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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 

1.1 General 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 depending on the number of s ensors 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 
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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: 

• The use of computer instead of the microprocessor, which will give us more 

visual capabilities to display the status of each room. 

• 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. 

• The alarm circuit will contain more information as follows: 

0 It will display on the computer screen all information about each room. 

0 It will give an audible and flasher in case of alarm condition. 

0 Also, it will switch on a fan for other conditions. 

4 
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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. 

5 



Chapter One Introduction 

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: 

Item Number of units Unit Cost Subtotal 
Desktop computer 

1 $ 700 P4, 2 GHz, 512 MB RAM, 40G HD 

Heat Sensor 3 $ 10 

Smoke Sensor 3 l $ 65 

Digital IC's 30 $ 1.5 

Cables -- $ 5 

Bell 1 $ 5 

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. 

Toe 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 design options and justifying those chosen 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 oft he 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. 
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Chapter Two 
Theoretical Background 

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: 

• Interfacing the smoke sensor to the parallel port 

• Interfacing the heat sensor to the parallel port of the computer 

• 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 

Heat 
Sensors 

Amplifier MUX Opto 
Coupler 

Latch 
& PC 

Opto 
MUX Coupler 

Amplifier & 
ADC 

Figure 2.1 the general block diagram of basic elements 

Latch 

Alarm 

:. ill det t any condition that is above the permitted range (above a Firstly the sensor wil tetec 
. ti th heat sensor or the existence of smoke for the smoke specified temperature tor 1e 

. I ·gnal from the heat sensor for the amplifier which in sensor) and well send an analogs1£.. 
:. ± : ltc +5 volt and send it to the analog to digital converter turn will amplify this signal to 

(ADC). 
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The ADC will convert this signal from analog to digital and then send these data to 

the MUX, which in tum 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 tum (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 

· · · t flow due to temperature change. Current through an RTD vanation m curren 

h · t be compared to current through another circuit containing or t enmstor mus 
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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 
2.2 

Set of 
Heat 

Sensors 

2.1.1.2 

Amplifier Mux ADC 
Opto 

Coupler 

Figure 2.2 Interfacing the Heat sensors to the PC 

Smoke Detector: 

PC 

types of technologies for smoke detectors: ionizing There are two common 
· d t tors Ionizing smoke detectors use an ionization and photoelectric ietect s. 

f ionizing radiation to detect smoke. This type of chamber and a source 0 

· common because it is inexpensive and good at smoke detector is very 

t f smoke produced by flaming fires. An ionization detecting smaller amoun s 0 
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chamber is very simple It c · t f 2 1 · · consists o: plates with a voltage across them, 
along with a source of ionizing radiation. The alpha particles generated by the 

small radioactive source ionize 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 
Smoke 
Sensors Amplifier 

Opto 
Coupler 

PC 

Figure 2.3 Interfacing the Smoke Sensor to the PC 

2.1.2 Amplifier 

MUX 

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 
power source 

T 

D] we [ !>» • Figure 2.4 The Law of Energy Conservation for the amplifier 
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Sensors are connected to the Parallel port as Shown in figure 2.3 

Set of 
Smoke 
Sensors Amplifier MUX 

Opto 
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 

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 
power source 

T 

~ 1 Amplifier 1 ~ P .7 
Figure 2.4 The Law of Energy Conservation for the amplifier 
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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, ifwe 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 a re too complex to explain 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 gain 

Voltage 

Current 

Power 

s 

Av= V output Av= 
AV output 

vinput AV input 

A,= 1autput 
A,= 

81autput 

linput Alinput 

A, = 
p cnrlpul ( V%au2dlsa@ A, = Pa (AV ,,0(A1,,) 

A% = (A,,)A,) 

A= "change in . . . " 
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: 

lnputsignal ~ Ampltle 
g.Jib:] 

Ample 
glllh=S 

c::::> Ou1Jutsgna1 
Overall gain =(3)= 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 

Analog ,] ADC signal 
input_r 

Binary 
output 

Figure 2. 7 analog to digital converter 

There are many approaches for converting analog signals to digital, the 
following are the most common approaches: 

l. Successive approximation ADC 

2. Digital ramp ADC 

3. Tracking ADC 

4. Slope (integrating) ADC 

5. Delta-Sigma (AY) 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 work· f . . . mgs o the successive-approximation register 
(SAR), the circuit looks like this: 

Vdd 
Y4 [ 

LIL > ; DAC SAR , 

'- >/< 7 - 
- Done ' 

; ! t ' ' 
I 'L' -L _l_ 

- i - 
; - 

+ 
Vdd - T 

- SRG - - - - - - - - - ~ ,,, 
_L, 

Figure 2.8 successive approximation 

Binary 
output 

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: 
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Analog 
input 

tt:±l#IMM 
Time = 

Digital output ·· cs, a 
• % 

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. 

