and second stage in fig.11l. is called an
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Instrumentation Amplifier. An Instrumentation amplifier along with the

second stage for additional gain and filtering is shown in fig.13.

The INA102 Instrumentation Amplifier :

The INA102 is a high-accuracy monolithic instrumentation
amplifer designed for signal conditioning applications where low
quiescent power is desired. On chip thin film resistors provide excellent
temperature and stability performance. State-of-the-art la§er-uimnﬁng
technology insures high-gain accuracy and common mode rejection
while avoiding expensive components. These features make the INA102
ideally suited for battery operated and high volume applications. The
INA102 is also convenient to use. A gain of 1,10,100 or 1000 may be
selected by simply strapping the appropriate pins together. Sppm/degC

gain drift in low gains can be achieved without external adjustment.

A simplified schematic of INA102 is shown in fig.14. A three
amplifier configuration is used. The input buffers Al and A2
incorporate high performance, low drift amplifier circuitary. The
amplifiers are connected in a non-inverting configuration to provide a
high input impedance (1010 ohms). The output stage A3 is connected in
a unity gain differential amplifier configuration. A critical part of this
stage is the matching of the four 20 kohm resistors which provide the

difference function. All the internal resistors are made of thin film



nichrome in the IC. The critical resistors are laser-trimmed to provide
the desired accuracy and commom-mode rejection. Nichrome ensures
long term stability. This provides Gain, Accuracy and CMRR when
INA102 is operated over wide temperature ranges. Fig.15. shows the
INA102 in a typical application for amplifying the EQG signal.
Additional filtering to reduce noise outside the signal bandwidth can be
accomplished by adding an external capacitor between pins 11 and 13.
A small resistance can be added in series with pin no.10. to improve the

CMRR above the specified value.
PRACTICAL CONSIDERATIONS FOR ECG RECORDING

Several practical aspects must be observed in order to obtain a

useful Electrocardiogram.
Artifacts:

Since the ECG unit is a sensitive device, it can pick-up unwanted
electrical signals which may modify the actual ECG. Therefore, the
operator should check the following things before recording the ECG.

(1) Be sure that the patient does not touch any metal object.
(2) Remove any other electrical appliances in the vicinity of the

patient.
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(3) Make sure that all electrodes have been applied, with the right
amount of jelly, and all electrode straps are tied.
(4) Be sure that the patient is in a comfortable and relaxed

position. Otherwise, unsteady trace may be produced.

Base-line shift:

A wandering base-line is usually due to the gross movements of
patients or from mechanical strain on the electrode wires. This can be
eliminated, by insuring that the patient lies relaxed and the electrodes

are properly placed.

The most critical component of the ECG recorder is the patient
cable. Cables made of Silicon-rubber are used to provide better

elasticity over longer periods of time.



Data Processing System




DATA PROCESSING SYSTEM

The automatic analysis of electrocardigrams by computers
requires that the ECG signal obtained from the standard leads is
transmitted to the computer by some suitable means. The basic system
block diagram used in our sytem is shown in fig.A. It consists of Data

Acquistion, Processing and Display parts.

The Data Acquistion part as already described .uses a high
precision Instrumentation Amplifier - INA102 whose output is suffiently
large enough for further Processing. This is now converted into digital
form by sampling the analog wave at a few hundred samples per second.
This digitised signal is stored and processed in a dedicated 80186
microprocessor system. The stored data is transported to a Personal
Computer where Display and Analysis are done. An optional part (A
Portable model) includes a Keyboard Interfacing and an LCD Display.
The Microprocessor board designed, incorporates all required emulating

facilities for the 80186 processor.

The Output of the INA102 is fed to ADC 0809, which contains
an 8-channel multiplexer, controlled by the 80186 control processor,
through a 3-bit address decoder. The ADC uses Successive

Approximation technique with a conversion time of 100 microsec. The
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Sampling rate is fixed by the input given to the START pin, from the
control processor. The sampling rate is chosen at about 800 samples/sec,
which satisfies the Nyquist criterion, for a baseband ECG signal limited
to 150 Hz.The Start-conversion pulse is sent through one of the lines of
Port B of a peripheral 8255A. Valid data, after conversion is indicated
by an EOC pulse, which is made to interrupt the processor. The output of
ADCO0809, which is a latched tri-state output is taken to the processor
through a SN74245 Transceiver. The transciever is enabled by choosing
Port 1 by the 80186. The DIR pin of the transceiver is also held to the
same state thus making it uni-directional. The high current tri-state are
connected directly to the system bus. Thus the data from the ADC is

taken to the Microprocessor.

An LM308 based reference voltage is given to the ADC for
stable operation. External signal inputs to the ADC0809 is provided
through an LM358 OPAMP, suitably divided using IC 74173. The
74173 consits of 4-bit D type registers having tri-state outputs, which
are used for dividing the input given from CLKOUT of the Processor.
The 74173 also serves as clock source for the 8279 Keyboard/Display

Controller.

The data and address lines of 80186 are multiplexed . So two IC
SN74LS373s each containing eight transparent D type latches are used

to seperate the data (not latched) and address (latched) lines .



The Memory bank has 64Kx16 bits both of Program (ROM) and
Data (RAM) memory. The Program Memory consists of two
TMS27256 (64Kx8) Ultraviolet Erasable Programable Read Only
Memory.The two segements are arranged such that the lower order 8-bit
bus goes to one chip and the remaining higher order bits to the next. The
Data memory consists of two 62256 (64Kx8 bits) RAM chips organised
in the same way as the ROM area. The ROM and RAM selections are
done using the UCS and LCS (both Active low). The memory mapping
of 80186 is shown in fig.B. At power-on Reset, the 80186 starts reading
at FFFFO(H) automatically from where it is directed to other locations.
The Digitised ECG waveform is stored in the RAM from where 1t is
used for further processing and is also communicated to the PC. The
lower data bus is also brought to two Berg sticks latched through two
SN74HCT373 latches for on board trouble shooting and further

enhancement of LCD drivers.

A parallel Centronics port for transfering byte length data to the
PC is realised using an 8255A Programable Peripheral Interface. Port A
of the 8255A 1s used as bi-directional data buffer for the Centronics
port, with port C giving the necessary handshake signals. One of lines of
port B is used to send the start of conversion pulse for the ADC 0809. A
Serial EEPROM, 1Kbits long (64x16) IC 93C46 is used for non volatile

storage of user parameters during power off conditions. This sernal



fig.B.
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EEPROM 1s accessed by three bits of port B . The 8255A is
programmable, and can be operated as required by properly writing it's
control word . The 8255A is connected to the system bus through a
SN74HCT245, which is appropriately selected along with the 8255A,
when the 80186 addresses Port0.

The Asynchronous Serial communication is achieved by 8251
Programmable Communication Interface .The clock for the 8251 is
given from TIMER OUT pin of 80186, whose output is software
programmable. The pin TxE of 8251 is sent as intefrupt to the
processor, during transmitting of data out. During input of data, the
RxRDY pin serves to inform the MPU. The data bus of 8251 is latched
by SN74HCT245 which serves as a bi-directional buffer. The buffer and
the Interface is selected by PCS5 ( active low) of the processor. The
TxD and RxD of 8251 is connected to RS232 through MAX232. This
MAX232 is a dual driver / receiver that includes a capacitive voltage

generator to supply the RS232 voltage levels from a single 5 volt

supply.

The 8279 Programmable Keyboard Controller is designed
imitially to drive a segmented LED display for onboard trouble shooting,
The two 4-bit output ports is used to drive the LED segments of the



display through the low active SN74HCT244 . The scanned lines are
decoded by SN74HCT238 , which drives the digits in the display
through ULN2803. A decoded Keyboard output can also be include to
provide for emulation facility. The overall schematic of the system

designed is shown 1n fig.C.



Microprocessor - 80186




FEATURES OF 80186 PROCESSOR

The INTEL 80186 is a processor with Integrated Peripherals. The
architecture and Instruction Set of 80186 are identical to those of
8088/8086. Infact, the Object code is completely compatible with all

existing 8086/8088 software. In addition, it includes ten new instruction

types.

The 80186 is a high performance processor, with 4MB/sec Bus
bandwidth interface, at the rate of 8 MHz. This gives two times greater
Throughput than the standard 5 MHz 8086. In addition the 80186
(80186 -10 version) can also be operated at 10 MHz.Unlike the 8086,
80186 has a built-in clock generator, which requires only a crystal to be
added externally. The Integrated peripherals in the processor include a
Programmable Interrupt Controller, a Programmable Timer, a
Programmable DMA Controller, a programmable Wait  state
generator,Programmable Memory and Chip-select logic. It has a direct
addressing capability of 1 MB of memory and 64 KB of /O. It is
available as 68 pin chip as Plastic Leaded Chip Carrier (PLCC),
Ceramic Pin Grid Array (PGA), and Ceramic Leadless Chip Carrier
(LCQ).



80186 Internal Architecture:

Internally, the 80186 consists of a Bus Interface Unit (BIU), an
Execution Unit (EU), and four Peripheral Chip function blocks.
Division among the independent functional parts speeds up processing .
The various components are shown in fig.16. The 80186 has fourteen
registers as shown in fig.17. including eight 16-bit general purpose
registers. Some of the datatypes supported by 80186 are

* Integers : A signed binary numeric value contained in a 8-bit
byte or 16-bit word. All operations assume a two's complement
representation. Signed 32 and 64-bit Integers are supported using a 8087

Numeric Data Coprocessor.

* Ordinal : An unsigned binary numeric value contained in an 8-
bit Byte or a 16-bit Word.

* Pointer : A 16 or 32 bit Quantity, composed of a 16 bit offset
component or a 16-bit Segment base component in addition to 16-bit

offset component.

* String : A contigous Sequence of bytes or words. A string may

contain from 1 to 64 KB.
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Status Word Format
. Table 2. Status Word Bit Functions Fig.17

Bit

Position Name Function

0 CF | Carry Flag—Set on high-order
bit camry or borrow; cleared
otherwise

2 PF | Parity Flag—Saet it low-order 8
bits of result contain an even
number of 1-bits; cleared
otherwise .

4 AF | Set on carry from or borrow to
the low order four bits of AL;
cleared otherwise

6 ZF | Zero Flag—Setif result is zero;
cleared otherwise

7 SF | Sign Flag—Set equal to high-
order bit of result (0 if positive,
1 if negative)

8 TF | Single Step Flag—Once set, a
single step interrupt occurs
after the nextinstruction
executes. TF is cleared by the

single step interrupt.

9 IF | interrupt-enable Flag—When
set, maskable interrupts will
cause the CPU to transfer
control to an interrupt vector

10 OF | Direction Flag—Causes string
instructions 1o auto decrement
the appropriate index register
when set. Clearing DF causes
auto increment.

11 OF | Overflow Flag—Sat if the
signed result cannot be
expressed within the number
of bits in the destination
operand; cleared otherwise

FI6.19




* ASCII : A byte representation of alphanumeric and control

characters using the ASCII standard.

* BCD : A Byte (Unpacked) Representation of decimal
digits  0-9.

* Packed BCD : A Byte (Packed) representation of two decimal
digits (0-9). One digit is stored in each nibble.

* Floating Point : A signed 32,64 or 80 bit real number

representation using 8087 Coprocessor
THE BUS INTERFACE UNIT

The BIU sends out address , fetches instructions from memory,
reads data from ports and memory and writes data to ports and memory.
In other words the BIU handles all transfers of data and address on the
buses for the processor. To speed up program execution, the BIU
incorporétes pipelining using a Queue. As many as six instruction bytes
are fetched ahead of time from the memory. These are held in a group of
FIFO registers. The BIU can be fetching instruction bytes while the EU
is decoding an instruction or executing an instruction which does not

require use of the buses. When the EU is ready for its next instruction, it



simply reads the instruction from the Queue inthe BIU.This is much
faster than sending out an address to the system memory and waiting for

it to send back the next instruction bytes.

The BIU contains four 16 bit Segemnt Registers they are Code
Segment Register (CS), Stack Segment Register (SS), Extra Segment
Register (ES) and Data Segment Register (DS). These segement
Registers are used to hold the upper 16 bits of the starting addresses of
four memory Segments that the 80186 is working at a particular tume.
The BIU Sends out 20 bit address capable of addressing 1 MB of
Memory. However at any given time 80186 works only with four 64 KB
segments, pointed to by base addresses in the four segment registers as
shown in fig.18. An Instruction pointer (IP) register is used to hold an
offset which must be added to the base address in CS to produce the 20-
bit physical address. The two 16-bit numbers are not added directly in
line. The contents of the CS Register are shifted left four bit positions

before the contents of the IP are added to it.

Execution Unit:

The Execution unit of 80186 tells the BIU where to fetch the
instruction or data from, Decodes instructions, and executes them. The
EU contains control circuitry which directs internal operation. A

Decoder in the EU translates instruction fetched from memory into a
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series of actions, which the EU carries out. The EU has 16-bit
Arithmetic Logic Unit Which performs arithmetic and logic operations.
The Flag Register in the EU contains 9 active flags as shown in fig.19,
out of which 6 indicates some condition produced by executing an
instruction. The three remaining flags are used to control certain
operations of the processor. The control flags are deliberately set or

reset by specific instruction.

The EU has eight general purpose registers labelled
AH,AL BH,BL,CH,CL,DH,DL. These registers can be used individually
for temporary storage of eight bit data. Some of these can be grouped to
store 16-bit data. The advantage of using internal registers for the
temproary storage of data is that, Since the data is already in the EU, 1t
can be accessed much more quickly than it could be in external
memory. The Stack Pointer Register contains the 16-bit offset from the
start of the segment to the memory location where a word was most
recently stored on the stack. The EU also contains 16-bit Base Pointer
register, 16-bit Source Index register and 16-bit Destination Index
Register. Their main use is to hold the 16-bit offset of the data word

one of the segments.



PERIPHERAL FUNCTIONAL BLOCKS

Interrupts:

The Priority Interrupt Controller is one of the four peripheral
chip function blocks in the 80186. It consists of four interrups- INTO,
INT1, INT2, INT3 as well as an NMI Interrupt input. An Interrupt
transfers execution to a new program location and the old program
address and status word are stored on the Stack. INT2 and INT3 pins
can be programmed to function as Interrupt Acknowledge outputs. This
mode is used to interface with external 8259s. 80186 can - service
interrupts generated by software also. All interrupt sources are serviced
by an indirect call, through an element of a vector table. This table 1s
indexed using the interrupt vector type, multiplied by 4 as shown in
fig.20. The NMI interrupt is serviced regardless of the Interrupt Flag
condition. A typical use of the NMI would be to activate a Power failure
routine. The activation of this input causes an interrupt with an
internally suplied value of 2 as shown in fig.20. The IF bit is cleared at
the begining of an NMI to prevent maskable interrupts from being

serviced.



Tsbie 4. 80186 Interrupt Vectors

Interrupt Vector Vector Detault Reiated Applicabie

. Name Type | Address | Prority Instructions Notes |

| Dwige Error Exception 0 00H 1 DIV, IDIV 1
Single Step Interrupt 1 O4H 1A All 2
Non-Maskable Interrupt (NMI) 2 08H 1 All

[ Breakpoint Interrupt 3 OCH 1 INT 1
INTO Detected Overflow Exception 4 10H 1 INTO 1
Array Bounds Exception 5 14H 1 BOUND 1
Unused Opcode Exception 6 18H 1 Undefined Opcodes 1

| ESC Opcode Exception 7 1CH 1 £SC Opcodes 1.3

{Coprocessor)

“Timer O Interupt 8 20H 2A 4.5
Timer 1 interrupt 18 48H 28 4,5
Tumer 2 Interrupt 19 4CH 2C 4.5
Reserved ) 24H 3
OMA 0 Interrupt 10 28H 4 5
DMA 1 interrupt 11 2CH 5
INTO Interrupt 12 30H 6
INT1 Interrupt 13 34H 7
INT2 Interrupt 14 38H 8
INT3 interrupt 15 3CH 9
Reserved 16, 17 40H, 44H
Reserved 20-31 | SOH-7CH

FiG. 20.



Memory chip-select logic:

80186 also has a built-in address decoder refered to as the Chip-
select unit. This unit can be programmed to produce an active low chip-
select signal when a memory address in the specified range or port
address is sent out. Six memory address chip-select signals are available
for three address areas; Upper memory, Lower memory and middle
range memory. The range for each chip select is user programable. Only
one chip select may be programmed to be active for. any memory
location at a time. The 80186 provides a chip select called UCS for the
top of the memory , which is usually used as system memory because
after reset the processor begins executing at memory location F FFFOH.
The upper limit of memory defined by this chip select is always
FFFFFH while the lower limit is programmable. THe lower limit is
defined in the UMCS register (fig.21). This register is at offet value
AOH in the internal control block (fig.22). The legal values for bits 6-13
and the resulting starting address and the memory block sizes are given

m fig.23.

The 80186 provides LCS for low memory the bottom of the
memory contains the interrupt vector table starting at location 00000H.
The lower limit of the memory defined by this chip select is always OH

while the upper limit is programmable. Fig.24 shows the relation



between the upper address selected and the size of the memory block
obtained. The upper limit of this memory block is defined in the LMCS
register(fig.21) at offset A2H in the fig22 . The legal value for bits 6-
15 and the resulting upper address and memory block sizes are given in
fig.24.

fig.21.a. UMCS register

offset: AO(H) [1]1JUJUJUJUIUUUUJ1|1R2|R1{RO|

fig.21.b. LMCS register

offset: A2(H) |0/0jU|UJUJU{UIUIUU[1|1{1{R2|R 1|RO|




fig.23. UMCS Programming values

| Starting Address | Memory Block |  UMCS Value |

| (Base Address) | size |(with R1=R2=R3=0)|
| FFCO00 | 1K |  FFF8(H) |
| FF800 | 2K | FFB8(H) i
| FF000 | 4K |  FF38(H) |
| FE000 | 8K | FE38(H) |
| FC000 | 16K | FC38(H) |
| F8000 | 32K | F838(H) t
| F0000 | 64K | FO038(H) |
| E0000 | 128K | EO038(H) |
| C0000 | 256K | CO38(H) I

fig.24. LMCS Programming values

| Upper | Memory Block |  LMCS Value |
| Address l size |(with R1=R2=R3=0)|
| OO03FF | 1K | 0038(H) |
| O07FF | 2K | 0078(H) 1
| OOFFF | 4K | OOF8(H) |
| OIFFF | 8K | O1F8(H) |
| O3FFF | 16K | O3F8(H) |
| O7FFF | 32K | 07F8(H) 1
| OFFFF | 64K | OFF8(H) |
| 1FFFF | 128K | 1FF8(H) |
| 3FFFF | 256K | 3FF8(H) l




After reset LMCS register value is not defined and will have to
be programmed. Similiarly the 80186 provides four MCS lines which
are active in the mid-range memory. All of these outputs are Active

Low.
Peripheral chip-select logic:

80186 can generate chip-selects for upto seven peripheral
devices. Seven chip select lines called PCSO - PCS6 are generated. The
base address is user programmable; however, it can only be a multiple
of 1Kbytes. PCSS and PCS6 can also be programmed to provide latched
address bits Al and A2. The starting address of the peripheral chip
select block 1s defined by the PACS register, as shown in fig.25. This
register 1s located at offset A4H in the Internal Control block (fig.22.).
Bits 15-6 of PACS register correspond to bits 19-10 of the 20-bit
Programmable Base Address (PBA) of the peripheral chip select block.
Bits 9-0 of the PBA of the Peripheral Chip-select block are all zeros.
Fig.26. shows the address range of each peripheral chip .select, with

respect to the PBA contained in the PACS register.

fig.25 PACS register

offset: A4(H) |UJUJUJUJUJUJUJUJUJUI1|1|1|R2|R1RO]




fig.26. PCS Address ranges

| PCS LINE | Active between [
| (Active Low) | Locations l
| PCSO | PBA -PBA+127 1
| PCS1 | PBA+128-PBA+255 |
| PCS2 \ PBA+256-PBA+383 |
| PCS3 | PBA+384-PBA+511 |
| PCS4 | PBA+512-PBA+639 |
| PCS5 | PBA+640-PBA+767 |
| PCS6 | PBA+768-PBA+895. |

Timers:

The 80186 provides three internal 16-bit Timers, as shown n
fig.27. Two of these are highly flexible, and are connected to four
external pins. They can be used to count external events, time external
events, generate non-repetitive waveforms. The Timers are controiled by
cleven 16-bit registers, located in the Peripheral control block. The

configuration of these registers is shown in fig.28.
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fig.28. Timer Control block format

1 | Register Offset |
l Register name ! |
| | Tmr.0| Tmr.l | Tmr2 |

| Mode/Control word [ 56(H)| SE(H) | 66(H) |
| Max Count B | 54(H)| SC(H) | - |
| Max Count A | 52(H) | SA(H) | 62(H) |
| Count register | 50(H)| 58(H) | 60(H) |

fig.29. Timer Mode/ Control Register

[EN|INHINT[RIUJO| ... [MCIRTGIPEXT|ALT|CONT]

The COUNT register contains the current value of the Timer. It
can be read or written at any time, independent of wether the Timer 1s
running or not, and the value will be incremented for each Timer event.
Each of the Timers is equipped with a MAX-COUNT register, which
defines the maximum count the Timer will reach. Timers 0 and 1 are in
- addition equipped with a second MAX-COUNT register, which enables
the Timers to alternate their count between two different Max-count

registers. The MODE/CONTROL register, shown in fig.29., allows the



user to program the specific mode of operation or check the current

programmed status for any of the three integrated Timers.

Initialisation and Processor Reset:

Processor initialisation is accomplished by driving the RES
(Active Low) input pin low. RES forces the 80186 to terminate all
execution and local bus activity. After RES becomes inactive, and an
internal processing interval elapses, the 80186 begins execution with the
instruction at the physical location FFFFOH. RES also sets some

registers to predefined values as shown in fig.30.

The 80186 also provides a RESET pin synchronised to RES for

use with other system components.

fig.30. 80186 Initial Register state after RESET

| Status Word | FO02(H) |
| Instruction Pointer | 0000(H) |
| Code Segment | FFFF(H) |
| Data Segment | 0000(H) |
| Extra Segment | 0000(H) |
| Stack Segment l 0000(H) l
| Relocation register l 20FF(H) |
| UMCS | FFFB(H) |




Local Bus Controlier:

The 80186 provides a local bus controller to generate the local
bus control signals. It also provides outputs that can be used to enable
external buffers and to direct flow of data on and off the local bus. The
80186 provides ALE, RD and WR (both Active Low) bus control
signals for memory/peripheral control. The RD and WR signals are used
to strobe data from memory or /O to the 80186 or to strobe data from
80186 to memory or 1/O. The ALE line provides a strob; to latch the
address when it is valid. The 80186 generates two control signals to be
connected to Transceiver chips. This capability allows the addition of
transceivers for extra buffering without adding external logic. These
control lines, DT/R and DEN( Active Low) are generated to control the
flow of data through the transceivers. DEN enables the output drivers of
the transceivers, and DT/R determines the direction of travel. A HIGH
(DT) level directs data away from the processor during Write
operations, while a LOW (R) level directs data towards the processor

during a Read operation.
Clock Generator:
The 80186 provides an on-chip clock generator for both internal

and external clock generation. The clock generator features a crystal

oscillator, a divide-by-two counter, synchronous and asynchronous



ready inputs, and reset circuitary. The Oscillator crystal selected is
double the CPU clock frequency. This is fed to the Clock generator
which provides the 50% duty cycle processor clock for the 80186. The
CLKOUT pin provides the processor clock signal for use outside the

80186. All timings are referenced to the output clock.
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ON BOARD PERIPHERAL INTERFACES

Analog to Digital Converter - 0809 :

The A/D conversion is a quantising process whereby an analog
signal is represented by equivalent binary states. ADCs can be classified
into two general groups based on conversion technique. One technique
involves comparing a given analog signal with an internally generated
equivalent signal. This group includes Successive approximation,
Counter and Flash type converters. The second technique involves
changing an analog signal into time or frequency and comparing these
new parameters against known values. This group includes Integrator
converters and Voltage to Frequency converters. The trade off between

the two is based on accuracy and speed.

The ADC 0809 consists of an analog signal multiplexer, an 8-bit
successive approximation convertor and related control and output
circuitry. The Analog Multiplexer selects one of 8 single ended input
channels as determined by the address decoder . Address load control
loads the address code into the decoder on a low to high transition, thus
we see that the address inputs are latched. The output latch is reset by
the positive going edge of the start pulse .



The CMOS threshold detector in the Successive Approximation
Conversion System determines each bit by examining the charge on a
series of binary-weighted capacitors as shown in fig.31. In the first
phase of the conversion process, the analog input is sampled by closing
switch Sc and all St switches, and by simultaneously charging all the
capacitors to the input voltage. In the next phase of the conversion
process, all St and Sc switches are opened and the threshold detector
begins identifing bits by identifing the charge on each capacitors
relative to the reference voltage. In the first step of conversion phase,
the threshold detector looks at the first capacitor (weight=128) , which
is switched to the reference voltage and the equivalent nodes of all other
capacitors on the ladder are switched to negative reference. If the
voltage at the summing node is greater than the trip point of the
threshold detector (approximately 1/2 Vcc), a bit is placed in the output
register, and the 128-weight capactior is switched to REF-. If the
voltage at the summing node is less than the trip point of the threshold
detector this 128 capactior remains connected to REF+ throughout the
remainder of the capactior sampling process. The process is repeated
until all bits are counted. This successive approximation conversion
process relies on charge distribution rather than a SAR register to count

and weigh the bits from MSB to LSB.
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ADC 0809 has the following features :
* 100 micro sec conversion time.

* Easy interface with microprocessor.
* Low power consumption.

* Latched input and output.

* Total unadjusted error of + or - 1.25 LSB Max

Programmable Peripheral Interface-8255A :

The 8255A is widely used Programmable parallel /O device. It
can be programmed to transfer data under various condtions, from
simple /O to interrupt /O. The 8255A has 24 I/O pins that can be
grouped into two 8-bit parallel ports: A and B , with the remaning eight
bits of port C can be used as individual bits or be grouped into two 4-

bit port. The Block diagram in fig.32. shows ports A and B, two 4-bit
ports, Cy; and Cj, data bus buffer and Control logic.

All functions of 8255A are classified according to two modes :
the Bit Set/Reset (BSR mode) and the 1/O mode. The 8255A contains a
control register, the contents of this register, shown in fig.33 called the
conttol word specify an I/O function for each port . This register can be
written to, but is not accessible to Read operation. The BSR mode 1s

used to set or reset the bits in port C. When the 8255A is programmed to
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Control Word

G lelelololololm]

——

Group B

Port C (Lower—PC,-PC,)

i = Input
0 = Output

Port B
I = Input - -
0 = Output

Mode Sclection
0 = Mode 0
1 = Mode |

Group A

Pont C (UPPCI'—FCT"‘ CJ)
t = Input
0 = Output

Port A
I = Input
0 = Output

Mode Sclection
00 = Mode 0
0l = Mode |
IX = Mode 2

8255A Control Word Format tfor /O Mode
Fig 33

I = VO Mode
0 = BSR Mode .




operate in mode 1 or mode 2, control signals are provided that can be
used as interrupt request inputs to the CPU. The interrupt request signals
generated from port C, can be inhibited or enabled by setting or
resetting the associated INTE flip-flop using the bit set/reset function of
port C. This function allows the programmer to disallow or allow a
specific /O device to interrupt the CPU without affecting any other
device in the interrupt structure. The /O mode is further divided into
three modes: Mode 0,Mode 1,Mode 2. In Mode 0 all ports function as
simple I/O ports.Mode 1 is a handshake mode in which port A and B
use bits from port C as handshake signals. In Mode 2 port A can be set

up for bidirectional data transfer .

