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Palestine Polytechnic University
Abstract

PC Controlled Alarm System

By
Raef Mashaaleh
Naser Shlaldeh

Bassam Kawasmah

Supervisor

Eng. Abdallah Arman

Our project is a PC controlled alarm system for heat and smoke. The system is mainly
depends on a set of smoke and heat sensors located in different locations in a building
(for example, 2 sensor at each room or floor). The system checks the status of the
sensors continuously, and check for alarm conditions, if any alarm condition is
detected the system give an audible and flasher alarm to indicate that there is a
problem, also it includes a complete software that display the location and the degree

of the alarm on the computer screen.
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Chapter One Introduction

Introduction

1.1General Idea About the Project and its Importance

The computer revolution has changed manufacturing! There are many factories,
working non-stop, where humans are called in only when repairs are necessary.
The world's largest manufacturers have installed Computer Integrated
Manufacturing (CIM) systems to schedule, track, and even to perform
production tasks. Some manufacturers have their computers connected via Wide
Area Networks so that they receive daily data updates from other corporate
facilities worldwide (e.g., product design changes). Even tiny manufacturers

find that they need some automation, in the office and on the production floor.

Computer-based control system needed because they are powerful; in fact it is
not advised that a user attempt to install such a system until the user has

experience with less sophisticated systems.

Our system is a PC-based controlled alarm system for multi-channel alarm
system. The system is mainly d epending on the number of sensors placed at
different location in building or factory such as sensor at each floor or at each

room.

The objective behind the Alarm System was to create a reliable control system
that will operate Heat and smoke system and take some actions in case of

certain alarm conditions.

One of the most important field that uses computers is security and fire
prevention, and a PC-control system or a microprocessor may also used and
each one have advantage and disadvantage, so, the system will design is PC-

Controlled Alarm System.

This Project has to deal with the alarm system controlled by using computer

based on realistic practical utilization. The designed and constructed alarm




Chapter One Introduction

system (smoke, heat) is found to be useful. This is because the controller

possesses not only more efficiency but also more accuracy.

The PC controlled alarm system is more convenient to control and to
installation. Because all information such as the characteristic of working state,
date and time in each part of day are recorded, hence, this is useful not only for

review but also improving the further alarm system.
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1.2 literatures Review

Their was graduate project in the library , we read it and we find it very useful but it is
different of reaction ,because our system is PC-Controlled while the Graduation

project was built on the 8085 Microprocessor, also it is for fire only while our system
is for fire and smoke.

The previous system was a microprocessor based system for multi channel fire alarm
system. The system is mainly depending on a number of sensors located in different
locations in a building. That system scan the input line to check if there is a sensor on,
if any one is on, then the system will give an alarm to indicate that there is a fire in the
building. It also determines which sensor is on then determines the floor where the

fire occurred and outputs the floor number on the display.
New features added in our system:

Firstly, our project is a PC controlled alarm system for heat and smoke. The system is
mainly depends on a set of smoke and heat sensors located in different locations in a
building (for example, 2 sensor at each room or floor). The system checks the status
of the sensors continuously, and check for alarm conditions, if any alarm condition is
detected the system give an audible and flasher alarm to indicate that there is a
problem, also it includes a complete software that display the location and the degree

of the alarm on the computer screen and save these conditions by date and time.

So the new features in our system can be summarized in the following points:
e The use of computer instead of the microprocessor, which will give us more
visual capabilities to display the status of each room.
o The use of heat sensor beside the smoke sensor in each room, which will give
us more accurate information about the status of each room.
e The alarm circuit will contain more information as follows:
o It will display on the computer screen all information about each room.
o It will give an audible and flasher in case of alarm condition.

o Also, it will switch on a fan for other conditions.
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o The system also will give other signal that can be used to turn on a
water sprinkles for the high risk situations,

o If the time permits, we will develop the system to directly call the

firemen or the municipality to tell them about the fire.

So we can see that the system will be very modern to be adopted in any institute, and

you can notice that the system is easily expanded to use more sensors for large use.
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1.3 Estimated Cost

The work team had collects the initial equipments cost for the project, the following

table shows the approximate estimated cost for the system:

Desktc}}t)egmputer Number of units Unit Cost Subtotal
P4,2 GHz, 512 MB RAM, 40G HD 1 $ 700
Heat Sensor 3 $ -
Smoke Sensor 3 $ &5
Digital IC's 30 $ i &
Cables i $ ;
Bell 1 $ s
Control panel 1 $ 5
Software 1 $ 100
Total $1080

Table 1.1 estimated cost
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1.4 Time Plan

The work had been divided into two semesters; first semester includes the collection
of data, analysis, system specification, software basic algorithms and the design. On

the next semester we well start interfacing the devices that well create the alarm

system, testing and maintenance.

The time of the project is scheduled over 32 week; table 1.2 shows how the work is

scheduled over these weeks:
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1.5Report Contents

This report will cover the design and implementation of the PC-Controlled alarm
system including the following chapters:

Chapter one gives a general idea about project and its importance, literature review,
estimated cost, time plan and report contents.

Chapter two gives a theoretical background subjects related to the main ideas of the

project and some information about special components.

Chapter three gives a general description of the project, defining the objectives to be
performed by the system its include some block diagram of system such as ,general

design block diagram sensors and display block diagram ,also it include the whole

system block diagram .

Chapter four discussing d esign o ptions and justifying those c hosen for the project,

shows some major elements and detailed description of project parts.
Chapter five talk about system software design, it includes the algorithm and
flowchart o f the whole system, main program, and all things related to the system

software, such that system main operations, system routines.....etc.

Chapter six and seven includes testing and implementation, summary and conclusion.




Chapter Two

Theoretical Background

2.1 Theoretical subjects related to the main idea of the project
2.1.1 Sensors
2.1.1.1 Temperature Transducers (sensor)
2.1.1.2 Smoke Detector
2.1.2 Amplifier _
2.1.3 Analog to Digital Converter (ADC)
2.1.4 Multiplexer
2.1.5 The D Latch and the D flip-flop
2.1.6 Opto-Coupler
2.2.7 Diplay
2.2.8 Alarm
2.2 Information about Special Components
2.2.1 Digital Computer, the Heart of Automated Control
2.2.2 The Parallel Port of the PC
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Theoretical Background

2.1 Theoretical subjects related to the main idea of the project

In this part we well give the theory for each component used for our project including

how these components are working, the input and output, how these inputs are taken

from previous components and how this output is used by other components.

The project, well consist of three main parts:
e Interfacing the smoke sensor to the parallel port
o Interfacing the heat sensor to the parallel port of the computer

o Use these signals (from smoke and heat sensor) to give an alarm

The following block diagram shows the basic elements of the project in figure 2.1:

Smoke

Sensors E:) Amplifier E:) MUX j—) Opto

Y Coupler =) Latch

Latch U
& :r) PC
Opto Al
MUX Coupler A

Heat

Sensors [> Amplifier E:) AgC :j

Figure 2.1 the general block diagram of basic elements

Firstly the sensor will detect any condition that is above the permitted range (above a
specified temperature for the heat sensor or the existence of smoke for the smoke
sensor) and well send an analog signal from the heat sensor for the amplifier which in

turn will amplify this signal to +5 volt and send it to the analog to digital converter

(ADC).

11
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The ADC will convert this signal from analog to digital and then send these data to
the MUX, which in turn will send it to the computer through the parallel port. Inside
the computer this signal will be firstly identified by its address and then will take the

required action in turn (giving an alarm and display on the screen the location and
type of warning).

In the smoke sensor, the signal will be digital, and so there is no need for the ADC

and thus the signal will be sent directly to the Mux and then through the Opto coupler
to the PC.

In the following subsections we describe each element:

2.1.1 Sensors:
Good sensors are essential in any automated system. Some sensors detect only
part presence. Other sensors, bar code readers, for example, help to track
materials, tooling, and products as they enter, go through, and leave CIM
environments. In fact, every automated manufacturing operation should

include a sensor to ensure it is working correctly.

Some simple sensors can distinguish between only two different states of the
measured variable. Such sensors are called switches. Other sensors, called
transducers, provide output signals (usually electrical) that vary in strength

with the condition being sensed.
2.1.1.1  Temperature Transducers (sensor):
There are four types of temperature sensors we will pick.

Probably the most common temperature sensor is the metal RTD, or Resistive
Temperature Detector, which responds to heat by increasing its resistance to

electric current. The thermistor type of temperature sensor is similar, except

that its resistance decreases as it is heated. In either case, there is only a tiny
variation in current flow due to temperature change. Current through an RTD

or thermistor must be compared to current through another circuit containing

12
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identical devices at a reference temperature to detect the change. The freezing
temperature of water is used as the reference temperature.

Semiconductor integrated circuit temperature detectors respond to temperature

increases by increasing reverse-bias current across P-N junctions, generating a

small but detectable current or voltage proportional to temperature. The
integrated circuit may contain its own amplifier.

Thermocouple type temperature sensors generate a small voltage proportional
to the temperature at the location where dissimilar metals are joined. The
reason a voltage is generated is still a source of debate. One possible reason
may be that heat causes electrons in metals to migrate away from the heated

portion of the conductor, and that this tendency is greater in one of the metals
than in the other.

Sensors are connected to the PC through the parallel port as shown in figure
22

Set of Opto
Heat ::) Amplifier Mux ::) ADC ﬁ Coupler :> PC
Sensors

20152

Figure 2.2 Interfacing the Heat sensors to the PC

Smoke Detector:

There are two common types of technologies for smoke detectors: ionizing
and photoelectric detectors. Ionizing smoke detectors use an ionization

chamber and a source of ionizing radiation to detect smoke. This type of
smoke detector is very common because it is inexpensive and good at

detecting smaller amounts of smoke produced by flaming fires. An ionization

13
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chamber is very simple. It consists of 2 plates with a voltage across them,
along with a source of ionizing radiation. The alpha particles generated by the
small radioactive source jonize the oxygen and nitrogen atoms of the air in the
chamber. Ionization means that you end up with a free electron (with a
negative charge) and an atom missing one electron (with a positive charge).
The negative electron is attracted to the plate with a positive voltage, and the
positive atom is attracted to the plate with a negative voltage. The electronics
in the smoke detector sense the small amount of electrical current that these
electrons and ions moving toward the plates represent. When smoke enters the
ionization chamber it disrupts this current - the smoke particles attach to the
ions and neutralize them. The smoke detector senses the drop in current

between the plates and sets off the alarm.

Inside photoelectric smoke detectors are a light and a sensor at 90-degree
angles to one another. In the normal case, the light shoots straight across and
misses the sensor. When smoke enters the chamber, however, the smoke
particles scatter the light and some amount of light hits the sensor. The sensors
then set off the alarm in the smoke detectors. Photoelectric detectors are better

at sensing smoky fires, such as a smoldering mattress.

The form factor of smoke detectors is very important to any application. They
can be IC chips, stand-alone sensors or sensors integrated into an instrument
with displays, control and sometimes computer signal output. Some smoke
detectors have features such as interconnectability with other sensors and
integral temperature sensors or switches. They can have adjustable
sensitivities and visual or audible alarms. They can work off AC or DC power.

Typical mounting positions for smoke detectors are on walls, ceilings or inside

air ducts.

14
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Sensors are connected to the Parallel port as Shown in figure 2.3

Set of 3
Smoke pto !
Sensors ::) Amplifier :> MUX m Coupler :>

PC

Figure 2.3 Interfacing the Smoke Sensor to the PC

2.1.2 Amplifier

Because active devices have the ability to control a large amount of electrical
power with a small amount of electrical power, they may be arranged in circuit
s0 as to duplicate the form of the input signal power from a larger amount of
power supplied by an external power source. The result is a device that
appears to magically magnify the power of a small electrical signal (usually an
AC voltage waveform) into an identically-shaped waveform of larger
magnitude. The Law of Energy Conservation is not violated because the
additional power is supplied by an external source, usually a DC battery or
equivalent. The amplifier neither creates nor destroys energy, but merely

reshapes it into the waveform desired:

External ":i:‘
power source —

T
Pinpur '::'Jl> aall ::> o

A NN

Figure 2.4 The Law of Energy Conservation for the amplifier

15
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Sensors are connected to the Parallel port as Shown in figure 2.3

Set of o
Smoke pto
Sensors :;\ Amplifier MUX Coupler F—)

PC

Figure 2.3 Interfacing the Smoke Sensor to the PC

2.1.2 Amplifier

Because active devices have the ability to control a large amount of electrical
power with a small amount of electrical power, they may be arranged in circuit
so as to duplicate the form of the input signal power from a larger amount of
power supplied by an external power source. The result is a device that
appears to magically magnify the power of a small electrical signal (usually an
AC voltage waveform) into an identically-shaped waveform of larger
magnitude. The Law of Energy Conservation is not violated because the
additional power is supplied by an external source, usually a DC battery or
equivalent. The amplifier neither creates nor destroys energy, but merely

reshapes it into the waveform desired:

External “J:
power source -—

=
O Amplifier @ D

A &Y

Figure 2.4 The Law of Energy Conservation for the amplifier

15
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Amplifier gain

Because amplifiers have the ability to increase the magnitude of an input
signal, it is useful to be able to rate an amplifier's amplifying ability in terms
of an output/input ratio. The technical term for an amplifier's output/input
magnitude ratio is gain. As a ratio of equal units (power out / power in,
voltage out / voltage in, or current out / current in), gain is naturally a unitless
measurement. Mathematically, gain is symbolized by the capital letter "A".

Correspondingly, if we know the gain of an amplifier and the magnitude of the

input signal, we can calculate the magnitude of the output.

Electronic amplifiers often respond differently to AC and DC input signals,
and may amplify them to different extents. Another way of saying this is that
amplifiers often amplify changes or variations in input signal magnitude (AC)
at a different ratio than steady input signal magnitudes (DC). The specific
reasons for this are too complex to e xplain at this time, but the fact of the
matter is worth mentioning. If gain calculations are to be carried out, it must
first be understood what type of signals and gains are being dealt with, AC or
DC.

Electrical amplifier gains may be expressed in terms of voltage, current,
and/or power, in both AC and DC. A summary of gain definitions is as
follows. The triangle-shaped "delta" symbol (A) represents change in
mathematics, so "AVoutput / AVinput" means "change in output voltage
divided by change in input voltage," or more simply, "AC output voltage

divided by AC input voltage":

16
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DC gains AC gains
AY

Voltage | A, = —amt |\ _ AVoup
Vinput AVinpm
Current | A = Loupor A = Aloup
li“Pm A]'input

N e A o OV )AL

Power | T &, )

Ap = (Av)(Al)

A= "changein..."
Figure 2.5 DC and AC Gain

If multiple amplifiers are staged, their respective gains form an overall gain

equal to the product (multiplication) of the individual gains:

nputsignal === | Amplflar || Anplfr l:>0utputs'gnal

gaih =] gain=3

Qverll gain =(3)(5)=15
Figure 2.6 overall gain of the amplifier

2.1.3 Analog to Digital Converter (ADC)

Connecting digital circuitry to sensor devices is simple if the sensor devices
are inherently digital themselves. Switches, relays, and encoders are easily
interfaced with gate circuits due to the on/off nature of their signals. However,
when analog devices are involved, interfacing becomes much more complex.
What is needed is a way to electronically translate analog signals into digital
(binary) quantities, and visa-versa. An analog-to-digital converter, or ADC,
performs the former task while a digital-to-analog converter, or DAC,

performs the latter.
An ADC inputs an analog electrical signal such as voltage or current and

outputs a binary number. In block diagram form, it can be represented as such:

17
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Vdd
o
Analog ,_ | Bin
signal ADCL_ - outgm
input ¢ i

i

e
-

Figure 2.7 analog to digital converter

There are many approaches for converting analog signals to digital , the

following are the most common approaches:

1. Successive approximation ADC

2. Digital ramp ADC

3. Tracking ADC

4. Slope (integrating) ADC
5. Delta-Sigma (AX) ADC

Successive approximation ADC:

One method of addressing the digital ramp ADC's shortcomings is the so-
called successive-approximation ADC. The only change in this design is a
very special counter circuit known as a successive-approximation register.
Instead of counting up in binary sequence, this register counts by trying all
values of bits starting with the most-significant bit and finishing at the least-
significant bit. Throughout the count process, the register monitors the
comparator's output to see if the binary count is less than or greater than the
analog signal input, adjusting the bit values accordingly. The way the register
counts is identical to the "trial-and-fit" method of decimal-to-binary
conversion, whereby different values of bits are tried from MSB to LSB to get
a binary number that equals the original decimal number. The advantage to
this counting strategy is much faster results: the DAC output converges on the

analog signal input in much larger steps than with the 0-to-full count sequence

of a regular counter.

18
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Without showing the inner workings of the successive-approximation register
(SAR), the circuit looks like this:

Vdd
__> 2L
SAR | i}DAC
\ Lo EE
> >/< SRR E L e
Done | S
i eesudgeu
2 T g
Vdd
e
L "SRG |
Via e
| Bi .
- Gutpl
> —_.J
)

Figure 2.8 successive approximation

It should be noted that the SAR is generally capable of outputting the binary
number in serial (one bit at a time) format, thus eliminating the need for a shift

register. Plotted over time, the operation of a successive-approximation ADC

looks like this:

19
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2.14

2.1.5

Theoretical Background

Analog

input

i,

Time —>

Digital
o pUt M

Time —>

Figure 2.9 the operation of a successive-approximation

Note how the updates for this ADC occur at regular intervals, unlike the
digital ramp ADC circuit.