2.1.4 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. 

2.1.5 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 

20 
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race condition can occur. The circuit for a 11 D latch is shown in 
Figure 2.10 

R 

Clock +'l­ t,± 
S] 

Figure 2.10 The circuit for a D latch 

The D latch is used to capture, OF "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---i 
Io! !} ­ .... l!l I I • I 

r-T'i •r,• r-7 
[ L/ Led l 

n: 'r' 0 -----! .. ~ ' 'fine= 
( a} The D lat<h 

Figure 2.11 D latch and D-type flip-flop 

(t) Tle D ti flop 
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Both the D latch and D fl· fl h Ip- op ave the following truth table: 

Preset Clear CLOCK D Q ¢ 
0 1 X 1 0 X 

1 0 X X 0 1 
' 

0 0 X X 1 1 
1 1 f 0 0 1 

I 

I or 1 
! , 

: 1 1 ' I 1 1 I 0 or I 
! 1 1 0 X Q% ~ 

I 

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

f.. DB-1 
The symbol means a leading edge, or transition as the clock 

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

2.1.6 Opto-Coupler 
Opto-couplers as the name suggests isolates two devices using light. It 

contains of LED ( Light Emitting 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. 

2.1.7 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 bell 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: 

, 

i 

: 
PC ~ : Opto z P\I Latch ::----" Alarm . 

Coupler . 
(Bell) 

Figure 2.12 Alarm block diagram 
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2.2 Information about Special Co mponents: 

This part will give some information b t . 
implementing the project. This win ;-,,," "["!components that will be used in 
port: e 1 tormation about the PC and its parallel 

2.2.1 Digital Computer, the Heart of Autcc ted C oma e ontrol: 

A computer consists of three types of devices, · mterconnected 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 1/0 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 defines procedures for transferring 

data such as handshaking, returning status information, and so on. However, 

the toolbox uses the parallel port as a basic digital 1/0 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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C3 C2C1 cO' 

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. Toe port 

IDs and the associated pin numbers are given below. 

0 2-9 Eight 1/0 lines with 9 being the most 
si SB) 

1 10-13 and 15 F sed for status 
2 1, 14, 16 and 17 Four 1/0 lines used for control 

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 = 1 ogic 1 ). You can connect a TTL 1 evel output 

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. When the switch is activated, the pin 
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goes to logic state O. Usually it is a good idea to isolate the PC from the signal 

source, and in this case it is usually a good idea to use a relay or optocoupler 

(the relay/optocoupler output is wired in the place of the switch, otherwise 

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 I/O address LPT port base address + l. 

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

• DO: state not specified 

• DI: state not specified 
• D2: state not specified 

• D3: state of pin 15 (ERROR) inverted 

• D4: state of pin 13 (SELECTED) 

• OS: state of pin 12 (PAPER OUT) 

• D6: state of pin 10 (ACK) 

• 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 

. . f 9 bits at any one given time. To do this you can use can input a maximum ot 
. . fth Status Port and the 4 inputs (open collector) Imes of the the 5 mput Imes o e 

Control Port. 

...---------D7 11 Busy 06 
10 Ack D5 

12 Paper Out< ·D4 
]3 Sg[gt oo 

17 Select Printer• 
16 lnit • 

14 Auto Linefeed• 
1 Strobe • 

OC] ·D3 
0.C.] ·2 
0.0} ·Di 
O.C] ·DO 

74L.SO5 Hex Inverter 
Open Collector 

. 4 U . the Parallel Port to Input 8 Bits Figure 2.1- [sing 

8 Inputs 
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The inputs to the Parallel Port h be ·h 
as e c osen 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 d · · are usec to represent which inputs are Hardware 
inverted, i.e. +5v will read O 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 (Fm 

example an ADC0804 with totem pole outputs), a conflict will result if the 

input is high and the port i s trying to pull it down. There fore 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 

xxxxO 100 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 I mA, which some low powered devices may struggle to do. Now 

what happens if I suggest that some ports have lK pull up resistors? Yes, there 

are such cards. Your device now has to sink 5 mA. More reason to use the 

open collector inverters. 