The 8255A is a very powerful tool for interfacing peripheral
equipment to the microcomputer system. It represents the optimum use
of available pins and is flexible enough to interface almost any I/O
device without the need for additional external logic.In this system we
use Mode 2 for bidirectional data transfer. through the Centronics port
to the PC. Port C gives the necessary handshake signals. One bit of pon
B is used to send Start Of Conversion pulse to the ADC .Another three
bits of port B is used to access the serial EEPROM.



Programmable Communication Interface-8251A :

The 8251A is designed for Synchronous and Asynchronous data
communication. It includes five sections: Read/Write, Control logic,
Transmitter, Receiver, Data bus buffer and Modem control. The Control
logic interfaces the chip with MPU, determines the functions of the chip
according to the control word in its register, and monitors the data flow.
The Transmitter section converts a Parallel word recieved from the
MPU into Serial bits and transmits them over the TxD line to the PC.
The Reciever section recieves Serial bits and converts ’;hem into a
Parallel word, and transfers the word to the MPU. The Modem control
is used to establish data communication through Modems, over

Telephone lines.

The 8251A is a complex device, capable of performing various
functions. In this project it is used as a means of achieving
Asynchronous Communication between the MPU and the PC. Figure 34
shows an expanded version of the 8251A block diagram. The block
diagram shows all the elements of a programmable chip; it includes the
interfacing siganals, the Control register, and the Status register. To
implement Serial communication, the MPU must inform the 8251A of
all details such as Mode, Baud, Stop-bits, parity etc. Therefore prior to
data transfer, a set of control words must be loaded into the 16-bit

control register of the 8251A. In addition, the MPU must check the
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The 8251A: Block Diagram, Pin Contiguration. and Description

Fi1G.34

Qlock {hagram -
b, 28 D,
-
o,[]}2 711 Do
RaD (: 3 26 ::] Ve Dats Transimt
GND: 4 25 :] RxC D7y Bus Buffer F— -+ T\D
D, s 2% ::] DR Buffer (P-$)
D, (Y6 23 JRTS \
i T e - ,
b8 21 [ ) RESEY CLK —f Read/Write N BRI
e []9 20§ Jcx D — Conuol TC”“““;‘ L TaE
— pig . mtrol .
WR[_J10 19 [ TD RD —oq  Logic e i
sTqn 18 | ] TxEMPTY WR
b 17[_] CTS
RD 13 16 SYNDET/BD —
RD ] ] &
RRDY [ ]14 15 [] TxRDY
DSR
DTR ~—d -'—J - || Recerve
z“’t: < Buffer fe— piD)
— on < E > —
Pin Names (,;I‘S -9)
RTS ~=— ?
DDy  {Data Bus (8 bits) DSR Data Set Ready !
oD Control or Data is ta be Written or Read | | BTR Data Terminal Ready A e
RD Read Data Command SYNDET/BD | Sync Detect/ RARDY
\X_ﬁ Write Data or Control Command Break Detect Receive e . T
Cs Chip Enabic RTS Request o Send Data Contro! Rx(
CLK  {Clock Pulse (TTL) cTS Clear 10 Send Data - Interna [+ SYNDET
RESET |Reset TxE Transmitter Empty Data Bus
TxC Transmitier Clock Ve +5 Volt Supply
TxD Transmitier Data GND Ground —~J
RxC Receiver Clock .
RxD Receiver Data
RxRDY [Reccever Ready
TAaRDY | Transminer Ready



readiness of a peripheral by reading the status register. The control
words are divided into two formats: Mode words and Command words.
This is shown in figure 35. The Mode word specifies the general
characteristics of operations (Such as Baud, parity, Number of Stop
bits), the Command word enables data transmission and/or reception
and the Status word provides the information concerning register status

and transmission €rrors.

The Shift registers in the USART require clocks to shift the senal
data in and out. TxC is the Transmit Shift register clock inpﬁt, and RxC
is the recieved Shift register clock input. Usually, these two inputs are
tied together. So they are driven by the same clock. The frequency of
the applied clock signal must be 1, 16, or 64 times the transmit/recieve
baud rate, depending on the mode in which the 8251A is initialised.
Using a clock frequency higher than the baud rate allows the recieve
shift register to be clocked at the center of a bit, rather than at a
transition. This reduces chance of noise at a transition causing a Read

€1Tor.

The 8251A is double buffered. This means that one character can
be loaded into a holding buffer while another character is being shifted
out of the actual transmit shift register. The TxRDY output from the
8251A will go high when the holding buffer is empty, and another
character can be sent from the CPU. The TxEMPTY pin will go high,
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when both holding buffer and transmit shift register are empty. The
RxRDY will go high when a character has been shifted into the
Reciever buffer, and is ready to be read out by the CPU. Incidentally, if
a character is not read out, before another character is shifted in, the first

character will be over-written and lost.

The Programmable Keyboard/Display Interface-8279 :

The Intel 8279 is a general purpose Programmable Keyboard and
Display I/O interface device designed for use with Intel
microprocessors. The keyboard portion can provide a scanned interface

to a 64 - contact key matrix.

The keyboard portion will also interface to an array of sensors or
a strobed interface keyboard, such as Hall effect and Ferrite variety.
Key depressions can be a 2-key lockout or N-key rollover. Keyboard
entries are debounced and strobed in an 8-character FIFO. If more than
8 characters are entered, overrun status is set. Key entries set the

interrupt outptut line to the CPU.

The display portion provides a scanned display interface for
LED, Incandescent, and other popular display technologies. Both

numeric and alphanumeric Segment displays may be used as well as



simple indicators. The 8279 has 16x8 display RAM, which can be
organised into dual 16x4. The RAM can be loaded or interrogated by
the CPU. Both right entry, calculator and left entry typewriter display
formats are possible. Both read and write of display RAM can be done

with auto increment of display RAM address.

The 8279 provides an interface that can control data mput and
display for 8-bit microprocessors. It has two sections: Keyboard and
Display. The Keyboard section can interface to regular typewriter style
keyboards or random toggle or thumb switches. The display section
drives alphanumeric displays or a bank of indicated lights. Thus the
CPU is relieved from scanning the keyboard or refreshing the display.
The 8279 is designed to directly connect to the microprocessor bus. The

CPU can program all operating modes for the 8279.

The other features of 8279 include:

* Mode programming from a CPU.

* Clock Prescalar.

* Interrupt output to signal CPU when there is Keyboard or
sensor data available.

* An 8-Byte FIFO to store keyboard information.

* 16-Byte internal Display RAM for display refresh. This RAM
can also be read by the CPU.



The Internal block diagram of 8279 is shown in fig.36. It
includes /O control, data buffers, Timing and Control registers, Scan
counter, return buffers, keyboard debounce and control, a FIFO/Sensor
RAM and a Display RAM. The Control and timing registers store the
keyboard and display modes and other operating conditions
programimed by the CPU. The various formats used are shown in figure
37.

In our system the 8279 is used to interface an LED display array
for on-board trouble shooting, which is to be modified to scan the
keyboard in the Portable LCD Model.
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Write Display RAM
Code FIO[O}AI‘!AIA[A?A]

Tne CPU sets up ine 8279 1or a write 1o the Display RAM
by first woiing thes command. After wriing the com
mangd with Ags 1. all subsequent writes with Ap=0 wiil
be to the Oisplay RAM The addressing and Aulo
Increment functions sre 1dentical 10 those for the Reac
Oisplay RAM. However. this command does not alfect
the source of subsequent Data Reads; the CPU wiil read
from whichever RAM (Dispiay or FIFO/Sensor) which
was last specitied It inceed, the Display RAM was last
specihied. the Wnite Dispiay RAM wiil. nevertheless,
change the next Read iocation

Display Write InhibivBlanking

Coge: [|Io]|lx]&]|:v]:|.[:t]

Tne (W Bits can be used to mask nibble A and nibble B
i appications feqQuirning separate 4-bit display ports. By
setling the IW fiag (IW = 1) for one of the ports, the port
becomes marked 30 thal entries to the Display RAM
from the CPU do not affect that port. Thus, if each nibbie
15 inpul 10 @ BCO dgecoder. the CPU may wnite a digit to
the Disptay RAM without alfecting the other cigit being
Qispiaywd it is iImpPoriant 1o note that bit 8y corresponds
1o bt Dg on the CPU bus. and that bit A, corresponds to
bt O,

It the user wishes to biank the dispiay, the BL Hlags are
avaiiable lor each nibbie. The last Clear command issued
Getermines the Code to be used as & "blank.” This code
defauits 1o all zeros atter a reset. Note that both BL
flags must be set to blank a display formatied wilh @
single 8-bit port

Clear

cose  {1]1]0]cofcofco]crlca]

The Cp bits are availabie in this command to Clear all
rows of the Display RAM 10 a selectable blanking code
as follows

Co Co Co,

t o AB = Hex 20 10010 0000

Lo
T 0 X All Zeros {X « Don't Carel
| F | Al Ones

|

=== Enabie clear display whea = 1 {or by Cp = 1}
Ouning ithe ime the Display RAM is being cleared (~ 160 .8},
1t may not be written 1o The most signiticant bit of the
FIFO s1atus woid 13 set dunng this ime. When the Dis-
play RAM becomes available again, it automaticaily
resets

\d
It the C; b1l 15 asserted (Cy = 1), the FIFO status 18
cleared and the interrupl outputl line 1S resel. Aiso, the
Sensor RAM pointer is set to row 0

Ca. the Ciear Ail Dit, has the combined etlect of Cp and
Cs. 1t uses the Cy cleaning code on the Display RAM and
also ciears FIFQ s1atus. Furthermore. it resynchronizes
the inlgrnal Lming chain

€nd InterrupVError Mode Set

Coae

X : Dont care

For the sensor matrx modes this command (owers the
1RQ hine and snables turther writing into RAM (The IRQ
hing wouig have been ra:300 upon the dJdetection of a
change in 3 3ensor value This would have 8130 iNhiD!ted
further writing Into the RAM untl reset!

Forthe Nokey rollover mode — o Ihe E bil1s programmed
10 17 the chip wit operate in the special Error mode (For
further getails see inlerface Consideralions Section )

Keyboard/Display Mode Sel
S8 LS8

oo (IS [ET[RIEIY]

where DD is the Display Mode ang KKK i3 the Keyboasd
Mode

o0 .

0 O 88-bitcharacter display — Lelt entry

0 1 16 8-bi character display — Lelt entry”

1 0 88-bit characier dispiay — Right entry

A | 16 8-Dit character cispiay — Right entry

For descaption of nght and left entry see Intertace
Consigerations Note that when decoded scan 1s sel in
keyboard mode. Ihe display 13 reduced 1O 4 characless
independent of dispiay mode setl

KKK

0 0 0 Encoded Scan Xeyboard — 2 Key Lockout”
0 v Decoded Scan Keyboard — 2-Key Lockout

' 0 Encogeo Scan Keyboard — N-Key Rolover

o < o

t v Decoced Scan Keyboard — N-Key Rohover
1 0 0 Encoded Scan Sensor Matrs
0

1 Decoded Scan Sensor Matcn

1t Q0 Strobed inpul. Encoded Display Scan
1 1 1 Stobed Input. Decooed Dispray Scan

Program Clock

code: [olals]rrire]r]

All timing and muitipiexing signals for the 8279 are
genersted by an internal prescaler. This prescaler
divides the externai clock (pin 3) by a programmabie
integer. Bits PPPPP determine the value of this Integer
which ranges from 2 to 31. Choosing & divisor that yislids
100 kHZ will give the specified scan and debounce
times. For instance, it Pin 3 of the 8279 is being clocked
by & 2 MHz signal, PPPPP should be aet to 10100 to
divide the clock by 20 10 yield the proper 100 kHZ operat-
ing frequency.

Cooe {0 1fo[a]x]aTaTa] x=ponicare

The CPU sets up the 8279 for & read of the FIFO/Sensor
RAM by first writing this command. in the Scan Key-
board Modse, the Auto-increment tlag (Al) and the RAM
address bits (AAA) are irrelevant. The 8279 wiil automati-
Calty drive the data bus for each subsequent read (Ag = 0)
in the same sequence in which the data lirst entered the
FIFO. All subsequent reads wiit be from the FIFO until
another command I3 issued.

in the Sensor Matrix Mode, the RAM address bits AAA
sslect one of the 8 rows of the Sensor RAM. If the Al flag
is sot (Al = 1), @ach suCCossive read will De from the sud-
sequent row of the sensor RAM.

Read Display RAM

cose: (o] 11 ]m]aTaTaTal

The CPU sets up the 8279 for a read of the Dispiay RAM
by ficst writing this command. The address bits AAAA
select one of the 18 rows of the Display RAM. If the Al
flag is set (Alw 1), this row address will be incremented
atter sach following read or write 1o the Dispiay RAM.
Since the same counter is used for both reading and
writing. this command sets the next read or write
address and the sense of the Aulo-increment mode for
both operations.

+ 8279 command word formats and bit descriptions. (Intel Corporation)

Fiq 37



Design Realisation
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System Software




Future Developments




FUTURE DEVELOPMENTS

As per our original plan, we intend to make a Portable ECG
Analyser, with a graphic LCD Display and a Keyboard interface,
capable of storing upto 10 seconds of ECG data, with an RS232

interface for PC communication.

Also the ADC0809 used in this system has an 8-channel analog
multiplexer. So upto 8 channels of input data cs: be stored and
analysed, thus being capable of forming a part of a Hospital Patient
Monitoring system. Also the USART interface include: the capability of

a Bio-telemetric mterface.

Since the development is a generalised Data Acquisition and

Processing module, any type of varying signals can be studied.
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BURR-BROWN®

INA102

Low-Power, High-Accuracy
INSTRUMENTATION AMPLIFIER

FEATURES

o LOW-QUIESCENT POWER: 750uA, max

o INTERNAL GAINS: 1, 10, 100, 1000

o LOW-GAIN DRIFT: S5ppm/°C, max

o HIGH CMR: 90dB, min

o LOW-OFFSET VOLTAGE DRIFT: 2uV/°C, max
o LOW-OFFSET VOLTAGE: 100V, max

o LOW NONLINEARITY: 0.01%, max

o HIGH-INPUT IMPEDANCE: 10'°Q

e LOW COST

DESCRIPTION

The INAI102 is a high-accuracy monolithic instru-
mentation amplifier designed for signal-conditioning
applications where low-quiescent power is desired.
On-chip thin-film resistors provide excellent tem-
perature and stability performance State-of-the-art
laser-trimming technology insures ‘high-gain accuracy
and common-mode rejection while avoiding expen-
sive external components. These features make the
INAI102 ideally suited for battery powered and high-
volume applications.

The INA102 is also convenient to use. A gain of 1, 10,
100 or 1000. may be selected by simply strapping the

APPLICATIONS

o AMPLIFICATION OF SIGNALS FROM SOURCES
SUCH AS:
Strain Gauges
Thermocouples
RTDs

o REMOTE TRANSDUCER AMPLIFIER
o LOW-LEVEL SIGNAL AMPLIFIER

o MEDICAL INSTRUMENTATION

'3 MULTIOHANNEL SYSTEMS

o BATTERY-POWERED EQUIPMENT

Offset
Adjust Filter

OIOIC

—in(14

R
><1o@ '

SpF

x1000(4)
%1000 Gain @ @
Sense Output

appropriate pins together. Sppm/°C gain drift in low Gain Set( 7 {
gains can then be achieved without external adjust- Gain | ;l l Semmon
ment. When higher than specifiecd CMR is required, sense\® 5pF
CMR can be trimmed using the pins provided. In +in(rs
addition, balanced filtering can be accomplished in
the output stage. ? ?
OO0
Trirn
+Vee —Vee
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SPECIFICATIONS
ELECTRICAL
At Ta & +25°C with £15VDC power supply and in circuit of Figure 2 unless otherwise noted.
MODEL 1M1.02AG INA102CG + INA102KP/INA102AU l
CONDITIONS MIN TYP MAX MIN TYP MAX TN TYR MAX UNITS
GAIN
Range of Gain 1 1000 * * * * ZA%
Gain Equation, G=1+
Bxternal, +20% {40k/Ra)™ . E VIV
Erfor|DC. G =1 Ta = +25°C 0.1 0.05 0.15 %
G =10 Ta=+25°C 0.1 0.05 0.35 Y%
G =100 A= +25°C 0.25 0.15 0.4 %
G = 1000 Ta=+25°C . 075 0.5 0.9 %
G =1 Ta = Tain 10 Tmax 0.16 0.08 Q.21 %
G =10 Ta = T 10 Taax 0.1 0.1 0.44 %
G =100 Ta = Timin 10 Timax 0.37 0.21 0.52 Y%
G = 1000 Ta = Twn 10 Thax 0.93 0.62 1.08 %
Gain Temp. Coefficient
G =1 10 5 * ppm/°C
G =10 | 15 10 * ppm/°C
G = 100 i 20 15 * ppm/°C
G = 1000 - 30 20 * ppm/°C
Ngnl nearity, OC -
G =1 Ta=+25°C 0.03 0.01 - . % of FS
g =10 Ta= +25°C 0.03 0.01 * % of FS
= 100 Ta=+25°C 0.058 0.02 * % of FS
G = 1000 Ta=+25°C 0.1 0.05 * % of FS
G=st Ta = Train 10 Tuax 0.045 0.015 * % of FS
G =310 Ta = Trin 10 Trmax 0.045 0.015 ¥ % of FS
G = 100 Ta = Tran 10 Trwax 0.075 . 0.03 : % of FS
p = 1000 Ta = T 10 Tuiax . 0.15 0.1 = % of FS
RATED OUTPUT
\Aolt#ge R, = 10kQ +(|Vee|
j —25) . . v
Gurrent +1 ~ * * mA
hot-Circuit Current® 2 * » mA
utput Impedance
- 1000 0.1 *o * Q
INPYT
FFSET VOLTAGE
initigl Offset™ Ta = +25°C 1300 +100
| ) +300/G +200/G . v
| INA102AU 4500
CoL £300/G v
lvs Temperature 5 +2
: £10/G +5/G * uv/°C
s Bupply +40 10
: . +50/G +20/G » uvIv
ivs Time +(20
[ +30/G) * * uV/mo
BIAS CURRENT
Initial Bias Current |
{{edch input) Ta = Tuiw 10 Tuax ‘ 25 .50 6 30 . , nA
lvs Temperature +0.1 * * nA/°C
Ivsi Bupply +0.1 * * nA/V
Initial Offset Current Ta = Tu t0 Tuax ox25 £15 +25 £10 , . nA
1vs;Temperature +0.1 * * nA/°C
MPEDANCE .
itferential 1042 * * Qi pF
ormmon-mode 1042 * : * QllpF
xo TAGE RANGE
ange, Linear Response Ta = Tmin 10 Tuax +({Veel
} —4.5) * - Y
CMR with 1kQ
i Source Imbalance
1 =1 DC to 60 Hz 80 94 90 * 75 * dB
: =10 DC to 60 Hz 80 100 9¢ * * * dB
; = 10 to 1000 DC to 60 Hz 80 100 90 * * * dB
NO|SE
Input Voltage Noise
‘o' 0.01Hz to 10Hz 1.0 * » uvp-p
| Density, G = 1000 o
= 10Hz 30 . . v/ Hz
= 100Hz 25 * * nv//Hz
C oy = TkHz ) 25 * * nV/\/Hz
Input Current Noise
| fa 7= 0.07H2 to 10Hz 25 . . pA p-p.
| Density: fo = 10Hz 0.3 * = pA/\/Hz
fo = 100Hz 0.2 * * pA/v Hz
fo = 1kHz 0.15 * * pA/\/Hz

)
L
|
|
|
|
|
|
|
|
|



ELECTRICAL (CONT)

MODEL , INA102AG INA102CG INA102KP/INA102AU
CONDITIONS MIN TYP MAX MIN TYP MAX MiIN TYP MAX UNITS
DYNAMIC RESPONSE
i /| ] Small Signal
N~ +3dB Flatness Vour = 0.1Vrms
G=1 300 * * kHz
G=10 30 * * kHz
G =100 3 * * kHz
G = 1000 0.3 * * kHz
Small Signal,
+1% Flatness Vour = 0.1Vrms
G=1 30 * * kHz
G=10 3 * * kHz
G =100 0.3 . * * kHz
G = 1000 0.03 * * kHz
Full Power, G = 1t0 100 Vour=10V, R.=10kQ2 1.7 2.5 * * * * kHz
Slew Rate, G = 110 100 Vour=10V, R.=10kQ o1 0.15 * * * * Vius
Settling Time R.=10k{), C,=100pF
0.1%: G =1 10V step 50 * * S
G =100 360 * * us
G = 1000 3300 * * us
0.01%: G =1 10V step 60 * * us
G =100 500 * * us
i G = 1000 4500 * * us
\ | /A |POWER supPLY )

; Rated Voltage 15 ‘ * * \
Voltage Range 13.5 +18 * * * * v
Quiescent Current Vo =0V, :

Ta = Ton 10 Tumax 1500 1750 . * * * * uA
TEMPERATURE RANGE
Specification ) -25 +85 * * 0 +70 °C
INA102AU ~25 +85 °C
Operation R > 50k —25 +85 * * —25 +85 °C
Storage i ~65 +150 * * —55 B +125 °C

||| Specification same as for INA102AG.
NOTES: (1) Theinternal gain set resistors have an absolute tolerance of £20%; however, their tracking is 50ppm/°C. Re will add to the gain error if gains other than

1,10, 100 or 1000 are set externally. (2) At high temperature, output drive current is limited. An external buffer can be used if required. (3) Adjustable to zero atany
one time. Y

~r’ MECHANICAL

; Hermetic Plastic
NOTE: Leads in true position A A NOTE: Leads in true position
16 9 within 0.10" (0.26mm) R at Ay ey within 0.10" (0.25mm) R at seating
seating plane. Ny O N Y O plane.
1 8 Pin numbers shown for reference LI PINS: Pin material and plating
e only. Numbers are not marked on - g8,  composition conform to method
A F bo— package. -4 J l 2003 (solderability) of MIL-STD-
CASE: Cera nic T 883 (except paragraph 3.2).
CASE: Plastic
- Pin 1
INCHES MILLIMETERS Fr
DIM | MIN | MAX | MIN | MAX . ‘1
A | 790 | 810 | 2007 | 2057 ; 4 =t
C 105 | 170 | 267 | 432 i ‘ ) c
D | 015 021 ] 038 053 | _4
F 048 | 080 | 122 ] 152 ‘ - K 1
G | 100BASIC | 254BASIC — N |
H 030 | 070] 076] 178 :
3 008 | 012 020 030 G "“" D L_—]\
—ho— \ K] 120 | 240] 305] 610 b H Seating Plane |
— ( L ‘sooLBAsw 7.62l BASIC JL )
' M — [ 10° — ] 10° INCHES MILLIMETERS - M
o— L=l M N | 05] o60] o064 15 oM [ MIN [ MAX | MIN_| MAX
A 740 | 800 | 18.80 | 20.32
Ay 725 | 785 | 18.42 | 19.94
) 8 230 1 2001 585 | 738
The information provided herein is believed to be reliable; however, B4 .200 250 5.09 6.36
BURR-BROWN assumes no responsibility for inaccuracies or omis- c 120 200 | 305 5.09
sions. BURR-BROWN assumes no responsibility for the use of this D 016 | 0231 038 | 089
information, and all use of such information shall be entirely at the F 030 070 0.78 178
users own risk. Prices and specifications are subject to change g .103 BASIC 254 BASIC
; without notice. No patent rights or licenses to any of the circuits 7 0688 %?: g’; ;'278
) described herein are implied or granted to any third party. BURR- K T o0 1 480 | 178 | 382
; BROWN does not authorize or warrant any BURR-BROWN product L 300 BASIC 7,63 BASIC
for use in life support devices and/or systens. M 0° 15° c° 15°
N 010 | 030 | 025 | 076
P 025 | 050 | 084 | 127




1
IECHANICAL “~ PIN CONFIGURATION
SO|C
A Pin 1 identifier o 1 T
A VR 3 _&. Offset Adjust @ 16 ) Offset Adjust
N
G*L -—LD «:1OGain® @-Hn
g, B X 100 Gain@ 14) —in
A
: | ,
“JUUUUUU : ‘ X 1000 Gain @ 13) Filter
x L i
H = RB_ pin 1 e X 1000 Gain Sense @ @ +Vee
‘ L—— L [
Gain Sense{ 6 @ Output
INCHES __ | MILLIMETERS Gain Set @ (10) Common
piM | MIN | MAX_ | MIN | MAX
A | 400 | 416 | 10.16 | 1057 CMR Trim 9 > “Vee
‘ ) - Ay | 388 | 412 | 986 | 10.46
NOTE: |Leads in true position B 285 305 | 7261 767
within 010" (.25mm) R at MMC at 5~ 568 586 681 726
seating| plane c 1 o3 [ 108 | 236 | 217
Pin humbers shown for reference | D 015 | 020 [ 038 | 051
only. Numbers are not markedon | G .050 BASIC 1.27 BASIC .
package. R | 022 | 038 | 056 ] 097 :
‘ j 7T 008 | 012 | 020 | 030 ABSOLUTE MAXIMUM RATINGS
; L 381 | 421 | 993 | 10.69
: M 5° TYP 5° TYP SUPPIY + v v v eeeveneeiaa et +18V
i N | oo} o012 | co0 [ o030 INPUL VORAGE RANGE ... v v vvreiteanieeenes e e +Vee
C Operating Temperature Range ............c.....o0 —25°C to +85°C
Storage Temperature Range: Ceramic............ -85°C to +150°C
L Plastic, SOIC ....... --55°C to +125°C
‘Rq) RING INFORMATION Lead Temperature (soldering 10.S60NGS} . ...+ vauvenes +300°C
- - Output Short-Circuit Duration .............. Continuous to ground
5 Temperature
Model Package Range
JA102AG Ceramic DIP | -25°C to +85°C
JAJO G | Ceramic DIP | -25°C to +85°C BURN-IN SCBEEN|NG ) i )
iA102KP | Plastic DIP | 0°Cto +70°C Burn-in screening is an option available for both plastic-
JA103AU | Piastic SOIC | -25°C to 185°C } and ceramic-packaged INA102s. Burn-in duration is 160

BURN-N SCREENING OPTION
See text for details.

Burn-In Temp.

Package (160h)""
Ceramic DIP +125°C
Ceramic DIP +125°C

Plastic DIP +85°C
Plastic SOIC +85°C

JTE: (1) Or equivalent combination. See text.

v

+259C and in circuit of Figure 2 unless otherwise noted. .

: CMR VS SOURCE tMBALANCE .
112 +80

GAIN VS FREQUENCY

hours at the temperature shown below (or equivalent

combination of time and temperature).

Plastic “-BI” models: +85°C
Ceramic “-B1” models: +125°C

All units are tested after burn-in to ensure that grade
specifications are met. To order burn-in, add “-BI” to the

base model number.