Multiplexer

A computer can read several analog inputs via the same ADC, or receive serial
inputs from several sources via the same serial port, if the input signals are
multiplexed. Multiplexing inputs means switching the inputs to the input port
one at a time, under computer control. Similarly, a computer can use a single
DAC to output analog values to more than one output circuit, or a single serial

port to output serial data to more than one output channel, if the outputs are

multiplexed.

Analog values may have to be held via capacitors during multiplexing. Serial
input must be either spooled into an external memory device or simply

disallowed while the computer is switched away from a serial input channel.

The D Latch and the D flip-flop

It is possible to create a latch which has no race condition, simply by

providing only one input to a RS latch, and generating an inverted

signal to present to the other terminal of the latch. In this case, the S

and R inputs are always inverted with respect to each other, and no
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race condition can occur, The circuit for a D latch is shown in
Figure 2.10

Clock R

Figure 2.10 The circuit for a D latch

The D latch is used to capture, or “‘latch" the logic level which is
present on the Data line when the clock input is high. If the data on the
Dline changes state while the clock pulse is high, then the output, Q,
follows the input, D. This effect can be seen in the timing diagram,
Figure 2.11 (a).

The D flip-flop, while a slightly more complicated circuit, performs a
function very similar to the D latch. In the case of the D flip-flop,
however, the rising edge of the clock pulse is used to “capture" the
input to the flip flop. This device is very useful when it is necessary to
“capture" a logic level on a line which is very rapidly varying.
Figure 2.11 (b) shows a timing diagram for a D-type flip-flop. This
type of device is said to be “edge triggered" -- either rising edge
triggered (i.e. a 0-1 transition) or falling edge triggered (i.e., a 1-0

transition) devices are available.

» }

i L

CLOCK " ' i ! : { i
0 e . ] —_—
fime —

(a) The D laech (b) The D flip tlop
Figure 2.11 D latch and D-type flip-flop
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2.1.7

Theoretical Background

Both the D latch and D flip-flop have the following truth table:
Preset | Clear | CLOCK D[ Q [ ©
0 1 X X 1 0
1 0 X X 0 1
0 0 X X 1 1
1 1 [or 1 0 0 1
: . ror 1 ; 1 . v
T 0 X[ @ [ |

Table 2.1 the D latch and D flip-flop truth table

] 1
The symbol rmeans a leading edge, or transition as the clock

input to the flip flop. For a D latch, it would be the level

Opto-Coupler

Opto-couplers as the name suggests isolates two devices using light. It
contains o f L ED (Light E mitting Diode) and a sensor. In order to isolate a
device you can connect a LED to one side and a sensor to the other side. When
current flows on one side the LED glows and makes the sensor aware of it.

The sensor when hit by the light also makes current flow in effect simulating a

connection between the two wires.

In our project (as we use an external power supply, i.e. not from computer

power supply) we will use this device in order to connect the circuit of the

sensors to the parallel port of the computer.

Diplay:

A screen is used in this system to show the status of each sensor for the user

including the address of each sensor(whether it is smoke or heat).
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The Interface will be Programmed by the VB.6 programing language.

2.1.8 Alarm:

The alarm circuit consists of bel] connected to to the PC via an output Parallel

Port.

The follwing block diagram show how the alarm circuit is connected to the

parallel port:

PC

:>‘ Opto :> Latch ::) Alarm

Coupler (Bell)

Figure 2.12 Alarm block diagram
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2.2 Information about Special Components:;

This part \{vill give some information ab
implementing the project. This wil] incl
port:

out special components that will be used in
ude information about the PC and its parallel

2.2.1 Digital Computer, the Heart of Automated Control:

A computer consists of three types of devices, interconnected by three sets of

conductors called "buses."
- Central processor
- Memory devices

- Input/output devices

All interconnected via:
- A data bus

- An address bus

- A control bus

The Central Processing Unit (CPU) is the unit that controls the computer. The CPU
reads the computer program from memory and executes the instructions. It
manipulates values stored in memory and inputs or outputs data via input/output (I/O)

devices. The CPU will be discussed in more detail later in this section.

The buses are sets of parallel conductors. An 8 bit computer has 8 conductors in its
data bus and thus can move 8 bits of data at a time. A 16 (32, or 64) bit computer has
16 (32, or 64) data bus conductors and can process 16 (32, or 64) bit data "words" at a

time. Some computers use bus-sharing techniques to reduce the number of conductors

required in the data bus

The CPU: A CPU contains several types of registers in which binary numbers can be
stored, Every CPU or MPU has at least one accumulator, where it holds the data it is
using. With some exceptions, the CPU can change data only if the data is in an

accumulator. To keep track of where it is in a program, the CPU stores the memory

location of the next instruction in a register called a program counter.
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Choosing the Right Computer-:

Choosing the right computer is not that big of a concern. Anything from an old 8086
to IBM's new Deep Blue Supercomputer will work.

2.2.2 The Parallel Port of the PC:

For fast data input and output, whole data words can be sent or received, with
all their bits carried simultaneously on parallel conductors. Data sent to a
parallel output port by the CPU is "buffered" in the output port (stays in the

most recently written state), until the CPU writes to it again.

Sensors, actuators, or other computer peripherals such as printers can be
connected to a computer via parallel I/O ports. Computers do not usually

communicate with other computers via parallel interfaces.

Parallel Port Characteristics:

The parallel port consists of eight data lines, four control lines, five status
lines, and eight ground lines. In normal usage, the lines are controlled by the
host computer software and the peripheral device following a protocol such as
IEEE Standard 1284-1994. The protocol d efines procedures for transferring
data such as handshaking, returning status information, and so on. However,
the toolbox uses the parallel port as a basic digital I/O device, and no protocol
is needed. Therefore, you can use the port to input and output digital values

just as you would with a typical DIO subsystem.

To access the physical parallel port lines, most PCs come equipped with one

25-pin female connector, which is shown below.
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D7|p6| 5| n4 [p3|p2 1 po

© 60900006 ©69

oeoejlecevnoseo

|
S6|S5|54|s3

P

n
)

C3({C2|C1|c0

Figure 2.13 25-way Female D-Type Connector

The lines use TTL logic levels. A line is high (true or asserted) when it is a
TTL high level, while a line is low (false or unasserted) when it is a TTL low

level. The exceptions are lines 1, 11, 14, and 17, which are hardware inverted.

The toolbox groups the 17 nonground lines into three separate ports. The port

IDs and the associated pin numbers are given below.

| Eight I/O lines with 9 being the most
significant bit (MSB)

10-13 and 15 Five Input lines used for status
1,14,16 and 17 | Four I/O lines used for control

N | r—

Table 2.2 Parallel Port IDs and Pin Numbers

Reading the input pins in parallel port

PC parallel port has 5 input pins. Those inputs can accept TTL level signals
(0-0.7V = logic 0, 2.4-5V = logic 1). Y ou can connect a TTL level o utput
signal to it directly (remember to attach the signal source ground to parallel
port ground). You can connect simple switches to the inputs by connecting the
switch between parallel port ground and input pin, and then adding a 10 kohm
pull-up resistor from the pin to +5V. W hen the switch is activated, the pin
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goes to logic state 0, Usually it is a good idea to isolate the PC from the signal

urce in thi it i i
source, and in this case it ig usually a good idea to use a relay or optocoupler

(the relay/optocoupler output is wired in the place of the switch, o therwise
works in the same way as the switch connection).

TIP: You can avoid using external +5V power source by using one of the

parallel port output pins as one. So set one free output pin to logic 1 and wire

the 10 kohm pull-up resistors to it instead of dedicated extra +5V source. The

input pins can be read from the /O address LPT port base address + 1.

The meaning of the buts in byte you read from that I/O port:

o DO: state not specified

o D1: state not specified

o D2: state not specified

o D3: state of pin 15 (ERROR) inverted
o D4: state of pin 13 (SELECTED)

o D5: state of pin 12 (PAPER OUT)

o D6: state of pin 10 (ACK)

o D7: state of pin 11 (BUSY) inverted

Using the Parallel Port to Input 8 Bits:
If your Parallel Port doesn't support bi-directional mode, don't despair. You
can input a maximum of 9 bits at any one given time. To do this you can use

the 5 input lines of the Status Port and the 4 inputs (open collector) lines of the

Control Port.
11 Busy o— o D7
10 Ack « f D&
12 Paper Out e * D5
13 Selecte— o 014
17 Select Printer e— 0% +D3 8 Inputs
16 Init e— 0.C. o} o 02

741805 Hex Inverter
Open Collector

14 Auto Lineteed o—
1 Strobee—

Figure 2.14 Using the Parallel Port to Input 8 Bits
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The inputs to the Paralle] Port has be chosen as such, to make life easier for us.
Busy just happens to be the MSB (Bit 7) of the Status Port, then in ascending
order comes Ack, Paper Out and Select, making up the most significant nibble
of the Control Port. The Bars are used to represent which inputs are Hardware

inverted, i.e. +5v will read 0 from the register, while GND will read 1. The
Status Port only has one inverted input.

The Control port is used to read the least significant nibble. As described
before, the control port has open collector outputs, i.e. two possible states,
high impedance and GND. If we connect our inputs directly to the port (For
example an ADC0804 with totem pole outputs), a conflict will result if the

input is high and the portis trying to pull it down. T herefore we use open
collector inverters.

However this is not always entirely necessary. If we were connecting single
pole switches to the port with a pull up resistor, then there is no need to bother
with this protection. Also if your software initializes the control port with
xxxx0100 so that all the pins on the control port are high, then it may be
unnecessary. If however you don't bother and your device is connected to the
Parallel Port before your software has a chance to initialize then you may

encounter problems.

Another problem to be aware of is the pull up resistors on the control port. The
average pull-up resistor is 4.7k. In order to pull the line low, your device will
need to sink 1mA, which some low powered devices may struggle to do. Now
what happens if I suggest that some ports have 1K pull up resistors? Yes, there

are such c ards. Your device now has to sink 5SmA. More reason to use the

open collector inverters.

Open collector inverters were chosen over open collector buffers as they are

more popular, and thus easier to obtain. There is no reason, however why you
b

can't use them. Another possibility is to use transistors.
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The input, D3 is connected via the inverter to Select Printer. Select Printer just
happens to be bit 3 of the control port. D2, D1 & DO are connected to Init,
Auto linefeed and strobe, respectively to make up the lower nibble. Now this
is done, all we have to do is assemble the byte using software. The first thing
we must do is to write xxxx0100 to the Control Port. This places all the
control port lines high, so they can be pulled down to input data.
outportb(CONTROL, inportb(CONTROL) & 0xFO | 0x04);

Now that this is done, we can read the most significant nibble. This just
happens to be the most significant nibble of the status port. As we are only
interested in the M Snibble we will AND the results with 0xF0, so that the
LSnibble is clear. Busy is hardware inverted, but we won't worry about it now.
Once the two bytes are constructed, we can kill two birds with one stone by
toggling Busy and Init at the same time.

a = (inportb (STATUS) & 0xF0); /* Read MSnibble */

We can now read the LSnibble. This just happens to be LSnibble of the
control port - How convenient! This time we are not interested with the
MSnibble of the port, thus we AND the result with 0xOF to clear the
MSnibble. Once this is done, it is time to combine the two bytes together. This
is done by OR'ing the two bytes. This now leaves us with one byte, however
we are not finished yet. Bits 2 and 7 are inverted. This is overcome by

XOR'ing the byte with 0x84, which toggles the two bits.
a = a | (inportb(CONTROL) & OxOF); /* Read LSnibble */
a = a * 0x84; /* Toggle Bit 2 & 7 */

How to connect circuits to parallel port
PC parallel port is 25 pin D-shaped female connector in the back of the

computer. It is normally used for connecting computer to printer, but many

other types of hardware for that port is available today.

Not all 25 are needed always. Usually you can easily do with only 8 output
pins (data lines) and signal ground. I have presented those pins in the table

below. Those output pins are adequate for many purposes.
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pin function

DO
D1
D2
D3
D4
D5

o 9 O s W N

D6
9 D7

Pins 18,19,20,21,22,23,24 and 25 are all ground pins.

Those datapins are TTL level output pins. This means that they put out ideally
0V when they are in low logic level (0) and +5V when they are in high logic
level (1). In real world the voltages can be something different from ideal

when the circuit is loaded. The output current capacity of the parallel port is

limited to only few milliamperes.

Dnrout --—---~ +
l+
Sourcing l[oad (up to 2.6 mA @ 2.4 v)
Ground ------ +

30



Chapter Three
Design Concepts

3.1 Project Objectives
3.2 General Block Diagram
3.3 How System Works




Chapter Three
Design Concepts
3.1 Project Objectives

3.2 General Block Diagram
3.3 How System Works




Chapter Three

Design Concepts

Design Concepts

3.1 Project Objectives

The main objectives behind the project are:

1-

Monitor all the parts of building or factory, to determine any event may cause
a fire in the factory as high temperature or leakage of gas --- etc

When the system determines a fire or an event could cause a fire the system
has to determine the exact position of that fire.

When the system detects a fire then the system had to make some reactions
which aim to inform the supervisor about the event by giving a bell and
flasher.

Conventional alarm systems having hard wire layout and normally opened
wamning devices like heat detector and smoke detector in general
specifications, have a good view inlow price, but have a bad view in low
efficiency to warn and to communicate to human, difficult of maintenance,

hard expansion and transformation of working no record. This alarm system is

designed and built to solve those problem.
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3.2 General Block Diagram
The General block Diagram is as shown in figure 3.1
Smoke :
Sensors p— Amplifier ;= MUX o e
Coupler =) Latch
)
Latch U
& - PC | '
. Opto Q
Heat ' MUX Coupler Alarm
_ 5 ST ]
Sensors p—) Amplifier E:) ADC ﬁ

Figure 3.1 the general block diagram
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3.3 How System Works

Our system is mainly depending on a number of sensors located in a different
location in a building for example sensor at each floor or sensor at each room in each
floor.

System will scan the input line to detect any signal arriving from the sensors,
then this signal will be amplified and the ADC will manipulate the analog signal by
converting it to digital form and input it to the PC through the parallel port.

If any sensor is ON, system will give an alarm to indicates that there is some
thing is error in the place, also system determine which sensors is ON then determine

the place of the error, and then floor number.

So the system inform the controller or the administrator about the position of
the problem (fire and heat) and also the system will continuing to scan input line to

check the status of the sensors
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Hardware System Design

4.1 Design Options:

In the design process we encounter many options for each component, the design
options are illustrated below:

4.1.1 Options for Processor unit:

In our project we will use a PC to process the signals from the sensors. There are

other options such as:
® Microprocessor (8085, 8086, ...etc)
e Microcontroller
The reasons behind choosing the PC over the above options are:
e It has more capabilities
e More convenient in use

o Easier for user in that it offers a good display

4.1.2 Options for the Ports:

We will use the parallel port in order to connect the circuit to the PC. There are other
ports that can be used such as:

e USB (Universal Serial Port)

e Serial Bus

e Network Adapter
We used the Parallel Port in our project for the following reasons

o It provides a parallel 9 lines for inputting the signal

e Can be used to out up to 9 signals at a time.

o The team has complete information about the parallel port.
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4.1.3 Programming Language:

In order to deal with the parallel we must use a Programming language such as Java
Matlab, C++,.. .ete.

We will use VB.6 in order to deal with the Parallel Port for the following reasons:
e It provides a good user interface

e It has the capability to deal with the parallel port

e Work team experience with this language

4.1.4 Opto Coupler:

The Opto coupler will be used to interface the signal to the PC. Other option that may
be used is the power from the PC.

As the sensors will be far from the PC, it is more easier to get the power from outside

the PC, so we will the Opto coupler in order to use power from outside the PC.
4.1.5 ADCO0808/ADC0809
Instead of using the ADCO0808/ADC0809 we can use ADC0804 and 8 Mux’s of

741.S150 which will make the circuit more complex, so the work team decides to use

the ADCO808/ADC0809 to reduce the connections, which will make the circuit

easier.
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4.2 Circuit Design:

The alarm

circuit that will be used in the project support up to 16 sensors (8 for the

smoke and 8 for the heat as an example).

The smoke sensor will give us a digital signal (binary 0, 1),

so the path to the parallel

port of the PC will consist of the following stages:

The DI — 3 will give us a binary data zero volt if no sense of smoke, or +5
volt if it senses a smoke in the room.

This signal will be amplified by the UA 741 amplifier to +5 volt so that we
can use it as an input signal for the other digital IC's and the Parallel port of
the PC.

After that a set of 8 similar signals will be multiplexed by the 74LS150 MUX,
so that only one signal pass to the PC.

This signal will be saved for a moment in the SN7475 latch before it passes to
the parallel port through the 4N25 Opto Coupler.

Inside the PC this signal will be manipulated by the Visual Basic 6.0

programming language.