0 11 t · erters were chosen over open collector buffers as they are pen co ec or mv 

I d thus easier to obtain. There is no reason, however why you more popu ar, an 
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, DI & DO d I · 

· 3 are connecte to mt, 
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 xxxx.O I 00 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) & OxFO I Ox04); 

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 0xFO, 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) & OxFO); / 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 OxOF 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 Ox84, which toggles the two bits. 
a a I (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 

It · rmally used for connecting computer to printer, but many computer. 1s no 
other types of hardware for that port is available today. 

d d lways Usually you can easily do with only 8 output Not all 25 are nee e a · 
. . ) d · al ground. I have presented those pins in the table pins (data lines] anc sign 

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

2 DO 

3 Dl 

4 D2 

5 D3 

6 D4 

7 D5 

8 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 

OV 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. 

Dn Out 

Sourcing 

Ground 

------1 + 
,~ad {up to 2.6 mA @ 2.4 v) 

------+ 
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Design Concepts 

3.1 Project Objectives 

The main objectives behind the project are: 

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

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

3- 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. 

4- Conventional alarm systems having hard wire layout and nonnally opened 

warning devices like heat detector and smoke detector in general 

specifications, have a good view in low 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 alann system is 

designed and built to solve those problem. 

32 



Chapter Three 
Design Concepts 

3.2 General Block Diagram 

The General block Diagram is as shown in figure 3.1 

Smoke 
Sensors Amplifier MUX 

Heat 
Sensors Amplifier 

MUX 
& 

ADC 

Latch 
& 

Opto 
Coupler' 

PC 

Opto 
Coupler Latch 

Alarm 

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 fo :h • or eact 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) 
• Microcontroller 

The reasons behind choosing the PC over the above options are: 

• It has more capabilities 

• More convenient in use 

• 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: 

• USB (Universal Serial Port) 

• Serial Bus 

• Network Adapter 

We used the Parallel Port in our project for the following reasons 

• It provides a parallel 9 lines for inputting the signal 

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

• 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 programmir :1% -, 
mg anguage sue as Java, 

Matlab, C++, ... etc. 

We will use VB.6 in order to deal with the Parallel Port fior the foll · e o owmg reasons: 
• It provides a good user interface 

• It has the capability to deal with the parallel port 

• 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 ADC08O8/ ADC0809 

Instead of using the ADC0808/ADC0809 we can use ADC0804 and 8 Mux's of 
74LS150 which will make the circuit more complex, so the work team decides to use 

the ADC0808/ 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 (bin o 1) h ary , , so t e path to the parallel 
port of the PC will consist of the following stages: 

o The DI- 3 will give us a bi d: : 1nary lata 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: 

• 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. 

Figure 4.1 shows the circuit design of the PC Controlled Alarm System: 
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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's that will be used in the 
project: 

4.3.1 LM35 (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 Cat room temperature and ±34 Cover a full 55 

to + 150 C temperature range. Low cost is assured by trimming and calibration at the 

wafer level. The LM3 5'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 µA 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 

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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Your 1 8 vs 
N.C. 2 7 N.C. 

N.C. 3 6 N.C. 

GND 4 5 N.C. 

DS005516-21 

Figure 4.2 LM35 Heat Sensor 
Features: 

• 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 µA 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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4.3.2 Smoke DI-3 Sensor (Ionization Smoke Detector) 

Toe Siemens Building technologies, Fire Safety Division DI-3, DI-A3 and Dl-83 fire 
smoke detectors operate on the ionization principle. 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, 
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 

• Adjustable Sensitivity 

• Dual Chamber 

• Sensitivity Test Points 

• Simple Twist/Lock Assembly 

• Optional Auxiliary Relay 

• Screw-Clamp Terminals 

• AlarmLED 
. d. NYMEA, FM, CSFM Approved • Listed, ULCListea, " 
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4,3.3 A741 Amplifier 

The µA741 is a general-purpose operational amplifier featuring offset-voltage null 

capability. The high common-mode input voltage range and the absence of latch-up 

make the amplifier ideal for voltage-follower applications. The device is short-circuit 

protected and the internal frequency compensation ensures stability without external 

components. A low value potentiometer may be connected between the offset null 

inputs to null out the offset voltage. The µA741C is characterized for operation from 

0C to 70°C. The µA741I is characterized for operation from40°C to 85°C.The 
A741M is characterized for operation over the full military temperature range of - 

55°C to 125C. 