ICAL PERFORMANCE CURVES

CMR VS FREQUENCY

120
1 1
| |
G = 1000 -
G = 1010 1000 +60 — Vou‘T 0.1V;’ms 0
1 \1\ i ! :
— G = 100\ - | _—\
- ‘ g™ AR — g NG
K Lo ] .
— H AN
‘ c | < 80
g B [ P NN N N
o +20 \1 o
IAs ;
i
EE{Vp-p 10k o G=1 1% error | ~ | 60
z - f
\ ‘ l AN \ Vin= 20Vp-p
l ‘ ¢ l | : i . 00 source imbalance
0 | S IS N S N “
100 K 10K 100K ™ 10" 00 1K 10K 100K 1M | 0 P

' ’ Source Resistance imbalance (Q)
[
|
|

Frequency (Hz)

4

Frequency (Hz}

1k



TYPICAL PERFORMANCE CURVES (CONT)

At +25°C and in circuit of Figure 2 unless othe. wise noted

WARM-UP DRIFT VS TIME

Quiescent Current (uA)

Total Input Preferred Noise

Voltage (uVp-p)

QUIESCENT CURRENT VS SUPPLY

1000
900
800
700

600}

500
400

v, o 10V
{no load) ~

300
200

STEP RESPONSE

T T T
R. = 10kQ
C. = 1000pF *

1 4

R N

=
-y
o

H
L8]

o

Qutput ‘oltage {V:

}-

I

x
-

100

400
200

-
®™Q
oo

N B
o o

-
N A ®O

+5 +10 +15
Supply Voltage (V)

+20

PEAK-PEAK VOLTAGE NOISE VS GAIN

-10

3 4 5 6 7
Time (ms)

INPUT NOISE VOLTAGE VS FREQUENCY

100
808 BandwidthT1Hz to tMHz - 1g88
= +
50 S -
—— >
i / T 200
Rs = 100kQ )
\ E 100 N G=1
# S 80 ~— -
D
- 3 50\\ G=10
R * 2> z 30 — -
5 1 As =0 2 0 G = 100, G = 1000
_-,C_— ,,,,,,,,, (see Applications ___| g 2
- section) 0
10 100 1000 1 10 100 1k 10k
Gain (V/V) Frequency (Hz)

—~ 50 -
5
3
&, 40 ok
g
°
>
E’ 30
e} —
3
_ch- 20
=
L
210
2]
£
)

0

1 2 3 5
Time (ms)
SETTLING TIME VS GAIN
10 T
"R = 10kQ l[
g - 3 C. = 100pF +
2 ; 0.01%

g 1 : \ -

g 95 1%

E o3 —/ -

[} 0.2 "

£ -

£ o1 //

@ : /

@ 0.05 - / -
0.03 &‘éoj%__ ________
0.02 —
0.01

1 10 100 1000
Gain (V/V)
PSR VS FREQUENCY
125 T T T
)
T
c
o
k3]
(4]
@
o
>
a
(=%
>
17
]
3
[o]
Q

100
Frequency (Hz)

10k

DISCUSSION OF
PERFORMANCE
INSTRUMENTATION AMPLIFIERS

Instrumentation amplifiers are differential input closed-
loop gain blocks whose committed circuit accurately
amplifies the voltage applied to their inputs. They respond
mainly to the difference between the two input signals
and exhibit extremely high input impedance, both differ-
entially and common-mode. The feedback networks of
this instrumentation amplifier is included on the mono-
lithic chip. No externaktresistors are required for gains of
1, 10, 100, and 1000 in the INA102.

An operational amplifier, on the other hand, is an open-
loop, uncommitted device that requires external net-
works to close the loop. While.op amps can be used to
achieve the same basic function as instrumentation
amplifiers, it is very difficult to reach the same level of
performance. Using op amps often leads to design trade-
offs when it is necessary to amplify low-level signals in
the presence of common-mode voltages while maintain-
ing high-input impedances. Figure 1 shows a simplified
model of an instrumentation amplifier that eliminates
most of the problems.



By =8y * 8y

8, =6lep-9;)= B gy
_Glg+ 015/2 G ey
CMRR ~ CMRR

&2

i

cm

&

GAIN SET IS
PIN-PROGRAMMABLE FOR
X1. Xi0, X100, X1000

IN THE INAIGZ

GAIN SET

. FIGURE 1. Model of an Instrumentation Amplifier.

' THE INA102

| Al simplified schematic of the INAIO2 is shown on the
first page. A three-amplifier configuration is used to
provide the desirable characteristics of a premium per-
farmance instrumentation amplifier. In addition, it has
tures not normally found in integrated circuit instru-
entation amplifiers.

The input buffers (Al and A2) incorporate high perfor-
ance, low-drift amplifier circuitry. The amplifiers are
.connected in the nomnvertmg configuration to provide
the high input impedance (10°°Q) desirable in instrumen-
'tation amplifier applications. The offset voltage and
ioffset voltage versus temperature are low due to the
onolithic design, and improved even further by state-
-the-art laser-trimming techniques.

‘The output stage (A3) is connected in a unity-gain
differential amplifier configuration. A critical part of
this stage is the matching of the four 20k{) resistors
which provide the difference function. These resistors
lust be initially well matched and the matching must be
aintained over temperature and time in order to retain
good common-mode rejection.

'All of the internal resistors are made of thin-film ni-
.chrome on the integrated circuit. The criticzl resistors
laser-trimmed to provide the desired high-gain accur-
agy and common-mode rejection.. Nichrome ensures
long-term stability and provides excelient TCR and
. TCR tracking. This provides gain accuracy and common-
imode rejection when the INA102 is operated over wide
itemperature ranges.

‘u ING THE INA102

tFigure 2 shows the simplest configuration of the INA102.
‘T € output voltage is a function of the differential input
'voltage times the gain.

A gain of 1, 10, 100, or 1000 is selected bv programming
plns 2 through 7 (see Table I). Notice that for the gain of
0, a special gain sense is provided to preserve accuracy.
:Although this is not always required, gain errors caused
' by external resistance in series with the low value 40.04(}
/internal gain set resistor are thus eliminated.

6

+iN

OurpuTY

INA102 o
1
12
6 10
14 | é 10k
<
et —|N +Vee
g Iuf
TANTALUM

i 1uF
l —Vee TANTALUM

FIGURE 2. Basic Circuit Connection for the INA102.

Other gains between | and 10, 10 and 100, and 100 and
1000 can also be obtained by connecting an external
resistor between pin 6 and either pin 2, 3, or 4, respectively
(see Figure 6 for application).

G = | + (40/ Rg) where Rg is the total resistance between
the two inverting inputs of the input op amps. At high
gains, where the value of Rg becomes small, additional
resistance (i.e., relays or sockets) in the Rg circuit will
contribute to a gain error. Care should be taken to
minimize this effect.

TABLE 1. Pin-Programmable Gain Connections

GAIN * CONNECT PINS

1 6to7

10 2to6and7

100 - 3to6and 7

1000 4 to 7 and separately 5 to 6

OPTIONAL OFFSET ADJUSTMENT PROCEDURE

It is sometimes desirable to null the input and/or output
offset to achieve higher accuracy. The quality of the
potentiometer will affect the results; therefore, choose
one with good temperature and mechanical-resistance
stability.

The optional offset null capabilities are shown in Figure
3. R4 adjustment affects only the input stage component
of the offset voltage. Note that the null conditian will be
disturbed when the gain is changca Also, the input drift
will be affected by approximately 0.31uV/°C per 100uV
of input offset voltage that s trimmed. Therefore, care
should be taken when considering use of the control for
removal of other sources of offset. Output offse: cor-
rection can be accomplished with A, R, Rz, and E.;, by
applying a voltage to Common (pin 10) through = buffer
amplifier. This buffer limits the resistance in series with
pin 10 to minimize CMR error. Resistance above 0.1}
will cause the common-mode rejection 1o fall below
100dB. Be certain to keep this resistance iow.



PR

_'VCC

100k

INPUT OFFSET
15 ADJusT

INATOZ

QUTPUT OFFSET
ADJUST

+15V0C

M0 100kC
Ry
+15mV ADJUSTMENT
1k _y5vpg

AT THE OUTPUT

FIGURE 3. Optional Offset Nulling

It is important to not exceed the input amplifiers’
dynamic range. The amplified differential input signal
and its associated common-mode voltage should not
cause the output of A; or A; to exceed approximately
+12V with 15V supplies or nonlinear operation will
result. To protect against moisture, especially in high
gain, sealing compound may be used. Current injected
into the offset pins should be minimized. ‘

OPTIONAL FILTERING

The INAI02 has provisions for accomplishing filtering
with one external capacitor between pins 11 and 13. This
single-pole filter can be used to reduce noise outside the
signal bandwidth, but with some degradation to AC
- CMR.

When it is important to preserve CMR versus frequency
(especially at 60Hz), two capacitors should be used. The
additional capacitor is connected between pins 8 and 10.
This will maintain a balance of impedances in the output
stage. Either of these capacitors could also be trimmed
slightly, to maximize CMR, if desired. Note that their
ratio tracking will affect CMR over temperature.

INA102

200

PROCEDURE:

1. CONNECT CMV
T0.BOTH INPUTS.

2. ADJUST POT

FOR NEAR.ZERG -

AT THE OUTPUT.

ADJUST

1
;kﬂé Q

FIGURE 4. Optional Circuit for Externally Trimming CMR.

OPTIONAL COMMON-MObE REJECTION TRIM

The INA102 is laser-adjusted during manufacturing to
assure high CMR. However, if desired, a small resistance
can be added in series with pin 10 to trim the CMR to an
improved level. Depending upon the nature of the
internal imbalances, either a positive or negative resis-
tance value could be required. The circuit shown in
Figure 4 acts as a bipoiar potentiometer and allows easy
adjustrnent of CMR. ~

TYPICAL APPLICATIONS

Many applications of instrumentation amplifiers involve
the amplification of low-levei differential signals from
bridges and transducers such as strain gauges, thermo-
couples, and RTDs. Some of the important parameters
include common-mode rejection (differential cancellation
of common-mode offset and noise, see Figure 1), input
impedance, offset voltage and drift, gain accuracy, line-
arity, and noise. The INA102 accomplishes all of these
with high precision at surprisingly low-quiescent current.
However, in higher .gains (>100), the bias current can
cause a large offset error at the output. This can saturate
the output unless the source impedance is separated, e.g.,
two 500k () paths instead of one 1M(} unbalanced input.

Figures 5 through 16 show some typical applications
circuits.

+i5v 18V

OPTIONAL
OFFSET -
ADJUST.
. 100k
RESISTANGE Rtk il N 15 B
BRIDGE - '/Ez ’ ’: \‘ . 'l “‘ 4
]
R Vi
R t 1! [ §
AEy | t H 7 INA102 L
1 I H T ’
\ H \ H 6
5\ ' H '
E, \ L H 14 " Eour == 1000 [E, ~ Ei}
‘-“-- padas —m 10
P INA10Z REPLACES CLASSICAL THREE-OP-AMP
SHIELD L INSTRUMENTATION AMPLIFIER.

v

FIGURE 5. Amplification of a Differential Voltage from a Resistance Bridge.



TRANSDUCER OR
ANALOG SIGNAL

NOISE (60Hiz HUM)

vgmasnegy
PARCY [N

2

-h
-~

-
- ~a
[

- ——
- -
.---—-——

-~
. T o
-

3

TRANSFORMER

NOISE {80Hz HUM}

Eour = G (AEW)
= 1 + [40k/[Rc + Ry
Re = [40k—Rv{G—1)]/(6-1)

>
wetas’

l N,

’
M
1

SHIELD

= gither pin 2, 3, or 4

INAT02

Rv = 4.4kQ2. 4042, or 40Q2 in gains
of 10, 100, or 1000 respectively

Note: Gain drift will be higher than that
specified with internal resistors only.

FIGURE 6. Amplification of a Transformer-Coupled Analog Signal Using External Gain Set.

UP-SCALE [
BURN-OUT ,
K THERMOCOUPLE  (npicaTion ~ +ov0C _ : |
HSVOC - o |- +isv0C
. 15 15V0¢ ~—IVIC =1 supeiy
3 SPAN * — ]
ADJUST I .
7 i 10k )
- glon INATOZ VFC32/ ACHE LS 1 —
6 320/62 COUPLER |
INg14 K [ |
S 40900 " H15V0C L_J { -1svoC -
] —IN 10 - l
Juﬁgwo oPA27 5000 l
TION " +
COMPENSATION | Mo s +Vottsening +15voe I
15k —15VDC ~15V0C 100kQ
ZERD ADJUST
+15V0C —15V0C
FIGURE 7. Isolated Thermocouple Amplifier with Cold Junction Compensation.
. +15V0C
' LA 15
e e 1my ) 4
HA Al IN= mvV, p-p 5
B v U
. 7 g
‘ . 6 Eour 1V, pp
L ‘ . to isolation
R : 14 10 amplifier

FIGURE 8. ECG Amplifier or Recorder Preamp for Biological Signals.
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AEN (g

100kQ

100k .
% -Eour Containg a midscale
DC voltage of +4.5V
FIGURE 9. Single Supply Low Power Instrumentation Amplifier.
ISOLATION
BARRIER < |
|
'.
{ ISOLATION AMPLIFIER
]
A X1000  iNAIO2 :
I E()U't‘
]
/{ l *BCES NOT REQUIRE EXTERNAL
1 12 { iSOLATION POWER SUPPLY
BIAS CURRENT - !
RETURN RESISTOR $ 'MO - | i
i =
%7 +15V0C t—T5voe FI5uDe +15V0C
~INPUT JLATION POWER SUPPLY - | OUTPUT |-==— —15VDC
Note that X1000 gain senss has not been LOMMON 1z , ! ComMON _—77}7
used to facilitate simple switching. |
FIGURE 10. Precision Isolated Instrumentation Amplifier.
CHANNEL SELECT

—]+
Eg | “inat02 ‘ !
—_ \ ~

INT

ING

IN§

T INg

/ h

g | wmoz
___\_____ -
+

© INAI02

N3

PRANOG

IN2

VREF INT

r—

v

GAIN SELECT
CONTROL LJGIC

0
Eqyr
*As shown channels
0 and ! may be used
for auto offset

zeroing,-and gain calihration:
respectively: :

FIGURE Il. Multiple Channel Precision Instrumentation Amplifier with Programmable Gain:
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) 1 \
3000 INA102
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+40mV
] ,

i

XTRNO i ]

lo

' ! 20mA
4mA ¢ 12mA}
Vin

—40mV +40mV

S ama 70 20mA

GAIN = 100

FIG

URE 12. 4mA to 20mA Bridge Transmitter Using Single Supply Instrumentation Amplifier.

+I5V

]
10k 15
0

—15v
Abw

+15V !
b

10kQ o 14
D

-1V,

15V

JINPUT PROTECTION
D = FOH300 (LOW LEAKAGE]

INAVD2

PGA102

A

1

-15v é CL

X10 X100
GAIN SELECT

Eour

FIGURE 13.

Programmable-Gain Instrumentation Amplifier Using the INA102 and PGA102.
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+15V

Vi
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x1000

INA102

14 9
10
/ GROUND RESISTANCE

EOUT

F1

GURE 14.

10

Ground Resistance Loop Elimirator (INA102 senses and amplifies V) accurately).




AEN

> ERa
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FIGURE 15. Differential Input/ Differential Output Amplifier (twice the gain of one INA).
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93C46

S

SALES AND SUPPORT

To order or (o obtain information, 8. . on pricing of delivery, pinase use the lisled
or the llll:d saing oiices.

part numbers, and refer 1o the factory

PART NUMBERS
WICa8 1 P
-~

P Plastic DIP
SN Plastic SOIC (150 mil Body)

SR Ipucugc: J CERDIP
SM  Plaetic SOIC (207 mit Body)

: - Temperature Blank 0" C 1o +70°C
Nange! 1 40" Co 88" C
£ 40'Clo+128°C

Oevice: 93C48 1K CMOS Serial EEPAOM
93Ca6X 1K CMOS Serial EEPROM with)
alternate pinouts tin SN package only)
A 93C46T  (in Tape & Reet)
93C48XT  (in Tape & Reel)

DS20041F-page 8 1993 Microchip Technology Inc.
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Yotal Unadjusted Error . .

. 20.75 LSB Max
for ADCO808 and £ 1.25 LSB Max for

ADCO808, ADC0809

CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

02642, JUNE 1981 ~ REVISED MAY 1988

N
DUAL -IN-LINE PACKAGE

ADCO0809 (TOP VIEW) Py
2
® Resolution of 8 Bits 1 n ,}.Nm )
® 100 us Conversion Time INPUTS 3 % i
4
@ Ratiometric Conversion 5 M) a} ADDRESS
® Monotonicity Over the Entire A/D START ‘;’ %:LE
Conversion Range 5 [ 2-1 (MsB)
® No Missing Codes 9 % 2-2
2-3
® Easy Interface with Microprocessors [2-4
REF + [}2-8 Ls8)
® Latched 3-State Outputs F) Rer
p -6
® Latched Address Inputs ]2
o Slnqh 5-v supp‘y FN PACKAGE
® ' Low Power Consumption (TOP VIEW)
- Q
® Designed to be Interchangeable with 22;2;55
National Semiconductor ADC0808, §L53858
4 3 21282728
INPUT 7] 5 25(a
description ' START (] 6 4[]8 > ADORESS
The ADCOB08 and ADCOB0S are monolithic 325k, ;;‘E "
CMOS devices with an 8-channel multiplexer, an oeR 9 2d2-1 mse
8-bit analog-to-digital (A/D) converter, and ck ho 20(2-2
microprocessor-compatible control logic. The veepn 19d2-3
8-channel multiplexer can be controlled by a 121314 15 16 17 18
microprbcessor through a 3-bit address decoder Qooonan

with address load to select any one of eight
single-anded analog switches connected directly
to the comparator. The 8-bit A/D converter uses
the successive-approximation conversion
technique featuring a high-impedance thieshold detector, a switched-capacitor array, a sampla-and-hoid,
and 8 successive-approximation register (SAR}. Detaled informatios on interfacing to most popular
microprocessors is readily available from the factory.

+ QM © g

'y w
WO ey ooy

-4 £ ="

2 Bgs

The comparison and converting methods used eliminate the possibility of missing codes, nonmonotonicity,
and the need for zero or full-scale adjustment. Also featured are latched 3-state outputs from the SAR
and latched inputs to the multiplexer address decoder. The single 5-V supply and low power requirements
make the ADCOBO8 and ADCOBO9 especially useful for a wide variety of applications. Ratiometric
conversion is made possibie by access to the reference voitage input terminais.

The ADCOBO8 and ADCOBOY are characterized for operation from -40°C to 85°C.

TeEXAS ‘@

INSTRUMENTS

POST OFFICE BOX 858003 « DALLAS, TEXAS 78268

Copyright © 1983, Texas instrurmnents Incorporated

2-15




ADC0808, ADC0809
| CMOS ANALOG-TO-DIGITAL CONVERTERS
| WITH 8-CHANNEL MULTIPLEXERS

funétioml block diagram (positive logic)

SAMPLE -AND-HOLD

BINARY . WEIGHTED
CAPACITORS
12)
oA T —— SWITCH
Rep-0 MATRIX
; THRESHOLD
0281 . DETECTOR | [l s (z))
L (14) 5-7
— (15)
2128 oureyy [ @) z:: ' DIGITAL
()] ANALOG LATCHES [(18] - ouTPUTS
ANALOG J 3 —={ MULTI- [ L19) 4
INPUTS ) (23} PLEXER 1118 o3
";;’" 120) 2-2
<) TIMING en  p2Y romsm )
o P e
oy CONVERSION (£OC)
T amvnnae
T4
croex 22
START CONVERSION (START) 2
OUTPUT ENABLE (GE) -2

3 (2
! ADDRESS A To
ADDARSS 8 -‘»‘-5% ADDNESS
aooness ¢ {2 pecooer

ADDRESS LOAD >

ENABLE (ALE}

MULTIPLEXER FUNCTION TABLE
INPUTS SELECTED
ADDRESS ADDRESS | ANALOG
C 8 A STROBE . | CHANNEL

L L L 1 0

L L H t 1

L H L t 2

L H H 1 3

H L L 1 4

(2] L H 1 5

H H L t 6

[a) H (4] t 7

H = migh level, L = low leve!
' = low-to-high transition
4
[ 4
L B -
TEXAS @
INSTRUMENTS
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ADC0808, ADC080S
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

M
operating sequence
. r—mﬂ ) e

START -
CONVERSION so il <
ko Lue(S)
ADORESS LOAD o=
ENABLE so% f R L —
(gt tyy (ALC)
po-i—et- ADDRESS STABLE \
ADDRESS S0%X | X50% |
touee™ 8 |
ANALOG INPUT YT T ANALOG VALUE X
;-—4.—-——:-— INPUT STABLE — -
MULTIPLEX OUTPUT Y ' '
(INTERNAL) : )<| ANALDG VALY b
] |
CONVENSION N - foox
po—td(EOC) -—f o |
[ teonvy -
ouTPUT sox ,
ENABLE ’ . o I Q So%

LATCH OUTPUTS . - 0% 0%
WI-Z STATE 10% 0%

*

Texas
INSTRUMENTS
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ADC0808, ADC0809
CMOS ANALOG-TO-DIGITAL CONVERTERS
WITH 8-CHANNEL MULTIPLEXERS

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

Supply voltage, VeC Isee Note 1) .. .. ... . 65V
Input voltage range: Control INPULS . . . .. ... . ... . ... -0.3t0 ‘1 5V
) all otherinputs .. ........... N ... =03Vtovee + 03V
Operating free-air temperature range . . . ... .......... ... -40°C to 85°C
Storage temperature r8NGe . . ... ... ... ... ... ~65°C to 150°C
Case temperature for 10 seconds: FN package. . . . .. ... ... . ... ... .. . ... ... 260°C
Lead temparature 1,6 mm (1/16 inch) from cage for 10 seconds: N package ............ 260°C
NOTE 1- Al voltage values are with respect to network ground terminal.
recommended operating conditions
MIN NOM MAX UNIT
Supply voitage. Voo 4.5 5 6 Vv
Positive reference voitage, V,ef + see Note 2) Vee Veg+01] Vv
Negstive reference voltage, V,,_, - 0 -0.1 \
Differantisl reterence voltage, Vigr+ ~ Vigl - 5 \
High-leve! input voitage. Vi Veg-1.5 v
Low-level input voltage, Vi 1.5 v
Operaung free-sir temperature, Ta - 40 8% °C
NOTE 2: Care must be taken that this reting is observed even during power-up.
electrical characteristics over recommended operating free-air temperature range. VCC = 4.75 V
to 5.25 V (unless otherwise noted)
total device
PARAMETER TEST CONDITIONS MIN TYPT MAX | UNIT
Vou High-leve! output voitage ) 1o = -360 A vVee-0.4 Vv
Dasta outputs iop = 1.6 mA 0.4%
Vv level t
oL Low-level output voltage 1= T conversion o = 1.2mA oes] VY
: Oft-state (high-impadance-state) Vo = Vee 3
02 output current Vg = 0 -3 nh
& Contro! input current at maximum input voltage Vi = 16V 1 A
L Low-level control input current V=0 -1 A
ice Supply current felock = 640 kHz 0.3 3 mA
Ci Input capacitance, control inputs TA = 25°C 10 15 pF
Co Output capacitance, data outputs Ta = 26°C ' 10 15 pf
Resistence trom pin 12 to pin 16 1000 kQ
anslog muitiplexer
PARAMETER TEST CONDITIONS MIN TYPT MAX UNIT
lon Channe! on-state current (see Note 3) Vi = Vec. fciock = 640 kHz 2 BA
Vi =01V, fcoek = 640 kHz -2
Vec =5V, |V =58V 10 200 A
n.
lott ' Channel otf-state currant Ja = 25°C :' i : v -10 -200
= [ . !
vee = BV ) — A

"Typical values are 8t Vee = 5V and Ty = 259C.

NQt 3. Cnannel on-state current is, primarily tue to the bias current into or out of the thrashold detector, and it varies directly with clock

traquency

Texas '@
INSTRUMENTS
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LM108, LM108A, LM208, LM208A, LM308, LM308A

OPERATIONAL AMPLIFIERS

D2608, OCTOBER 1983 - REVISED FEBRUARY 14

e input Oftset Current ... 200 pA Max at
25°C for LM108, LM108A, LM208, LM208A

e input 8ias Current ... 2 nA Max at 25°C for
LM108, LM108A, LM208, LM208A

e Supply Current ... 600 uA Max at 25°C for
LM108, LM108A, LM208, LM20BA

e Input Otfset Voltage . .. 500 pV Max at
25°C for LM108A, LM208A, LM308A

e Ofiset Voltage Temperature Coefficient . ..
5 uV/°C Max for LM108A, LM208BA, LM308A

e Supply Voltage Range ... & 2Vtox18V

e Applications:
- Integrators
- Transducer Amplitiers
- Analog Memories
.= Light Meters

e Designed To Be Interchangeable With
National LM108 Series and Linear
Technology LM108 Series

description

The LM108 series of precision operational
amplifiers is particularly well-suited for high-
source-impedance applications requiring low
input offset and bias currents as well as low
power dissipation. Unlike FET input amplifiers,

D. JG, OR P PACKAGE
{TOP VIEW)

v 1 »[] comp2
2 lvee,
s sfjour

4 s[INC

COMPI
IN -

L PACKAGE
(TOP VIEW)
COMP2

NC - No internal connection
Pin 4 (L package) is in electrical
contact with the case.

symbol

IN +
- OuUT
IN = e

COMP2
COMP1

the input offset and bias currents of the LM108 series do not vary significantly with temperature. Advanced
design, processing, and testing techniques make this series a superior choice over previous devices. For
“applicaticns requiring higher performance, see the LT1008 and LT1012.

The LM108 and LM108A are characterized for oper
125°C. The LM208 and LM208A are characterize

ation over the tull military temperature range of -55°C to
d for operation from -40°C to 105°C. The LM308 and

LM308A are characterized tor operation from 0°C to 70°C.

AVAILABLE OPTIONS

"TPACKAGE
Ta :‘1‘?2":2 SMALL OUTLINE | CERAMIC DIP | METAL CAN | PLASTIC DIP
© T R N A
e |oSmV TM308AD LMOBAP
75mV LM308D — ——— | iMaosP
a0 01080 |22 LM208AD T | | tm20sAP
2mv LM208D B = tmzosP
05 mv LM10BAD LMI0BAJG | LMIOBAL | LMI0BAP
~55°C10125°C T oy IMi0aD | TLM108JG | LMI0SL | LMI08P

The D package is available taped and recled. Add the suffix R 1o the device type {s.g . LM308ADR).

PNODUCTION DATA d \ taln Ik it 1 s ol
'nluum.loh_. rpdn‘oeu conlerm to specilications per the terms of Texas

ty. Production p ing 8 \
neteusatily Include testing of sl nu;mnl. o o

TEWE;*y
INSTRUMENTS
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

schematic
COoMP2
) ) ) vees
210k 310k o1,
) 2K
Q10 Q119 $sek Q13 Q18
a0
‘l Q14 Q15 Q17 m. out
e
i o Q16 2240
IN : ) i {é ;)
.—1 q
Q27 a23
50 k —{¢C
R Q25 !
§E 240
-+ Q20
20 k
IN+ L
az ]
i LL N2 820
Qz9 | 4o
[‘] 64k 60k3sgo320K |1k |
o e —Vee-

All resistor valuas shown are nominal and in chms

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

Supply voltage, Vcc . (see Note 1): LM108, LM108A, LM208, LM208BA . ... ... ... ... 20V
LM308, LM30BA . ... . . 18V

Supply voltage, Voo (see Note 1): LM108, LM108A, LM208, LM20BA ...................... -20V
LM308, LM30BA .. ... . -18 V

Input votage range, Vi (see Note 2) . ... .. ... ... ... ... +15 V
Differential input current (see Notos 3and4) .......... ... . i 110 mA
Duration of output short-circuit at (or below) 25°C (see Note'5) ................... .. ... .. unlimited
Operating free-air temperature range, Ta: LM108, LM108A . ....................... ~55°C to 125°C
LM208, LM20BA ... ... ... .. —-40°C to 105°C

LM308 LM30BA . ... .. .. ... 0°C to 70°C

Storage temperature range ... ......... . ... ie e LT -65°C to 150°C
Lead tempemature. 1,6 mm (1/16 inch) from case for 10 seconds DorPpackage .............. 260°C
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds: JG or L package . . .. .......... 300°C

NOTES: 1. All voltage values, unless otherwisu notud, are with respact to the midpoint between Vo, and V..
' 2. The magnitude of the input voltage must naver exceod the magnitude of the supply voltage or 16 V, whichever is lass.
3. The inputs are shunted with two opposite-facing base-emitter diodes for over-voltage protection. Therefore, excessive current will
flow if a differential input voltage in excess of approximatoly 1 V is applied between the inputs unless some limiting resistance is used
4. Ditferential voltages are at the noninvarting input terminal with respect to the inverting input terminal.
5. The output may be shorted to ground ot either powor supply.