The Heat sensor will give us an analog signal (differs according to the temperature it

sense), so the path to the parallel port of the PC will consist of the following stages:

Figure 4.1 shows the circuit design of the PC Controll

The LM35 will give us an analog signal that determines the temperature.

After that a set of 8 similar signals will be multiplexed and converted to

digital by the ADC 0809.
This signal will be amplified by the UA 741 amplifier to +5 volt so that we
can use it as an input signal for the other digital IC's and the Parallel port of

the PC. .
This signal will be saved for a moment in the SN7475 latch before it

continues to the parallel port through the 4N25 Opto Coupler.
Inside the PC this signal will be manipulated by the Visual Basic 6.0

programming language.

ed Alarm System:
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Parallel Port
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Figure 4.1 Alarm Circuit Design
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4.3 Detailed Description of the Project Parts:

In this part we will give a detailed description a bout the IC"
project:

s that will be used in the

4.3.1 LM3S (Precision Centigrade Temperature Sensors):

The LM35 series are precision integrated-circuit temperature sensors, whose output

voltage is linearly proportional to the Celsius (Centigrade) temperature. The LM35
thus has an advantage over linear temperature sensors calibrated in Kelvin, as the user
is not required to subtract a large constant voltage from its output to obtain convenient
Centi- grade scaling. The LM35 does not require any external calibration or trimming
to provide typical accuracies of +14 C at room temperature and +34 C over a full 55
to +150 C temperature range. Low cost is assured by trimming and calibration at the
wafer level. The LM35’s low output impedance, linear output, and precise inherent
calibration make interfacing to control circuitry especially easy. It can be used with
single power supplies, or with plus and minus supplies. As it draws only 60 pA from
its supply, it has very low self-heating, less than 0.1 C in still air. The LM35 is rated
to operate over a 55 to +150 C temperature range, while the LM35C is rated fora 40
to +110 C range ( 10 with improved accuracy). The LM35 series is available
packaged in hermetic TO-46 transistor packages, while the LM35C, LM35CA, and
LM35D are also available in the plastic TO-92 transistor package. The LM35D is also

available in an 8-lead surface mount small outline package and a plastic TO-220

package.

Figure 4.2 show the LM35 Heat Sensor:
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Vour +Vg
N.C. N.C.
N.C. N.C.
GND N.C.

DS005516-21

Figure 4.2 LM35 Heat Sensor

Calibrated directly in Celsius (Centigrade)
Linear + 10.0 mV/ C scale factor

0.5 C accuracy guaranteeable (at +25 C)
Rated for full 55 to +150 C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08 C in still air
Nonlinearity only +14 C typical

Low impedance output, 0.1 for 1 mA load
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432 Smoke DI-3 Sensor (Ionization Smoke Detector)

The Siemens Building technologies, Fire Safety Division DI-3, DI-A3 and DI-B3 fi
» DI- -B3 fire

smoke detectors operate on the ionization principle. The detectors respond to th

traces of fire in the form of visible smoke or invisible products of c}:):lbus(;'t ; t;:t
DI-3, DI-A3 and DI-B3 have been developed for the wide range of comllcr)ll:rcia:
industrial and institutional fire detection and extinguishing applications. The DI-3 DI:

A3 and DI-B3 are approved in environments covered by UL 268 & UL 268A

Figure 4.3 show the DI-3 Smoke Detector

Figure 4.3 DI-3 Smoke Detector

Features

e Adjustable Sensitivity

e Dual Chamber

e Sensitivity Test Points

o Simple Twist/Lock Assembly
o Optional Auxiliary Relay

e Screw-Clamp Terminals

e Alarm LED
e Listed, ULC Listed, NYMEA, FM, CSFM Approved
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4.3.3 A741 Amplifier

5 }.1‘}741 s a general-purpose operational amplifier featuring off:

capability. The high common-mode input voltage range and theg : set-voltage null
make the amplifier ideal for voltage-follower applications. The d:v'sen.c yeo latc.h-u?
protected and the internal frequency compensation ensures stabilit;cjv::hsmzrt-cmult
components. A low value potentiometer may be connected between th: l:)fj Xttemji
inputs to null out the offset voltage. The pA741C is characterized for o erati:fx i: ;
0°C to 70°C. The pA7411 is c haracterized for o peration from —40°Cpto 85°C 1?:;

pA741M is characterized for operation over tt ili
the full military temperatu e
| Sk p re range of

Figure 4.4 shows the UA741 Amplifier:

i o/ 1- Offiset it 4
; :| 8 2 - Inverting input
2 E = j 7 3.v°c o
3 5 - Offsst
E 2 j 6 G-QWMZ
4[] 5 7-Voc!
8-NC.

Figure 4.4 shows the UA741 Amplifier:
Features
e Short-Circuit Protection

o Offset-Voltage Null Capability

e [Large Common-Mode and Differential Voltage Ranges
e No Frequency Compensation Required

o Low Power Consumption

e No Latch-Up

e Designed to Be Interchangeable With Fairchild pA741
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4.3.4 ADCO0808/ADC0809

( 8-Bit pP Compatible A/D Converters with 8-Channel Multiplexer )

The ADC0808, ADC0809 data acquisition component is a monolithic CMOS device

with an 8-bit analog-to-digital converter, 8-channel multiplexer and microprocessor

compatible control logic. The 8-bit A/D converter uses successive approximation as
the conversion technique. The converter features a high impedance chopper stabilized
comparator, a 256R voltage divider with analog switch tree and a successive
approximation register. The 8-channel multiplexer can directly access any of 8-single-
ended analog signals. The device eliminates the need for external zero and full-scale
adjustments. Easy interfacing to microprocessors is provided by the latched and
decoded multiplexer address inputs and latched TTL TRI-STATE® outputs. The
design of the ADC0808, ADC0809 has been optimized by incorporating the most
desirable aspects of several A/D conversion techniques. The ADC0808, A DC0809
offers high speed, high accuracy, minimal temperature dependence, excellent long-
term accuracy and repeatability, and consumes minimal power. These features make
this device ideally suited to applications from process and machine control to

consumer and automotive applications. For 16-channel multiplexer with common

output (sample/hold port)

Figure 4.5 shows the Dual In Line Package for the ADC 0809
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IN3 i §
NG =i > IN2
INS ~—lix N1
i A5
|N7 ~— 5 ADD A
STARY =~ I3 73l B
EQC ~ 7 S C
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OUTPUT ENABLE —ilg e
CLOCK —fl10 i
Ve —f11 S
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er—/ Veer (=)
14 =

DS005672-11

Figure 4.5 Dual In Line Package for the ADC 0809

Features
e Easy interface to all microprocessors
o Operates ratiometrically or with 5 VDC or analog span
e djusted voltage reference
e No zero or full-scale adjust required
e 8-channel multiplexer with address logic
e 0V to 5V input range with single 5V power supply
e Outputs meet TTL voltage level specifications
e Standard hermetic or molded 28-pin DIP package
e 28-pin molded chip carrier package
e ADCO0808 equivalent to MM74C949
e ADCO0809 equivalent to MM74C949-1
Key Specifications
e Resolution 8 Bits
e Total Unadjusted Error 122 LSB and +1 LSB
e Single Supply 5 VDC
e Low Power 15 mW

e Conversion Time 100 ps
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IN3 -l ¢
NG —di > N2
INS — 5 i
IN6 —l 4 :“’
w3 =
START —5 o
EQC —il 7 e
2> 2~Tuss
OUTPUT ENABLE —lls =2
cLock —ho 2=3
vCC it 2—4
Vrer (+) 12 2=8y s
GND -1 3
2=7 4 :5? €9

Figure 4.5 Dual In Line Package for the ADC 0809

Features
e Easy interface to all MiCroprocessors
e Operates ratiometrically or with 5 VDC or analog span
e djusted voltage reference
e No zero or full-scale adjust required
e 8-channel multiplexer with address logic
e 0V to 5V input range with single 5V power supply
e Outputs meet TTL voltage level specifications
e Standard hermetic or molded 28-pin DIP package
e 28-pin molded chip carrier package
e ADCO0808 equivalent to MM74C949
o ADCO0809 equivalent to MM74C949-1
Key Specifications
e Resolution 8 Bits
o Total Unadjusted Error £12 LSB and +1 LSB
e Single Supply 5 VDC
e Low Power 15 mW

e Conversion Time 100 ps
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4.3.5 The SN7475, SN741.875 (4-BIT BISTABLE LATCHES):

between processing units and Input/ Output or indicator units. Information present at
a data (D) input is transferred to the Q output when the enable (C) is high and the Q
output will follow the data input as long as the enable remains high. When the enabl’é
goes low, the information (that was present at the data input at the time the transition

occured) is retained at the Q output untill the enable s premitted to go high.

The ’75 and ‘LS75 features complementary Q and Q’ output from a 4-bit latch, and

are available in various 16-pin packages. For higher component density applications,

the °77 and ‘LS77 4-bit latches are available in 14-pin flat packages.

The SN7475, SN74LS75 circuits are completely compatible with all populare TTL
families. All inputs are diode-clamped to minimize transmission-Line effects and
simplify system design. Series 54 and 54LS devices are characterized for operation
over the full military temreture range of —55 C ; Series 74 and 74LS devices are

characterized for operation from 0 C to 70 C.
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The figure below shows the SN7475 Latch:

Figure 4.6 SN7475 Latch

4.3.6 Opto Coupler (4N25):

The general purpose optocouplers consist of a gallium arsenide infrared emitting

diode driving a silicon phototransistor in a 6-pin dual in-line package.

The figure below shows the 4N25 Schematic:

TEL N

30——NC O

PIN 1., ANODE
2. CATHODE
3.NO CONNECTION
4.EMITTER
6. COLLECTOR
6. BASE

Figure 4.7 4N25 Schematic
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Features

Also available in white package by specifying
e UL recognized (File # E90700)

® VDE recognized (File # 94766)

-M suffix, eg. 4N25-M

Add option V for white package (e.g., 4N25V-M)

Add option 300 for black package (e.g., 4N25.300)

Applications:

e Power supply regulators
e Digital logic inputs

e Microprocessor inputs
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Software System Design
5.1 Introduction:

As the project is PC Controlled, we have to use one of the programming languages
Known that is capable to deal with the parallel port.

After a large research is done over the Internet, the work team decided to program the
parallel ports inputs and outputs by Visual Basic for many reasons:

e Ease of Visual Basic

o The large capabilities offered by Visual Basic including the capability to deal
with the Parallel Port

e Work Team knowledge of Visual Basic.

In the following section we will give a detailed description of how to deal
with the parallel port in VB.6 including

e preparing the VB.6 to deal with the parallel port

e Basic Read algorithms

e Basic Write algorithms.
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5.2 Programming the Paralle] Port jp Visual Basic:

h Windows. .
through Windows. Because of this, the closest we can get to manipulate the parallel

port is the Printer object. While this is all fine and good when you want to actually

int something, it i
pri g, 1t 1s useless when we want direct hardware control. In order to

s cteety, we must use something external to our program. It just so

happens that there is a great, free product that does exactly what we want. Use
VBASM.DLL (in the VBASM.ZIP package) for VB1, VB2, VB3 or VB4 16Bit. Use
WINSSIO.DLL (in the WIN9SIO.ZIP package) for VB4 32bit, VB5 or VB6. No
matter which one you choose, the DLL file itself must be in the windows\system

directory in any machine the interface control software is to be used or developed on

The parallel port is made up of three different sections. These are the data lines,
control lines and status lines. There are 8 data lines, and they are the primary means of
getting information out of the port. In simple projects, one will concentrate mostly on
the data lines. T he c ontrol lines are another 4 outputs. They are meant to provide
control signals to the printer (such as form feed or initialize). The status lines are a
standard parallel port's only inputs. There are 5 of them. They were meant to allow the

printer to communicate things such as error, paper out and busy to the PC.

Each section is accessed by it's own address and will act independently from the rest.

This is almost as if they were different ports. The addresses are as follows:

Port Address (Decimal) | Address (Hex)

Data Lines 888 378h
890 37Ah

889 37%h

Control Lines

Status Lines

Figure 5.1 parallel port addresses

One need to know the address of the port that will be used. Another two things are

needed: the command to access the port and the number set it to. The command will
b
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5.2 Programming the Parallel Poy¢ in Visual Basic:

VB cannot directl th w
s ¥ access the hardware on a system. Al hardware requests must go
ndows. 1
through Windows. Because of this, the cloest We can get to manipulate the parallel
alle

port 1s the Printer object. While this is all fine and good when you want to actuall
s y

rint something, it i
p g 1t 1s useless when we want direct hardware control. In order to

control the port directly, we must use something external to our program. It just so

happens that there is a great, free product that does exactly what we want. Use
VBASM.DLL (in the VBASM.ZIP package) for VBI, VB2, VB3 or VB4 16Bit.v. Use
WINSSIO.DLL (in the WIN9SIO.ZIP package) for VB4 32bit, VB5 or VB6. No
matter which one you choose, the DLL file itself must be in the windows\system

directory in any machine the interface control software is to be used or developed on

The parallel port is made up of three different sections. These are the data lines,
control lines and status lines. There are 8 data lines, and they are the primary means of
getting information out of the port. In simple projects, one will concentrate mostly on
the data lines. T he c ontrol lines are another 4 outputs. They are meant to provide
control signals to the printer (such as form feed or initialize). The status lines are a
standard parallel port's only inputs. There are 5 of them. They were meant to allow the

printer to communicate things such as error, paper out and busy to the PC.

Each section is accessed by it's own address and will act independently from the rest.

This is almost as if they were different ports. The addresses are as follows:

Port Address (Decimal) | Address (Hex)

Data Lines 888 378h
890 37Ah

889 37%h

Control Lines

Status Lines

Figure 5.1 parallel port addresses

One need to know the address of the port that will be used. Another two things are

needed: the command to access the port and the number set it to. The command will
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be explained in a little while. The ports work with ny

! : ’ mbers. These can b
in hex, binary or decimal, but in thjs project all valy i i

es will be expressed in decimal.
you operate the port by sending it a number that
e physical outputs on the

. port. For example, to set
the 8 data lines to 11111111, y ou would send 255. To setthem to 00000000 you
would send 0. Note that these are all § b it binary numbers, and the portis also 8
outputs.

It's just easier that way. Anyway,
represents the binary pattern of th

Before we can use any of the functions contained within either DLL, we must declare

them. These declarations are to be placed in any module in your program in the
General Declarations section.

For 16bit VB (VBASM.DLL), use:

Declare Function vbInp Lib "VBASM.DLL" (ByVal nPort As Integer) As
Integer

Declare Sub vbOut Lib "VBASM.DLL" (ByVal nPort As Integer, ByVal
nData As Integer)

For 32bit VB (WIN95IO.DLL), use:

Declare Sub vbOut Lib "WIN95IO0.DLL" (ByVal nPort As Integer, ByVal

nData As Integer)
Declare Sub vbOutw Lib "WIN95IO.DLL" (ByVal nPort As Integer, ByVal

nData As Integer)
Declare Function vbInp Lib "WIN9SIO.DLL" (ByVal nPort As Integer) As

Integer
Declare Function vbInpw Lib "WIN95IO.DLL" (ByVal nPort As Integer) As

Integer

Once you declare the functions, you will have two new commands available. These

are vbInp and vbOut. vbOut is a statement and is used to send a bit to a port, like the

following:

vbout [port], [number]
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'set port to 00000000
vbOut 888, 0
'gset port to 10000000
vbOut 888, 1
'set port to 01000000
vbOut 888, 2
tget port to 00100000
vbOut 888, 4
'get port to 00010000
vbOut 888, 8

Of course, you can also turn on more than one bit:

'set port to 10110000
vbOut 888, 11

Note that when you send a bit pattern to the port everything that was there previously
is cleared. This is a convenience and also a annoyance. For example, what if we want
bit 2 to always stay at 1, but want to turn bit 5 on and off in sequence? Every time we

set bit 5, bit 2 is turned off, and vice versa. We will discuss how to get around this

when we get to the vbInp function.

The control lines are just as easy to control, but there are a few differences. First, the

address of the port is 890. Second is that there are only 4 outputs, so the highest

decimal representation of the binary bit pattern you will be using is 15 (binary 1111).

and inputting is just as easy. If you actually want to

Outputting information is easy,
u will be using the 5 status lines. Reading the bit

get information into the computer, yO

pattern of a port is done using the vbInp function. This function is used in the

following way:
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[variable] =vbInp ( [port])

So if we wanted to get the current status of the status lines (port 889) we would use:

PortNum%=vbInp (889)

portNum$ would then contain the decimal Tepresentation of the binary bit pattern

present at the 5 status lines. If you try this and get 31 (11111) with nothing connected
to the port don't be surprised. When there is nothing connected to the input of a TTL
logic chip, a high input is usually assumed.

Not only can you perform inputs on ports actually designed for inputting, but you can
also use vbInp to read the status of an output port. For example:

PortNum$=vbInp (888)

The above would set PortNum% to the current value of the data lines (port 888). We

can prove this by doing the following:

vbOut 888, 56
PortNum%=vbInp (888)

MsgBox PortNum%

If all is well, the number 56 will appear in a message box on the screen.