Figure 4.4 shows the UA741 Amplifier: 

Figure 4.4 shows the UA741 Amplifier: 

Features 

1- Offset null 1 
8 2-lverting input 

3- Non-inverting input 
2 7 4- Voc' 

6 5- 0fleet null 2 
3 6-Output 

4 5 7-Voc 
8-NC. 

• Short-Circuit Protection 

• Offset-Voltage Null Capability 

C n Mode and Differential Voltage Ranges • Large ommo - 
• No Frequency Compensation Required 

• Low Power Consumption 

• No Latch-Up 

D . d to Be Interchangeable With Fairchild A741 o es1gne 

43 



Chapter Four 
Hardware System Design 

4.3.4 ADC0808/ADC0809 

( 8-Bit µP Compatible ND 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 ND 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 AID conversion techniques. The ADC0808, ADC0809 

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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IN.S 1 28 IN.2 IN4, 2 
27 IN T INS 3 26 INO ING " 2s, IN7 ADD A 5 24, START AOO B 6 23 ADO C EOC 7 22 2=s ALE 

8 21 2" 'MSB OUTPUT ENABLE 9 20 2-2 
CLOCK 10 19 ; 2-5 

Vee 1 1 18 : 24 
Vazr -) 12 17 : 2"9Ls8 

GNO 1.5 1 6} Vazr -) 2=7 t 4 1s} 2=6 

DSOOSG72- 11 

Figure 4.5 Dual In Line Package for the ADC 0809 

Features 

• Easy interface to all microprocessors 

• Operates ratiometrically or with 5 VDC or analog span 

• djusted voltage reference 

• No zero or full-scale adjust required 

• 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 

• 28-pin molded chip carrier package 

• ADC0808 equivalent to MM74C949 

• ADC0809 equivalent to MM74C949-l 

Key Specifications 

• Resolution 8 Bits 

• Total Unadjusted Error ±12 LSB and ±1 LSB 

• Single Supply 5 VDC 

• Low Power 15 mW 

• Conversion Time 100 µs 
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IN.3 t 
IN4 28 IN2 2 

27 IN1 INS 3 26 IN O IN6 ... 
IN7 

25, ADD A 
5 24, START ADO 9 6 23 ADD C e:oc 7 

22 2=5 ALE 
8 21 2" 'MSB OUTPUT ENABLE 9 20 2=2 

CLOCK 10 19 ; 2=-5 
Y'cc 11 18} 2=4 

Varr -) 12 17 } :r8Lse 
GNO 1 5 16 ; Ycr =) 3=7 t 4 1s} 2=6 

DS0OS672- 11 

Figure 4.5 Dual In Line Package for the ADC 0809 

Features 

• Easy interface to all microprocessors 

• Operates ratiometrically or with 5 VDC or analog span 

• djusted voltage reference 

• No zero or full-scale adjust required 

• 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 

• 28-pin molded chip carrier package 

• ADC0808 equivalent to MM74C949 

• ADC0809 equivalent to MM74C949-l 

Key Specifications 

• Resolution 8 Bits 

• Total Unadjusted Error ± 12 LSB and ±1 LSB 

• Single Supply 5 VDC 

• Low Power 15 mW 

• Conversion Time 100 µs 
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4.3.5 The SN7475, SN74LS75 (4-BIT BISTABLE LATCHES): 

These Latches are ideally suited for use as temporary storage for binary information 

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 enable 

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 is 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 O C to 70 C. 
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The figure below shows the SN7475 Latch: 

- 1Q 1 16 1Q 
1D 2 15l 20 
20 - 3 14 i 20 

3C 4C 131 1C,2C 2 

Vee GND 
30 - 30 
4D0 ! 30 .1 , - ) 

40; ·8, '.4Q 

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: 

2{-! 