..~._._-. . S TEXAS b
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

recommended operating conditions

T T Lmdé;"(.uno'if“ " LM208, LM206A | LM308, LMI0BA _ “ur.in
MIN NOM MAX MIN NOM MAX MIN NOM MAX
Supply voltage, Vo . 5 20 5 20 5 20 v
Supply voltage, Voo -5 -20 -5 -20 -5 -20 v
Operating free-air lsmpurature, Ta ) - 58 125 - 40 85 0 70 °C ]

electrical characteristics atspecified free-alr temperature,Vgcs = t5Vto s 20V (unless otherwise
noted)

LM108, LM208

N LM108A, LM208A
PARAMETER TEST CONDITIONS Ta AN TYP  MAX WN_TYP MAX UNIT
25°C 03 05 0.7 2
Vio Input offset yoitage Rg = 500 Full range ] 3 mV
Temperature coefficient .
Full range 1 5 3 15° v/°C
aviO  of input offset vollage e B
25°C 0.05 0.2 0.05 0.2
ho Input offset current Foll range 04 o4 nA
Temperature coefficient
Full 0.5 25° 05 25 APC
o of input olfset currant range P
25°C 05 2 0.5 2
1) Input bias current Foll range 3 3 nA
Common-mode input ‘ ' ‘
= J » 3.
VicR voltage range Veor ‘ 15V Full range :@13 5 +13.5 v
Maximun: peak output | Voo = £15V,
) 113 £13
VYoM voltage swing R = 10kQ Ful ranqe 1 Vv )
A Large-signal differential | Voo =215V, 25°C 80 300 50 300 VimV
VD voitage amplification Vo = £10 V, R z 10kl Full range 40 25 . *m_
1 Input rasistance 25°C 30" 70 10" 70 MQ
Common-mode
|
CMRR rejection ratio Full range 26 85 dB
Supply-voltage rejection
ksvR ratio (AVGG 1/ AViO) Full range 96 80 dB
25°C 0.3 0.6 03 0.6
icc Supply current T55°C 125°C 0a oa mA

*On products compliant t© MIL-STD-883, Class B, these parameters afe not production tested.
Full range is —40°C to 105°C for the LM208 and LM208A and —55°C to 125°C fot the LM108 and LM108A.

EXAS "’J
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LM308,
OPERATIONAL AMPLIFIERS

LM308A

L

electrical characteristics at specified free-air temperature, Vee =

+5Vto £ 15V (unlessotherwise

noted)
‘ . . LM308A LM308
b 4 N
PAH?METER TEST CONDITIONS TA WINTYP  MAX WN_TYP  MAX UNIT
25°C 0.3 0.5 2 7.5
Vio lrfput oftset voltage Ag = 500 Full range 0.73 10 mv
Temperature coefficient ,
Ful 2 5 6 30 V1°
VIO ot input offset voiage ull range nvrec
25°C 0.2 1 0.2 1
ho Input offset currant | Full range 15 s nA
Temperature coefficiant
g - 2 10 2 10
o of input offset current Full rar.g PAC
] input bias current 287 1.5 4 15 ! A
18 nput bias curren Full range 10 10 n
: Common-mode input
Vv = £15V F 14 14
VicR voltage range CCt ull range % t v
Maximum peak output Voot = £15V,
VoM voltage swing ‘ RL = 10kQ Fuli range 13 *13 v
' A Large-signal differential | Voo » 216V, 25°C 80 300 25 300 VimV
VO yoitage amplification Vo = +10V, R 2 10ka [ Full range 60 15 m
n Input resistance 25°C 10 40 10 40 MQ
Common-mode
CMRR reioction ratio Full range 96 80 dB
Supply-voltage rejection ‘
ksVR ratio (AVGG . / AViO) Full range 96 80 48
lec Supply current 25°C 0.3 0.8 0.3 0.8 mA
tFull range 1s 0°C to 70°C.
Ti {l’
‘ EXAS
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LM108, LM108A, LM208, LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

———
TYPICAL CHARACTERISTICS?!
TEMPERATURE COEFFICIENT
EQUIVALENT INPUT OFFSET VOLTAGE OF EQUIVALENT INPUT OFFSET VOLTAGE
vS « vS
MATCHED SOURCE RESISTANCE MATCHED SOURCE RESISTANCE
100 g . 1v00 e p—p—p———ry v
FVocs = £15V i Evoes = £15V =
w0l Ta= 25C 2 400 TA = MIN to MAX
2 2
] < i
i 10 L4 ,g 100
3 g e
> b/ o~ r’ 8 ‘[/
k1 4 pd - / o 40 e
» g 4 & -1 LA
§  |umios, Lm2osll 4 ! 3 Lm0, LM208 Rafl!
L /f A //
_§ 'é 10 _
! .g i 131
2 jg 4} M108A, LM208A
g
0.1 04 1 4 10 & 100 0.1 04 1 4 10 40 100
Rg ~ Source Resistance ~ M} Rg ~ Source Reslsiance —~ MO
Figure 1 Figure 2
LM108, LM108A, LM208, LM208A
INPUT BIAS and OFFSET CURRENTS SUPPLY CURRENT
Vs 3
FREE-AIR TEMPERATURE SUPPLY VOLTAGE
2 pebmemy ' r T 600
€ Vees = 215V
= 15
§ 500
§ 1 < Tp = ~55C
a \\"""—&. } V40
D o5 18 3 0 —
2 £ /
= 3 a0 Tp = 25°C
& 0.18 g //F-‘" TA = 125°C
g . | 200 ,/
AN 8
a N
g 005 \\___ ho 100
L}
3' 0 s 0 : .
-886 ~38 -15 5§ 28 45 65 @5 105 125 £5 £75 210 %125 £15 $£17.5 20

TA ~ Froe-Alf Temperature « °C Voo ~ Supply Voltage ~ V
Figure 3 Figure 4

TData at high and low temperatures are applicable only within the rated operating free-air tomperature ranges of the various devices.
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LM108, LM108A, LM208, LM208A, LM308, LM308A

OPERATIONAL AMPLIFIERS

L

MAXIMUM PEAK OUTPUT VOLTAGE SWING

vs
FREQUENCY
> 316 ¥ LR AR LL
' Veet = 215V
211 Tp = 25°C
q!, \ \ See Figure 13
8 £12
: \
]
_>_ 10 \
3 %8 \
§ \ Ci= SOpF\ Cg= 3pF
a %6
E
g
= t4 \
‘ ; \\ \
1 %2 - \\ P .
\N "™
>3 0 "‘P‘---: ;a
1k 10 k 100 k ™
f -~ Frequency ~ Hz
Figure 5

DIFFERENTIAL VOLTAGE AMPLIFICATION

Vs
SUPPLY VOLTAGE

120
[+2]
°
|
e 115
k-]
ki
S 1M0f—Tp = 25°C - e
8 Tp = ~55°C
2 105
O S
> "] Ta = 125°C
§ 100 pa
: Y
, 95
(]
>
«

90 .

5 7.5 £10 £126 15 $17.5 £20

Vet ~ Supply Voltage - V
Flgure 7

- TYPICAL CHARACTERISTICS?

VYoum ~ Maximum Peak Output Voltage Swing - V

Ayp - Difterential Voltage Amplification — dB

MAXIMUM PEAK OUTPUT VOLTAGE SWING

VS
OUTPUT CURRENT
+15 N T T 1
- Tp = ~55°C
=
128

Ta = 125°C

Ta = 25«':\
£10 \
£7.5

t5
25
Voot = 215V
0
0 1 +2 %3 +4 5 6 7 +8 19

io = Output Current - mA

Figure 6

DIFFERENTIAL VOLTAGE AMPLIFICATION
and PHASE DELAY

VS
FREQUENCY
120 l I ] ] 195°
Ct= 3pF Ct = 3pF/[
100 2 165°
NC N //
A \
P Lo \ ‘ Cq = 100 pF, 135°
N .
\ \ Ct = 30 pF
60 \ AN 105°
\ % PHASE
40 : \\\\DELAV 175°
20 J AN 45°
Veeg = 215V \
°r Ta=25c | Ca= 100pF, "
See Figure 13 Cr = 30pF \
-20 " " 1 |
1 10 100 tk 10k 100k 1M 10M

f - Frequency - Hz

Figure 8

'Data at tugh and low tomporaturos are applicabie only within tho rated operaling free-air tempaorature ranguos of the various devices

¢ — Phase Delay

-
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LM108, LM*08A, LM208,

LM208A, LM308, LM308A
OPERATIONAL AMPLIFIERS

SUPPLY VOLTAGE REJECTION RATIO

TYPICAL CHARACTERISTICS

CLOSED-1.00P OUTPUT IMPEDANCE

vs Vs .
FREQUENCY FREQUENCY
120 ‘ Y 1000 T 7,
o Vecy = 15V Ay = 1000
s w00 \ posnll\fesupm Ay = 1 | C= 30p /;%
g Ta = 25°C 100
& \/ See Figure 13 ? / /AV = 1000 4 Ay =1
c 80 AN Cg=0 Cy = 30pF
i_ 0 . ‘ .i 10 74
X Y\\ Cg = 100 pF E
2 a0 | 3
2 7 N ) g ! 7
%: NEGATIVE SUPPLY . N (o]
20 { \ .
i cl 30 P‘>‘\)\/,/§ ¥ o} / _ Vecy = 215V
! t = 30 pF= L 0.1 1
c 0 ,/‘ / lop= t1mA
> N ~ Ta = 25°C
.I‘ 0 001 ‘ ‘ Sqe Figure 13
100 1k 10k 100k 1M 10M 40 100 1k 10k 100k 1M 10M
1 — Frequency ~ Hz f - Frequency — Hz
Figure 9 Figure 10
EQUIVALENT INPUT NOISE VOLTAGE
VS VOLTAGE FOLLOWER
FREQUENCY . PULSE RESPONSE
1000 0
I 1 1 I i h
lg FVeos = $15 Y, Vocs = 215V
£  [Ta=25C 8T ¢y = 30pF
‘ ? 400 S sl Ta = 25°C
] ———& R
5 i :‘ 4 T ! 1
5 = Rg = 1MQ g :\ INPUT |
3 — S 2 T ;
2 100 ] .a‘. 0 i \ ] o i
P - - i T
2 Rg = 100 k& 3 N ; OuTPUT
£ v ~2 Jl T
- - [+
§ I s - K l
£ S g ——
g I - -
= L :
>
10 10
10 100 1k 10Kk 100 k 0 20 40 60 B0 100 120 140 160 180
f - Frequency - Hz t - Time - ps
Figure 11 Figure 12
AR
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® Wide Range of Supply Voitages.
Single Supply . . .3V to 30V
(LM2904 and LM2904Q
3 V to 26 V) or Dual Supplies

® Low Supply Current Drain Independent of
Supply Voltage . . . 0.7 mA Typ

® Common-Mode Input Voltage Range
Includes Ground Allowing Direct Sensing
Near Ground

® Low input Bias and Offset Parameters:
input Offset Voltage . . . 3mV Typ
A Versians . . . 2 mV Typ
Input Offset Current . . . 2 nA Typ
input Bias Current . . . 20 nA Typ
A Versions . . . 16 nA.Typ

® Differential Inﬁut Voltage Range Equal to
Maximum-Rated Supply Voltage . . . * 2v
{£26 V for LM2904 and LM2904Q)

e Open-Loop Differential Voltage
Amplification . . . 100 V/imV Typ

® Internal Frequency Compensation

description

These devices consist of two independent, high-
gain, frequency-compensated operational
amplifiers that were designed specifically to
operate from a single supply over a wide range
of voltages. Operation from split supplies is also
possible so long as the difference between the
two suppliesis 3 V1o 30 V (3 Vto 26 V for the
LM2904 and LM2904Q), and the VC( pin is at
least 1.5V more positive than the input
common-mode voltage. The low supply current
drain is independent of the magnitude of the
supply voltage.

LM158, LM258, LM358, LM158A
LM258A, LM358A, LM2904, LM23040
DUAL OPERATIONAL AMPLIFIERS

02231, JUNE 1976 — REVISED JULY 1991

D, DB, JG, P, OR PW PACKAGE
(TOP VIEW)

v Uslvees

ouT
AMPL
WN-[]2 0ourt
K1 , AMPL
N+ []3 8] IN- "2

GND [ {4 5IN+

LM158, LM158A
FK PACKAGE

(TOP VIEW)

#10UT

NC
-gnc

Q
rd
Y

\
w{]
~]
S0 Vveec+

19
18{ nc
170 #2 ouT

16[] NC
1] #2 IN-

“E« NC

NC
#1iIN-
NC
#1IN+
NC

LR B WD § SED ) Wne ) S )
[ IR I

NC —No internal connection
symbol (each amplifier)

NONINVERTING

INPUT IN+
INVERTING
INPUT IN—

ouTPUT

Applications include transducer amplifiers, d-c amplification blocks, and all the conventional operational

~~amplifier circuits that now can be more easily implemented in single-supply-volitage systems. For example,
these devices can be operated directly off of the standard 5-V supply that is used in digital systems and
will easily provide the required interface electronics without requiring additional + 15-V supplies.

The LM 158 and LM158A are characterized for operation over the full military temperature range of —55°C
to 126°C. The LM258 and LM25BA are characterized for operation from —25°C to 85°C, the LM358
and LM3B8A from 0°C to 70°C, and the LM2904 and LM2904Q from —40°C to 105°C,

The LM2904Q is manufactured to demanding automotive requirements.

PRODUCTION DATA decuments contain inf tio
curront as of publication date. Preducts co:'i':v.m t:

por the tarms of Toxas Instiuments
m“ . Production processing d
mudmim' of o’l'l pummu.s... et
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Copyright © 1981, Texas Instrumants Incorporated
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LM158, LM258, .
LM258A, LM358A, LM2904, LM2904Q
DUAL OPERATIONAL AMPLIFIERS

LM358, LM158A

b

AVAILABLE OPTIONS

PACKAGE
\'/
TA A|1“) _rs‘::; SMALL OUTLINE SSOP CHIP CARRIER| CERAMIC DIP PLASTIC DIP TSSOP CHIP FORM
{D) (DB) (FK) {JG) (P (PW) ty)
0°C 7 mV LM3680 LM35808 LM358P LM358PW LM358Y
1
70°C 3mv , LM358AP
~26°C 5 mV LM268D LM258P
to
85°C 3mV LM258AP
—-40°C 7 mV LM2904D LM2904D8 LM2904P LM2904PW
to
1086°C 7 mV LM2904QD LM2804QP
~-55°C| 5mV LM158D LM158FK LM158JG LM158P
to : ‘
125°C 2 mV LM158AFK LM158AJG
~TheD package is available taped and reeled. Add the suffix R (e.g., LM358DR).
The DB and PW packages are only available left-end taped and reeled. Add the suftix LE (e.g., LM358DBLE).
schematic (each amplifier)
r T T_ ""'T . vee+
=6 uA =6 A =100 uA
CURRENT CURRENT CURRENT
REGULATOR REGULATOR REGULATOR
INVERTING QUTPUT
INPUT
NONINVERTING =50 uA
INPUT CURRENT
REGULATOR
GND (OR V¢ )
TO OTHER
AMPLIFLER

Component count (total device)
cph-FET — 1
Diodes — 2
Resistors — 7
Transistors — 51
.Capécitors - 2

TEXAS mﬁ_w.‘«_-,.,._m_., .

.  INSTRUMENTS
2_52 POST OFHICE H{IX st 301« DALLAYS TEXAS 15285
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LM358Y
DUAL OPERATIONAL AMPLIFIERS

chip information

These chips, properly assembled, display characteristics similar to the LM358. Thermal compression or ultrasonic
bonding may:be uted on the doped aluminum bonding pads. Chips may be mounted with conductive epoxy
or a gold-silicon preform.

BONDING PAD ASSIGNMENTS

iN+ 3
IN- 2
|5
+ IN +
ouT 7 6
4 IN -

Vee -

(2
-

CHIP THICKNESS: 15 TYPICAL
BONDING PADS: 4 X 4 MINIMUM
T ymax ¢ 150°C

TOLERANCES ARE t 10%

ALL DIMENSIONS ARE IN MILS
NO BACKSIDE METALIZATION

PIN (4) INTERNALLY CONNECTED TO
BACKSIDE OF CHIP

¢

lulmlmhmmnlnmhnhhmmh;mnnlmnn

[ 47 >
[LEELEL VTR D R

.
i
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LM158, LM258, LM358, LM158A
LM258A, LM358A, LM2904, LM23040
DUAL OPERATIONAL AMPLIFIERS

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

LM158, LM158A LM2804
LM268, LM258A v “ | ounir
LM29040Q
LM358, LM358BA
Supply voltage, V¢ (see Note 1) 32 26 \%
Differential voltage isee Note 2) +32 - +26 \
Input voltage rangé (either input), ) 0.3 to 32 0.3 10 26 Y
| Duration of output short-circuit (one amphfior) to ground at {or betow) _ ‘
i ) unhmited unlimited
‘ 25°C free-air temparature (Vo $ 16 V) (see Note 3) ] )
i Continuous total dissipation o See Dissipation Rating Table
LM158, LM15BA -55to 1256
o i b . o LM258, LM2568A -~ 26 10 85 oc
- n
Jperating free-ar temperature rang M358, LM3BBA 316 70
: LM2804, LM2904Q ’ -40 to 105
Storage temperature range - 65 to 160 -85 to 150] °C
Case temperature for 60 seconds FK package 260 Ll
Lead temperature 1,6 mm {1/16 inch) from case for 60 seconds | JG package 300 300 o
D, DB, P, .
Lead temperature 1,6 mm (1/16 inch) from case for 10 seconds of 260 260 oC
. PW package

NOTES: 1. All voltage vaiues, except differential voltages, and V specified for measurement of 10g. are with respect 10 the network

ground terminal.
2. Difterential voltages are at the noninverting input terminal with respect to the inverting input terminal.
3. Short circuits from outputs to Vg can cause excessive heating and eventua! destruction.

DISSIPATION RATING TABLE

1 PACKAGE Ta = 25°C DERATING FACTOR Ta = 70°C Ta = 85°C Ta = 125°C
‘ ) POWER RATING ABOVE Ty = 25°C POWER RATING POWER RATING POWER RATING
D - 725 mW 5.8 mW/°C 464 mW 377 mW 145 mW

| D8 525 mW 4.2 mW°C 336 mW 273 mW

FK 1375 mW 11.0 mw/°C 880 mW. 715 mW 275 mW

JG 1050 mW 8.4 mw/°C 672 mW 546 mW 210 mw

j p 1000 mW 8.0 mw/°C 640 mW 520 mwW 200 mW

? PW 525 mW 4.2 mw/°C 336 mw 273 mw

| | Texas WP
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SN5432, SN54L832, SN54532,
SN7432, SN74LS32, SN74832
QUADRUPLE 2-INPUT POSITIVE-OR GATES

DLCEMBER 1983 REVISED MARCH 1iHE

_ . -
package Options Inciude Plastic **Small

" Qutline’’ Packages, Ceramic Chip Carriers

-+~ and Fiat Packages, and Plastic and Ceramic
= DIPs

Dependable Texas instruments Quality and

Rellability

‘desoription

' These devices contain four independent 2-input
' OR gates.

' the SN5432, SN54LS32 and SN54S32 are

:. characterized for operation over the full military
. tange of ~85°C to 125°C. The SN7432,

SN6432, SN54L832, 5N64532 . . . U OR W PACKAGE
§N7432 . . . N PACKAGE
SN74LS32, SN74832 . . . D OR N PACKAGE

(TOP VIEW}

1A [ UM]VCC
18 (]2 13(] 48
1Y (s 12[] 4m
2A (4 1 ay

2B (1o 0[] 38

2Y¥ (e s 3A
GND [ 8{]3Y

SN54L532, SN54832 . . . FK PACKAGE

8N74L532 and SN74S32 are characterized for (TOP VIEW)
.operation from 0°C to 70°C. o
. . g O
FUNCTION TABLE (each gate) 0§ o o § e 2
321
INPUTS ouTPUT 1y []4 18 [J4A »
¢ A a Y NC B 17 NC O
S : 2A[j6 6 {4y Q0
H x H Nne 7 15 I NC >
X H H 28 )8 14 (]38 8
- t L 9 10 1112 13
%8258 =
logic symbol? & e
14 1) 1 @ NC - No internal connection
12) 1Y
18 . .
logic diagram
(4)
2A {6)
~(5) 2y 1A
2B st 1Y
{9) 1B
A ereeneed 8
. (10) e 3Y
8 2A
(12) . - 2Y
4A
(an ZB:D_—-
—ay
48 {13)
3A
) mbol i1s 1n accordance with ANSIIEEE Sta 91 1984 and 3B
o Publication 61712, s [ .
bars shown are for D, J. N, or W packages 4A —_‘1’
. 4y
a8 —————JD
positive logic
Y - A+BorY A.B’
4
ke Ammwi.mmmm 8l
J 'l.' 2:'. 'P?hm ‘:oM:v.m .': %
" o Tonas Instrui 1
Nm Praduction processing du":. ot TEXAS 2-137
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4
f SN5432, SN54LS32, SN54S32,
SN7432, SN74LS32, SN74832
i QUADRUPLE 2-INPUT POSITIVE-OR GATES
:
| schematics {each gate)
by 1§32
¥ 32
! ‘ v 9— VcC Vie
l ax§l 130 201&% 20 k{2 120 ¢
| !. INPUTS INPUTS
A 1 * f - .I\M
QUTPUT 8 Jr: P )
{ 8 Y j\\* OLﬂ;v’ 0t
- 1
HI 10 + +
| o 4
;1& y 3 v & ,;7 L GND b
GND
- '$32
‘, -y 4 +* +— Vce
‘ r 2.8 k52§ 2.8 k{1 g2 k82 50 €2
f O
4]
<.
O INPUTS
© A
(7] LE
; OuTPUT
Y
B
GND
Resistor valuns shown are nomnal
absodllute maximum ratings over operating free-air temperature range (unless otherwise noted)
Supply valtage, VGC (see Note 1) o0 oL T /Y
Input voltage: “32,7S32 ... e 55V
1832 ... SRR 7V
Operating free-air temperature: SNB4* ... ... ... ..., ... -B5°C10125°C

SN74" .
Storage temperature tange

NOTE 1 Voltage vatuen ata with respn e netaoth groumd fetmd

. 0°Cto70 €
65 'C1o 150 ¢

IE-XA“{I’
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SN5432, SN7432
QUADRUPLE 2-INPUT POSITIVE-OR GATES

recommended operating conditions

SN5432 SN7432

) MIN NOM MAX | MIN NOM MAX unit
Ve Suoply voitage 45 5 55 | 475 5 5725 v
i. Vi Hgh-level input voltage 4 2 \Y
P VIL Low-leve! imput voltage 08 08 \Y
. iy High-leval output current - 08 -08 mA
1 loL Low-level output current 16 16 mA
FTA Onperating free-air temperature - 55 125 0 70 °C

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

N

TTL Devices

RAMETER TEST CONDITIONS T SN5432 SN7432 UNIT
PA : ’ MIN TYP$ MAX MIN TYP$ MAX
ViK Vee ® MIN, lj = ~ 12 mA 15 -15 \
VoM Vee = MIN, ViH“*2V, oW - -08mA 24 34 24 34 \Y
VoL Vee = MIN, Vi =08V, Igp = 16 mA 0.2 04 0.2 0.4 1
Iy Voo =MAX, V=55V 1 1] mA
IH Vee = MAX, V=24V 40 40 KA
m Vee = MAX, V=04V ~1.6 ~1.6 | mA
ios§ Vee = MAX - 20 -65 | -18 - 55 mA
- IccH Vee = MAX, See Note 2 15 22 15 22 mA
IecL Vee = MAX, V=0V . 23 38 23 38 mA
¢ For conditions shown as MIN or MAX, use the appropriate vatue specified under recommended aperating cond:tions
$ All typical values are at Ve =5 V, Ty = 25°C.
~ § Not more than one output should be shorted at a ttma
NOTE 2: Orne:nputat 45 V, ait others at GND.
switching characteristics, VGG = 5V, TA = 25°C (see note 3)
PARAME;YER FROM 7o TEST CONDITIONS M
t YP
UNPUT) (OUTPUT) NOTYR S MAX | UNIT
tp ! 15
il Aorg Y R =400, Cp =15 pF 0 2 0
PHL 14 22 ns
NOTE 3: Logd crcuits and voltage waveforms are shownin Secton 1
c,,,m’ v .m
W Texas W2

INSTRUMENTS
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SN54LS32, SN74LS32

QUADRUPLE 2-INPUT POSITI

VE-OR GATES

racommended operating conditions

slectrical characteristics over recommanded o

SN541532 SN74L832 B

MIN NOM MAX | MIN NOM MAX UNIT |

Ve Supply voltage 45 5 66 | 476 5 525 | v |
Vig  Hgh level inpwt voliage 2 2 v ‘\
Vi Low-evel input voltage 0.7 08 v *
1o Huholevel outhul current o 04 04 ma '
ioL  Lowlevel output current 4 8 .
Ta  Opartating tred-air temperatus T e Toh 125 0 W

perating free-air temperature range (uniess otherwise noted)

e P ——————

BOST O’

}N«rfRUMENTs

ORI

PARAMETER TEST COND|T|—ONSW1W SN54L532 _ —é‘NédLSJZA | ‘U.NH :
; MIN TYP$ MAX MIN TYP$ MAX .
ViK Voe C MIN, =~ 18 mA 15 -15 v
Vo vee ® MIN, Vi =2V, oM < - 04 mA 25 34 27 34 v
. v Ve = MIN, - ViL = MAX, gL = 4 mA 0.25 04 0.25 04 v
2 oL Ve -MIN, Vi -MAX, 1oL 8 mA 035 05
! I Veg = MAX, V=7V 0.1 01| mA |
- H Voo = MAX, V=27V 20 20 | wA |
- L e | Vec-MAX, Vv, 04V 04 0a ] ma |
~ 105§ Vee = MAX -20 - 100 | - 20 100 mA
c tcCcH Vee = MAX, See Note 2 31 62 31 62 A
o oot Voo MAX, vy OV 39 94 a0 98 | naA
< e e BT SRS
a' 1 For condinons shown as MIN o MAX use the approps ate va'ue specied under tucammigndad operaiing CONLT LGS
m 1 Al typical values are at Voo o H V. Ta PLN
v § Not more than one output should be shorted at a ime and the duration of the short crcuit should not #xcern e second
NOTE 2 Ona mput at 4.5 V., all others at GND.
switching characteristics, VCC = 5V, TA = 25-C (see note 3)
PARAMETER FROM o TEST CONDITIONS } M TYP
IN Y
(INPUT) (OUTPUT) 1 MAX | UNIT
|
'PLH { 14 22 o
Ao R Y K] 2k, [ 15 p -—
o T T A | TR
NOTE 3: Load wircunts and voltage wavelors are shawn i Heehon 0
2-140 TexAS *p
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| SN54532, SN74S32
QUADRUPLE 2-INPUT POSITIVE-OR GATES

recommaended operating conditions

Pt i £ 5 1 s : L L AT o . %NiASJI .