Now that we know the vbInp function we can use it to solve the problem of keeping

the state of one bit w hile ¢ hanging the state o f another. For that we will define a

subroutine that uses both functions:

SUB OutPort (PortAddress¥, outNum%)

PortState$% = vbInp(PortAddress%)
PortNum% = PortState% + OutNum¥

vbOut PortAddress$, PortNum?¥
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change in the way the function is used. To turn on bit 1, we would

OutPort 888, 1

This example assumes a current port status of (00000000). If bit 1 is already high

you will get unexpected results, so keeping track of the port is important. To turn bit 1
back off, we would:

OutPort 888, -1

Now this sub introduces a problem. How do we clear everything on the port as if we
were doing vbOut 888, 0?7 Sending 0 to the sub has no effect (adding or subtracting 0
will always give you the original number), so we will need to add a statement to

specifically react to a 0. This done by a simple IF... THEN decision:

SUB OutPort (PortAddress%, OutNum%)

PortState% = vbInp (PortAddress%)
PortNum% = PortState% + OutNum$%
vbOut PortAddress%, PortNum3¥

IF OutNum% = O THEN vbout PortAddress%, 0

END SUB

The sub does all it's normal stuff, but also sets the port to 0 if a 0 was passed to it.
port if you create strange bit patterns by trying to turn

p track of the state you expect the port to be and
e vbInp function. If the two do not match,

This is a very easy to clear up a
a bit on twice. You may want to kee
compare it to the actual state by using th

clear the port and reset all the bits using your other variable.
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Now that we know a f : :
€W useful functjong with respect to output, we should look at a

useful input fnct '
o put function. When using the port in software, you will very likely need

know the statu 1 i i
e . s of a single bit at one time or another. There are various ways of
doing this, the function below is the mogt useful: :

FUNCTION BitStatus(PortAddress%, BitYouWant$) As INTEGER
IF PortAddress% = 888 THEN

NumOfBits% = 8

ELSE IF PortAddress$% = 889 THEN
NumOfBits% = 5

ELSE

NumOfBits% = 4

REDIM PortBits (NumOfBits%) AS INTEGER
PortNum¥% = vbInp (PortAddress$)

FOR i = 1 To NumOfBits$

PortBits% (i) = PortNum$% MOD 2
PortNum% = FIX(PortNum% / 2)

NEXT I

BitStatus% = PortBits% (BitYouWant%)
END FUNCTION

The function first decides how many bits it has to work with by looking at the address
of the port. Note that in all other examples it was really irrelevant if you used decimal
or HEX addresses. In this function you will need to change the numbers if you work
in HEX. Now, back to how the function functions (he he he). After deciding how
many bits there are in the port, it makes an array of the same number of elements. It

then goes through a loop, performing integer division on the number returned from

the port. It performs one division for each bit in the port. This is probably the easiest

way to convert to binary, as VB has no built in decimal to binary function. Again, if
you work in HEX you will have to adjust the function here.

itself the value of the array element you specify with the BitYouWant variable.

The function then assigns

57




Chapter Five
Software System Design
5.3 System Flowcharts

The Software includes three main subprograms

1. Updating the program information

2. analyzing smoke circuit information and take required acti
ion

3. analyzing Heat circuit information and take required action

5.3.1 Updating the program information

This flowchart shows haw the system loads the information related to both smoke and
heat circuits:

4

Output room
address

Y

Update Smoke
information

y

Update Heat
information

\ 4

End

Figure 5.1 Updating the program information
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Figure 5.2 Analyzing smoke circuit information and take required action
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Implementation and Testing

6.1 Introduction

In this chapter we will illustrate the implementation

process of the system includin
both software and hardware testing, : ;

The implementation process deals with the system as small subsystems, each

subsystem will be tested and implemented alone. Finally all these subsystems will be
integrated together to form the system.

The system is divided into subsystems so that we can deal with each part alone. These

subsystems are:
1. Smoke circuit
2. Heat circuit
3. Output circuit
4. Software
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6.2 Testing the Smoke Circuit

The smoke circuit consists
of three Sensors, each sengor located at diff
at different room.

at a time under software contro].

Smoke circuit 1s illustrated well in the general block diagram (Figure 3.1). As sh

s : . : .1). As shown

in the bloke diagram the signal will be adjusted to give digital values 0 or +5 volt
B : : volt.

Each part is tested alone before integrating the whole circuit; this includes testing the

Finally integrate all parts to form the smoke sensor circuit illustrated in figure 6.1

below. The circuit was tested before connecting it to the PC parallel port as follows:

DI-A3
SHOKE
SENSOR
VCC +12v
-L
VCC +12v DI-A
SHOKE
SENSOR 2 s ! = e
Q0 I3
Q0 P
DI-A3 = at 311—01
L o :: Parallel
s - Port Status
SHOKE = '——0:2 = 2 I Signal
Q3 =
i | s = 150

Parallel
Port Data
signal

Figure 6.1 Smoke Sensor Circuit

The Di-3 smoke sensor is firstly tested, and it had give us 10 volt in eyt o

smoke and 1 volt with no smoke.

£ +5 Volt and the Ground as logic
nnected to GND so that the

In order to test this circuit we use a power supply o

1 and 0 respectively. The pin 6 and 7 of the MUX were ¢0

gh the latch and opto comlenteticouipitpi Al

first sensor signal is passed throu
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repeated for the third sensor

The circuit had work
ed properl
Yy probably.
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6.3 Testing the Heat Circuit:

The Heat circuit consists of three sensors each se
’ ns

: or located at diff;
These sensors are multiplexed and Converted to dj erent room.

gital through the ADCO0808 so that

one sensor is selected at a time under software control, and is passed in digital to the

parallel port.

The heat sensor circuit is will illustrated in figure 6.2 below. The circuit was tested
before connecting it to the PC paralle] port.

The LM35 Heat sensor is firstly tested, and it gives us 24 mVolt at the room
temperature which indicates that the temperature is 24 C.

In order to test this circuit we use a power supply of +5 Volt and the Ground as logic
1 and 0 respectively. The pin 24 and 25 (A0, A1) of the ADC0808 was connected to
GND so that the first sensor signal is passed through the latch and opto coupler to the
output pin. After that pin 24 is connected to +5 Volt so that the second Sensor is

selected. The same is repeated for the third sensor.

The circuit had worked properly probably.
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Parallel
Port Control
Signal

ADCO0808

Parallel
Port Data
Signal

Figure 6.2 Heat Sensors Circuit
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6.4 Testing the Output circuyjt.

2 D1 Q1 Lq
parallel 3 Q1 :5 ,
Port Data D2 gzz 0 e
i (] Enable LED:
Signal D3 o “11 nable s |
7 Q3 —‘_I
T |%¢ a0
13 Q4
] 4 1C12
r C34
U1 T4LS75
2]A vo pi2 ; 2
318 v1 pid ; o glHEa
c Y2 P 30, Qi 3
VCC +5V Y3 S gzz i ——
5161 ¥3 " D3 Q},—“,'—-u Enable Bill
59 G2A Y6 7 Q3
q G2 Y7 p—a D4 g% ——0
= 74LS138 12 512
C34
7T4LS75
2
21 b a1 H8a
Qt 5
102 gz%a —
] D3 8§_ _i?_g I Enable Fan
7 Q3
D4 Q4fa—a
Q4
13 bciz
C34

74LST5

Figure 6.3 Output circuit
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6.5 Testing the Software:

The program was tested by giving digita] inputs th
GND as logic 0), and observing the output on LEI;Ou
The program had worked properly. v

gh switch (+5 volt as logic 1 and

6.6 Integrating Subsystems:

was integrated together to form the s
ystem. The fi :
6.4 below: e final system looks as shown in figure
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Chapter Seven

Conclusion and Future Work

7.1 Conclusion

7.2 Future work




7.1 Conclusion:

The PC had become the heart of the automated control, and s

an alarm system that controls a set of Sensors through the pPC

We had collected all data required to builg such a system in the

0 we are trying to make

previous semester,

this includes:

Reading Literature review

Collecting the theory required for the system
Scheduling the time to perform this project

Drawing the General Block Diagram

Designing the Circuit and determining the required IC's
Understanding the principles of these IC's

Determination of the software to be used and writing the general algorithms

And we build the system in this semester.

7.2 Future work:

The system is now ready, as suggested in the previous semester. For future work one

can develop the system so that it can:

Use telephone.
Use the gas sensor and analyzer.
Use Water sprinkles.

Cope more sensors.
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IEMENS

pl-3, DI-A3 and DI-B3

pnization Smoke Detector

» Adjustable Sensitivity

o Dual Chamber

o Sensitivity Test Points

o Simple Twist/Lock Assembly
¢ Optional Auxiliary Relay

o Screw-Clamp Terminals

o Alarm LED

o (U ) Listed, ULC Listed, NYMEA,
FM, CSFM Approved

ENGINEER
- AND ARCHITECT SPECIFICATIONS

Fire Safety

Introduction

The Siemens Building technologies, Fire Safety Division

D|-3 D-A3and DI-B3 fire smoke detectors operate on the

Onization principle. The detectors respond to the first

taces of fire in the form of visible smoke or invisible

oducts of combustion. The DI-3, DI-A3 and DI-B3 have

been d}iveloped for the wide range of commercial,

“du§tﬂ§l and institutional fire detection and extinguishing

#pications. The DI-3, DI-A3 and DI-B3 are approved in

npronments covered by UL 268 & UL 268A. The DI-B3
Sthe utilized with a Series 3™ air duct housing.

Deseription

Thegl(? S,e”es detector is a plug-in, ionization detector
5 es; eS|gne.d for two wire system operation. The DI-3
ang S"ed With adjustable sensitivity while the DI-A3

i B3have a fixed sensitivity designed for their

high air flow applications.

d"aliDJn?é 2-LA3 and DI-B3 consist of selfcompensating
anp ier.a Ion chambers and a highly stable solid state
Mesen SWitching circuit. One chamber detects the
: Sasg Combustion products, the second ghamb(_a(
forchg ref?rence. to stabilize the detector’s sensitiv-
“meunges in environmental conditions. As products
°.""ent isstlon enter the sampling chamber, the chamber
e he educed producing a voltage change. At the
Voltage range exceeds the pre-determined

&

threshold, an alarm is signaled to the control unit. The
detector locks in upon alarm and must be reset from the

control panel.

The sensitivity of the DI-3, DI-A3 and DI-B3 is preset at
the factory. The electrical sensitivity can be monitored in
the field using the Fire Safety sensitivity tester, test
module TM-I13.The sensitivity test jack on the DI-3, DI-A3
and DI-B3 and the adjustment screw on the DI-3 are
accessible from the front of the detector housing enabling
the user to perform all sensitivity adjustments and tests
without removing the detector from its base.

The detectors utilize a low profile surface mounting base,
model DB-3S, which may be attached to either a 4"
octagonal, single gang outlet box or 4" square wiring box
_ or the audible base model ADB-3, which must be
attached to a 4" square, deep wiring box.The DB-3S base
and ADB-3 audible base utilize s'C(ew-clamp terminals for
all electrical connections, self-vylpmg contacts for rghabmty
and contain provision foran optional concealed locking
mechanism to prevent unauthorized removal of the

detector head.
ies ionizati been designed to
.3 Series ionization detector has
21;?2 wide range of system design paramett'ars."rhe
DI-3 detector is designed for open area protection in areas
with air velocities up to 300 feet per minute.

CATALOG NUMBER 6119




IEMENS

pi-3, DI-A3 and DI-B3

jpnization Smoke Detector

o Adjustable Sensitivity

+ ual Chamber

o Sensitivity Test Points

o Simple Twist/Lock Assembly
o Optional Auxiliary Relay

o Screw-Clamp Terminals

o Alarm LED

. Listed, ULC Listed, NYMEA,
FM, CSFM Approved

ENGINEER
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Fire Safety

Introduction

The Siemens Building technologies, Fire Safety Division

013 QI-AB and DI-B3 fire smoke detectors operate on the

nization principle. The detectors respond to the first

tces of fire in the form of visible smoke or invisible

poducts of combustion. The DI-3, DI-A3 and DI-B3 have

%n developed for the wide range of commercial,

“d“§m§|and institutional fire detection and extinguishing

gs!lmtlons.me DI-3, DI-A3 and DI-B3 are approved in

- onments covered by UL 268 & UL 268A.The DI-B3
stbe utilized with a Series 3™ air duct housing.

DeScription

223 Series detector is a plug-in, ionization detector
8 es; eslgne.d for two wire system operation.The DI-3
angy g’ge,d with adjustable sensitivity while the DI-A3
g B3 have a fixed sensitivity designed for their
alhigh air flow applications.

% N .
*’llal[i)(,ln?éz?t."A3 and DI-B3 consist of self-compensating
Mplifia. lon chambers and a highly stable solid state
Ceswltd"“g circuit. One chamber detects the
Sives aso combustion products, the second chambge(
for e 2 rference, to stabilize the detector’s sensitiv-
M%mbznges in environmental conditions. As products
Blgny issnon enter the sampling chamber, the chamber
e e '®duced producing a voltage change. At the
Yoltage range exceeds the pre-determined

&

threshold, an alarm is signaled to the control unit.The
detector locks in upon alarm and must be reset from the

control panel.

The sensitivity of the DI-3, DI-A3 and DI-B3 is preset at
the factory. The electrical sensitivity can be monitored in
the field using the Fire Safety sensitivity tester, test
module TM-I3. The sensitivity test jack on the DI-3, DI-A3
and DI-B3 and the adjustment screw on the DI-3 are
accessible from the front of the detector housing enabling
the user to perform all sensitivity adjustments and tests
without removing the detector from its base.

The detectors utilize alow profile surface mounting base,
model DB-3S, which may be attached to either a 4"
octagonal, single gang outlet box or 4" square wiring box
_ or the audible base model AI?B-3, which must be
attached to a 4" square, deep wiring box.The DB-3S base
and ADB-3 audible base utilize S.C(ew-clamp terminals for
all electrical connections, self-vyupmg contacts for rghabuhty
and contain provision foran optlo_nal concealed locking
mechanism to prevent unauthorized removal of the

detector head.
ies ionizati been designed to
.3 Series ionization detector has
Th:e?la wide range of system design parameters.The
g‘I-B detectoris designed foropen area protection in areas
with air velocities up to 300 feet per minute.
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Introduction

The Siemens Building technologies, Fire Safety Division
,D‘-,3. D_I'A3 qnd DI-B3 fire smoke detectors operate on the
ionization pnnciple.The detectors respond to the first
traces of fire in the form of visible smoke or invisible
products of combustion.The DI-3, DI-A3 and DI-B3 have
been developed for the wide range of commercial,
lndu§mgl and institutional fire detection and extinguishing
applications. The DI-3, DI-A3 and DI-B3 are approved in
environments covered by UL 268 & UL 268A.The DI-B3
must be utilized with a Series 3™ air duct housing.

Description
e D -3 Series detector is a plug-in, jonization detector
?sng is designed for two wire system operation.The »
& diilgned with adjustable sensitivity while th? It_heir
indivi 2 D"B3 have a fixed sensitivity designed for
vidual high air flow applications-
ompensating

T::PI{?, D,I'A3 and DI-B3 consist of self-c ot
am l'P_nlzatmn chambers and a highly stable soli =

Drep ifierswitching circuit. One chamber detects
Sens/ence of combustion products, the seconO c

ity foeriﬁs areference, to stabilize the detec

of Cornbanges in environmental conct lonsr.
urr ustion enter the sampling chamber, 4
Urrentis reduced producing a voitage change: =
ethe voltage range exceeds the pre-determl

threshold, an alarm is signaled to the control unit.The
detector locks in upon alarm and must be reset from the

control panel.

The sensitivity of the DI-3, DI-A3 and DI-B3is preset at
the factory. The electrical sensitivity can be monitored in
the field using the Fire Safety sensitivity tester, test
module TM-13.The sensitivity testjack on the DI-3, DI-A3
and DI-B3 and the adjustment screw on the D]-3 are
accessible from the front of the detector housing enabling
the userto perform all sensitivity adjgstments and tests
without removing the detector fromiits base-

tors utilize a low profile surface mounting base.

. - 4"
-3, which may be attacheg toeithera:
tagonal iingle gang outlet box or 4"square wiring box
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o Adjustable Sensitivity

« Dual Chamber

o Sensitivity Test Points

o Simple Twist/Lock Assembly
« Optional Auxiliary Relay

e Screw-Clamp Terminals

e Alarm LED
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Flire Safety

introduction

The Siemens Building technologies, Fire Safety Division

Di3, DFA3 and DI-B3 fire smoke detectors operate on the

ionization principle. The detectors respond to the first

fraces of fire in the form of visible smoke or invisible

moducts of combustion. The DI-3, DI-A3 and DI-B3 have

beendeveloped for the wide range of commercial,

g‘d“rs'm{ll and institutional fire detection and extinguishing

eI;rJ‘lcatlons.'r‘r\e DI-3, DI-A3 and DI-B3 are approved in

mvuronmep_ts covered by UL 268 & UL 268A.The DI-B3
stbe utilized with a Series 3™ air duct housing.