3 

p (6 

p-( 6 

NC 

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 -M suffix, eg. 4N25-M 
• UL recognized (File # E90700) 

• VDE recognized (File # 94766) 

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

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

Applications: 

• Power supply regulators 

• Digital logic inputs 

• 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: 

• Ease of Visual Basic 

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

• 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 

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

• Basic Read algorithms 

• Basic Write algorithms. 
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5.2 Programming the Parallel Port in Visual Basic: 

VB cannot directly access the hardware on a system All h d 
· lar+ware requests must go 

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 

print something, it is 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 VBl, VB2, VB3 or VB4 16Bit. Use 

WIN95IO.DLL (in the WIN95lO.ZIP package) for VB4 32bit, VBS 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. The control lines a re 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 

Control Lines 890 37Ah 

Status Lines 889 379h 

Figure 5.1 parallel port addresses 

h ort that will be used. Another two things are 
One need to know the address of t e P . . 

rt id the number set it to. The command will 
needed· the command to access the po an , 
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5.2 Programming the Parallel Port in Visual Basic: 

VB cannot directly access the hardware on a system All h d 
. ar ware requests must go 

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 

print something, it is 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 VBl, VB2, VB3 or VB4 16Bit. Use 

WIN951O.DLL (in the WIN95IO.ZIP package) for VB4 32bit, VBS 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. The control lines a re 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 

Control Lines 890 37Ah 

Status Lines 889 379h 

Figure 5.1 parallel port addresses 

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

d the number set it to. The command will 
needed; the command to access the port an 
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be explained in a little while. The ports work with numbers. These can be expressed 

in hex, binary or decimal, but in this project all values will be expressed in decimal. 
It's just easier that way. Anyway, you operate the port by sending it a number that 

represents the binary pattern of the physical outputs on the port. For example, to set 

the 8 data lines to 11111111, you would send 255. To set them to 00000000 you 

would send O . Note that these a re a 11 8 bit binary numbers, and the port is also 8 
outputs. 

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: 

(ByVal nPort As Integer, ByVal Declare Sub vbOut Lib "WIN95IO.DLL" 

nData As Integer) 

"WIN95I0.DLL" (ByVal nPort As Integer, ByVal Declare Sub vbOutw Lib 

nData As Integer) It er) As 
Lib "WIN95IO.DLL" (ByVal nPort As n.eg Declare Function vbinp 

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

Integer 

. tw new commands available. These fun ti is, you will have 70 
Once you declare the nc 1ons, d to send a bit to a port, like the 

. statement and ts use are vblnp and vbOut. vbOut is a 
following: 

vbOut [port], (number] 
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We will get to vblnp later As . you can see the tw 
address and the value we want t . · ' 0 parameters required are the port 

o set it to. The addr 
1 

ess can be d · 1 the value. Because there are only 8 da 1. Jecimal or hex, as can 
y ata lines, we can l 

the port (255 is decimal for binary 1111) 'on Y send a maximum of 255 to 
ll 11). The example b l • 

a few different bit patterns to the data lir Jes below illustrate sending a a mes. 

'set port to 00000000 
vbOut 888, 0 

'set port to 10000000 
vbOut 888, 1 

'set port to 01000000 

vbOut 888, 2 

'set port to 00100000 
vbOut 888, 4 

'set port to 00010000 

vbOut 888, 8 

Of course, you can also tum 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 I, but want to tum 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 vblnp 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). 

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

get information into the computer, you will be using the 5 status lines. Reading the bit 

pattern of a port is done using the vblnp 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 representation 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 vblnp 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. 

bl fu ti. on we can use it to solve the problem of keeping Now that we know the v np nc 
. . th state Of another. For that we will define a the state of one bit while c hanging e 

subroutine that uses both functions: 

% outNum%) SUB OutPort(PortAddress , 

PortState = vbInp(PortAddress&) 
PortNum& = PortState& + OutNum& 
vbOut PortAddress&, PortNum& 
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END SUB 

Note how the sub adds the current port st t t h 
. a e O t e number we send it. This has the 

effect of keepmg all previous bits at the same tat th . . . 
st te 1ey were in, but either turning on 

or off the bit or bits represented by the number th 
. r we pass to e sub. This also requires a 

change m the way the function is used. To tum on bit 1, we would: 