! - i Nom  max | i nom max | M
Voo Supnly voltage 45 5 565 40 boOB26 |V
ViH High-fekel input voltage 2 2 v
ViL Low-level input voltage 08 08 \

tOH  High tevel Dutphut current \ \ A

foL Low-ievel output current 20 20 mA
: Ta  Operating free-air temperature 55 125 [¢] 70 oC

:;do'ctrical characteristics over recommen-ed operating free-air temperature range {uniess otherwise noted)

j PARAMETER TEST CONDITIONS T SN54532 SN74532 UNIT
: MIN TYP$ MAX | MIN TYP$ MAX

ViK Vee ¢ MIN, I} = - 18 mA - 12 1.2 Y

VoM Vee MIN, ViH© 2V, IoH =~ 1 mA 25 34 2 34 Y

VoL Vee = MIN, ViL =08V, oL * 20 mA 0.5 0.5 \

ty Veg =MAX, V=55V 1 1 mA 2

1iH Vee < MAX, V=27V : 50 50 uA

T Vee = MAX, V=05V ) ) -2 2 mA 17

108y Ve = MAX — 40 - 100 | - 40 - 100 mA [« V]

IccH Voc = MAX,  See Note 2 18 a2 18 32 | mA L

coL Voe =MAX, V=0V 38 68 38 68 mA 5
t Por conditions shown a3 MIN or MAX, use the appropriate value specifiad under recommanded oparating conditions. D
§ All typical vaiues aré st Vee = 5 V. Ta = 26°C. _
§ Not more than one output shouid be shorted at a tirne and the duration ot the short.circut should not excead ore sacondd "
NOTE 2. Oneinput at 4.6 V. ail others st GND. ] t
switching characteristics, VCC = 5 V, Ta = 25 C (see nota 3)

’ FROM TO ‘ ! T
PARAMETER TE C 3 .
. , (INPUT) {OUTPUTI EST CONDITIONS MiN f‘j' MAX UNLET

1 e

ELH AorB Y Ry - 280 2, CL 150pF e 4 ! i

1PHL ' SR U

' ;

PLH AorB v R - 280 12, CL - 60 pF 5 s

PHL - 5 s
NOTE 3 Lood cucrnt and vattage s ovelorms are shown e S b 1

: 'ﬁxms‘v

2-141
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SN54HC173, SN74HC173
4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS

D264 DECEMBER 1982

AEVISED SEPTEMBER 198/

High-Current 3-State Outputs Interface
Directly with System Bus or Can Drive Up
to 15 LSTTL Loads

Gated Output-Control Lines for Enabling or
Disabling the Outputs

Fully independent Clock Virtually Eliminates
Restrictions for Operating in One of Two
Modes

Package Options Include Plastic *'Small
Outline’’ Packages, Ceramic Chip Carriers,
and Standard Plastic and Ceramic 300-mil
DiPs

Dependable Texas Instruments Quality and
Reliability

description

The ‘HC173 4-bit registers include D-type tlip-
flops featuring totem-pole 3-state outputs
capable of driving highly capacitive or relatively
low-impedance loads. The high-impedence third
state and increased drive provide these flip-flops
with the capability of being connected directly
to and driving the lines in a bus-organized system
without need for interface or pull-up
components.

Gated enable inputs are provided on these
devices for controlling the entry of data into the
flip-flops. Whien both data-enable inputs are low,
data at the D inputs are loaded into their
respective flip-flops on the next positive
transition of the clock input. Gate output-control
inputs are 8iso provided. When both are low, the
normal logic states (high or low levels) of the four
outputs are available for driving the loads or bus
lines. The outputs are disabled independently
from the lavel of the clock by a high logic level
at either output-control input. The outputs then
present a high impedance and neither load nor
drive the bus line. Detailed operation is given in
the function table.

The SN54HC 173 is characterized for operation
over the full military temperature range of
-B6°C to 125°C. The SN74HC173 is

characterized for operation from
85°C.

40"C to

SNS4HC173 . J PACKAGE
SN74HC173 D OR N PACKAGE
(YOP VIEW)
m O Wheld vee
N (2 15% CLR
walls  wdio
2]+ Q20
sol]s  2])3p
1 -
aa s nijao
cix [ vol] G2
GND 8 a[] G1
SNGAHC173 FK PACKAGE
(TOP VIEW)
O
z 2 (2) é)d
P e g o g o g o
3 2 1 2018
1Q ga 180 1D
2afls 11 20
NC )6 16} NC
3a: 15(} 3D
4Q :]R 4[] 4D
o0 1y 1)1
lanYapTan ¥ U
¥ 0O U o~ o
o Z Z w0
NC  No nternal connection
FUNCTION TABLE
INPUTS OUTPUT
cLean | cLock DATA ENABLE | DATA a
G G2 D 4
¥ A X X L
L L X X X Qo
L ! H X X Qpt
t ! X H X Qg
L | L L L L
L ! L L H H

When either M or N (or both) s (are) lugh, the output s
chmablod to the high ampodance state; however, saequentiat
opuration of the Hip tlops 1w not aftected

N

HCMOS Devices

PROBUETION BATA dusuments sentaia info

numau.m“:'v'u'i“::
SORTIONS pur the torms of Texse lvm‘mmul
. mdal’uno'm.:‘“

Texas {9
INSTRUMENTS
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SN54HC173, SN74HCI73

4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS

logic symbol?

cLrilst |

MY po

N{2L o

G119

' (-;'2 (10’&

CLKL.J

1004

(4)

ap12) |

8l . 1a

ap 1

16)

TSN ATy

logic diagram (positive logic)

ouTPUT r

tThis symbol is in accordance with ANSIJEEE Std 91-1984 and itC Publication 617-12.

CONTROL 1 N 12)

| —

seoiaQ SOWOH u

BATA (14) . 1D
D 1
> C1 4
' (3)
‘ dr - 10
. &1 18] +>os
DATA ~
ENABLE ). (10) 4
EpY ]
DATA (13) ) 10
2 D St
-3> C1 !
(4)
0'—-—\0 R O— 2Q
cLock ‘—N——Dw
DATA (12) t D ‘ 1D -l
2 O
(3] [
‘ A ot 5) 3q
DATA (11)
e
cLeap 19 > LI

Pin numbers shown sre for D, J, snd N packages.

L R

- 2-248
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SN54HC173, SN74HC173
4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS

‘sheolute maximum ratings over operating free-air temperature range

o Supply voltage, VCC ... ............ ... . ... .. ... -0.5Vto7V
1 Input clamp current, hk(V) < O or V| > Vee) - +20 mA
'L Output clamp current, loktVo < O0orVo >vVee) oo 120 mA
:% Continuous output current, 10 (Vo = OtoVee) ..o oo £25 mA
A Continuous current through VCCorGND pins .. .......... .. ... ... . .. . .. . + 50 mA
> Lead temperature 1,6 mm (1/16 in) from case for 80 s: FK or J package ....... .. .. . . 300°C
3 Lead temperature 1,6 mm (1/16 in) from case for 10 s: DorNpackage ....... .. ... 260°C
‘L Storage temperature range ........... .. ... ... ... .. . .~ ~65°C to 150°C
1

fstrmu beyond those listed under *’absolute maximum ratings’’ may cause permanent damage to the device. These are stress ratings
<only, and functional operation of the device at these or any other conditions beyond those indicated under “‘recommended operating

HCMOS Devices

‘gontitions’’ is not implied. Exposure to absolute-maximum-rated conditions for extended periods may atfect device refiability.
: :
recommended operating conditions
SN64HC173 SN74HC173 UNIT
) MIN  NOM MAX MIN  NOM maAX
_y_gs Supply voltage 2 5 6 2 5 6 v
Veg = 2V 1.5 1.5
Vit High-evel input valtage Vee = 45V 3.18 3.18 v
Vee = 6V 4.2 4.2
Vee = 2V 0 0.3 0 0.3
ViL  Low-level input vaitage Vee < 46V 0 0.9 0 09 v
Vee < 6V 0 1.2 0 1.2
Vi Input voltage 0 vee 0 vee v
Vo Output voltage 0 Vee 0 vee v
vVee = 2V 0 1000 0 1000
Y Input transition {rise and fali) times Veeg =45V o 500 0 500 ns
Vee = 6V 0 400 0 400
TA Operating tree-air temperature - 58 125 | -40 85 oC
dlectrical characteristics over recommended operating free-air temperature range (unless otherwise

. hoted)

i
Ta = 25°C SNBAHC173 | SN74HC173
PARAMETER TEST CONDITIONS vVee MIN  TYP MAX | MIN MAX | MiNn max] UNT
2V 1.9 1.998 1.9 1 1.9 ’ N
A V| = VIHOr Vi, loy = -20 4A 45v 4.4 4.499 4.4 4.4
6V 5.9 5.999 5.9 5.9 v
Vi = Vygor Vi, ig = -8 mA 45V (398 4.30 3.7 3.84
Vi= ViqorVi, lgn = ~-7.8 mA 8V 548 5.80 5.2 5.34
2V 0.002 01 0.1 0.1
Vi =Vigor Vi, lgL = 20 4A 4.5V . 0.00t 0.1 i 0.1 0.1
8V 0.00t 0.1 0.1 0.1 v
" Vi = Vigor ViL, oL = 6 mA 45V 017 0.268 0.4 0.33
Vi =Vigorvy, oL = 7.8 mA 8V 0.16 0.28 0.4 0.33
Vi = Vecoro 8V £0.1 £100 + 1000 1000 | nA
Vg = Vegor O 8V +0.01 0.5 £ 10 t6 A
Vi = Vecor0,ig = 0 8V 8 160 80 | LA
2108V 3 10 10 10| pF

TExas “9 2.249
INSTRUMENTS
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SN54HC173, SNT4HC173

4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS

timing requirements over recommended operating free-air temperature range (unliess otherwige

POST OFFICE BOX 8BB0)12 » DALLAS, TEXAS 78260

noted)
Vec Ta = 25°C SNBAHC173 | SN74HC173 UN;\
MIN MAX | MIN MAX | MIN MAX
2V 0 6 0 4.2 0 5 B
feiock  !nput clock frequency 4.5V 0 3 o 21 0 25 MH: |
6V ) 36 0 25 0 29 ‘
2V 80 120 100 T
CLK high or low 4.5V 16 24 20 ns
, 6V 14 20 17
tw Puise duration TV 80 120 100 ——
CLR high 45V 18 24 20 -
- o 6V 14 20 17
e ‘ 7V 100 150 125 B
g G1 and 832 45V 20 30 25 ne
®] 6V 17 25 21
(/5] : 2V 100 150 125 ’
U tsu Setup time before CLK! Data 45V 20 30 25 ns :
o 6V 17 25 21 ]
<, b 2v 90 135 115 T
7] CLR inactive 45V 18 27 23 ns
8 6V 15 23 19 5
2V ) ) 0 -
G1 and G2 a5V 0 0 0
6 Vv o} (4] ]
h Hoid ume alter CLK! . !
2V 0 0 0
Data 45V 0 0 (0] 45
6V 0 0 0 ]
F
t
AR n—1
2-250 TEXAS %
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SN54HC173, SN74HC173
4-BIT D-TYPE REGISTERS WITH 3-STATE OUTPUTS

‘switching characteristics over recommended operating free-air temperature range (uniess otherwise
jpoted), CL. = 50 pF (see Note 1) .
kAN

e ‘ TPUT v TA = 26°C SNB4HC173 | SN74HC173 UNIT
. "'ARAMETER FROM (INPUT) 70 (ouTPUT) cc MIN TYP MAX MIN MAX MIN - MAX
2V 6 8 4.2 5
fmax 45V 31 46 n 25 MHz
6V 36 55 25 29
2V 78 150 225 190
tPHL CLR Any 4.5V 21 30 45 38 ns
6V 20 26 38 32
2V 78 160 225 190
tpd CLK Any 45V 21 30 45 3a ns
6V 20 26 38 32
2V 78 150 225 190
ten Mor N Any 45V 200 30 45 38 | ns
' 6V 15 26 38 32
. 2V 40 160 226 190
s Mor N Any asv 18 30 a5 38| ns
6V 16 26 38 32
2V 20 60 90 75
% Any 4.5V 8 12 18 15 ns
6 Vv 6 10 15 13
1 Cpd | Powar disaipation capaciance ] No load, TAb = 25°C ] 29 pF typ ]

switching characteristics over recommended operating free-air temperature range {unless otherwise

noted), C. = 150 pF (see Note 1)

L s T

POST OFFICE BOX 855012 « DALLAS [EXAS 75240

| el e e

HCMOS Devices

PARAMETER | FROM (INPUT) TO (OUTPUT) vee Ta = 25°C SNSAHC173 | SN74HC173 | it

MIN TYP MAX MIN  MAX MIN  MAX
2V 100 200 300 250

tPHL CLR Any 45V 28 40 60 50 ns
6V 21 34 51 43
2V 100 200 300 250

tpd CLR Any 4.5V 28 40 60 50 ns
| 6V 21 34 51 43
' 2v 100 200 300 250

. ten Mor N Any 45V 28 40 60 50 ns
ponie 6V 21 34 51 43
a\. 2V 45" 210 315 265

: Any a5V 17 42 63 53 ns
6 V 13 36 53 45

Y Load circuit and voltage waveforms are shown in Section
TExas 2-261
INSTRUMENTS



SNGAHCT23:5, SN74HCT238
3-LINE TO 8-LINE DECODERS/U:MULTIPLEXERS

Dot MAKCH 14 HEVISED JUNE YDa9

‘ T ———- 1
»

- @ Inputs are TTL-Voltage Compatible SNS4HCT238 . . . J PA: KAGE
ifical iah-S SN74HCT238 . . . D! OR N PACKAGE
. @ Designed Specifically for High-Spead \TOP VIEW)

5 Memory Decoders and Data Transmission
Systams A Uslvie
2 p 151 ] v

® Incorporates 3 Enable Inputs to Simplify C e[y
.. Cascading and/or Data Reception E2A 130 vs

® Package Options Include Plastic *’Small 12;] Y3
#  Outline’’ Packages, Ceramic Chip Carriers, 1] va

and Standard Plastic and Ceramic 300-mil vZ[L}» o % Yo
9l ve

~

S

[#]
2
o
=

DiPs

{' @ Dependable Texas Instruments Quality and SNB4HCT238  FK PACKAGE
Reliability (TOP VIEW)

gdescription
A The 'HCT238 circuit is designed to be used in /
high-performance memory-decoding or data- c a

D

0

)

Ve[ v
1[0 y2

. . . L]
routing applications requiring very short Gabs
3 w6 INC
7
8

propagation delay times. In high-performance NG
memaory systems this decoder can be used to
minimize the effects of systems decoding. When
employed with high-speed memories utilizing a
fast enable circuit, the delay times of this
fecoder and the enable time of the memory are
usually iess than the typical access time of the
memory. This means that the effective system
delay introduced by the decoder is negligible.

wdys
1a{]va

G28
G1

HCMOS Devices

(=4
"~
[

v7 Do

GND [
ol b

v6 [
vs [z

NC - No internal connection

. . ) ! Contact the factory for D availabiity
The conditions at the binary select inputs and the

three enable inputs select one of eight input
lines. Two active-low and one active-high enable :
inputs reduce the need for external gates or [
inverters when expanding. A 24-line decoder can ]
be implemented without external inverters and
} & 32-line decoder requires only one inverter. An
{; enable input can be used as a data input for 1
¥. demultiplexing applications.

W‘SN&&HC‘T 238 is characterized for operation
%sz over the Yull military temperature range of
~BB9C to 125°C. The SN74HCT238 is
% characterized for operation from  40°C to
85°cC.

Copyright © 1989, Texsa Instruments Incorporated

Texas *’f
INSTRUMENTS
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SN54HCT238, SN74HCT238
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

logic symbols (alternatives)?

(1)
(2)

B mssnreiod 2

c {3} e

A 1

BIN/OCT

N

G1 (6) ‘
EzAii'_x:-
Eza_!.‘:’.'....h-

EN

Pin numbers shown are tor D, J, and N packages.

e

O

g ' These symbois are in accordance with ANSI/IEEE Std 91 1984 and IEC Publication 617 12
v I . .

o logic diagram (positive logic)

o
<.
3 :}’—"D_‘_’ vo
@ ()
8 [ -
i =
. b [ {13} v2
. - :}_«L’ va
»
(10)
&1 16)
¢ "t
r {9) ¥6
(4)
& ———4D
2A n v
Saisiomnig
Eaa 2 Dc
Pin numbers shown are for D, J, and N packages.
DRSS
. {Ip
2.304 EXAS
INSTRUMENTS

DMUX

0 .....!.lELV() A v 0
N AL RV (2) cl

(13 7
2 v2 c 3 2

12
Ty LRV

7
—va (6) &
5| (10} v (;1_.;........
6 (9) ve 624._‘.._‘..4:&

n (5)
N LN G2 by

POST OFFICE HOX 888012 » DALLAS, TEXAY /8208



) SN54HCT238, SN74HCT238
3-LINE TO B-LINE DECODERS/DEMULTIPLEXERS

‘ FUNCTION TABLE
WPUTS OUTPUTS
ENABLE SELECT
G1 82a G2B| C 8 Al YO YT Y2 Y3 Y4 V¥6 Y8 Y7
X H X X X X L L L L L L L L
X X H X X X L L L L L L L L
: L X X X X X L L L L L L L L
: H L L L L L H L L L L L L L
H L L L L H] L oH L L Lot L L
g H L L L H L L L H L L L L L
i H L L L H H L L L H L L L L
3 H L T ™ T T B L L L OH L L L
i : H L L H L H L L L L L H L t 3
i H L L H H L L L L L L L H L O
L © H L L H H H L L L L L L L H >
A ]
Mto maximum ratings over operatmg free-air temperature ranget o
®., g, M
Supply VOMAGE, VECC  + o o v oe v et et e e ~-05Vto?7V 8
. Input clamp current, IK (V] < 00r V| > VCC) - . -« oo o +20 mA 2
Output clamp current, IOK (VO < 0orVOo > VCC) - .- oo +20 mA [3)
Continuous output current, 10 (VO = 0o VCC) - - - - o oo +25 mA T
Continuous current through Ve or GND pins . .. .. .. oo +50 mA
Lead temperature 1,6 mm (1/16 in} from case for 60 s: FK or J package .. ... ........ 300°C
Lead temperature 1,6 mm (1/16 in) from case for 10 s: D or N package . . . ...... .. ... .. 260°C
Storage temperature raNGE . .. . .. ... ...t -65°C to 150°C
'Sltmu beyond those listed under ‘‘absolute maximum ratings’’ may cause permanent damage to the device. These are stress ratings
only, tnd functional operation of the device at these or any other conditions beyond those indicated under '‘recommended operating
conditions’’ is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.
recommended operating conditions ;
SNG64HCT238 SN74HCT238
MIN NOM MAX! MIN NOM MAX Ut
Vgg Supply voltage 4.5 5 665| 45 5 68§ v
Vi4 HMigh-level input voltage Vee < 45V 1055V 2 2 v
3 Vi Low-level input voltage Vee - 45Vt055V 0 0.8 0 08 v
£+ ¥ Input voitage 0 Vee 0 Vee \Y
b t voltage 0 vce 0 vVee \Y
Input transition (rise and fall) times 0 500 0 500 ns
- 55 125| -40 85 °C
TEXAS
INSTRUMENTS 2-306
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SN54HCT;238. SN74HCT238
3-LINE TO 8-LINE DECODERS/DEMULTIPLEXERS

]

slactrical characteristics over recommended operating free-air temperature range (uniess otherwise

noted)
YA = 25°C SN54HCT238 | SN74HCT238
v |
PARAMETER TEST CONDITIONS CC N TV A TN A T N Al UM
v Vi = Vi of V)L, IoH = ~20 pA 45V | 4.4 4499 4.4 4.4 v |
OH Vi = VHOT VIL, 10H = -4 mA 45V [398 4.30 37 384 !
v Vi = Vi or Vi loL = 20 4A 45V 0.001 0.1 0.1 0.1 v [
oL Vi = Vig of ViL, loL = 4 mA 45V 017 0.26 0.4 0.33 3
h V| = Vecor 0 5§56V 0.1 1100 + 1000 £1000 | nA |
icc Vi = Vecor0,1g = 0 55V 8 160 BO | LA |
input at 0.5 Vor 2.4 V, o
alee! One {nput & ' 5.5V 14 24 3 29 | ma ]
T Other inputs at 0 V or Ve i
‘@) o 4510 1 10 10 10
2 : 55V -
O Y This 1s the increase in supply current for each input that is at one of the specified TTL voltage levels rather than O V or vee
m -v . » - - . -
o switching characteristics over recommended operating free-air temperature range (unless otherwise
@ noted), CL = 50 pF (see Note 1)
< \
- Ta = 25° 54HCT23 74HCT
O PARAMETER | FROM (INPUT) TO (OUTPUT) vee A = 25%C SN 8 | SN74HCT238 | 1y
o® MIN TYP MAX | MIN MAX | MIN MAX
. 45V §
: « ha A B orC Any . 2 36 >4 45
, 55V 18 32 49 a1
45 p ;
fua Enable Any i 2 33 50 42
55V 17 30 45 38
‘ 45V 15 22 19 N
i . t Any . Ny
; 5.5V 9 14 20 17 i
| [ Cha [ Power dissipation capacitance No load, Tp = 25°C { 85 pfF typ }
NOTE 1. Load circuit and voltage waveforms are shown in Section 1
| )
: ‘v
_ i N
, T *’P
2-308 EXAS
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SN54HCT245, SN74HCT245
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

02804, MARCH 1984 ~REVISED JUNE 1989

inputs are TTL-Voitage Compatible SN54HCT245 . . . J PACKAGE
SN74HCT245 . . . DW OR N PACKAGE
High-Current 3-State Outputs Drive Bus (TOP VIEW)
Lines Directly or Up to 16 LSTTL Loads
piR (1 W20 vee
Package Options Include Plastic ‘'Small a1 02 1916
Outline’’ Packages, Ceramic Chip Carriers, a2(a  e1
and Standard Plastic and Ceramic 300-mil A3 [Je 11{]) B2
DIPs aa[ls 16183
® Dependable Texas instruments Quality and As (e ‘5% B4
Rellability - as([]7  1l]ss 2
a7[]s 386
description ag[lo  12[]87 '
s GND [j 0 1] ]B8 n
‘ These octal bus transceivers are designed for 8
! . asynchronous two-way communication '3
j i . - between dats buses. The control function SNSAHCT248 . . . FK PACKAGE ®
5 X implementation minimizes extarnal timing ) [TOP VIEW) o
requirements.
i P 2]
| The devices allow data transmission from the A <40 > (=)
‘ bus to the B bus or from the B bus to the A bus 5355 %078 >
| depending upon the logic level at the direction Aa3ha 180 81 5]
j control (DIR) input. The enable input (G) can be ashs 170 82 T
f used to disable the device so that the buses are ashe 1601 83
| effectively isolated. . A6 7 i a4
; The SN54HCT245 is characterized for operation A70]8 Mq 85
: over the full military temperature range of 19_1 :_91 r1__1l r1_2l }%
3 ~565°C to 125°C. The SN74HCT245 is YR
; characterized for operation from -40°C to tz@aoa
| 85°C.
1 logic symbolt
| FUNCTION TABLE
1 (19
; CONTROL G-(—”—’—b-rca
: INPUTS OPERATION PR3 Ent 1BA)
3 R EN2 (AB)
¢ i L | B data tc A bus “-‘g-’“r—" v 4 ﬂum
! L -H_] Adsts 0B bus.].. 4 TS S - A4 e
| H X | Isolation T N T 16 s
A3 ‘ . ) 83
b A4 -~ Wil )
; .13 {6 - 14) Y.
! Ao -llep ] g e
1 Ay t8lgy EPGE e
AB 12,4—)—- ..¢_dl.‘.’ Y]
' This symbol is in accordance with ANSIIEEE Std 91-1984 and
{EC Publication 817-12.
; 'l‘uﬁ.mummun ) Copyright ® 1989, Texas Instruments Incorporsted
Ood wees s ll;l' hmmJ. ’fnu W% romre aemsstas s e e ‘
B oty s teig 4 o pcometr INSTRUMENTS 23
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SNEAHCT245, SNT4HCT245
OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

logic diagram (positive logic)

118} g,
117)_gs
2 83
: [ 1)
0 .
‘ g 85
= ,
g B7
<
. 3 88
a
absolute maximum ratings over operating free-air temperature range’
SUPPlY VORBEE, VG - -« -t e e -05Vto7V
Input clamp current, ik (Vi < Qor Vy > Vge) ... ... e e e e =20 mA
Output clamp current, IoK (VO < 0orVO > VCC) . oo +20 mA
Continuous output currenit, Ig (VO = 0toVECE) ... .o + 35 mA
_ Continuqus current through VECc or GND pins .. . ... ... e +70 mA
Lead temperature 1,6 mm (1/16 in) from case for 60 s: FK or Jpackage ................ 300°C
Lead temperature 1,86 mm (1/16 in) from case for 10 o: DW or N package . ... ........... 280°C
Storage temperature range . . . ... ... ...t ~-85°C to 150°C
l tStransas bayond thoss listed under **abeolute maximum ratings’” may causs permanent dsmage to the device. Thase are stress ratings
: only, and functional operation of the device at thede or any other conditions beyond those indicsted under ‘‘recommended operating
conditions’’ is not implied. Exposure 10 absolute-maximum-rated conditions for extended periods may sffect device reliability.
recommended operating conditions
! SNSAHCT248 sn7aMCTZas |
‘ v , , B , o MIN NOM MAX] MIN NOM MAX
Vgc Supply voltage 4.8 8 B8] 4.5 § 55| V
Vi  High-level input voitage Vee =45Vt 8BV 2 2 v
Vi, Low-level ingut voltage Vgg w45Vio8BV [+] 0.8 [v] 0.8 v
V)  input voitage .0 Vee 0 Vee v
Vo Output voitage 0 Vee 0 vee v
ty Input transition (rise and fail) times 0 500 [§] 500 ns
TA  Operating free-air temperature -85 126 -40 88 °C
4
e 2_340 S l..,,._., T e -
" NSTRUMENTS

B T SRR
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SN54HCT245, SN74HCT245

OCTAL BUS TRANSCEIVERS WITH 3-STATE OUTPUTS

- INSTRUMENTS

pon T OEFITE BORBRAL Y o INATTA “TIORY aRaaRe oo ;