Description

123223 Series detector is a plug-in, ionization detector

i des esigned for two wire system operation.The DI-3

E Jedwithadjustable sensitivity while the DI-A3

ndivig H.33 h?Ve a fixed sensitivity designed for their
ual high air flow applications.

Th .
u:[i);:?'zg I-A3and DI-B3 consist of self-compensating
Dliieg: tion chambers and a highly stable solid state
%enoew}l'tch'“g cireuit. One chamber detects the
rives aso combustion products, the second ghambg(
'tYfOrehaa reference, to stabilize the detector’s sensitiv-
of oombung.es in environmental conditions. AS products
Tent iss'uon enter the sampling chamber, the chamber
e the reduced producing a voltage change. Atthe
Voltage range exceeds the pre—determined

threshold, an alarm is signaled to the control unit.The
detector locks in upon alarm and must be reset from the

control panel.

The sensitivity of the DI-3, DI-A3 and DI-B3 is preset at
the factory.The electrical sensitivity can be monitored in
the field using the Fire Safety sensitivity tester, test
module TM-13.The sensitivity test jack on the DI-3, DI-A3
and DI-B3 and the adjustment screw on the DI-3 are
accessible from the front of the detector housing enabling
the userto perform all sensitivity adjustments and tests
without removing the detector from its base.

The detectors utilize alow profile surface mounting base,
model DB-3S, which may be attached to eithera 4"
octagonal, single gangd outlet box or 4" square wiring box
— orthe audible base model ADB-3, which must be
attachedtoa 4" square, deep wiring box.The DB-QS base
and ADB-3 audible base utilize scr_ew—clamp termma}s fgr
all electrical connections, self-wiping contacts for reliability
ovision for an optional concealed locking

and contain pr !
mechanism t0 prevent unauthorized removal of the

detector head.
ation detector has been designed to

DI-3 Series ioniz r
;r:eeet a wide range of system design parameters.The

DI-3 detectoris designed foropen area'protection in areas
with air velocities up o 300 feet per minute.
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DHA3is recommended for use in high air velocity applica-
fions such as computer room underfloorareas.The

model DI-A3 contains a specially designed internal

chamber cover and a pre-selected fixed sensitivity setting
which provides extremely stable operation. Model DI-A3
has been UL listed for operation in air velocities of 0 to
1200 fest per minute. Since air velocity has an effect on
detector sensitivity and performance, the DI-A3 should
beused only in applications which meet this established
airvelocity range.

The DI-B3 is designed specifically for use with the Fire
Safety Series 3 air duct housings and, like the DI-A3,
contains a specially designed internal chamber cover and
apre-selected fixed sensitivity setting.The DI-B3 must
be u}ilized with the Series 3 air duct housing in air duct
applications with air velocities of 500-4000 FPM.

Th_e DI3, DI-A3 and DI-B3 are also available for high
ditude applications, (3000 to 8000 feet above sea level)
asmodel numbers DI-3H, DI-A3H and DI-B3H.

The DI-3and DI-A3 are capable of operating @ remote
alarm lamp, RLI1, RLI2, RL:=30, RL-40 or auxiliary relay.
model RR-3. The model RR-3/3S relay contains one set
ofdouble pole, double throw contacts rated at 120VAC, 2
Amp. Resistive and requires a deep outlet box when
Mounted to the DB-3S. The DI-B3 is capable of utilizing
Eremote relay as supplied in the Series 3 air duct
ousing model AD-3 with a DA-BSR Relay Board which
mﬂtams one set of double pole, double throw contacts
ed at 125 VAC/24 VDC, 3 Amp. Resistive.

YVZesr; mum_me _detector/re|ay combinations aré us.ed on

festricrtne circuit, the zone module current limit will

ion, the number of guaranteed detector/relay actua-
Stoone per zone.

Tl

io':‘?zlgl;s, DI-A3, DI-B3 , DI-3H, DI-A3H and DI-B3H

Ui e(}lon detectors are Underwriters Laboratories, Inc.
pr<>veci]he series is also FM, CSFM and NYMEA 2P°

A“ i ‘VI applOVed i insi
. It |nS|Ca“y saie D|'3 i i
nir 1 IS aVal‘able unde

intrinsically safe S
ystem 3 zon k
MXL zone module CZM-1 IISl-1(.a module, model ZS-30 or

Application Data

Ill;(teegl-o?»r,le-A?, DI-B3, DI-3H, DI-A3H and DI-B3H
S are ully' compatible with other Fire Safety
ek compattb{e dgtectors and may be intermixed
o same zone circuit. No more than thirty (30)

ectors of any type of combination (other than thermals

or manual Stations) may be used on an Fi
dEteCth circuit. Y ire Safety

This detectoris applicable to the 30-foot center spacing
(900 sq. ﬁ.) as referred to in NFPA 72.This spacing,
hoyyever, is _based on ideal conditions namely, smooth
ceiling, no air movement, and no physical obstructions
between the fire source and the detector.This spacing
should be used as a guide or starting point in the detector
lnstallapon layout. Do not mount detectors in areas close
to ventilating or air conditioning outlets. Exposed joists or
beamed ceilings may also affect safe spacing limitations
for detectors. It is mandatory that engineering judgment
be applied regarding detector location and spacing.

Engineer and Architect Specifications

The ionization smoke detector shall be a dual chamber
plug-in unit which mounts to a twist/lock base and shall
be UL listed.

The smoke detector shall operate on a two-wire circuit
and shall contain an alarm indicating LED which will
illuminate to signal actuation of the detector.

DI-A3 ONLY The detector shall be specifically designed
for use in high air velocity applications of between 0and
1200 ft./min. Detectors which are not UL listed for the
stated air velocity range shall not be accepted.

DI-B3 ONLY The detector shall be specifically designed
for use in air ducts with air velocities between 500-4000
FPM when used with Fire Safety Series 3 air duct
housings. Detectors not listed to UL 268A for the stated
air velocity range shall not be accepted.

The detector shall be available ina model that is accept-
able forand UL listed for use in altitudes of 3000-8000
feet above sea level if desired models DI-3H, DI-A3H or

DI-B3H.

i iustment* and monitoring of the detector sensitiv-
::tlye lsdhgﬁltl;e possible without removal of the detector head
from its pase.The measurement of detector sensitivity
shall provide a discrete eIectncaI_value.Test methods
t provide an output signal pr_oportlonal to
concentrations shall not be cons[defred equal.The
bly into which the r(\ietector lls msti\lled_sh?Il

ist/lock design with screw-clamp terminais.
bfe\: {)tagztswhall utilize se|f-wipipg con-tapts for reliability
and shall accept other compatible plug-in detec:‘ors. A
security lock shall be installed in those areas W ere

tamper resistant installation is required as indicated on
the drawings:



<= 4" Octagonal,
Single Gang or
+ 4 Square Wiring Box

MO Q

2 3/8"
(6 cm)

0OO 00

L2 116" (6.8 cm)

Detector
|dentification
Red LED Lens

Standard or Deep

DI-A3is recommended for use in high air velocity applica-
tions such as computer room underfloor areas.The

model DI-A3 contains a specially designed internal
chamber cover and a pre-selected fixed sensitivity setting
which provides extremely stable operation. Model DI-A3
has been UL listed for operation in air velocities of 0 to
1200 feet per minute. Since air velocity has an effect on
detector sensitivity and performance, the DI-A3 should

be used only in applications which meet this established
air velocity range.

The DI-B3 is designed specifically for use with the Fire
Safety Series 3 air duct housings and, like the DI-A3,
contains a specially designed internal chamber cover and
apre-selected fixed sensitivity setting. The DI-B3 must
be utilized with the Series 3 air duct housing in air duct
applications with air velocities of 500-4000 FPM.

The DI-3, DI-A3 and DI-B3 are also available for high
altitude applications, (3000 to 8000 feet above sea level)
asmodel numbers DI-3H, DI-A3H and DI-B3H.

The DI-3 and DI-A3 are capable of operating a remote
alarm lamp, RLI1, RLI2, RL-30, RL-40 or auxiliary relay,
Mmodel RR-3. The model RR-3/3S relay contains one set
ofdouble pole, double throw contacts rated at 120VAC, 2
P. Resistive and requires a deep outlet box when
Mounted to the DB-3S. The DI-B3 is capable of utilizing
eremote relay as supplied in the Series 3 airduct
0using model AD-3 with a DA-3SR Relay Board which
Ntains one set of double pole, double throw contacts

fated at 125 VAC/24 VDC, 3 Amp. Resistive.

When Multiple detector/relay combinations are used on

reg Same circuit, the zone module current limit will :

SUict the number of guaranteed detector/relay actua
Stoone per zone.

The pig, DI-A3, DI-B3 , DI-3H, DI-A3H and DI-B3H

1Onivag: :
Nization detectors are Underwriters Laboratories, Inc.

Uis g -
Drot\?e%.The series is also FM, CSFM and NYMEA 2P
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«Intrinsically safe DI-3 is available und
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Application Data

'52;960:-3, DI-A3, DI-B3, DI-3H, DI-A3H and DI-B3H

g ctors are fully compatible with other Fire Safety
ystem 3 compatible detectors and may be intermixed

on the same zone circuit. No more than thirty (30)

detectors of any type of combination (other than thermals

ormanual stations) may be used on any one Fire Safety
detector circuit.

This detectoris applicable to the 30-foot center spacing
(900 sq. ft_.) as referred to in NFPA 72.This spacing,
hoyyever, is based on ideal conditions namely, smooth
ceiling, no air movement, and no physical obstructions
between the fire source and the detector. This spacing
§h0u|d be used as a guide or starting point in the detector
installation layout. Do not mount detectors in areas close
to ventilating or air conditioning outlets. Exposed joists or
beamed ceilings may also affect safe spacing limitations
for detectors. It is mandatory that engineering judgment
be applied regarding detector location and spacing.

Engineer and Architect Specifications

The ionization smoke detector shall be a dual chamber
plug-in unit which mounts to a twist/lock base and shall
be UL listed.

The smoke detector shall operate on a two-wire circuit
and shall contain an alarm indicating LED which will
illuminate to signal actuation of the detector.

DI-A3 ONLY The detector shall be specifically designed
for use in high air velocity applications of between 0 and
1200 ft./min. Detectors which are not UL listed for the
stated air velocity range shall not be accepted.

DI-B3 ONLY The detector shall be specifically designed
for use in air ducts with air velocities between 500-4000
FPM when used with Fire Safety Series 3 air duct
housings. Detectors not listed to UL 268A for the stated
air velocity range shall not be accepted.

detector shall be available in a model that is accept-
lgl?e forand UL listed foruse in altitudes of 3000-8000
feet above sea level if desired models DI-3H, DI-A3H or

DI-B3H.

; i ent* and monitoring of the detector sensitiv-
iF lels?mglcljjtl:gt;r:c])ssibIe without removal of the detector head
from its base. The measurement of detector sensitivity
shall provide a discrete eIectncal_value.Test methods
which do not provide an output signal p(oportlonal toT

oke concentrations shall not be considered equal.The
4 ssembly into which the detectoris mstalled'shall
basef ?he twist/lock design with screw-clamp terminals.
be obaSe shall utilize self-wiping con-tacts for reliability
Z:S shall accept other compatible plug-in detec:]ors. A
rity lock shall be installed in those areas where
tsaer(r:::)er resistant installation 1 required as indicated on

the drawings.
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General Description

The LM35 series are precision ir)tegrated—circuit temperature
$BNS0S, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperatur_e sensors calibrated in
* Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration of trimming to provide typical accuracies of £4°C
ot room temperature and £%°C over a full -55 to +150°C
{emperature range. Low cost is assured by trimming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated fo operate over a -55° to +150°C temperature range,
while the LM35C is rated for a —40" to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

al SemiCOnductOr

precision Centigrade Temperature Sensors

November 2000

tged in hermetic TO-46 transistor packages, while the
M35C, LM35CA, and LM35D are also available in the
plastic TO-92 transistor package. The LM35D is also avail-

able ?n an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

m Calibrated directly in * Celsius (Centigrade)
B Linear + 10.0 mV/'C scale factor

m 0.5°C accuracy guaranteeable (at +25°C)
B Rated for full -55° to +150°C range

m Suitable for remote applications

= Low cost due to wafer-level timming

m Operates from 4 to 30 volts

® Less than 60 pA current drain

m Low self-heating, 0.08°C in still air

@ Nonlinearity only £%°C typical

@ Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+\s
(4V T0 20V)
QUTPUT
M35 = g my+10.0 my/°C
i DS005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

| i

©2000 National Semiconductor Corporation

DS005516

+Vs

LM35

_L Rl

Vout

—Vs
DS005516-4
Choose Ry = -VSISO pA
V out=+1:500 mV at +150°'C
= 4250 mV at +25°C
= -550 mV at -55'C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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LM35

General Description

The LM35 series are precision integrated-circuit temperature
sensors, whose output voltage is linearly proportional to the
Celsius (Centigrade) temperature. The LM35 thus has an
advantage over linear temperature sensors calibrated in
* Kelvin, as the user is not required to subtract a large
constant voltage from its output to obtain convenient Centi-
grade scaling. The LM35 does not require any external
calibration or trimming to provide typical accuracies of +14'C
at room temperature and £3%4°C over a full -55 to +150°C
temperature range. Low cost is assured by timming and
calibration at the wafer level. The LM35's low output imped-
ance, linear output, and precise inherent calibration make
interfacing to readout or control circuitry especially easy. It
can be used with single power supplies, or with plus and
minus supplies. As it draws only 60 pA from its supply, it has
very low self-heating, less than 0.1°C in still air. The LM35 is
rated to operate over a =55 to +150°C temperature range,
while the LM35C is rated for a -40° to +110°C range (-10°
with improved accuracy). The LM35 series is available pack-

National Semiconduct()r

precision Centigrade Temperatyre Sensors

November 2000

aged in hérmetic TO-46 transistor i

; packages, while the
L:VI3§C. LM35CA, _and LM35D are also available in the
Plastic TO-92 transistor package. The LM35D is also avail-

able in an 8-lead surface mount small outline package and a
plastic TO-220 package.

Features

® Calibrated directly in * Celsius (Centigrade)
B Linear + 10.0 mV/'C scale factor

@ 0.5°C accuracy guaranteeable (at +25°C)
® Rated for full -55° to +150°C range
Suitable for remote applications

Low cost due to wafer-level trimming
Operates from 4 to 30 volts

Less than 60 pA current drain

Low self-heating, 0.08°C in still air
Nonlinearity only £%4°C typical

Low impedance output, 0.1 Q for 1 mA load

Typical Applications

+Vs
(4V 70 20V)
OUTPUT
LM35 1= 0 my +10.0 mv/°C
= DS005516-3

FIGURE 1. Basic Centigrade Temperature Sensor
(+2°C to +150°C)

.

©2000 National Semiconductor Corporation
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+Vs

LM35

_L R1

Vour

_V‘
DS005516-4
Choose Ry = -Vs/50 pA
V our=+1,500 mV at +150°C
= 4250 mV at +25°C
= -550 mV at -55'C

FIGURE 2. Full-Range Centigrade Temperature Sensor
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COnnection Diagrams

TO-46
Metal Can Package*

BOTTOM VIEW
DS005516-1

«Case is connected to negative pin (GND)

Order Number LM35H, LM35AH, LM35CH, LM35CAH or
LM35DH
See NS Package Number HO3H

TO-92
Plastic Package

+Vs Vour GND

BOTTOM VIEW
DS005516-2
Order Number LM35CZ,
LM35CAZ or LM35DZ
See NS Package Number Z03A

ww”-"aﬂonaI.c:om

S0-8
Small Outline Molded Package

v \
out 1 8 GVS
N.C.—2 7—=N.C.
NC.—3 6 f=N.C.
GND —{ 4 5=N.C.
DS005516-21
N.C. = No Connection
Top View
Order Number LM35DM

See NS Package Number M0BA

TO-220
Plastic Package*

O

LM
3501

+Vs A Vout
DS005516-24

*“Tab is connected to the negative pin (GND).
Note: The LM35DT pinout is different than the discontinued LM350DP.
Order Number LM35DT
See NS Package Number TAO3F
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710-220 Package, ~65°C to +1 O'C -40°C to +110°C
Lead Temp- e 0'Cto +100°c
T0-46 Packag180. a8)
ring, 10 seconds
(Soldenng 300°C
Electrical Characteristics
(Notes 1, 6)
/’
parameter Conditions LMESA LM35CA
Tvoi Tested | Design Tested | D
ypical Limit i esign | Units
Ty Limit | Typical | Limit | Limit | (Max)
ote 4) | (Note 5) 3
Aocuracy T A=+257C 0.2 05 00 (N::)e A G0 B S
T A=—10°C x ; S c
(Note 7) A 0.3 £0.3 £1.0 c
T A +0.4 1.0 0.4 £1.0 c
T a=Tmin 0.4 1.0 0.4 15 'c
Nonlinearity T min<TaSTmax %0.18 £0.35 %0.15 %03 ‘C
(Note 8)
SenSOI’ Gain T MlNSTA{rMAX +1 0.0 "'9.9, +10-0 +9.9, mV/'C
vera | +10.1 +101
(Average S o?e) : o 104 1.0 mV/mA
Load Regulation T \=1251C £0.4 =1
£ 30 | 105 0 A
Note3) 0<l,<1 mA | T min<TaSTmax 205 | 1 ——T 001 | %005 mVV
L Regutation T A=+25'C E001E R0 10402 s04_| mvv
+0.02 g M e T
Quiescent Current V o=+5V, +25°C =5 1 131 91 i ”2
(Note 9) V g=+5V 105 56.2 68 e
V s-+3ovx 133 91' // pA
V o=+30V o i 10 il
Change of avev.aov, +25C | 02 s 05 i
Quiescent Current 4V<V $<30V 0.5 //0,3,9’/ w05 | WANC
(Note 3) W | H0S e
Temperatur o S
- N e e
:Mmmum Temperature | In circuit of // +0.08 l/‘L/
o Roted Acouracy | Figure 1. 1.=0_——5508 el
Long Term Stability T ;= Timaxs for \/{/\/
T 1000 hours
www_natlon8|-°°m
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Maximum Ratings (ote 10)

. .

; : TO-92 5
ylAer ace specified devices are required, (Soldaer:-.%g 01'520 Package, 5
i it ctthe National Semiconductor Sales Office/ SO Pack g2 oconds) 260C | O
plees® 1 gor availability and specifications. age (Note 12)
m,ﬁ']blﬁoﬁ VapOI' Phase (60 seconds) 215°C
ppy V39° +35V to -0.2v Infrared (15 seconds) 220°C
" Vols0® +6V to -1.0V ESD Susceptibility (Note 11)
current 10 mA Specified Operating T S
output ;’ - (Note 2) g Temperature Range: Ty 10 T pax
orage TeMP- e : LM35, L
46 Package: G L S
092 Package. —60.0 to +150°C Micsn -40°C to +110°C
50-8 Package: =-65°C to +150°C 0°C to +100°C
10-220 package. -65°C to +150°C
Temp-:
Le2 6 Package,
(smdering. 10 seconds) 300°C
Electrical Characteristics
(oes 1, 6)
. 3 LM35A LM35CA
parameter Conditions ; Tested | Design Tested | Design | Units
Typical Limit Limit Typical Limit Limit (Max.)
. (Note 4) (Note 5) (Note 4) (Note 5)
B T A=+25'C +0.2 +0.5 0.2 +0.5 'C
o) T =—10'C +0.3 +0.3 +1.0 ‘c
T a=Tuax 0.4 t +0.4 +1.0 (o
T a=Twin 0.4 + $0.4 +1.5 6
Noninearity T minSTA<Tmax +0.18 £0.35 $0.15 £0.3 '
(ot 8)
Sensor Gain T Rl +10.0 +9.9, +10.0 +99, | mvIC
{pverage Slope) +10.1 +10.1
Lt Reguiation T a=+25C x04 | 10 04 g &n0 A
MedsietmA | Tyn<TasTunx | %05 gl i B
Lne Regulation T =+25C £001 | *0.05 001 | 005 i m\\llx
. m
e 3 4V<V 530V £0.02 E0 1| E002 = =
Qiescent Current V g=+5V, +25°C 56 67 :
131 91 114 pA
(Note 9) V g=+5V 105 5 B8 uA
V .=+30V, +25°C 56.2 68 =6
s 133 91.5 116 pA
— V ¢=+30V 1055 lleie e gil e = —— 5 10 pA
targeof 4VSVo<30V, +25°C | 02 1.0 biE 2.0 pA
?Nnesoent Current 4V<V <30V 05 2.0 ;
bte 3) e B -
[ 2039 +0.5 pA/'C
vt 039 | s B
ficient of
e Curnt dpeen T e R T
h:‘:m Temperature | In circuit of +1.5 i [ EEEE
% Figure 1, 1.=0 ///_';0703—_ &
M Stabilty | T ,=Tumoq fOF £0.08 L_,/L/L/"L/
e 1000 hours L__/L/
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glectrical Characteristics
(Noies 1! 6)
o LM35
arameter Conditions R
P Tested Do LM35C, LM35D
Typical |  Limit Limit | Typical L
ypical Limit Liml
= T A=+25'C (Note 4) | (Note 5) N it | (Max)
Accuracys . +0.4 1.0 (Note 4) | (Note 5)
LM35, LM35C Ta=-10C +0.5 104 £1.0 ‘C
(Note )] T A= Tmax +0.8 +15 0.5 1.5 ‘C
T =Tt +0.8 : 0.8 +15 C
~ocuracy, LM35D T A=+25'C 15 | %08 £2.0 '
(Note 7) 1 Lt +0.6 1.5 )
st 20-9 +2.0 o
Nonlinearity T MnSTASTmax 0.3 0.5 t(())z 20 2
(Note ) : - 0.5 (o]
Sensol‘ Gain T MlNSTAS-FMAX +10.0 +9-8.' +10.0 9.8 - Vrc
(Average Slope) +10.2 +1(.); o
Load Regulation T A=+25°C 0.4 2.0 104 2.0 . V/mA
! ! m
(Note 3) ole.s1 mA T minsT A.ST MAX 0.5 £5.0 £0.5 £50 | mV/mA
Line Regulation T A=+25°C 10.01 0.1 +0.01 10.1 mviv
(Note 3) 4VV ¢<30V %0.02 0.2 %0.02 0.2 mViV
Quiescent Current V g=+5V, +25°C 56 80 56 80 17,
(Note 9) V g=+5V 105 158 91 138 pA
V =430V, +25°C 56.2 82 56.2 82 pA
V ¢=+30V 105.5 161 91.5 141 pA
Change of 4V<Vg<30V, +25°C 0.2 2.0 0.2 2.0 pA
Quiescent Current 4V<V <30V 0.5 3.0 0.5 3.0 pA
(Note 3)
Temperature +0.39 +0.7 +0.39 +0.7 WAI'C
Coefficient of
Quiescent Current
Minimum Temperature | In circuit of +1.5 +2.0 +1.5 +2.0 C
for Rated Accuracy Figure 1, 1.=0
= +0.08 ‘C
Long Term Stability T ;=Twaxs fOr +0.08
1000 hours 3 AT T—
Note 1: Unless otherwise noted, these specifications apply: "55'05“5*150'0 for the LM35 a'-‘d LM%:; o g{y"sf;t:yog'(f;o{ot?e&istgeadmrn; '(__Ji:l.”:nt
0T S00'C for the LM35D. Ve=+6Vdc and lLoap=50 A in (n° circait of Figure 2. These specications 250 27
Specifications in boldface apply over the full rated temperature range- ! | resistance of the TO-92 package is
Note 2: Thermal resistance of the TO-46 package is 400°C/W, junction to ambient. and 24 gmfﬁ: Eaﬁ;%n Ih:hn::n ;1 mss is?:: c: o ;‘ L mzz%apa 3@ i
180°CIW junction to ambient. Thermal resistance of the small outiine molded Padgb?: :: é‘zeoAp i cla tions section.
is 90°C/W junction to ambient. For additional thermal resistance iofonnatn s th a low duty cycle. Changes in output due to heating effects can be
Note 3: Regulation is measured at constant junction temperature, using pulse testing with @
computed by multiplying the internal dissipation by the thermal resistance.
Note 4: Tested Limits teed and 100% tested in production. Htage ranges. These limits are not used to
o l: n:“sa:e 9:;::;:9(1 (but ot 100% producton ested) over the indicated {emperature and supply voliag
:alculale outgoing quality levels. ure range
ote 6: tfcatnnei ted temperature : ; ified conditions of voltage, current,
Not: T: ls\z:uc:cau;m: T b:'dfa‘:" ! ::;:;:: ::z ::nput voltage and 10mv/C times the device's case temperature, at specifie
> cy is defined as e eror 0
and temperature (expressed in “C). lemperature CUVe from the best-fit straight line, over the device's rated temperature
:‘:“ 8: Nonlinearity is defined as the deviation of the output-voltage-versus” e
nge.
: whe t
Note 8: Quiescent current is defined in the circuit of Figure 1. o the device MaY occur. DC andAC electrical specifications do not apply when operating
3‘:‘: 10: Absolute Maximum Ratings indicate limits be{lor:d :’h‘d‘ damage (0
evice beyond its rated operating conditions- See Note 1.
: . found | current National
Note 11: Human body model, 100 pF discharged through @ 1.5 kQ feslsr:m i Rellabﬂny’ or the saction titled Surface Mount” foul na
Nota 12: Seq AN-450 “Surface Mounting Methods and Thew Esz‘:fc::og mount devices:
mic‘g""‘“’m’unear Data Book for other methods of soldering
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Minimum Supply:
Voltage vs. Temperature
4.4
| 2
42 TYPICAL—#~ 5
s i) lour=2.0mApZ 2L
= .8 | VL
8
E' 3.6 4
S 34 4
> %
E 3.2 ; = TYPICAL =
o A 2 =1. pus
5 3.0 '.‘Z'l lour 1‘0mA
28 ooy TYPICAL
26 i—luur=0ul0ﬂ5°#“
24 [
_75 —25 25 15 125 175
TEMPERATURE (°C)
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Accuracy vs. Temperature

(Guaranteed)
2.0 LM35
15 =
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2 1.0 Hig “E"E
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& T TYRICAL_L =
& 0 %
2 i [ L +LMISA— T
=-05 m‘m
£_10
w 1«__ .
-15 ] wmas| ||
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Thennal Response
in Still Air
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Quiescent Current
vs. Temperature
(In Circuit of Figure 1.)
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Accuracy vs. Temperature

(Guaranteed)
2.5 T
20 LD
5 15 oo
g 1.0 LM35CA
E 0.5 TYPICAL
w 0 ol
S _os Bl
e C)
%_1,0 At FILMISCA
= _15 ot nLM35C ]
gl jaalat |
_20 f LM3sD
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S s 8 s B
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Typical Performance CharaCteristics (Continued)

Noise Voltage
1600

1400 H -
1200

1000 —1-11 -

800

600 |t L

NOISE (nV/4 H2)
1

400 =8
200

100 1k 10k 100k

FREQUENCY (Hz)
0S005516-34

Applications

The LM35 can be applied easily in the same way as other
integrated—circuit temperature sensors. It can be glued or
cemented to a surface and its temperature will be within
about 0.01°C of the surface temperature.

This presumes that the ambient air temperature is almost the
same as the surface temperature; if the air temperature were
much higher or lower than the surface temperature, the
actual temperature of the LM35 die would be at an interme-
diate temperature between the surface temperature and the
air temperature. This is expecially true for the TO-92 plastic
package, where the copper leads are the principal thermal
path to carry heat into the device, so its temperature might
be closer to the air temperature than to the surface tempera-
ture. s

To minimize this problem, be sure that the wiring to the
LM35, as it leaves the device, is held at the same tempera-
ture as the surface of interest. The easiest way to do this is
to cover up these wires with a bead of epoxy which will
insure that the leads and wires are all at the same tempera-
ture as the surface, and that the LM35 die's temperature will
not be affected by the air temperature.

Temperature Rise of LM35 Due To Sel

Start-Up Response

viv V)

Vour (V)

0 10 20 30 40 50 60

TIME (microseconds)
DS0055168-35

The TO-46 metal package can also be soldered to a metal
surface or pipe without damage. Of course, in that case the
V- tem]mal of the circuit will be grounded to that metal.
Alternatively, the LM35 can be mounted inside a sealed-end
[netal tube, and can then be dipped into a bath or screwed
into a threaded hole in a tank. As with any IC, the LM35 and
accompanying wiring and circuits must be kept insulated and
dry, to avoid leakage and comosion. This is especially true if
the circuit may operate at cold temperatures where conden-
sation can occur. Printed-circuit coatings and vamishes such
as Humiseal and epoxy paints or dips are often used to
insure that moisture cannot corrode the LM35 or its connec-
tions.

These devices are sometimes soldered to a small
light-weight heat fin, to decrease the thermal time constant
and speed up the response in slowly-moving air. On the
other hand, a small thermal mass may be added to the
sensor, to give the steadiest reading despite small deviations
in the air temperature.

f-heating (Thermal Resistance,0;,)

TO-46, TO-46", T0-92, T0-92", S0-8 SO-8 T0-220
: Il heat fin no heat small heat fin no heat small heat fin no 'h:at
“osi'::(at e sink sink : "le
Stk gi 400°CIW 100°CIW 180°CIW gaoiciy i - cx :z-cm
Moving air 100°CIW 40°CIW 90°CW 70'CW 105'CW 90°C
o 100°CW 40°CIW 90"CW 70°CW
Stirred oil 50"CIW 30°CW 45'CIW 40°CW
(Clamped to metal, i
Infinite heat sink) (24'CW)
‘Wakefield type 201, or 1" disc of 0.020" sheet brass. soldered to caz?.;;' :?:::{ad ircult board with 2 oz. foil of similar.

“TO-92 and SO-8 packages glued and leads soldered to 1" square

M-“ational,com




TO A HIGH-IMPEDANCE LOAD

DS005516-19

JRE - LM35 with pecoupling from Capacitive Load

f"’" =T+ HEAVY CAPACITIVE LOAD, WIRING, ETC.
' LM3S Lo >
o i g
PSS =
H l‘w ,1]\ 5
|
1 N1
—_—

DS005516-20

FIGURE 4. LM35 with R-C Damper

CAPACITIVE LOADS

Lie most micropower circuits, the LM35 has a limited ability
pdive heavy capacitive loads. The LM35 by itself is able to
give 50 pf without special precautions. If heavier loads are
aicipated, it is easy to isolate or decouple the load with a
nsistor; see Figure 3. Or you can improve the tolerance of
pacitance with a series R-C damper from output to
gound; see Figure 4.

When the LM35 is applied with a 200Q load resistor as
sounin Figure 5, Figure 6 or Figure 8it is relatively immune
bwiing capacitance because the capacitance forms a by-
pss from ground to input, not on the output. However, as
vih any linear circuit connected to wires in a hostile envi-
mment, its performance can be affected adversely by in-
ese electromagnetic sources such as relays, radio trans-
niters, motors with arcing brushes, SCR transients, etc, as
?ﬁwiring can act as a receiving antenna and its internal
jncions can act as rectifiers. For best results in such cases,
abypass capacitor from V,y to ground and a series R-C
famper such as 75Q in series with 0.2 or 1 pF from output to
qound are often useful. These are shown in Figure 13,
Fiure 14, and Figure 16.

Vour =10 mV/°C (TAMBIENT +1°C)
FROM +2°C TO +40°C

200 TWISTED PAIR

DS005516-5

FIg
URE s Two-Wire Remote Temperature Sensor
(Grounded Sensor)

HEAT é
NS 7
7
2 TWISTED PAIR
Vour =10 mV/°C (Tamgrent +1°
FROM +2°CTO +4o-?:m ¥
6.0k
5%
OR 10k RHEOSTAT
FOR GAIN ADJUST

FIGU 5
RE 6. Two-Wire Remote Temperature Sensor
(Output Referred to Ground)

+Vs

]
s %
; }Vw'
1ota |
10K
10%

DS005516-7

\AA e

AA

=

FIGURE 7. Temperature Sensor, Single Supply, =55 to

+150°C
r - e = —‘F 5V
]
| ouT
I A s
0.1 4F L7
BYPASS pE— TWISTED PAIR
OPTIONAL ¢
1 2% 200
' 1% 1%
L Vour =10 mV/°C (Tampient +10°C)
T T 3% FROM —5°C 1o +40°C
Sk 20
Si% S1%
9
= DS005516-8

i ture Sensor
IGURE 8. Two-Wire Remote Tempera
§ (Output Referred to Ground)

._K— 5V 10 +30V
1; 4.7k
)]
2N2907 . N
ouT
wif s LM317
Q402
2 i» 1% ADJ
S Bl
. ADJ 1: 50
L""'—‘L DS005516-9

mA Current source (0°C to +100°C)

SEW

FIGURE 9. 47020
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g Typical Applications (continued)
= sV
(sv;ovszov) -
LM35
=

\ 1

DSMSE&H
FIGURE 11. Centigrade Thermometer (Analog Meter)

| Vour =
+1.0 mV/°F
)]

M35 —AAA———,
| 100 i,
‘ 60 mV

L FULL-SCALE

DS005516-10 :
'f LM385-2.5

FIGURE 10. Fahrenheit Thermometer
= DS005516-12

AAA

VVV
]
o
=

FIGURE 12. Fahrenheit ThermometerExpanded Scale
Thermometer
(50° to 80° Fahrenheit, for Example Shown)

sV

:
‘P
o - SERIAL
= REF] ADCOSGS! | DATA OUTPUT
L 1.28Y
oM. 75 Q100K+
L—— ctock
L mss
14F Aok
| Y1 l

l - GND

5 DS005516-13

ature To Digital Converter (Serial Output) (+1 28°C Full Scale)

FIGURE 13. Temper
5V

|
+ % 16k 3
IN A
— > gn A

arallel TRI-STATE™ Outputs for

converter P
P interface) (128°C Full Scale)

igital
14. Temperature To Dig
gt standard pata Bus toy

L 8
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cal Applications (Continued)
pl