)
v Ta = 286°C SNE4HCT248 | SN74HCT248 |
PARAMETER TEST CONDITIONS CC i Tve MAX | MIN MAX | MIN _MAX
» Vi = ViHor Vi, loL = —204A | 4BV | 4.4 4.499 4.4 44 v
VoH Vi = Vinor ViL, lon = —6mA | 45V 398 4.30 37 384
Vi = Vi or Vi, oL = 20 pA 4.5V 0.001 0.1 0.1 0.1 v
Vou Vi = Viq or Vi, loL = 8 mA a5V 0.17 0.26 04 0.33
DIRorB| V) =Vccor0 5.5V £0.1 +100 + 1000 +1000 | nA
oz AorB Vo = Vccor 0 5.5V +0.01 0.5 x10 +5 A 2
ce V) = Vccor0,ig = 0 5.6V 8 160 80 | WA
8 alcct One input at 0.6 V or 2.4 V 5.5V 14 24 3 29| maA a
. § Other inputs at O V or V¢ o
¥ c,Omor G 4510 3 10 10 10| pF 'S
. 5.5 V Q
.('TNG is the increase in supply current for each input that is at one of the specified TTL voltage levels rather than O V or V¢(. Q
?'"ﬂ\h parameter Cj does not apply to transceivar /O ports. ) (7))
,
+ switching characteristics over recommended operating free-air temperature range (unless otherwise g
. noted), CL = 50 pF (see Note 1) ' o
: PARAMETER | FROM (INPUT) TO (QUTPUT) v Ta = 257C SNSAHCT245 | SN74HCT245 | )y I
cc MIN TYP MAX | MIN MAX | MIN MAX
. AorB Bor A 45V 16 22 33 28
‘ pd ' sor 5.5V 14 20 30 26 | ™
¥ . 5 AorB 45V 25 46 69 58 .
on ° 5.6V 22 4 82 52| "
46V 26 a0 60 50
tdis g AorB 5.5V 23 36 54 a5 | ™
45V 9 12 18 15
h (Ao 5.5V g8 1N 16 14| ™
}L de ' l Power dissipation capacitance per transceiver I No load, Tp = 25°C [ 40 pF typ ]
switching characteristics over recommended operating free-air temperature range (unless otherwise
noted), Ci = 150 pF (see Note 1)
aﬁ ‘ ' Ta = 25°C | SN64HCT245 | SN7T4HCT245
PARAMETE M (INPUT TO (OUTPUT v
§| PANAMETER | FROM (INPUT) touTPUN CC  ["miN TVP MAX | MIN MAX | MiN_ MAx | V"
1&:
; AorB 8 or A 45V 20 30 45 38 .
5.5V 18 27 41 34
z Ao 45V 36 59 89 74 N
6.5V an 53 80 87
AorB 46V 17 42 83 53
5.5V 14 38 57 ag| ™
€ 1: Load circuit and voltage wavelorms are shown in Saction 1.
DU Texas b’
2-341
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SN54LS240, SN54L5241, SN54LSZ44, SN545240, SN545241, SN545244,
SN74LS240, SN74L5241, SN74LS244, SN74S240, SN74S241, SN74S244

'OCTAL BUFFERS AND LINE DRIVERS W

ITH 3-STATE OUTPUTS

APRIL 198BS REVISED MARCH 14y

3-State Outputs Drive Bus Lines or Buffer
Memory Address Registers

PNP Inputs Reduce D-C Loading

Hysteresis at Inputs improves Noise Margins

;..cription

*

These octal bulfers and line dnvers are desigred
specifically to improve both the pertarmance and derasi
ty of thres state memary address drivers, Clisck drivers,
and  bus oriented receivers and transmunters.  The
designe: has a choice of selected combinations of inver
ting and noninverting outputs, symmetrical G lactive
low output controll inputs, and complementary G and G
inputs. These devices teature mgh fan out, smproved

fan-in, and 400 MV nosa matgin. . The SN/Z4LS T and

SN5ALS'. SN54S’
SN74LS’, SN74S’

J OR W PACKAGE
. DW OR N PACKAGE

(TOP VIEW)

16 Unvee
a1z w2626
ava]3 187 }1v1
1a20]4 "gzm
ov3(ls 1w}1v2
1a3(]6 '55)2A3
2v2 Ly’ IER R RR 4
1aalds oA
2v1 049 1?:1‘{4
anoll1o 11240

SN5H4LS', SN54S" . FK PACKAGE

SN74S’ can be used to dnve terminated ines down o (TOP VIEW)
133 ohms .
G}
The SN54° farmily 1s characterized tar aperation over the - IR
full military temperature range of — HH Cio-125 € The Jy T (‘:)‘: : g;
SN74° fanuly 15 characterized tor operation from 6§ C 1o Iy o
o v 2019 )
70°C. >
. 1A21]) 4 iyt b1
2Y31)5 v2j2aa O
1A3} 6 16[]1v2
2v2(}7 15 [J2A3 ;_J
tAatj 8 1Y73 ’__
12
-0 - o
> 2 « : <f
~N (g N~ N
*2G for 'LS241 and ‘S241 or 2G for all othur drvers
schematics of inputs and outputs
‘LS240, 'LS241, 'LS244 '§240, 'S241, 'S244
EQUIVALENT OF EQUIVALENT OF TYPICAL OF ALL
EACH INPUT EACH INPUT OUTPUTS
[
e
Vg — e - - Vi
ki NOM
INPUT INPUT -~ . - - OUTPUT
7:. -{‘. /7[7 L ]7 ]
\? - GND
ifs {
R — 7
. G and G npats -2 K12 NOM L5240, '1.5241_ 'L S244,
N Aiputs 2K k12 NOM 160 8 NOM
‘5240, ‘5241, 'S244
{4 26§12 NOM
mmrnon BATA decuments cantain information
nt-3¢ of publication dete. Products conform to i
Jll::l [ l:o lum.u of Texss Inatruments TEXAS
’ Tranty. Production processing does not ~ ¥ AT >
*| Moesssarily includs testing of ali parameters INS TRUMEN s 2691
. POIST TR HOX ko) S DAL AYS TEXAY R0




SN54LS240, SN54LS241, SN54LS244, SN54S240, SN545241, SN545244,
SN74SL240, SN74LS241, SN74LS244, SN748240, SN745241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

logic symboisT

‘L5240, 'S240 "L$241, 'S241 ‘L8244, 'S234
s~ I I I ] (e I !
16 OEN G -———f—{l EN 16 - T en
PSR LR I [} ~SLL I var 2 ] Y 1Ay 2 T ~ [y SELL TNV
a2 A4 fosn U8 gy a2 Al LRIV 1az A0 ) |16l v,
143 8L i 134 \va [P (L 1INV 1ay 6] (ALTIYVIN
ne 2] . b 120 VST L0211y, e L 0B,
W —- ) e,

m.&.‘..llm-.{”.,n } TP {_:m ; zlzm'«t---{nm l

r
2as AU T ™ o (94 PSRRI v T v PISTEIIN v = p @,
a7 3] SR A bt 2v2 a2 S SRR LI
2a3 L18) b 15) pyg PPETRLIN bt 2v3 7S L T
PYYRALI. P 3 v PTY LI, {3 ava FYVRULI. E [

TThese symbols are in accordance with ANSLIEEE Sta 91-1984 and IEC Publication 617-12,

logic diagrams (positive logic)
‘ 'L§240, 'S240 ‘L5241, 'S241 ‘LS244. 'S244

V&N Lb _ L |> ) v A |> .
. . ’
ALTRRYON A2 [//IJ; AT

,A.‘{L ; ry
e —4 \[_....4
.
182t - &_ VB 4wy 143,,‘.‘,_‘1.'.”.,.__,&“ ..Ll.c!‘)mwz PP o U S L1 BTV
3 SE—
PRRKLISNN P S WAL ,,‘,.ﬁ!,..,..{& ..... N LTI

\M‘_____.l‘a' &o___(m 1ve 1ag L [}K LIV 180 8

a
—— - ----—-—Qb s 4
241 1 o avs 241t & A2 v gy VL &_M [0 UL PV
+ - 4
242 ‘, L) ova 2,\;.,‘_"2._,_,‘@
)

14142 SERLIAI 14

a7l 8

R 1y3

12)

tyd

S9OIAD
>

| f |

L

B — b
\ i Pl
.- 2a3 113 8 vy 243128 1["/ Bl ov3 2a3 118! 12> 9 vy

"7 |£ ; ]J; l£
244 17} et ave a2 12> ELEPIN PYYLLI S TP VX

Pin numbers shown are for OW, J, N, and W packuyes

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

Supply voltage, Ve {see Note 1). . . e o . . . A
input voitage: "LS Curcunts . ) IaY
'S Gty Hiv

Oft state output voltage ’ L,y
Operating free an temperature tange SN5ALS  SNHAS Curcunts Hh Cra ey G
SNZALS SN74S Cuvaits 0 Cro /0 C

Storage tempei ature range L . 65 Cro 150 ¢

NOTE 1 Voltage valume are with tasac f 10 nalwork Qrorandg tenimngtial

2692 Texas e
i e \ INSTRUMENTS-

FOSE et HOX BRSO L2 = ALLAS T RAD 19400 e
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SN54LS240, SNEALS241, SN6ALS244, SN74LS240, SN74LS241, SN74LS244
OCTAL BUFFERS AND LINE DRIVERS WITH 3.STATE OUTPUTS

2" rscommended operating conditions
‘ T sNBaLS’ SN74LS’ .
PARAMETER g UNIT
MIN NOM MAX MIN NOM  MAX

Vee  Supply voltage {see Note 1) 4.5 5 55 | 4.75 5 6525 v

Vin ~ High-level input voltage 2 2 Y

VL Low-ievel input voltage 0.7 08 V)

loH _ High-level output current - 12 - 15 mA

oL Low-level output current 12 24 mA

Ta  Operating free-air temperature -~ 58 126 ¢ 70 C

NOTE 1: Voitage values are with respect to network ground terminal.

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

RAMETER TesT conoiTionst SNaeLE SN74LS UNIT
PARA MIN TYP} MAX | MIN TYPE MAX
Vi Vee = MIN, Iy = - 18mA -15 1.5 \%
Hysteresis Ve = MIN 02 04 02 04 v
- (VT4 - VT_)
Vg = MIN, Vig=2V, VL = MAX,
cc tH e 24 34 24 34
IoH = —3mMA
VoH : v
Vee = MIN, Vig=2V. Vip- 05V, ) )
i ioH = MAX
| Vee = MIN, Vip=2V, oL 12mA 0.4 0.4
; VOL - = \Y
: VIL - MAX loy - 24 mA 05
| gz H Vee - MAX, Vipoo 2V Vo 27V 20 20
I ! A
j lozL Vi = MAX Vg - 04V 20 "
j i Veg = MAX, Vi 7V 01 01 | mA |
| M Vee = MAX, V=27V 20 20 | LA
| m Veg = MAX, Vi =04V -0.2 02 | mA
| 105§ Vee = MAX -40 225 | - 40 225 | mA
|
} Qutputs high Al 17 27 17 27
1 1.5240 26 a4 Y
! Outputs iow Vee © MAX, 2
; ‘e 18241, 'LS244 21 48 27 46 | ma
Qutput-open
i All outputs ‘L8240 atl 50 29 950
! dissbied 15241, 'LS244 Yy 54 37 5a ]
+ For conditions shown as MIN or MAX, use the approariate value specitied under recommeancded operating cond.thions
3 All typical values are at Vo =5V, T = 25°C.
’ Not morse than one output shouid be shoried at a t.me, and duration of ths short circut shoadd not éxcead one secand
itching characteristics, Vcc =5V, Ta = 25°C
‘LS240 ‘LS241, 'LS244
PARAMETER TEST CONDITIONS 241. L3 UNIT
o MIN TYP MAX | MIN TYP MAX
P 9 14 12 18 ns
R ~ 667 (2, Cy ~ 4b pF,
t 1 4 1
PHL See Note 2 2 e 2 8 n
pzL 20 30 20 30 ns
tPZH 15 23 15 23 ns
tpL 2 AL - 667 52, €L - 5pF, 10 20 10 20 ] ns
3 ‘ 1PH2 Sea Note 2 15 25 15 25 ns
‘ A NQTI 2: Load circuits and voltsge wavetorma are shown in Section
: ¥ —————
| Texas ‘Q) o
2693
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* SN545240, SN545241, SN545244, SN745240, SN748241, SN745244,
i ~ OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATe OUTPUTS
* e
i . " . . | PP .
! recommended operating conditions , ,
! T e L e e SNBAS' SN IaS N
}A ) ) PARAMETER . MIN NOM MAX | MIN NOM MAX
: Vi Supply voltage, {sue Note 1) 4.5 [ 55 | 4.75 5 526 vV
i ] ViH High-level input voliage : 2 2 et A
' Vi i ow level vv\;m!mvs)l- oo ‘ o8 a8 v v
. ) LOH V§~||'\V;|.\:|J;;i“(n‘1|‘p\|i current l{_ - 15 mA
At gL Low-level output current 48M - 64 mA
Exiarnal resistance batwesn any input and Ve or ground 4 40 a0 Y
i1 Ta  Operoting free-aw tumperature {see Note 3) “5‘5 ) 125 . ¢ 0 “C
‘ NOTES 1. Voltags valugs sre wilh resect te timlwork urn’u‘:‘\fﬁ muu?nul Crommmmm T o T coom
3. An SNHASI4TS aperating ol trae go tetipgratura above 116 requoas 4 heal witth Uit prrovicbas o thatarnal tusmtsnoar o Casa 1o
' ; tree-art Ryca. ot not more thari 40 C'W.
' electrical charactaristics over recammended operating free-air termperature range (uniess otherwise noted)

PARAMETER TEST CONDITIONS! SN5as’ SN748 UNIT
’ , MIN TYPE mAX | MIN TYPE max
Vik Ve = MIN, b= - 18BmA -~ 1.2 1.2 \%
Hysteresis
Ve = MIN 02 04 02 04 v
(Vry — Vr)
VCC“MIN, Vi * 2V, V“_*‘O.QV, 27
-‘ oK =+ 1 mA
= Vee - MIN, Vi 2V Vi - 08V,
r- VO ) 24 34 24 3.4 v
loH 7 - 3 mA
Q Veoe - MIN, Vin -2V, ViL-05V, ]
@ IoH = MAX : y
| '<" VOH MIN A : v 08V
) = 4 TN \ 3. .
0 VoL ce i i 0.50 Ues |V
(1) oL = MAX
w ozn Voo = MAX, Vin- 2V, Vg 24V 50 50 R
TozL V=08V, Vo =05V 50 v e
Iy Ve - MAX, V- H6V 1 1 mA
! ITY] vee MAX, vV, 27V 0 '»,l-) uA
Any A A0 400
! ™ Y Vee - MAX, Vi UbV Ui SR pou— i e
Any G 2 2 mA
| 0%~ Vee - MAX 50 22% 50 225 mA
‘5240 80 123 50 135
Outputs hugh
5241, °5244 G5 147 9h 160
: —
‘5240 100 14¢ 1O( H(
Ice Qutputs low Ve MAX, Outputs opien b e v ‘~— ! . ,.,;.-,_.J_)_._,.,.,‘__i_)_. A
- 5241, °'S244 120 170 120 180
Outputs ‘5240 100 145 100 150
disabted ‘'§241, 'S244 120 170 120 180

' -
For conditions shown as MIN or MAX, use the appropriate value specified under racommandead aperating conditions
T Al typical viiuevare at Voe ©5 V. Ta - 25 C.

ZNOTmore than one output should be shorted at a time, and daration ot the short-circist shoultd POt excavd One sachind,

5w otse st S Al

. - /
2.694 TExAs b
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SN545240, SN545241, SN548244, SN745240, SN748241, SN74S244,

POSTIRHCE BOA LbbULL » UALLAG, TEAAL 1B20Y

OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OQUTPUTS
a—
- switching characteristics, Vcc =6 V, Ta = 26°C
! ER TEST CONDITIONS 5230 5241, 5244 UNIT
PARAMET MIN TYP MAX MIN TYP MAX
tPLH 4.5 7 6 9 ng
R =90, Cp < 50 pF, - -
tPHL See Note 4 oo ’ ° ? "
’ tpzZ L 10 15 10 13 ns
tPZH 6.5 10 B8 12 ns
tPLZ Ry =90 2, | - & pF, 10 15 10 15| ns
tpHZ See Note 4 6 9 6 i 9 ns
NOTE 4: Load circuits and voltage waveforms are shown in Section 1.
i
T 38
Texas "W ) 695
INSTRUMENTS o
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SN54LSZ40, SN54L5241, SN54LS244, SN545240, SN545241, SN545244,
SN74L5240, SN741S241, SN74L5244, SN745240, SN74S5241, SN745244
OCTAL BUFFERS AND LINE DRIVERS WITH 3-STATE OUTPUTS

DRIVER |t LONG-LINE a{ RECEIVER
1/8 'L8281/°5241 r REPEATER REPEATER AEPEATER —]W LS241/5241

<

© .

INPUT 1/8°LS241/°824) 1/8 'LS241/'5241 1/8 'LS241/'3241 OUTPUT
o aJ ot
-da L P Ao -
SCL T N T

INPUT OUTPUT INPUT  QUTPUT INPUT OUTPUT INPUT OUTPUT INPUT OUTPUT

L8241 524V USED AS REPEATER/LEVEL RESTORER

CONTROL OR MICROPROGRAM ROM/PROM
OR

"*EMORY ADDRESS REGISTER

CONTROL.

SYSTEM AND/OR MEMORY-ADDRESS BUS

15240 5240 USED AS SYSYEM ANDOR MEMOR ¢ e i F e 4 pi |
GHUANIZATION TAN HE APPLIFD TO VANDEL Ml ATC G
[Ls2a0/5240 |
f’__' ~
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| G | OUTPUT PORT ! !
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BUS RECEIVERS BUS
l l CONTROL  INPUT - QUTPUT  CONTROL
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: I} o s WL NONE NONE -
1 I
| PARTY LINE BUS SYSTEM
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SN64LS373, SNGALSI74, SN548373, SN54S374,
SN7418373, SN74LS374, SN745373, SN748374
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

OCTOBER 1875 REVISED MARCH 1988

yolce of 8 Latches or 8 D-Type Flip-Flops SNBALS373, SNB4LE374, SN645373,
Single Package SNB4S374 . . . J OR W PACKAGE

h & Sing 9 SN74L8373, SN74LS374, SN745373,

' Btate Bus-Driving Outputs SN745374 . .. DW OR N PACKAGE

‘ . (TOP VIEW)
Full Paraliel-Access for Loading .
oc[ft Uzvee
Buffered Control Inputs a2 199s0
Clock/Enable Input Has Hysteresis to 103 18Jap
Improve Noise Rejection ('S373 and ‘S374) 20(J¢ 171070
5 . 2a(Js 1670
:%° P-N-P inputs Reduce D-C Loading on safle s A sa
> Data Lines ('S373 and 'S374) 3DE 7 1460
1
‘L8373, ‘8373 4byys 3 j D
FUNCTION TABLE 4aiy9 127 sq
’ GND[Jo 1 ¢
ouUTPUT ENABLE
[} PUT
ENABLE LATCH : ouTPY
L H H H 2
L H t L SN64LS373, SNG4LS374, SN548373,
: L L X Qo SN548374 . . . FK PACKAGE
£y «\
2 Ho | x X z {TOP VIEW) 44
' o6 So e
i 0 0w ‘-
3 ‘L8374, ‘5374 221858 >
o FUNCTION TABLE 8
‘ ouTPUT ouTPU ] —
9 ENABLE cLock o uTPUT J -
4 : R R -
3&4 L t L L
3 L L X Qg
H l X X z
i
description
; “Ctor L8373 and "SI73, CLK for 1S374 ang $374
These 8-bit registers  feature  three state outputs
designed specifically for driving highly capacitive or
relatively low-impedance loads, The high-impedance
i+ third state and increased high-logic-level .drive provide
. these registars with the capability of being connected
. directly to and driving the bus lines in a bus-organized
""" system without need for interface or pull-up com-
“. ponents. They are particularly attractive for implement-
! ing buffer registers, 1/0 ports, bidirectional bus drivers,
; , 8nd working registers.
. The eight latches of the 'LS373 and S373 are
s transparent D-type latches meaning that while the
I "enable (C) is high the Q outputs will follow the data (D)
s. Nputs. When the enabla is taken low the output will be
i latched a1 the level of the data that was set up.
1S
&
Ss—
3 PRODUCTION DATA 4. in informat)
. tawtrent on of publication date, Preducts conferm te %
e o e s Texas 2.883
R . CUIen pracassin ad -
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SN54LS373, SN54LS374, SN545373, SN54S374,
SN741.8373, SN74LS374, SN745373, SN748374 o
OCTAL D-TYPE TRANSPARENT LATCHES AND EDGE-TRIGGERED FLIP-FLOPS

description (continued)
The eight flip-tiops of the 'LS374 and 'S374 are edge-triggered D-type tiip-flops. On the positive transition of the clock, the O
outputs will be set to the logic states that were setup at the D inputs.
Schmitt-trigger buffered inputs at the enable/clock linas of the ‘S373 and 'S374 devices, simplity system design as ac and dc
noise rejaction is improved by typically 400 mV due to the input hysteresis. A butfered output control input can be used to
place the sight outputs in either a normat logic state thigh or low logic levels) or a high-impedance state. In the high
impedance state the outputs neither load nor drive the bus lines significantly.
The output control does not affect the internal operation of the latches or tip-flops. That is, the old data can be retained or
new data can be entered even while the outputs are off.

logic diagrams (positive logic)

‘L8373, 'S373 'L$374, 'S374
TRANSPARENT LATCHES - POSITIVE-EDGE-TRIGGERED FLIP-FLOPS
&¢ (1) LIS 5¢ (1} $
. 1 1 B
C‘-_{( 1 % P~ CLK an A
¢-olc . » (2 10 ¢ ch {2) 10
10_(.2'—-————— 10 10_‘.2)—_-—.—- 10
; [ |
141 [ S [ {51 20 (a1 P CH {5) 20
|w) 2D D 20 10

oyl i6)

1]

S90IAD
o
e
W
(=}
5
S n
8

o8 woh‘:c: - 90 o { ”;:1 - CIR
.‘ ‘

5013 + ::r; o—~$—ﬂso o 1 '@P a (mv sa
1 L

USILY 7 ::; p——-; L___ns) 60 ALY \ 1;' : L——”S' 6Q
. . ‘ - S

il ¢ f; M’Q o1 4 ‘.gi a e o

] C 1 t

18) 80

}

P AL — .

LTfor ‘S373 only LY tor '§374 only

Pin numbars shown are tor DW, J, N, and W packages
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SN54L8373, SN54LS374, SN74LS373, SN74LS374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

NOTE 1.

Storage temperature range

.

Supply voltage, Ve (see Note 1)
Anput volitage .

Oftf-state output voltagé .
Operating free-air temperature range: SN54LS

SN74LS’

Voitage values are with respect to network ground terminal,

recommended operating conditions

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

AY
7v
55V

-—55 Cto125°C

0°c

to 70°C

—-65°C to 160 C

‘ SN54LS8’ SN74LS’ UNIT
MIN NOM MAX | MIN NOM MAX ‘
! Vee  Supply voltage 45 5 55 | 4.7% 5 528 v '
! VO High-level output voltage 55 5.5 Vv
l IoH  High-level output current -1 - 2.6 mA
i lo Low-level output current - 12 24 mA
' LK high 15 15
| tw  Pulse duration ¢ 9 ns
CLK low 15 15
- ‘ 'LS373 5 5
e tsy  Data setup time Ls374 201 201 ns
r~ . !
o i ‘18373 20 204
(? h ata hold time (83741 57 ot ns '
< Ta Operating free-air temperature - 55 ) 125 0 70 C
8 "The i specification apphes only for data frequency below 10 MH: Designs above 10 MHz should use a mimmum of § ns. (Commaercial oniy
m . - - -
electrical characteristics over recommended operating free-air temperature range (unless otherwise noted)
SN54L8° SN74LS’
PARAMETER TEST CONDITIONS? S UNIT
MIN TYPt mAX [MIN TYPl wMAX
ViH High-level input voltage 2 2 \
ViL Low-level input voltage . 0.7 0.8 v
ViK Input clamp voltage Vee - MIN, | 18mA -1.5 15 v o
Vee - MIN. Vi 2v. i ‘
Vo Highlevel output voltage 2.4 34 24 3 v
ViL * ViLmex, iy MAX
Vee - MIN, Vg 2V, |lgL - 12mA 025 04 , _ i
VoL Low-level outpul voitage cc H oL 0.2 04 \
ViL = Vipmax oL - 24 mA 0.35 05
Off-state oytput current, Vee = MAX, V=2V,
lozn . , B < . N 2 2! ua
high-level voltage applied Vo=21V
Off-state output current, Vee *MAX, Vigp=2V,
lozL . -20 -20| uA
low-level voltage applied Vo=04V
Input current at . T
Iy Ve © MAX, V) -7V 0. 0.1 mA
MEXUMUM input voltage
i High-level input current Veg “ MAX, V=27V 20 20| uA
TR Low-level input current Veg ~ MAX, Vj-04V ~0.4 ~-041 mA
los Short-circuit output current & Vee « MAX --30 -130 | -30 -130] mA
Vee » MAX "Ls373 4 2 ’
: ice Supply cunient cc ' ? 40 4 40 mA
Ouput control a1 4 5 V ‘L8374 27 40 27 a0
3 YFore anditions shown 88 MIN or MAX, use lhc appropriate valuw specitied under recoinmerided operating conditions

tAN tyiical values are st Vae = BV, T4 - 28'C,
fiNot mare than one output should he shorted at a time and durstion af the shart circuit should Nt excesd one second,

TeExAas
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SN54LS373, SN54L5374, SN74LS373, SN74LS374
OCTAL D-TYPE TRANSPARENT LATCHES AND
EDGE-TRIGGERED FLIP-FLOPS

ching characteristics, VCC = 5V, Ta = 25°C

FRAOM TO 18373 ‘L8374
TEST CONDITIONS
HINPUT) {OUTPUT) ST CONDITION MIN_ TYP MAX | min _ Tvp  max | UNT
35 50 MHz
1
Data Any Q 1§ :g ns
CL = 45 pF. R = 667 0

Clock or A G See Notes 3 and 3 200 30 15 28
enable v ee Notes < a 18 30 19 28] ™
Qutput 15 28 20 28

A
Control nv Q 25 36 27 za] ™
Output

Any Q 16 25 5
Control n CL = 5pF. R, = 667 Q 8 s
Output See Note 3
(OUEP Any Q ee Note 12 20 12 20| ns
Control

i8: 2. Maximum clock traquency is tested with all outputs lnnded
3. Lpad circuits and voltage waveforms are shown in Section 1.

= maximum clock frequency

= propagation delay time, low-to-high-lavel output

TIPHL = propagation delay time, high-to-low-level output

EWP2H = output enable time to high level

2

n
1. ® output enable time to low level QD
'tpyyz = output disable time from high ievel o
Lz = output disable ume from low leval S
a
o
s -
a3 |..
,.," H
;
A
. ..