1y

6 68 69 0 71 T2 73 14

20k
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Ik (8[9 "EFFFFT PR
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out ? ¥ |
A s =
FHS t N ’ M
200 Ig'g: > »
2 ke
! 1
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b A
T1 i 1.5k § 3
— Ra =
1k
- DS005516-18
{4 or 2% film resistor
TinRg or Vg=3.075V
TinRe for Ve=1.955V
TinRy for V4=0.075V + 100mV/"C X Tambient
Eangls, y=2.275V &t 22°C

FIGURE 15. Bar-Graph Temperature Display (Dot Mode)

FIGURE 16. LM35 Wit Voltagsrc. 5
(2’Cto 0

.To-FrequenGY Co
0 Hz

&V -t
3
* 8
100k 7 B
LM35 ;
LH131
6 3
GND
T2 4
12k
0.01 pF o~ 1 pf— L _L_
1 100k soae 0.01 4F
A0J
5k LOW TEMPCO
{ a7

|

DS005516-15
Converter And isolated Output
500 Hz)

SEWT
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" I DimenSionS inches (millimeters) unless otherwise noted

physic

Sam-01
(5.308-5.563) '

MMUI-0.195
SEATING (@521-a953 A
PLANE
0.025
—=— MAX

o Iy UL AT
(0.635) (2032 —2.687)
UNCONTROLLED T 0.500
LEAD DIA faa 27y "IN
0.016-0.019 T
(0.406-0.483) —
DIATYP e
| | 0.100
1yp 3050 TR
(1.270)

0.036-0.046

oMo i 0.028-0.048
(0.914-1.168)

45°
/
/( X (0.711-1.219)
' HO3H (REV ©)

TO-46 Metal Can Package (H)
Order Number LM35H, LM35AH, LM35CH,
LM35CAH, or LM35DH

NS Package Number HO3H
0.109-0.197
< 0.000-5.004)
LU
0.228-0.24
{5.791-6.199) iblos
] }, 0.250
eapno. v’ ! ' m.i T
IDENT ™
|
| 0.150-0.157 o
| {3.810—3.988)
0.053-0.069
|| 0.010-0.020 , e {1.366-1.153) %%ﬁ%
| (0.254-0.508) r— g° MAX TYP (0. .
ALL LEADS SEATING
‘ 0.014-0.020 1yp
\ : T—" (g m) 7 \ ? —"‘(:'g;;, %,J L—' {0.356-0.508)
| M 0.016 —0.050 5 (1. 0.008 1yp -
; A I © oy oyt 0209 L linl
‘ 1! TYP ALL LEADS TYP ALL LEADS
e (M)
1 S0-8 Molded Small Outline package (
‘: Order Number L 08A
'i NS § Package Number
l
i

1

SENW
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g Phy5|cal DIimensIoNS inches (milimeters) uniess otherwi
rwise .
5 noted (Continued)
-»‘ °[~6240-0.260 W
.10-6.60]
0.100-0.120 <—°[-§33%-_%.sso
[2.54-3.05]) -38-8.89]
0.060-0.075
[1.52-1.91]“&P ""\ V_EO[.;;::(;.;Z?
0.190-0.21
% 0.090-0.110 [4.53-5.33(])
0.400 45 015 (228 [2.29-2.79]
-0.005 | = .
0.38 —— S
(10.16 Lg1s ] ;e A i
| 5 —_—
0.388 “o.00 E g
+0.38 & L

[9.86 o3 O__ = =
- m A 0.048-0.055 1o 1 |
0.045- TP
AR ‘*—[“’ﬁ_‘{"jgpr 0.130-0.160 1 | 112271401
P s [3.30-4.06) 0.027'0.0371.“,

0.001-0.007 1yp PIN #1 1D [0.69-0.94]

[0.25-0.178} 1.005-1.035
ST |

[25.53-26.29]

7S \ o ™~/ 0.525-0.555
P<t——— - .
& / 7°/\ ([13.34-14.101) " 0.015 :3237‘

+0.18
[0.38 1505

‘ L ;|

0.175-0.185
[4.45-4.70] l / TT
. |
0.[0
—f et \IL/ \—smmc PLANE l_o.ws wor0
0.048-0.052 ;

+0.25
[2.67 155a)

[1.22-1.32)
TAO3F (REV A)

TAPERED SIDES 1°
Power Package T0-220 (M
Order Number LM35DT
NS Package Number TAO3F

""‘W-“allonaL S



—

al DimenSIonS inches (millimeters) unless aliertee hoted ;
ed (Continued)

i i
: 4.19
| : 3.65
B &’1““
[J{cll?‘.‘s WAX
‘%.35 NAX
: : 5.2
4.9
: l /—SEATING PLAKE
Wic 2.29 MAX
L l. ONTROLLFiD LEAD DI1A)
N 14.2
.1 1 2 L

11681 e

0.55 1yp — = 3

0.40 ‘ Lx.zuo.os - L_°.50
2.54%0.1 Rt

2.21
2.2] DIMENSIONS ARE IN MILLIMETERS
S -, B B

T0-92 Plastic Package (2)

Order Number LM35CZ, LM35CAZ or LM35DZ
NS Package Number Z03A

F

203A (Rev )
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ADC0808/ADC0809

Multiplexer

General Description

The ADC0808, ADC0809 data acquisition component is a
monofithic CMOS device with an 8-bit analog-to-digital con-
verter, 8-channel multiplexer and microprocessor compatible
control logic. The 8-bit A/D converter uses successive ap-
proximation as the conversion technique. The converter fea-
tures a high impedance chopper stabilized comparator, a
256R voltage divider with analog switch tree and a succes-
sive approximation register. The 8-channel multiplexer can
directly access any of 8-single-ended analog signals.

The device eliminates the need for extemal zero and
ful-scale adjustments. Easy interfacing to microprocessors
is provided by the fatched and decoded multiplexer address
inputs and latched TTL TRI-STATE® outputs.

The design of the ADC0808, ADC0809 has been optimized
by incorporating the most desirable aspects of several AID
conversion techniques. The ADC0808, ADC0809 offers high
speed, high accuracy, minimal temperature dependence, ex-
callent long-term accuracy and repeatability, and consumes
minimal power. These features make this device ideally
suited to applications from process and machine control to
consumer and automotive applications. For 16-channel mul-
tiplexer with common output (sample/hold port) see
ADC0816 data sheet. (See AN-247 for more information.)
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Features

&8 Easy interface to all microprocessors

October 1999

| Operates ratiometrically or with 5 Vpc or analog span

adjusted voltage reference
m No zero or full-scale adjust required
B 8-channel multiplexer with address logic
= 0V to 5V input range with single 5V power supply
= Outputs meet TTL voltage level specifications
& Standard hermetic or molded 28-pin DIP package
B 28-pin molded chip carrier package
m ADC0808 equivalent to MM74C849
m ADCO0809 equivalent to MM74C948-1

Key Specifications

@ Resolution 8 Bits
= Total Unadjusted Error 414 LSB and 1 LSB
m Single Supply 5 Voc
= Low Power 15 mW
m Conversion Time 100 s
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ADCO0808/ADC0809

connection Diagrams

Dual-In-Line Package

W3t 28}—N2
INd—]2 271w
N5 —{3 26b—mo
INE—{4 250—=A00 A
W7—15 24f—A00 B
START—{6 23}—ADD €
goc—{7 2}-ae
7518 21}—-2""usB
OUTPUT ENABLE—]S 20b-2"2
CLOCK—{10 19k=2-3
Vee ! 18 — -4
Veer ()12 17}-2"81s8
GND—{13 16f=Veer (-)
27714 15}=2"6
DS005672-11

Order Number ADC0808CCN or ADCO0809CCN
See NS Package J28A or N28A

Ordering Information

Molded Chip Carrler Package
< ® O

§88YL W%
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EEELEES

o DS005672:12
Order Number ADC0808CCV or ADC0809CCV
See NS Package V28A

TEMPERATURE RANGE -40°C to +85°C -55C to +125°C
Emor | t% LSB Unadjusted ADCO0808CCN ADC0808CCV ADC0808CCJ ADC0808CJ
+1 LSB Unadjusted | ADC080SCCN ADC0809CCV
Package Outline N28A Molded DIP | V28A Molded Chip Carrier J28A Ceramic DIP | J28A Ceramic DIP
2
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Absomte Maximum Ratings (Notes 2, 1)

MmmyIAerospace specified devices are required,
Hl ase contact the National Semiconductor Sales Office/
%l.,mbutors for availability and specifications.

supply Voltage (Vee) (Note 3) 6.5V
ge at Any Pin -0.3V to (Vcct0.3V)
Except Control Inputs
Vottage at Control Inputs -0.3V to +15V
(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C)
Storage Temperature Range -65°C to +150°C
package Dissipation at Ta=25°C 875 mW
Lead Temp. (Soldering, 10 seconds)
pual-in-Line Package (plastic) 260°C

Electrical Characteristics

Dual-In-Line Package (ceramic)

 608000V/808020Y

Molded Chip Carrier Package ikl
Vapor Phase (60 seconds) i
Infrared (15 seconds) 215'0

ESD Susceptibility (Note 8) 2:30(\:1
Operating Conditions (votes 1, 2)
Temperature Range (Note 1)

TminSTAST,

ADC0808CCN,ADC0803CCN -40%"51',\;8';%

ADC0808CCV, ADC0809CCV -40°C S To S +85°C

Range of V¢ (Note 1) 4.5 Vo 10 6.0 Vpe

Electrical Characteristics

<+85'C unless otherwise noted

Symbol | Parameter
ANALOG MULTIPLEXER
lore(s) OFF Channel Leakage Current

lore(-) OFF Channel Leakage Current

CONTROL INPUTS

VW(O) Logical “0" Input Voltage
oy Logical “1" Input Current
(The Control Inputs)

Logical “0” Input Current

I'N(o)

e Supply Current

Converter specifications: Vee=5 Voc=Vrers Vrer-)=OND, TminSTaSTmax and for=640 kHz unless otherwise stated.
Symbol Parameter Conditions Min Typ Max | Units
ADC0808
Total Unadjusted Error 25°C % LSB
(Note 5) T 10 Fmax 1Y LSB
ADC0809
Total Unadjusted Error 0°'Cto 70°C 11 LSB
(Note 5) T 0. Tmax 1Y% LSB
Input Resistance From Ref(+) to Ref(-) 1.0 2.5 kQ
Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.10 Vect0.10 | Voc
Vreri) Voltage, Top of Ladder Measured at Ref(+) Vee Vect0.1 v
Vagr(+)* VREF(- Voltage, Center of Ladder Vec/204 | Ved2 Veo/2+0.1
2
Vrer(- Vollage, Bottom of Ladder Measured at Ref(-) -0.1 0 \

OV, 4,755V ocs5.25V,
Diha Levels and DC Specifications: AOC0B0BCCN, ADC0BOBCCY, ADCO809CCN and ADC080SC Ge

W | e | b=

Yy [iogeal " e o

0.3
——____| (The Control Inputs) — g
| Toc640 kHz

200 nA
1.0 pA

s VL L
-10 O




ADCO0808/ADC0809%

Electrical Characteristics (continued)

igital Levels and DC Specifications:
D C<T c+85°C unless otherwise no?edADCoaoaCCN‘ ADCO080

8CCV
+ ADC0B0ICCN and ADC0809CCV, 4,755V cc<5.25V
Conditions l

symbol Parameter l
DATA OUTPUTS AND EOC (INTERRUPT)

Min | Typ | Max [ uUnits

Vout(h) Logical 1" Output Voltage Vee = 4.75V
lout = =360pA
- lour = ~10pA &4 V(min)
Vout©) Logical "0" Output Voltage 15=1.6 mA 45 V(min)
Logical “0" Output Voltage EOC 10=1.2 mA 0.45 Y]
TRI-STATE Output Current Vo=5V 0.45 \
V=0 S g i
HA
Electrical Characteristics
Tsi"“":o'sPec‘f‘cam“s \:’cc=Vm:F(.,=5V. Vier=GND, t==20 ns and T,=25"C unless otherwise noted.
ym arameter Conditions Min
T
tws Minimum Start Pulse Width (Figure 5) l 1:,: l I;:; s
- ns
i P = -
inimum ALE Pulse Width | (Figure 5) 100 200 ns
Minimum Address Set-Up Time | (Figure 5) 25 50 ns
Minimum Address Hold Time (Figure 5) 25 50 ns
Analog MUX Delay Time Rs=0Q (Figure 5) 1 25 ¥s
From ALE
| O TS OE Control lo Q Logic State C.=50 pF, R, =10k (Figure 8) 125 250 ns
type Lon OE Control to Hi-Z C.=10 pF, R, =10k (Figure 8) 125 250 ns
te Conversion Time £.=640 kHz, (Figure 5) (Note 7 90 100 116 Hs
fe Clock Frequency 10 640 1280 kHz
1 E0C Delay Time (Figure 5) 0 g+2pS | Clock
| Perfods
Cin Inpul Capacilance At Control Inputs
Cour TRI-STATE Output At TRI-STATE Outputs

Capacitance
7 ectrical specifications do not when operating
Note 1: Absulute itazmunt Ratngs indicate fimits beyond which damage to the device may oceur. DG and AC el I3 apply
the device beyoni! i's specified operaling conditions.
Note 2: All voltages are measured with respect to GND, unless othewise specified- p—
5 . . ; a typical breakdown voltage o oc:
Note 3: A zener diode exists, internally, from Vg to GND and has s nalog input voltages one diode drop below ground or one diode drop greater

5 i for al

Note 4: Two on-chip diodes a:¢ \iwd to each analog input which will forward conduct log Vi does not excead the suppty voltage by more
5 . iod malaslongulhemnog N

than the Vccn supply. The spec :iows 100 mV forward bias of eithor diode. THIS TUET0 voltage range will therefore require & minimum supply voltage of 4.900 Voc

than 100 mV, the output code wii e correct. T achle;‘e an absolute 0Voc 10 5Vpc Input ¢
over temperature variations. inial tolerance and loading. 3 requires a zero or full-scale just.
Note 5: Total unadjusicd errut mciudes offset, full-scale, linearity, and multiplexer errors- sl“ £l ‘gn":;"sNgg: em:’,;%’gsv loq:.SV full-scale) the reference voltages
ever, if an all zero cud is desited for an analog input other than 0.0V, or if 8 narow full-scale spa

can be adjusted to actneve this. See Figure 13. atvares directly with dock fraquency and has litde
Note 6: Comparator input current is a bias current into Of
tempuriture depern fene (Fiyure 6) See pafagraph 4.0.
Note 7: The outpei's of the data reyister are updated one
Note 8: Human body model, 100 pF discharged through a 1

i e
r out of the chopper stabilized comparator. The blas cu

clock cycle pefore the fising edge of EOC.

5 k&2 resistor.

Wwww.national.com




Functional Description

pultiplexer: The device contains an 8-channel single-ended
! signal mulliplexer. A particular input channel is se-
lected by using the address decoder. Table 1 shows the input

as for the address lines to select any channel. The ad-
dressis atched into the decoder on the low-to-high transition
of the address lalch enable signal.

TABLE 1.
ADDRESSIJN@AAJ

SELECTED

ANALCG c B éAJ
CHANNEL

L L L

L L H

L H L

L H H

H L L

H L H

H H L

H H H

CONVERTER CHARACTERISTICS

The Converter

The heart of this single chip data acquisition system is its
8-bit analog-to-digital converter. The converter is designed to
give fast, accurate, and repeatable conversions over a wide
range of temperalures. The converter is partitioned into 3
major sections: the 256R ladder network, the successive ap-
proximation regisler, and the comparator. The converter's
digital outputs are posilive true.

The 256R ladder niciwork approach (Figure 1) was chosen
over the conventio~.l R/2R ladder pecause of its inherent
monotonicity, whicti guarantees no missing digital codes.
Monotonicity is particularly importantin closed loop feedback
controt systems. A non-monotonic relationship can cause 0s-
dllations that will b + -tastrophic for the system- Additionally,
the 256R network does not cause load variations on the ref-
erence vollage.

The i

woml)i:“’%r;\u::s;s;or and the top resistor of the ladder net-

Lt Therg‘nol the same value as the remainder of

i charéct e .lﬁerence in these resistors causes the

S ap eristic to be symmaetrical with the zero and

e cmupomts of the transfer curve. The first output transi-
rs when the analog signal has reached +% LSB

and succeeding out b
Wil scals. g output transitions occur every 1 LSB later up

::\:ﬁ:ﬁ:&iesswe approximalion register (SAR) performs 8 it-
i 0 agprox{mate the input voltage. For any SAR type
R tzar. hn-lterahons are required for an n-bit converter.
Rne shows a typical example of a 3-bit converter. In the

8, Al_)C0809. the approximation technique is ex-
tended to 8 bits using the 256R network.

The A/D converter's successive approximation ister
(SAR) is reset on the positive edge of the start conr\?egrsion
(SC) pulse. The conversion is begun on the falling edge of
the start conversion pulse. A conversion in process will be in-
(9rrupted by receipt of a new start conversion pulse. Con-
tinuous conversion may be accomplished by tying the
eqd-of-conversion (EOC) output to the SC input. If used in
this mode, an external start conversion pulse should be ap-
plied after power up. End-of-conversion will go low between
0 and 8 clock pulses after the rising aedge of start conversion.
The most important section of the A/D converter is the com-
parator. It is this section which is responsible for the ultimate
accuracy of the entire converter. It is also the comparator
drift which has the greatest influence on the repeatability of
the device. A chopper-stabilized comparator provides the
most effective method of satisfying all the converter require-
ments.

The chopper-stabilized comparator converts the DC input
signal into an AC signal. This signal is then fed through a
high gain AC amplifier and has the DC level restored. This
technique limits the drift component of the amplifier since the
drift is a DC component which is not passed by the AQ am-
plifier. This makes the entire AID converter extremely insen-
sitive to temperature, long term drift and input offset errors.
Figure 4 shows a typical error curve for. the ADC0808 as
mgasured using the procedures outlined in AN-179.

608020V/808020Y




ADCO0808/ADC0809

FUI’\CtiOI‘Ial Description (Continued)

CONTROLS FROM S.AR
REF(Y) O—y ’* I : \
¥ (R
%R 2
o NG
° °
? ° ° °
3 < : : z
256R o o - £
: = A 1 f'?mmnun
° ° O
° ° ®
° L >
° °
N

REF(-) Ot

m

Lo FULLSCALE

110 IDEAL CURVE -+ ERROR=1/21S8

P—NONLINEARITY =1/2Ls8

A/D OUTPUT CODE

NONLINEARITY = -1/2 LS8
ZERO ERROR = —1/4 LS8
000

o/s 18 28 3/ 4N s/ 68 1/8
ViN AS FRACTION OF FULL-SCALE

DS005672-13

FIGURE 2. 3-Bit AID Transfer Curve

QUANTIZING
ERROR

INPUT OV
VOLTAGE

FIGURE 4. TY
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ANFINITE RESOLUTION
m PERFECT CONVERTER
110 +R LS8 {DEAL 3-0IT CORVERTER
w TOTAL_ |
g UNADJUSTED ™ -
ERROR |
5 -1158
g b ABSOLUTE
2 m ACCURACY
a
010 -1 LS8
> QUANTIZATION
o ERROR
000 vin
s 1 28 30 4n &0 8RR
vy AS FRACTION OF FULLSCALE

000867214

FIGURE 3. 3-BitAID Absolute Accuracy Curve

REFERENCE LINE

FULL
SCALE
0500867215

pical Error Curve
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fiming Diagram
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ADCO0808/ADC0809

Typical Performance Characteristic
S

Nous

1
1 o= 1200 ke

\
M- 540 kHz

1> KOkHz \

< V{uvﬂnaun.
o\

(] 1258 25 s 5
Vin i

&

TYPICAL iy WA)
e

DS005672-16

FIGURE 6. Comparator hy vs Viy

Tas= e

Ta=2°C

A

e 125 25 IS 5

TYPICAL Roy (ks2)

(Vec=Vrer=5V
i ) Vi (V!
DS005672-17
FIGURE 7. Multi
. plexer Roy V8 V,
i - - (v =v 5
TRI-STATE Test Circuits and Timing Diagrams iy
t
i ar e ty CL = 10 pF
s { ty1, CL = 50 pF
QUTPUT Yoo aw i
ENABLE Se8 o
OUTPUT ol b -l =
ENABLE ( £
I o 10k 55
I Vou 90% i
| AR ouTeUY
DS005672-18 ane &
0S005672-19 DS00S672-20
o tho tow G =
w Co = 10 PF G
Vee Vee i ‘"c' L . pF
: Y
QUTPUT € o ™
o ENABLE G2 i
oUTPUT ol i :
ENABLE _— —-—-'m“ =
¢ Vee
L_J.-_ QUTPUT o
i Ii i 10% =
DS005672-21 i i s
FIGURE 8.

Applications Information
OPERATION

1.0 RATIOMETRIC CONVERSION

The ADC0808, ADC0809 is designed as 2 complete Data
Acquisition System (DAS) for ratiometric conversion SYyS®
tems. In ratiometric systems, the physical variable being
measured is expressed as a percentagé of full-scale which is
not necessarily related to an absolute standard. The voltag®
input to the ADC0808 is expressed by the equation

v Dx
Vis—Vz Dmax—PMIN W)

V,n=Input voltage into the ADC0808
V,=Full-scale voltage
Vz=Zero voltage

www.national.com

Dy=Data point being measured
DMAX=Maximum data limit
D= Minimum data limit
A good example of a ratiometric transducer is @ potentiom-
eterusedas @ position sensor. The position of the wiper is di-
rectly proportional to the output voltage which is a ratio of the
full-scale voltage across it. Since the datais represented as
a proportion of full-scale, reference requirements aré greatly
i rge source of error and cost for
major advantage of the ADC0808,
nge is equal to the sup-
be connected directly
nected directly into

pply and their outputs con!
the multiplexer inputs, (Figure 9).




Applicaﬁms Information (Continued)

The top of the ladder, Ref(

i +), should ;
{ be used which relates the full- than the suppl not be more positiv
i roference mus : scale volt- . and the bottom i
oo o the standard Vol FOC example, if Veo=Vrer=5.12V, not be more negaive than S e e e, shoud
he full-scale range is divided into 256 standard st oltage must also be near { i Ceriofitie ladder
: s eps. the anal ; r the center of the supply beca
The smallest standard step is 1 LSB which is then 20 mV. P-channt;? s“f"l:hh tree changes from N-chann;)lp;ywitd\ uste
P-channel swilches. These limitati ks
20 RESISTOR LADDER LIMITATIONS sfiedn ratiometi sysems, e s
s from the re istor ladder are compared to the k: erenc1ed systems. ly met in ground
i i i i igure 10 shows a
selected into 8 limes in a conversion. These voltages are ground referenced system wi
oupled 10 the comparalor via an analog switch tree which is ::ﬁ suzply and reference. In this system.y lher:u;“pﬁh :\3:3:
ferenced 10 the supp'v. The voltages at the top, center and P 2n\l/eis t:sn:jalch the reference voltage. For insl:noe if:
bouomﬁoof the ladder nuist be controlled to maintain proper Valtos wilh?n -0311(\31 supply should be adjusted to the same
opera n. BAS
4 vee
L ' ; REF(+) MsB
¢ - I
1 °
. ° DIGITAL
o OUTPUT
o Qour PROPORTIONAL
5 T0 ANALOG
5 INPUT
#* I-.
e REF(-) LS8 2N VIN
‘L GND 9OUT= Ter " Voo
_L 475V sVco=VREFS5.25V
= ADC0B08 : !
DS00S6T2-T
FIGURE 9. Ratiometric Conversion System
The ADC0808 needs li:ss than @ milliamp of supply current The top and bottom ladder voltages cannot exceed Ve and
so developing the sufp- v from the reference is readily ac- ground, respectively, but they can be symmetrically less than
complished. In Figure 11 a ground referenced system is Ve and greater than ground. The center of the ladder volt-
shown which generates the supply from the reference. The age should always be near the center of the supply. The sen-
buffer shown can be an op amp of sufficient drive to supply sitivity of the converter can be mcfeased: (i.e., size of the
the millamp of supply current and the desired bus drive, of if LSB steps.decreased) by usmg'; a symn}etncal "r‘e;;r;n“o;e z::
acapacitive bus is driven by the outputs 2 targe capacitor will tem. In Figure 13, a 2.5V re erenc:u :e:t)"f'“ows N ot
supply the transient supply current as seen in Figure 12.The tergd about ycclz since t1.:;19 ;a?\?reference o e LSB
LM301 is overcompensated to insure stability when loaded rt?SlslorS- This system V;'a sav A sy,
by the 10 pF output capacitor. bit to be half the size @
www.muonal.oom
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§ Applications Information (continued)
8
< ‘_yw-]
]
o
2 |
0 vee
2 SUPPLY Vee
MSB
VReF REF(+)
DIGITAL
o OUTPUT
o—{ 7 out $§szuczn
Vin { O— E GROUND
0—"nﬂ
[—- REF(-) LS8
<9—{ GND
ADCO808
DS005672-24
[
VREF
475V < Voc = VREF S 525V
FIGURE 10. Ground Referenced
Conversion System Using Trimmed Supply
v&
Vce
vt MsB
T +
- e mcmé.&m;
VREF ° Qout REFER
VREF() o—m GROUND
vwi{o— @
O=1In0
_L: REF(-) Ls8
GND
ADCO808 g

DS0056T2-25

Qgup= 5
VRer

475V < Ve = VRer < 525V

F'GU 11 r fere ce ith
d Conversion System Wi
RE .G Ound Refe n

Reference Generating Vee
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App“cations Information (continued)

10-15 Vpg

1000 pF

z Vee
REF(+)

q

t 10 uF
SoLID
[ TANTALUM

FIGURE 12. Typical Reference and Supply Circuit

o

S—@—> GND
REF(-)

DS005672-26

5V
Ra
Vee
9 T EREYA [ Msa
‘v In7
LM136 A
£ 5 DIGITAL OUTPUT
° Qout PROPORTIONAL TO
° ANALOG INPUT
° 125V S VINS ATV
% Tno
o 125V | ey
25V
REFERENCE Rg LS8
GND
2 DS0056T2-2T
Ra=Rg
*Ratiometric transducers
i Reference
FIGURE 13. Symme(ncally Centered : '
for an arbitrary input are the integers
3.0 CONVERTER EQUATIONS The output code N

:;'_e transition between adjacent codes N and N+1 is given

Vin= {WREF +)=VRFE(— )[_’i..,,_'__ tVTUE} +VREF(-)
(+)7VRFF(-) | 266 " 512 @
T
he center of an oulput code N is given by:
v N
IN{(VREFH) - ‘.’.(EF(_))[E] tVTUE} +VREF(-) @

L

within the range:

__V(L’_V'-‘Eﬂ:l—xzsﬁtAbSdMemnW

N=Vrer(+)~ YREF() @)
=voltage at comparator input
=\oltage at Ref(+)

=\oltage at Ref(-) :
adjusted error voltage (typically

where: Vin
VRer(+)

VRer(-)
V. E=Tota| uni

VREF(')+51 2)

www.naﬁonal.com
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ADC0808/ADC0809

Applications Information (Continued)

4.0 ANALOG COMPARATOR INPUTS

The dynamic comparator input current is

riodic switching of on-chip stray Capacil:?\‘é:(:d %); e(:e pe-
connected altemately to the output of the resistor |aed :re
swilch tre:> network and to the comparator input as ar\erlf
the operatiun of the chopper stabilized comparator. 7 i
The average value of the comparator input current varies di
rectly with clock frequency and wilh Vi as shown in
Figure 6.

Typici. Application

READ

If no filter capaci
t pacitors are used
o ; at the an
reg:\r:a; ::lx:l:;:e |mpedanoes are low, the c:rlr?ga‘rg‘t’:r‘?n%?nd s
{ not introduce converter errors, as the lrans(i;;jrr\.t

created by the capaci :
pacita arge wi
comparator output is s"r;c:eg{sch B Yo i Ul biefa. 106

If input filter capaci uction
j r pacitors are desired for noise red
Zﬁ;;zlacro;{\dlgomng they will tend to average out the dynaam“i:
or input current. It will then take on the characteris-

tics of a DC bias cu
ventionally. rrent whose effect can be predicted con-

e bl 500 kHz
ADDRESS &)

DECODE 5000V
(AD4-AD1S)* 0.000V ==t

WRITE
ADO —
AD1—
ADZ —
5V SUPPLY T

GROUND =

CLK [1]3
VREF(+) E0C INTERRUPT

VREF(-)
-\f——>op1  MsB
STARY 22— D06
ALE 2-3f——> 085
24— 084
A aocoms f| P
8 apcoes 28— 082
c 2-1 001
2-8f——>o0B0  LSB
Vee a7 Vin ]
GND %
0-5V
L] ANALOG
INPUT RANGE

*Address latches needed for 8085 and SC/MP interfacing the ADC0808 to a microprocessor

TABLE 2. Microprocessor Interface Table

PROCESSOR

www.national.com

INTERRUPT (COMMENT)
INTR (Thru RST Circuit)
INTR (Thru RST Circuit)
T (Thru RST Circut, Mode 0)
SA (Thru Sense A)
TRQA or RQB (Thru PIA)




Physica| Dimensions inches (millimeters) unless otherwise noted

e 060
m““ {(15.24—

(u )

E l—‘ ﬂ 24 2| |2l
T (m“limr\rmﬁmnmmn
1575)
)
PIN NO. 1 [DENT Uummlﬂmmmmmuhﬂlﬂ“_‘l
' (‘—53?.:‘;."?;. l
-0628 | 0.145-0.210
15.75) 3.683 - 5.334) um 5 1ve 0.125-0.165
) i ) i} "\ r— BB
(M“)
%::{_—l;:g:t:osntnns L—T
X s | ‘__ ‘:1‘:2:::‘_4 “_ _’“*mlzun

(1270£0.381)

0.125-0.148

0625 ::ﬁ QASTEOOTE)  yToae)
~ T0s)
(‘5 -0.381 0 REY O
Molded Dual-In-Line Package (N)
Order Number ADC0808CCN or ADC0809CCN
NS Package Number N28B
0.006
0.450 Ig 000
111430 .00 150 % 0:048
PIN #1 IDENT [1.14) 0.017£0.004 1yp
4 1 26 0.02940.003 1yp [o 43£0.10]
[0.74£0.08] ——
sg ] 25 =
]
C H 041020020 1y
o nl [10.41£0.51)
O B
O B
1 F" e
SEATING PLANE
120 9,050 | b 0.020
1 = B
(1.27) uif? —- (.51] MIN TYP
0.300 1yp _.\ 0.105£0.015
(7:62) ersose]
45° X (vl 0.165-0-150 rvp
. (.17 —To.004 [0-10)
HHHE B ;
0.490£0.005 1yp o
[12.45£0.13
Molded %‘;‘;’ng\?“ W pC0809CCY
mber ADC
Order Nu P ackage Number V28A
www.national.com
13
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LIFE SUPPORT POLICY

DEVICES OR SYSTEMS WITHOUT T

systems which, (a) are intended for
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Appendix B

Sample Source Prograin




'

peclare Sub vbOut Lib "WIN95IO.DLL"

ﬁ

(ByVal np
inieEer) ort As Integer, ByVal
DeClafe Sub vbOutw Lib "WIN9 510 DLL" (B o yVal nData As
Integer) yVal nPort As Integer, ByVal nData As

Declare Function vbInp Lib "WIN95I0.DLL"
. W DLL" (ByV
Declare Function vbInpw Lib "WIN9SIO.DLL" ()1’33:}aI;PnoPr;rIit len;i%:;) I)XSAInEger
er) As Integer

private Sub Timerl Timer()
+bOut 888, 196

Call delay

sl= vbInp(890)

11 = vbInp(889)

vbOut 888, 197
Call delay

52 = vbInp(890)
12 = vbInp(889)

vbOut 888, 198

Call delay

s3 = vbInp(890)
13 = vbInp(889)

Timer2.Enabled = True
Timer1.Enabled = False
End Sub

Private Sub Timer2_Timer()

Ifs1 =0 Then

vbOut 888, 40

Label1.BackColor = &HFF&
Frame1.BackColor = &HFF&
Labell.Caption = "Smoke Detected”
End If

If s2 =0 Then

vbOut 888, 104

Label2.BackColor = &HFF&
Frame6.BackColor = &HFF&
Label2.Caption = "Smoke Detected"
End If

If s3 =0 Then

vbOut 888, 144

Label3 BackColor = &HFF&
Frame4 BackColor = &HFF&
| Label3.Caption = "Smoke Detected

End If



Timer3.Enabled = True
TimerZ.Enabled = False

End Sub

private Sub Timer3_Timer()
fh1>= 16 Then
pl=hl-16

glse: h1 =hl+ 16

End If

[fh2>= 16 Then

Ifh1 >= 10 Then

vbOut 888, 8

Frame2.BackColor = &HB0COFF
Label5.BackColor = &HB0COFF
Label5.Caption = "High Tempreture"
End If

Ifhl >= 15 Then

vbOut 888, 40

Frame2.BackColor = &HFF&
Label5.BackColor = &HFF&
Label5.Caption = "Very High Tempreture"
End If

Ifh2 >= 10 Then

vbOut 888, 72

Frame3.BackColor = &H80COFF
Label13.BackColor = &H80COFF ;
Label13.Caption = "High Tempreture

End If

Ifh2 >= 15 Then

vbOut 888, 104

Frame3.BackColor = &HFF&
Label13.BackColor = &HFF& ,
Label13 Caption = "Very High Tempretir®
End If

Ifh3 >= 10 Then
vbOut 888, 136
Frames, BackColor = &HB0COFE




JpOut 888, 168

el9.BackC01or = &HR0
19, Caption = "High Te%‘iﬁm
rell

FrameS.BackColor = &HFF&

Label9.BackColor = &HFF&

Label9.Caption ="Very High Tempretur
re e“

End If

Timerl ‘Enabled = True
Timer3.Enabled = False

End Sub