T
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P e

schematic of inn and outputs

EQUIVALENT OF EACH INPUT

vVee

INPYT

N

TYPICAL OF aLL oUTPUTS

-
-]
P
o
o®
<, —
O
@
absolute maximum ratings over oporatmg free-air temperature range (unless otherwise noted)
Supply voltags, Vo (see Note 1) IAY
Input voltage & , . .o 55V
Off-state output voluqc . ... BBvY
Operating freg-air temperature nnoc SN54S -55Cro0 128°C
SN74s’ 0Ctor0C
Storage tump?aturt range . . -65°C 10 180 ¢
NOTE 1. Voitege v.m‘- #re with respect to network groung termingi.
recommendad o*ntmn conditions
’ , SNB4S’ : SNT4F’ ol
; MIN __NOM_ MAX T MIN oW mAX U"L
Supply voltege, Ve 45 5 55 . 4.5 s 5.25 v o
Highdevel outpyt volipge, Vo 5.5 55 v
High-devel output curlent. Iy -2 ! -65  ma
High 6 : 6
l h of cloek/ [ Pulse, L
Wldl of cloe .M!g’u!‘ tw » ! Com 73 73 ng
, T san 0y o, T
Date setup 1ime, toy ! : T 5t P ns
IECEE) 10; 10,
,D‘“‘ hota ume. | G 3y T ™
LOp‘rmn. froean nmnuro. Ta : ~£5 125 4] 70 (o
2.888 , Texas Q
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| : 80186
HIGH INTEGRATION 16-BIT MICROPROCESSOR
. W integrated Festure Sot m Compietely Object Code Compstible
Enhanced 8088-2 CPU with All Existing 5086, 8063 Software
‘-2 Independent DMA Channels — 10 Now
= Programmable Interrupt Controte oy JYeiem Development
- P’w""""mm ' m‘“"" chlopmom Software: ASM 86
.~ Programmable Wait State Generator _me
~—Local Bus Controlier - .
= 'Available In 10 MHz (80188-10) and 8 Numerice Coprocessing
MHz (mu)vmn‘- ) Through 8067 interface
High-Performance Processor . ‘anc hl .u“.m‘ Carrler
= MByta/Sec Bus Dandwidth  Ceramic Pin Grid furay AT )
— 5 MByte/Sec Bus Bandwidth — Coramic Leadiess Chip Carrier (LCC)
interfacce @ 10 MMa {Bee Packauging Oullnes and Dimansions, Cedur ¢ Z31300)
& Direct Addressing lity 1o 1 \
et A e w0 1/ — Standard Temperature with Burm-in
=
. na]
{ e
m—-

V
bl ] 2104511
Figure 1. 80188 Block Diagram
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The Intel 80188 is a highly integrated 16-bit microprocessor. The B0186 effectively combines 15-20 of the

. most common B0BE system components onto one. The 80186 provides two times greater throughput than the

standard 5 MHz 8085. The 80186 is upward compatible with 8086 and 8088 software and adds 10 new
instruction types to the existing set.

Ceramic Leadless Chip Carrier (JEDEC Type A)
Contacts Facing Up Contacts Facing Down
S -\
S =
3 = =
: — —— ofren
= S o
-~ x -di
?/,_LM..:TA:_,_._“:::_T__V.7 % :'uo
AN b
Ceramic Pin Grid Array ot
Pira Facing Up
[ PEPC0IO®® )
CREIRLARRS®
06 ©e
86 @®
1) ®e
@0 1)
@ 8@
@0 ® 9
- Y5 )
PDOREPRROOOO®
L 00000000 L
. 210451-3
’ Plastic Leaded Chip Carrier
Leads Facing Down
. 'nu"an‘qa,‘“q‘.’gy NVEAPTEBUJOHLODBIEDS
Ak d AL LA AT B » 8
52
»]] 'Sl o5 :
2 iE
bt o EEX 2
=g . x
1y > - ::
"
- 21045119

Figure 2. 80186 Pinout Disgrams



Table 1. 80186 Pin Description

Pin No.

Type

Name and Function

Veo

System Powaer: + 5 voit power supply.

Vsg

System Ground.

RESET

Rowcutpmnnd;«tuﬂmmsowscwammt.mmbo
used as a system reset. it is active HIGH, synchronized with the
ptooessmdod&.mdhstsanmaqgrgg:mberofdoekpm
coresponding 1o the length of 1 R

Orystallnpaﬂshand)&promdooxtwmloommﬂomfou

mode paraiel resonant orystal for the iternal oscilistor.
madcnuﬂnglcrysw an extemal ook may be applied to X1
mmmmwnycapamonxz The input or oscillator
m internally divided by two to generate the clock signal
{CLK

Clack Output provides the system with a 50% duty cycle waveform.
All device pin ti are specified relative to CLKOUT.

24

An active causes the 80186 to immaedistely terminate its present
dewmmlogm and enter a dormant state. This signal
may mmwmwwaommmw booimmam
instructions approximately 64 clock cycles after
HIGH. For proper initialization, vocmwbomapodﬁuuomm
m.dock nal must be stable for mora than 4 clocks with RES held
is internally synchronized. This input is provided with a
mmthmmﬂEEwﬂmumﬁc
network.

47

170

TEST is examined mwmmuuchmumefm-mmumsu
"WAlT"mu mﬁu truction axecution will suspend.
will be resampied gouLOw at which time execution will

kmuptr\mll be s«:;a mmu:paowe 'sm lsirm ired 10

, active equl
configure TEST as an input. This pin is synchronized intemally.

TMRINO
TMRIN 1

Timer inputs are used either as ciock or control signals, depending
upon the programmed timer mode. These inputs are active HIGH (or
LOW-!@HOGH transitions are counted) and intemally synchronized.

TMROUT 0
TMROUT 1

Timer outputs are used {0 provide single puise or continous wavetorm
genesation, depending upon the timer mode selected.

DRQO
DRQ1

- QO

HIGH by an extemnal device when it is ready
hrmm\dt)onmpmormuhnﬂw These signals are level-

trighered and internally synctronized.

The Non-Maskabie | mpulcaumnTypozimermptAnNMl
transition from LOW to HIGH is latched and synchronized internalty,
and initiates the interrupt at the next instruction boundary. NM! must
be asseried for at least one clock. The Non-Maskable Interrupt
cannot be avoided by programiming.

INTO

INT3/INTAT/IRG

45

41

o
170

Maskable Interrupt Requests can be requested by activating one of
Mmehmoorﬂwedasmmmese are active HIGH.
Interrupt Requests syndvomz.dmemallylmzandlms"\aybe
configured to provide active-LOW interrupt-acknowledge outpu
signals. Al interrupt inputs may beeonﬁguredtobeeimeredga-or
level-triggered. To enswure recognition, all intemupt requests must
remain active until the imterrupt is ackhowledged. When Slave Mode
is selacted, the function of these ping changes (see interrupt
Controller saction of this data sheet).
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80186

Table 1. 80186 Pin Description (Continued)

Symbol

Type

Name and Function

R/ SN0

o]

Read Strobe is an active LOWsignalechMmt“mlﬂ\eamBGis
pﬁmm:mmoryorlmvudcych.lmgmmnndno!to LOW
bdoretheAlDbushﬂoated.Anintemdemthm Is
HiGH during RESET. Following RESET the pin is sampled to determine
mmao1ssumwmALs.ﬁb.wWﬁ.orqueuems
infosmation. To enable Queue Status Mode, il must be connected to
GND. D will float during bus HOLD.

ARDY

ous Ready informs the 80186 that the addressed memory
space of 1/0 device will compiste a data transier. The ARDY pin
meptsarlsingedgemmisnynchromtoCLKOUT.mdhncﬁve
HIGH. The felling edge of ARDY must be synchronized to the 80186

- | ctock. Connecting ARDY HIGH will always assert the ready condition to

the CPU. nmislineisunused.nshouldbeﬁedLowwyieldmono
the SRDY pin.

_{SRDY

Ready informs the 80186 that the addressed memory
sptceorl/Odevioewilloomplete a data transfer. The SRDY pin
accepts an active-HIGH input synchronized to CLKOUT. The use of
SROY sliows a relaxed system timing over ARDY. This is accomplished
by slimination of the one-half clock tycle required to internatly
synctwonize the ARDY input signal. Connecting SRDY high will aiways
mmmeroadvcondiﬁontomcw. 1f this kine is unused, it should be

| tiod LOW to yield control to the ARDY pin.

brequomdbymeuocKpromlnmcMu'disacbvaMatu
‘ngofuummaucydcusocm.dmmkmrwﬁonfm
the LOCK profix. It remains active until the compietion of that

m.mmmummwtmmmism.

MmexmﬁngmommLocwaucﬁon.Mysmkawe
mmawofmmmmmmmmmwcmm
andthestanq'tmgecond LOCK instruction. LOCK is driven HIGH tor

Qg

b 3424

000

information:

smbo Bus Cycie Status information

81 Bus Cycle initisted

Interrupt Acknowledge
Read /0
Write I/0

Hatt

instruction Fetch

Read Data from Memory
Write Data to Memory
Passive (no bus cycle)

wassococol¥
_Aoaodo-so g

—‘—‘OO—*-‘OO

The status pins float during HOLD

53 may be used as a logical M/I0 indicator, and 5T as a DT/R
indicator.
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Table 1. 80186 Pin Description {Continued)
Symbol :’: Type Name and Function
A19/S6 65 (o] Address Bus Outputs (16-19) and Bus Cycle Status (3-6) indicate the four
A18/85 66 (o) most significant address bits during Ty, These signals are active HIGH. During
A17/54 67 0 Ta, T3, Tw, and T, the S6 pin is LOW 1o indicate a CPU-initiated bus cycle or

A16/83 88 (o] HIGH o indicate & DMA-inttiated bus cycle. During the same T-states, 53, S4,
’ andSSarammLow.Thestampk\sﬁoatdfggbusHOLDovﬂESET.

AD15 1t | VO Addreu/Dcu&.(OdS)signdtmhmoﬁmemuIﬁplexadmmrya
AD14 371 1O | 1/0 address (T;) and data (T2, T3, Ty, and T4) bus. The bus is active HIGH.
AD13 5 170 thamboowbmbmmmmmodlubm.plnaD-,Wough%
AD12 7 170 ltisLOdehgT.-h-nlbytaistobennsin.domomelowwponmnof
AD11 10 1/0 | the bus in memory or I/0 operations.

AD10 12 170

AD9 14 170

AD8 16 o)

AD? 2 170

ADS 4 o

AD5 6 170

ADd4 8 170

AD3 11 170

AD2 13 7o

AD1 15 170

ADO 17 170

BHE/S7 |6 | O Durinﬁ“hmonHgﬁEnablemmabeusedtodowmei(data,isto
0 |0 . A o dot :

LOWdaﬁngTﬂorn‘d‘mmmmmwm 3dge cycles when a byte
lstobetransfotrqdontfwhigh«Mudmom'rhes-,mtus_informﬁonis
available during T, T3, and T,. S, is logically equivaient to BHE. BHE/S7

floats during HOLD.
BHE and A0 Encodings
BAE | Ao Funct
Vaive | Vaiue
0 0 Word Trangter
0 1 ByteTmnsfaonumhah‘ofdaubus(ms-Da)
1 0 Byte Transter on lower half of dats bus (D7~ Dy)
] 1 Reserved :

"ALE/GB0 | 81 |0 T Address Latoh Enabie/Ousue Siatus O is provided by the 50186 1o fatch the
m.m;ummm,mu-mmmbouwmm
adge . The ALE rising Is generated o the rising edge of

mecmowmummmmmmcycb.eﬁm‘

one-haﬂdod:cydeeuﬁrmmmm.mnmngedgeisgenemedon
the CLKOUT rising edge in T, as in the 8086. Note that ALE is never fioated.

WH/Qs1 | e3 0 Write Strobe/Queus Staius 1 indicates that the data on the bus is to be written

mtolmumamvom.mbmhﬂg.n.mdTwounywm

eych.nmeOW.mﬂoaM\gHOLD.WhenmesowSisInquem
status mode, the ALE/QS0 and WH/QS1 pins provide information about

Processor/ instruction queus interaction.

Qst | Qso o Queue Operation
o o No queue opatation
0 1. mmmwmmmm
1 1 Nt byte fetchied from the queue
1 0 Empty the quoue .
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Tabie 1. 80186 Pin Description (Continued)
’__jlmbol PinNo. | T pe Name and Function
HOLD 50 1 HOLD indicates that another bus master is requesting the iocal bus. The
HLDA 51 O [HOLD input is active HIGH. HOLD may be asynchronous with respect to
the 80186 clock. The BO186 will issue a HLDA (HIGH) in response to a
HOLD request at the end of T4 0r T, Simultaneocus with the issuance of
HLDA, the 80186 wil fioat the local bus and control lines. After HOLD is
detected as being LOW, the 80186 will lower HLDA, Whon the 80188
NGads to run another busg Cycle, it will again drive the local bus and
S control 'E"L
ucs 34 O | Upper Memory Chip Setect fs an active LOW output whenever a
memory reference is made to the defined upper portion (1K-256K
block) of me; - This line is not flcated during bus HOLD. The address
T E'_'Llc_t_tv_ngmp;_%cs is software probrammabie,
cs a3 O | Lower Memory Chip Select is active LOW whenever & memory
referance is made to the defined lower portion (1K~256K) of memory.
This line is not floated during bus HOLD. The address range activating
|4 , TS is sottware programmabile, .
MCS 38 O |Mid-Range Memory Chip Select signals are active LOW when a memory
NEET az O [referance is mads to the dcfi‘mq‘r‘i?ldﬂnae portion of memor
MTS2 36 O [(BK-512K). Thess lines are not floated during bus HOLD, The addregs
MCS3y as O__|ranges activating MCS5-3 are software programmable.
PCSH 25 O | Peripheral Chip Select signals 0~4 are active LOW when a reference is
P 27 O | made to the defined peripheral area (64K byte /0 space). These lines
|PCSs 28 O | are not floated during bus HOLD. The address ranges activating
IPCEy 328 8 ~4 are software programmabie,
PC8E/A1 31 O  |Peripheral Chip Select § or Latched A1 may be programmed to provide
a sixth peripheraf chip select, or 1o provide an internally latched A
| %I The address activating PC35 is softwar ammable
/A1 does not float during bus HOLD., When programmed to
provide latched A1, this Pin wili retain the previously latched value during
PC38/a2 32 O [Peripheral Chip Select 3 or Laiched A2 may be programmed 10 provide
& seventh peripheral chip select, or to Qvide an internally latched A2
ignal. The address range activating F’g&? is software programmable,
/A2 does not float during bus HOLD. When programmed to
: provide latched A2, thig pin wifl retain the Previously latched value during
—_— ___|HOLD.
DT/H 40 0
DER




FUNCTIONAL DESCRIPTION

Introduction

The following Functional Description describes the
base architecture of the 88186. The BO186 is a very
high integration 16-bit microprocessor. it combines
15-20 of the Moet COmMOnN MICTOPIocessor system
components onto one chip while providing twice the
performance of the standerd 8086. The B0186 is ob-
joct code compatibie with the B0S6/8088 microproc-
essors and adde 10 new instrucion types to the
8086/8088 instruction sel.

80186 BASE ARCHITECTURE

The 8088, 8088, 80186, and 83286 family all contain
the same basic set of registers, inssructions, and ad-
dressing modes.

Register Set

The 80186 base architacture has fourteen regisiers
as shown in Figures 3a and 3b. These registers are
grouped into the foliowing catagores.

General Registers '

Eight 18-bit genural purpose registers may be used
for arthmetic and logicsl operanis. Four of these
(AX, BX, CX, and DX) can be used as 16-bit registers

msplnmwpmamoq—bﬂmg&stm.

Ssgmaent Reglsters

Four 16-bit special purpose regisiers select, at any
given tme, the segments of memory that are imme-
diately addressable for code, stack, and data. (For
usage, refer to Memory Organization.)

- Base and Index Reglsters

Four of the general purpose registers may aiso be
used to determine offset addresses of operands in
memory. Thase registars may contain base address-
@8 or indexes to particular locations within a seg-
ment. The addressing mode selects the specific reg-
isters for operand and address calkulations.

Status and Control Registers

Two 16-bit spacial purpose registers record or alter
certain aspects of the 80188 processor state. These
are the instruction Pointer Register, which contains
the offset address of the naxt sequential instruction
to be executed, and the Status Word Register, which
contains siatus and conirol flag bits (see Figures 3a
and 3b).

Status Word Description

The Status Word records specific charactenstcs of
the resuft of togical and arithmetic instructions (bits
0, 2, 4, 6, 7, and 11) and controis the operation of
the 80186 within a given operating mode (bits 8, 8,
‘and 10). The Status Word Segister is 16-bits wide.
The tunction of the Statis Word bits is shown in
Table 2.

SPECIAL
REGISTER

MULTIPLY /ONVDE
| VONSTRUCTIONS

vlelel2

RipIR IR

BASE REGISTERS |

| INDEX REGISTERS

| STACK PONTRR

t LOOP/SHIFT/IREPEAT COUNT

cs CODE SEGMENT SELECTOR
os DATA SEGMENT SELECTOR
86 STACK SEGMENT SELECTOR
3 EXTRA SEGMENT SELECTOR

SEGMENT REGISTERS

8 ]

¥ STATUS WORD
w WETRUCTION FOINTER

STATUS AND CONTROL

REGISTENS

A 1

Flcuri 3a. 80186 Register S.t



i S L v et o, PR

LY} Av.

—
STATUS FLAGE
Canmy
sty
MTXLIANY Cadmry
o -
ovion
18 . 7 ln » ] . 4 L] . ¥ 2 i [
ererve wone: (Y = T T o T Lo T B T R 2
l CONTRC, FLAGS:
. s TRAP FLAG
DWMICTIION PLAG
ALLY s messmves / 2104514
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Table 2. Status Word Bit Functions : |nstn‘£cuon Set
P Bt Name Function The instruction set is divided into seven categories:
Osition data transfer, arithmetic, shift/rotate/logical, string

0 CF | Carry Flag—Set on high-order manipulation, control transter, high-level instruc-
bit carry or borrow; c.iega,-ed tions, and processor control. These categories are
otherwise summarized in Figure 4.

2 PF | Parity Flag—Sat if low-order 8 An 80186 instruction can reference anywhere from
bits of result contain an even 210 10 several operands. An operand can reside in
fumber of 1-bits; cleared a register, in the instruction itsel, or in memory. Spe-
otherwise cific operand addressing modes are discussed later

4 AF Set on carry from or borrow to in this data sheet.
the low order four bits of AL;

— % Stherw Memory Organization

€ ZF | Zero Flag—Set if result is zero; yore

Cleared otherwise 1 Memory is organized in sets of sagments. Each seg-

: . ment is a linear contiguous sequence of up to 64K

7 SF | Sign ﬁmﬁg}' to 2:839 (2'6) 8-bit bytes. Memory is addressed using a two-
by ”“n tve) positive, component address (a pointer) that consists of a 16-

noga bit base segment and a 16-bit offset. The 16-bit

8 TF SingoosmpFlag-—omaset, a base values are contained in one of four intemal
single step interrupt occurs segment register (code, data, stack, extra). The
after tha next instruction physical address is calculated by shifting the base
executes. TF is cleared by the valueLEFTbyfourbimandaddingthew;bitomet
single step internupt. , ;alue 1o yield a 20-bit physicai address (see Figure

9 E fy : Flag—When ). This aliows for a 1 MByte physical address size.
9ot maskable interrupts will All instructions that address operands in
mﬁw CPU to transter must specify the base segment and the 16-bit offset

" b';’;ago‘:mpt vector value. For speed and compact instruction encoding,
Specified : the segment register used for physical address gen-

10 DF | Direction Flag—Causes string eration is implied by the addressing mode used (see
instructions to auto decrement Table 3). These rules follow the way programs are
the appropriate index register written (see Figure 6) as independent modules that
when get. Clearing DF causes require areas for code and data, a stack, and access
auto increment, to external data areas.

" OF | Overfiow Flag—Set i the Special segment override instruction prefixes allow
signed resutt cannot be the implicit segment register selection rules o be
m&mﬂﬁmw overridden for special cases. The stack, data, and

; t incide f{ ] N
operand: cleared otherwis_e extra segments may coincide for simple programs



GENERAL PURPOSE MOVS Move byw or word sthng i
MOV m:::aw:‘d ~NS Input bytes or word stnng "*’;
PUSH onto sy '
ouTS Output word —
POP Pop word off stack P'aps comp.:‘::omordm ._..f
" PUSHA Push ol registors on stack — _
POPA Pop ol registers from sieck f’“s Tantym o ’!!!.!m -
XCHG Exchange byss or word ' 1008 Load bye o wox? * —
XLAT Transigio byte T STOS Store byte or word siring ‘“"
MPUT/OUTPUT L. Repest .
N tnput byte or woed | PEPE/REPE Fopeat wtde eual/oe™s —
ot Dugpsbypecrword | PGPNE/REPNZ | Repestwhie noteq/mitig,
ADOREDS OBJECT L ___LoaicAls .
A Load affective address Mot “Not” byle or word -
DS Load poioter using DS . “Aod” bybe of woxd -
e rp—y s i oR “ciusive 0" byte or word 4
poirter using €3 ¥OR “Exchusive or” byw or word ™
‘ FLAGTRAMSFER TesT “Teat” byte or word B
LAHE wmg—mleL_i; _ T SWIFTS —t
SALF ~guore A repuasc i fog | " gra7eAL | Bh gcal/ bl LDy o sy,
PUSHE " Push fiags onto stack i~ S logioal right byws or word -
POPF man-w [ SAR | Swnemmeticngiubyie of WO 3
ali ROTATES ]
o mmam | ROl Tiotate lefi byt or word o~
ADC AGQ byte of word Wil caTy —{ [_noR Fotgte right byte or word "'H
NG increment byts or word by § LT Potele Srough carry Bfl OIS of w7 |
v ey . o i ACR Rotase through camy nght byte o0 w4
e ASCHl st :"'" 1 FLAG OPERATIONE -;
- : : : E'm" ‘ gTC Set cany flag 3
) Sublract bytw or word ac Cloar cany 129 J
se8 Sulzact byte o word with borTow ouc | Complementcary®e) ) |
R —rormort byle or word by 1 ST Set direction flag 24
o mam [-T:) Cloa disacionfing _ 1
oM mmam an fot i
Y ror : cu Cloer intomuptonablo fing
TOAS -m@um EXTERNAL SYNOH o
Hll- TON * LA Hadt ustl intermupt or reest k
~ or won wraigned WAIT Walt for TEST pin actve ;
T wo | ot word . Escape to extension OO
T ™ o LOCK | . Lock bus during next ins¥ruction
— “’cm" """ e MO OPERATION
BV Divide byts or word ureigned T Y T —
oy , e byt & word HIGH LEVEL INSTRUCTIONS
NAD 5C for it ENTER Forraat stack for proceduse entry
caw Gorwert byta to word v LEAVE | Restors stack 1r -
WD word 10 & vord BOUND | Detects vaiues outnde preacribed ey
' Figure 4. 80388 inetruction Set




CONDITIONAL TRANSFERS Jo Jumg it overfow B
JA/JINBE Jump ff above/not below nor equal JP/JSPE Jump o parcy/panty even ﬁt ;
JAE/JNB Jump it above or equal/not below JS Jumg if sign
JB/INAE Jump it below/not above nor oqual UNCONDITIONAL TRANSFERS
"JBE/JNA Jump # below or aquai/not above CALL Call procedure '
JC Jump i carry RET Return from procedure J
JE/JZ Jump'of equal/zero JMP Jump i
JG/INLE Jump i greater/not less nor equat ITERATION CONTROLS
JGE/JINL Jump f greater or equel/not less LOOP Loop
JL/INGE Jump i fesa/not greeter nor equel LOOPE/LOOPZ Loop # equmi/ zero0
JLE/ING Jump i iess or equal/not greater LOOPNE/LOOPNZ Loop # not equai/not zero )
JINC Jume i not carry JOXZ Jump if regmter CX = 0 |
JINE/INZ Jumgs # nol equsl/not rero INTERRUPTS —
JNO Jump ¥ not avertiow INT Interrupt i
JNP/IPD Jump ¥ not pasity/ panty odd INTO Intermupt it overfiow ]
JNS Jump # not sign IRET Interrupt retum :
Figure 4. 80186 Instruction Set (Continued)
Tonmummmﬂmmnmmsminomouhe —
four immediately available segments, a full 32-bit ! K
poimercanbeuaedtotebadbommebase(seg~
" MODILE A Gove
DATA
3 1
0GiC, 1 ]
. L
NOOuLE B
- TATA 1 Cobe
4 ! oaTA
2104515 ! ! STACK
— - PROCESS
Figure 5. Two Component Address Stace hakion ‘
APQRTERS !
Tabie 3. Segment Rogister Selection Rules : H
Memory | Segment Imphicit Segmen
Neterence t
Novday ":,':;" Selection Ruls v
lnstructions | Code (CS) | Instruction prefetch and : !
_ inirediate data. !
Stack Stack (SS) { All stack pushes and e
A POpSE; any marhory "OOK ¥
relarances whch use BP
; ]
Ragmh.r as & base . Jl
Extomal | Extra ES) | A sining instruction o 2101 |
(D.h teferances which use !
) m‘zl fegisier as an Figure 6. Segmented Memory Heips
Lacal Data | Data (DS) | All othver data referonces, Structure Software
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PROGRAMMABLE KEYBOARD/DISPLAY INTERFACE

m Simultaneous Keyboard Display m Single 16-Character Display
Operations . m Right or Left Entry 16-Byte Display
® Scanned Keyboard Mode RAM. .
m Scanned Sensor Mode B Mode Programmable from CPU
. . r
B Strobed Input Entry Mode ® Programmable Scan Timing
m 8-Character Keyboard FIFO ® Interrupt Output on Key Entry
® 2-Key Lockout or N-Key Roliover with N Avallable in EXPRESS
Contact Debounce _ . =——Standard Temperature Range

m Dual 8- or 16-Numerical Display ~- Extended Temperature Range

The Intel® 8279 is a general putbose programmable keyboard and display 1/0 interface device designed for
use with intel® microprocessors. The keyboard portion can provide a scanned interface to a 84-contact key
matrix. The keyboard Porﬁoq will also interface to an array of sensors or a strobed interface keyboard, such as

The display portion provides a scanned display interface for LED, incandescent, and other popular display

68. Both numeric and alphanumeric segment displays may be used as well as simple indicators. The
8279 has 16x8 display RAM which can be organized into dual 16x4. The RAM can be loaded or interrogated
by the CPU. Both right entry, calculator and left entry typewriter display formats are possible. Both read and
write of the display RAM can be done with-auto-increment of the display RAM address.
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Figure 1. Logic Symbol
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HARDWARE DESCRIPTION
The 8279 is packaged in a 40 pin DIP. The following is a functional description of each pin.

Table 1. Pin Description

Symbol

Pin
No.

Name and Function

DBy-DB7

19~12

BI-DIRECTIONAL DATA BUS: All data and commands between the CPU
and the 8279 are transmitted on these lines.

CLK

3

CLOCK: Clock from system used to generate internal timing.

RESET

9

1 RESET: A high signél on this pin resets the 8279. After being reset the 8279 is
placed in the following mode:

1) 16 8-bit character display—left entry.
2) Encoded scan keyboard—2 key lockout.
Along with this the program clock prescaler is set to 31.

22

CHIP SELECT: A low on this pin enables the interface functions to receive or

transmit.

21

BUFFER ADDRESS: A high on this line indicates the signals in or out are
interpreted as a command or status. A low indicates that they are data.

T 10-11

INPUT/OUTPUT READ AND WRITE: These signals enable the data buffers
1o either send data to the external bus or receive it from the external bus:

INTERRUPT REQUEST: In a keyboard mode, the interrupt line is high when
there is data in the FIFO/Sensor RAM. The interrupt line goes low with each
FIFO/Sensor RAM read and returns high if there is still information in the

RAM. In a sensor mode, the interrupt line goes high whenever a change in a

1 sensor is detected.

VSS- Vee

20, 40

GROUND AND POWER SUPPLY PRINS.

Slo-sla.

32-35

| SCAN-LINES: Scan lines which are used to scan the key switch or sensor

matrix and the display digits. These lines can be either encoded (1 of 16) or
decoded (1 of 4).

AlLo-RLy

38, 39,
1,2,5-8

RETURN LINE: Return line inputs which are connected to the scan lines
through the keys or sensor switches. They have active internal pullups to
keep them high until a switch closure pulls one low. They also serve as an 8-
bit input in the Strobed Input mode.

SHIFT

36

SHIFT: The shift input status is ’stored along with the key position on key
closure in the Scanned Keyboard modes. It has an active internal pullup to
keep it high until a switch closure pulls it low.

LJONTL/STB

CONTROL/STROBED INPUT MODE: For keyboard modes this line is used
as a-controlinput.and stored like status on a key closure. The line is also the
strobe line that enters the data into the FIFO in the Strobed Input mode.

(Rising Edge). It has an active internal pullup to keep it high until a switch
closure pulls it low.

| .27-24..

31-28

QUTPUTS. Thesa two ports are the outputs for tha 16 x.4 display refresh .
registers. The ‘data from these outputs Is synchronized to the scan lines (SLo-
SL3) for multiplexed digit displays. The two 4 bit ports'may be blanked.
independently. These two ports may also’ be ‘considered as one 8-bit port.

,;v._

23

BLANK DISPLAY: This output is used to biank the display during digit
switching or by a display blanking command.

LI Y

6-135
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_m Improved Timing Characteristics

intel

: 8255A/8255A-5 |
PROGRAMMABLE PERIPHERAL INTERFACE
m MCS-85™ Compatible 8255A-5 m Direct Bit Set/Reset Capability Easing
m 24 Programmable 1/0 Pins Control Application Interface
m Completely TTL Compatible m Reduces System Package Count
m Fully Compatible with Intel m improved DC Driving Capability
Microprocessor Families m Available in EXPRESS

-~ Standard Temperature Range '’
— Extended Temperature Range

m 40 Pin DIP Package or 44 Lead PLCC
(See Intel Packaging: Order Number. 231368)
The Intel 8255A is a general purpose programmable 1/0 device designed for use with Intel microprocessors. it
has 24 1/0 pins which may be individually programmed in 2 groups of 12 and used in 3 major modes of
operation. in the first mode (MODE 0), each group of 12 1/0 pins may be programmed in sets of 4 to be input
or output. In MODE 1, the second mode, each group may be programmed to have 8 lines of input or output. Ot

" the remaining 4 pins, 3 are used for handshaking and interrupt control signals. The third mode of operation

(MODE 2) is a bidirectional bus mode which uses 8 lines for a bidirectional bus, and 5 lines, borrowing one
from the other group, for handshaking.
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Figure 1. 8255A Block Diagram
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Figure 4. 8225A Block Diagram Showing Group A and Group B Control Functions

Pin Names
D7-Dg Data Bus (Bi-Directional)
RESET Reset Input
ol Chip Select
e _RAD -..Read Input
WHR Write Input
A0, A1 Port Address
PA7-PAO Port A (BIT)
PB7-PBO Port B (BIT)
PC7~-PCO Port C (BIT)
Voo + 5 Volits
GND 0 Volts
231308-5

PR T
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CAPACITANCE T, = 25°C,Vec = GND = 0V

Symbol ~ Parameter Min Typ Max Unit Test Conditions
Cin input Capacitance 10 pF fe = 1 MHz(9)
Cyo 1/0 Capacitance 20 pF Unmeasured pins returned to GND(4)

A.C. CHARACTERISTICS To = 0°Cto 70°C, Vi~ = +5V +£10%, GND = 0V*

Bus Parameters
READ
Symbol Parameter 82554 8255A-5 Unit
Min Max Min Max
tAR Address Stable before READ 0 0 ns
tRA “ Address Stable after READ 0 0 ns
taR READ Pulse Width 300 300 ns
tRD Data Valid from READ(1) 250 200 ns
tofF Data Float after READ 10 150 10 100 ns
Ry Time between READs and/or WRITESs 850 850 ns
WRITE _
8255A 8255A-5
Symbol Parameter in —— Py Yo Unit
taw Address Stable before WRITE 0 0 ns
WA Address Stable after WRITE 20 20 ns
tww WRITE Pulse Width 400 300 ns
tow Data Valid to WRITE (T.E.) 100 100 ns
twD Data Valid after WRITE 30 30 ns
OTHER TIMINGS .
Symbol Parameter = . 8255A 8255A-5 Unit - -
Min Max Min Max .
twe WR = 1 to Output(!) 350 350 ns
1 tg Peripheral Data before RD 0 : 0 | ns
iR Peripheral Data after RD 0 0 ns
tax ACK Pulse Width ‘ 300 300 ns
tsT STB Puise Width 500 500 ns
tpg Per. Data before T.E. of STB 0 0 - ns
tpH Per. Data after T.E. of STB 180 180 ns
tAD ACK = 0 to Output() 300 300 ns
KD ACK = 1 to Output Float 20 250 20 250 ns

Ty R
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A.C. CHARACTERISTICS (Continued)

OTHER TIMINGS (Continued)

Symbol  Parameter 8255A 8255A-5 Unit
* Min Max Min Max
twoe WR = 1to OBF = 0(1) 650 650 ns
taoB ACK = 0to OBF = 1(1) 350 350 ns
tsis STB = 010 IBF = 1(1) 300 300 ns
tais RD = 1to IBF = O(1) 300 300 ns
RIT I RD = 0toINTR = 0(1) 400 400 ns
tgit ' STB = 110 INTR = 1() 300 300 ns
taiT ACK = 1to INTR = 11 350 350 ns
twit ~ WR = 0to INTR = 0(1.3) 850 850 ns
NOTES:

1. Test Conditions: Ci = 150 pF.

2. Period of Reset pulse must be at least 50 us during or after power on. Subsequent Reset pulse can be 500 ns min.

“3,INTR'T may occur es early as WH | .
. 4. Sampled, not 100% tested.

'A.C. TESTING INPUT, OUTPUT WAVEFORM

| *For Extended Temperature EXPRESS, use M8.:55A electrical parameters.

A.C. TESTING LOAD CIRCUIT

Input/Output

24
2.0 240
> TEST POINTS < C, - 150 pF
08 ) 0.8
0.43

231308-50
A.C. Testing: Inputs are driven at 2.4V for a Logic “1" and 0.45V
for a Logic "0". Timing measurements are made at 2.0V for a
Logic 1" and 0.8V for a Logic “0".

DEVICE
UNDER
TEST

W\/————O Vex1*

;_JECL = 180 pF

231308-51

*VexT is set at various voltages during testing to guarantee the
specification. C includes jig capacitance:

6-83
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PROGRAMMABLE COMMUNICATION INTERFACE

wr

q gynchronous and Asynchronous m Asynchronous Baud Rate—DC to
* operation 19.2K Baud
. Synchronous 5-8 Bit Characters; m Full-Duplex, Double-Buffered
s internal or External Character Transmitter and Receiver
~> gynchronization; Automatic Sync m Error Detection—Parity, Overrun and
. Ingertion Framing
® Asynchronous 5-8 Bit Characters; s Compatible with an Extended Range
'« Clock Rate—1, 16 or 64 Times Baud of Intel Microprocessors
. Rate; Break Character Gengratiosnl; ® 28-Pin DIP Package
5 1, 1%, or 2 Stop Bits; False Start Bit
Detection; Automatic Break Detect - ég::;‘iz;"d Outputs are TTL
; and Handling ® Available in EXPRESS
| . Synchronous Baud Rate—DC to — Standard Temperature Range
84K Baud —Extended Temperature Range

The Intel® B251A is the enhanced version of the industry standard, Intel 8251 Universal Synchronous/
Asynchronous Receiver/Transmitter (USART), designed for data communications with Intel’'s microprocessor
families such as MCS-48. 80, 85, and iAPX-86, 88. The 8251A is used as a peripheral device and is programmed
by the CPU to operate using virtually any serial data transmission techinique presently in use (including IBM
“bi-sync"). The USART accepts data characters from the CPU in paraliel format and then converts them into a
continuous serial data stream for transmission. Simultaneously, it can receive serial data streams and convert
them into parallel data characters for the CPU. The USARTwill signal the CPU whenever it can accept a new
character for transmission or whenaver it has received a character for the CPU. The CPU can read the
complete status of the USARTat any time. These include data transmission errors and control signals such as
SYNDET TxEMPTY. The chip is fabricated using N-channel silicon gate technology.
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8251A

FEATURES AND ENHANCEMENTS

The 8251A is an advanced design of the industry
standard USART, the Intel® 8251. The 8251A
operates with an extended range of Intel
microprocessors and maintains compatibility with
the 8251. Familiarization time is minimal because ot
compatibility and involves only knowing the addi-
tional features and enhancements, and reviewing
the AC and DC specifications of the 8251A.

The 8251A incorporates all the key features of the
8251 and has the foliowing add:tional features and

enhancements:
1

¢ 8251A has doubie-buftered data paths with sepa-
rate /O registers for control, status, Data in, and
Data Out, which considerably simplifies control
programming and minimizes CPU overhead.

* In asynchronous operations, the Receiver detects
and handles "break” automatically. relieving the
CPU of this task.

e A retined Rx initialization prevents the Receiver
from starting when in “break” state. preventing
unwanted interrupts from a disconnected USART.

e At the conclusion of a transmission, TxD line will
always return to the marking state unless SBRK is
programmed.

¢ Tx Enable logic enhancement prevents a Tx Dis-
able command from haiting transmission until ail
data previously written has been transmitted. The
logic also prevents the transmitter from turning
off in the middle of a word.

s When External Sync Detect is programmed, inter-
natl Sync Detect is disabled, and an External Sync
Detect status is provided via a flip-flop which
.clears itself upon a status read.

» Possibility of false sync detect is minimized by
ensuring that if double character sync is program-
med, the characters be contiguously detected and
also by clearing the Rx register to all ones
whenever Enter Hunt command is issued in Sync
mode.

As long as the 8251A is not selected, the RD and
WR do not affect the internal operation of the
device.

The 8251A Status can be read at any time but the
status update will be inhibited during status read.

The 8251A is free from extraneous glitches and
has enhanced AC and DC characteristics, provid-
ing higher speed and better operating margins.

' Synchionous Baud rate from DC to 64K,

7-158

FUNCTIONAL DESCRIPTION

General

The 8251A is a Universal Synchronous/Asynchro-
nous Receiver/Transmitter designed for a wide
range of Intel microcomputers such as 8048, 8080,
8085, 8086 and 8088. Like other /O davices in a
microcomputer system, its functional contiguration
is programmed by the system’s software for maxi-
mum flexibility. The B251A can support most serial
data techniques in use, including IBM "bi-sync.”

in a communication environment an interface
device must convert paraliel format system data into
serial format for transmission and convert incoming
serial format data into parallel system data for recep-
tion. The interface device must also delete or insert
bits or characters that are functionally unique to the
communication technique. In essence, the interface
should appear “transparent” to the CPU, a simple
input or output of byte-oriented system data.

Data Bus Buffer

This 3-state, bidirectional, 8-bit buffer is used to in-
terface the 8251A to the system Data Bus. Data is
transmitted or received by the buffer upon execution
of INput or OUTput instructions of the CPU. Control
words, Command words and Status information are
also transferred through the Data Bus Buffer. The
Command Status, Data-in and Data-Out registers
are separate, 8-bit registers communig¢ating with the
system bus through the Data Bus Bufter. "t

This functional block accepts inputs from the system
Control bus and generates control signals for overali
device operation. It contains the Control Word Reg-
ister and Command Word Register that store the
various control tormats for the device functional
definition.

RESET (Reset)

A “high” on this input forces the 8251A into an “Idle”
mode. The device will remain at “Idle” until a new set
of control words is written into the 8251A to program
its functional definition. Minimum RESET pulse
width is 6 toy (clock must be running).

A command reset operation also puts the device into
the “idie” state.

AFN-QI18730
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B LK (Clock)

» CLK input is used to generate internal device
ing and is normally confiected to the Phase 2

X (Write)

#3 “low” on this input informs the 8251A that the CPU
.is reading data or status information from the 8251A.

IR
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3. 8251A Biock Diagram Showing Deta

Bus Buffer and Read/Write Logic
Functions
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DATA BUS = J-STATE

C/D (Control/Data)

This input, in conjunction with the WR and RD in-
pu‘s, informs the B251A that the word on the Data
Bus is @ither a data character, control word or status
information.

1 = CONTROL/STATUS; 0 = DATA.
CS (Chip Select)

A “low" on this input selects the 8251A. No reading or
writing ‘will occur unless the device is selected.
When CSis high, the Data Bus is in the float state and
RD and WR have no effect on the chip.

Modem Control

The 8251A has a set of control inputs and outputs
that can be used to simplify the interface to aimost
any modem. The modem contro} signals are general
purpose in nature and can be used for functions
other than modem control, if necessary.

D3R (Data Set Ready) ,
The DSR input signal is a general-purpose, 1-bit in-
verting input port. its condition can be tested by the
CPU using a Status Read operation. The DSR input

-.i8 normally used to test modem conditions such as

Data Set Ready.

DTR (Data Terminal Ready) r
» ce

The DTR output signal is a general-purpose, 1-bit
inverting output port. It can be sét "low” by pro-
gramming the appropriate bit in thd Command In-
struction word. The DTR output signal is normally
used for modem control such as Data Terminal
Ready.

RTS (Request to Send)

~ The RTS output signal is & general-purpose, 1-bit

inverting output port. It can be set “low" by pro-
gramming the appro&rrigta bit in the Command In-
struction word. The RTS output signal is normally
used for modem control such as Request to Send.

CT8 (Clear to Send)

A "low"” on thig input enables the 8251A to transmit
serial data if the Tx Enable bit in the Command byte
is set to & “one.” If either & Tx Enable off or CTS oft
condition occurs while the Tx is in operation, the Tx
will transmit all the data In the USART, written prior
to Tx Disable command before shutting down,

APN-ONSTIO
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8251A

Transmitter Buffer

The Transmitter Buffer accepts parallel data from the
Data Bus Buffer, converts it to a serial bit stream,
inserts the appropriate characters or bits (based on
the communication technique) and outputs a com-
posite serial stream of data on the TxD output pin on
the falling edge of TxC. The transmitter will begin
transmission upon being enabled if CTS = 0. The
TxD line will be held in the marking state immedi-
ately upon a master Reset or when Tx Enable or CTS
is off or the transmitter is empty.

Transmitter Control
The Transmitter Control manages all activities asso-

ciated with the transmission of serial data. It accepts
and issues signals both externally and internally to

- aceomplish this function.

TxRDY (Transmitter Ready)

This output signals the CPU that the transmitter is
ready to accept a data character. The TxRDY output
pin can be used as an interrupt to the system, since it
is masked by TxEnable; or, for Polled operation, the
CPU can check TxRDY using a Status Read opera-
tion. TxRDY is automatically reset by the leading
edge ot WR when a data character is loaded from
the CPU.

Note that when using the Polled operation, the
TxRDY status bit is not masked by TxEnable, but will
only indicate the Empty/Full Status of the Tx Data
input Register.

TxE (Transmitter Empty)

When the 8251A has no characters to send, the
TXEMPTY output will go “high.” it resets upon recelv-
ing a‘character trom CPU if the transmitter is en-
abled. TXEMPTY remains high when the transmitter
is disabled. TXEMPTY can be used to indicate the
end of atransmission mode, 80 that the CPU "knows"
when 10 “turn the line around” in the half-duplex
operational mode. :

In the Synchronous modse, a “high” on' this output’
indicates that a charscter has hot been loaded and
the SYNC charsoter or characters are about to be or
-are” beirig trarismitted automatically as “fillers.”

$6ut.”
L W Tre O RN L
Mas i

BT ST s y G
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go low when the SYNC charac. .
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Figure 4. 8251A Block Diagram Showing Modem
and Transmitter Buffer and Contro!
Functions

INTERNAL
DATA BUS

TxC (Transmitter Clock)
{

The Transmitter Clock controls the rate at which the
character is to be transmitted. In the Synchronous
transmission mode, the Baud Rate (1x) is equal to
the TxC frequency. In Asynchronous trangmission
mode, the baud rate is a fraction of the actual TxC
frequency. A portion of the mode instruction selects
this factor; it can be 1, 1/16 or 1/64 the TxC.

For Example:

if Baud Rate equals 110 Baud,

TXC equals 110 Hz inr the 1x mode.
TxC equals 1.72 kHz in the 16x mode.
TxC equals 7.04 kHz in the 64x mode.

The falling edge of TXC shifts the serial data out of
the B251A.

Recelver Butfer

The Receiver accepts serial data, converts this serial
input to paraliel format, checks for bits or characters
that are unique to the communication technique
and sends an “assembled” character to tha CPU.
Serlal data (s Input to RxD pin, and is clocked In o

the rising edge of AxC. . .



* 8251A

eceiver Control

is functional block manages all receiver-related
; ﬂvines which consnsts of the following features.

3 'he RxD initialization circuit prevents the 8251A
from mistaking an unused input line for an active
*low data line in the "break condition.” Before
\starting to receive serial characters on the RxD
; ~Ih'te. a valid “1” must first be detectad after a chip
' master Reset. Once this has been determined, a
‘search for a valid low (Start bit) is enabled. This
feature is only active in the asynchronous mode,
f'and is only done once for each master Reset.

,'The False Start bit detection circuit prevents false
Jatarts due to a transient noise spike by first detect-
Ting the falling edge and then strobing the nominal
¢ center of the Start bit (RxD = low).

gt Parity error detection sets the cofresponding
1‘ status bit.

; ﬁfh The Frarming Error status bit is set if the Stop bitis
b .,nbsem at the end of the data byte (asynchronous

This output indicates that the 8251A contains a char-
cter that is ready to be input to the CPU. RxRDY can

for pollad operation, the CPU can check the con-
vtlon ot RXRDY using a Status Read operation.

mbh. when off, holds RxRDY in the Reset Con-
5, Eor Asynchronous mode, to set RxRDY, the
lver must be enabled to sense a Start Bitand a
oté charscter must be asséembled and trane-
,to the Data Output Register. For Synchronous
, 10 set RxRDY, the Receiver must be enabled
& character must finish assembly and be trans-
: “‘to the Data Output Register.

/% 10 read the received character from the Rx
Regiater prior to the assembly of the

f the previous character will be written over

£'if-the Rx Data is being read by the CPU
ernal tranater is occurring, overrun er-

the old charactar'wilt be lost.

. ad to the interrupt structure of the CPU

sta. character will set overrun condition’

RxC (Recelver Clock)

The Receiver Clock controls the rate at which the
character is to be received. in Synchronous Mods,
the Baud Rate (1x) is equal to the actual frequency of
AxC. In Asynchronous Mode, the Baud Rate is a
fracticn of the actual RxC frequency. A portion of
the mode instruction selects this factor: 1, 1/16 or
1/64 the RxC.

For example.

Baud Rate equals 300 Baud, it

RxC equals 300 Hz in the 1x mode;
BAxC equals 4800 Hz in the 16x mode;
RxC equals 19.2 kHz in the 64x mode.

Baud Rate equals 2400 Baud, if

FxC equals 2400 Hz in the 1x mode;
RxC equals 38.4 kHz in the 16x mode;
BxC equals 153.6 kHz in the 64x mode.

Data is sampled into the 8251A on the rising edge of
AxC.

NOTE: ih most communications systems, the 8251A
will be handling both the transmission and reception
operations of a single link. Consequently, the
Receive and Transmit Baud Rates will be the same.
Both TxC and AxC will require identical frequencies
for this operation and can be tied together and con-

nected to a single frequency source (Baud Rate - -

Generator) to simplify the interface. .

-
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Recelver Buffer and Controi Functions
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SYNDET (SYNC Detect/
BRKDET Break Detect)

This pin is used in Synchronous Mode for SYN-
DET and may be used as either input or output,
programmable through the Control Word. it is reset
to output mode low upon RESET. When used as an
output (internal Sync mode), the SYNDET pin will go
“high” to indicate that the 8251A has located the
SYNC character in the Receive mode. If the 8251A is
programmed to use double Sync characters (bi-
sync), then SYNDET will go “high” in the middie of
the last bit of the second Sync character. SYNDET is
automatically reset upon a Status Read operation.

When used as an input (external SYNC detect mode),
a positive going signal will cause the B251A to start
assembling data characters on the rising edge of the
next BxC. Once in SYNC, the “high” input signal can
be removed. When External SYNC Detect is pro-
grammed, internal SYNG Detect is disabled.

BREAK (Async Mode Only)

‘This output will go high whenever the receiver

remains low through two consecutive stop bit se-
quences (including the start bits, data bits, and
parity bits). Break Detect may also be read as a
Status bit. It is reset only upon a master chip Reset or
Rx Data returning to a “one"” state.

DETAILED OPERATION DESCRIPTION

General

The complete functional definition of the 8251A is
programmed by the system’s software. A set of con-
trol words must be sent out by the CPU to initialize
the B251A to support the desired communications
format. These control words will program the: BAUD
RATE, CHARACTER LENGTH, NUMBER OF STOP
BITS, SYNCHRONOUS or ASYNCHRONOUS OPER-
ATION, EVEN/ODD/OFF PARITY, etc. In the
Synchronous Mode, options are also provided to
select either internal or external character
synchronization.

Once programmed, the 8251A is ready to perform its
communication functions. The TxRDY output is
raised “high” to signal the CPU that the B251A is
ready to receive a data character from the CPU. This
output (TxRDY) is reset automatically when the CPU
writes a character into the 8251A. On the other hand,
the B251A receives serial data from the MODEM or
I/0O device. Upon _receiving an entire character, the
RAxRDY output is raised “high” to signal the CPU that
the 8251A has a complete character ready for the
CPU to fetch. RxRDY is reset automatically upon the
CPU data read operation. i

The 8251A cannot begin transmission until the Tx
Enable (Transmitter Enable) bit is set in the Com-
mand Instruction and it has received a Clear To Send
(CTS) input. The TxD output will be held in the mark-
ing state upon Reset.

N R, "™ "
1 onbe S XTSRRI
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I l B MODE INSTRUCTION
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EEIGHT DARLINGTONS WITH COMMON
FEMITTERS

JOUTPUT CURRENT TO 500mA

ROUTPUT VOLTAGE TO 50V

HNTEGRAL SUPPRESSION DIODES
FVERSIONS FOR ALL POPULAR LOGIC
EFAMILIES

{OUTPUT CAN BE PARALLELED
f(INPUTS PINNED OPPOSITE OUTPUTS TO
§:SIMPLIFY BOARD LAYOUT

ghe ULN2801A -ULN2805A each contain eight
_@rlington transistors with common emitters and
Btegral suppression diodes for inductive loads,
pach darlington features a peak load current
Mating of 600mMA (500mA_continuous) and can
- fiithstand at least 50V in the off state. Outputs
fhay be paralleled for higher current capability.

:ye versions are available to simplify interfacing
® standard logic families: the ULN2801A is

IGHT DARLINGTON ARRAYS

designed for general purpose applications with a
current limit resistor; the ULN2802A has a
10.5KQ2 input resistor and zener for 14-25v
PMOS; the ULN2B03A has a 2.7KQ input
resistor for 5V TTL and CMOS; the ULN2804A
has a 10.5K{2 input resistor for 6-15V CMOS and
the ULN2BO5A is designed to sink a minimum
of 350mA for standard and Schottky TTL where
higher output current is required. /L

All types are supplied in a 18-lead plastic DIP
with a copper lead from and feature the con-
venient input-opposite-output pinout to simplify
board layout,

DiP-18 Plastic
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ABSOLUTE MAXIMUM RATINGS

Vo - Qutput voltage 50
V, Input voltage for ULN 2802A, 2803A, 2804A 30
for ULN 2805A 15
lc Continuous collector current 500
la Continuous base current 25
Pyot Power dissipation (one Darlington pair) 1.0
(total package) 2.25
Tamb Operating ambient temperature range -20to 85
sty Storage temperature range -55 t0 150
SCHEMATIC DIAGRAMS
For ULN 2801A (each driver For ULN 2B02A (each driver For ULN 2803A (each driver
for PMOS-CMOS) 7 for 14-15V PMOS) for 5V, TTL/CMOS)
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For ULN 2804A (each driver for

For ULN 2805A (each driver for

! 6-15V CMOS/PMOS) high out TTL)
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.',th j-amp ¥ hermal resistance junction-ambient max 55 °C/W

BELECTRICAL CHARACTERISTICS (T,m= 25°C unless otherwise specified)

Parameter . Test conditions Min. Typ. Max. | Unit | Fig.
g t Output teakage current Veeg= 50V 50 uA ia
.| €5 Tos=70°C  Veg= 50V 100 | wA | 1a ;
Tamb= 70°C 3
L for ULN 2802A
¥ : Vegs 5OV V) =6V 500 BA b
£ for ULN 2804A
si . Veg= 50V V=1V 500 uA ib
' | Vcesat) Collector-emitter lc=100mA  Ig =250 uA 0.9 1.1 v
saturation voltage lg = 200 mA lg = 350 uA 1.1 1.3 \% 2
. Ic = 360 mA Ig = 500 uA 1.3 1.6 \
ll(o,,)‘ Input current for ULN 2802A V,; = 17V 0.82 1.25 mA
i for ULN 2803A vV, = 3.85V 0.93 1.35 mA
for ULN 2804A V,; =5V 0.35 0.5 mA 3
. V)= 12V 1 145 | mA
ol - for ULN 280BA V, = 3V 16 24 | ,mA | -
i hotry  Input current " | Tamp=70°C  1c = 500 A 50 65 wA | 4 .
: [Viem  Input voltage for ULN 2802A . : <
¥l Veg= 2V Ic =300 mA 13 Y N e
E‘ s for ULN 2803A ) )
q VCE’ 2v lg= 200 mA . 2.4 v
> VCE' 2V lc = 250 mA 2.7 \"
g —— W)= § 1V I = 300 mA 3 v Loaa
. for ULN 2804A 5
Veg= 2V Ic = 125 mA 5 v
Veg® 2V I¢ = 200 mA 6 v
- Veg™ 2V i " 278 mA 7 v
§ I VCE.‘ 2V lpw 350 mA 8 v
1. for ULN, 2805A , ’
, VeV 1o 300 | 20 | v
H hpe OC torward current gain | for ULN 2601A , T
;- ; Veg® 2V e = 360 mA 1000 - 2
i ¢ Input capeeitance V T 18 % | pF | =
1 tpLm Turn=on delay time 05 V,100.6V, 0.28 I8 1 ,‘. -
tprL Turn-of delay tima 0.6V, 10 0.6V, 0.26 1 us -
In Clamnp diode laskage Vi« 50V ' 50 uA
. current A Tamb™ 70°C Vg =60V 100 | ua | &
Vg Clamp diode forward g = 360 mA 1.7 2 v 7
b voltage : .

AA1



TEST CIRCUITS

Fig. 1a OPEN  VeE Fig. 1b OPEN  Veg
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Fig. 8 - Collector current as
a function of saturation

voltage ..
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Fig. 11 - Peak collector cur-
rent as a function of duty
cytle

Fig. 9 - Collector current as
a function of input current
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Fig. 12 - Peak collector cur-
rent as a function of duty
cycle
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Fig. 14 - Input current as a
function of input voltage

i, (for ULN 2804A)
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Fig. 15 - Input current as a
function of input voitage

Fig. 10 - Aliowable average

power dissipation as a func-

tion of ambient tempeﬂrature
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Fig. 13 - Input current as a
tunction of input voltage
{for ULN 2802A)
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Fig. 16 - Input current as a
function of input voltage

{for ULN 2803A) wan {for ULN 2805A)
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