OutPort 888, 1 

This example assumes a current port status of 0 (00000000). If bit 1 is already high, 

you will get unexpected results, so keeping track of the port is important. To tum 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, O? Sending Oto 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%, PortNum% 

IF OutNum& = O THEN vbOut PortAddress%, O 

END SUB 

. 1 tuff. b t also sets the port to 0 if a 0 was passed to it. The sub does all it's norma, st ., u 
. . rt if you create strange bit patterns by trying to tum This is a very easy to clear up a po 

k tr k of the state you expect the port to be and a bit on twice. You may want to eep ac 
. the vblnp function. If the two do not match, 

compare it to the actual state by using 
. • your other variable. clear the port and reset all the bits using 
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Now that we know a few useful fu . . nctions with respect t 
very useful input function Wh · LO output, we should look at a 

. en using the port in softw; .. 
to know the status of a single bit : are, you will very likely need 

• • I at one time or another Th » 
doing this, the function below i the · ere are various ways of 

1s 1e most useful: 

FUNCTION BitStatus (PortAdd 
ress%, BitYouWant%) AS INTEGER 

IF PortAddress& = 888 THEN 
NumOfBits& = 8 

ELSE IF PortAddress% 

NumOfBits% = s 
ELSE 
NumOfBits% = 4 

REDIM PortBits(NumOfBits&) AS INTEGER 
PortNum& = vbinp(PortAddress%) 

889 THEN 

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. The function then assigns 

itself the value of the array element you specify with the BitYouWant% variable. 
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5.3 System Flowcharts 

The Software includes three main subprograms 

I. Updating the program information 

2. analyzing smoke circuit information and take required action 
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: 

Start 

Output room 
address 

Update Smoke 
information 

Update Heat 
information 

m information Figure 5.1 Updating the progra 
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5.3.2 Analyzing smoke circuit information and take required action: 

Read smoke 
status 

Yes 

( 

. d take required action . uit information an I . smoke circ Figure 5.2 Ana yzmg 

59 



Chapter Five 
Software System Design 

5.3.3 Analyzing Heat circuit information and take required action: 

Read Heat 
Sensor status 

­ ( sod 
·-----~ . d take required action . . formation an . ke circmt m o Figure 5.3 Analyzmg smo 

60 



Chapter Six 

Implementation and Testing 
6.1 Introduction 
6.2 Testing the Smoke Circuit 

6.3 Testing the Heat Circuit 
6.4 Testing the Output circuit 
6.5 Testing the Software 

6.6 Integrating Subsystems 



Chapter Six 
Implementation and Testing 

Implementation and Testing 

6.1 Introduction 

In this chapter we will illustrate the implementation process of the system including 
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: 

I. 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 sensor lo ated at diff 
3 locate at liiferent room. 

These sensors are multiplexed through the 74251 MUX so that · 1 t d 
one sensor ts se ec e at a time under software control. 

Smoke circuit is illustrated well in the general block diagram (Figure 3.1). As shown 

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

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

DI-3 smoke sensor and observes its output, then the MUX and latch and opto coupler 
each one alone. 

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: 

w 
y 

220K 
10 

ff, l] or ass 
Signal 

. 6 1 Smoke Sensor Circuit Figure . 

150 

d it had give us 10 volt in the presence of The Di-3 smoke sensor is firstly tested, an 1 

smoke and 1 volt with no smoke. 

f +5 Volt and the Ground as logic . . a power supply 0 
In order to test this circuit we use nnected to GND so that the 

f th MUX were co 
· 6 and 7 ° e · Aft 1 and O respectively. The pm d t coupler to the output pm. er 

h the latch an op o first sensor signal is passed throug 
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{hat pin 6 is connected to +5 Volt so that the second Sensor is selected. The same is 
peated for the third sensor. re 

The circuit had worked properly probably. 
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6.3 Testing the Heat Circuit: 

The Heat circuit consists of three sensors h 
. , eacl sensor located at different room. 

These sensors are multiplexed and converted to di·ital thr 
1grtal rough the ADC0808 so that 

one sensor is selected at a time under software c tr I d . . . . 
ontrol, an 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 parallel 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 O respectively. The pin 24 and 25 (AO, Al) 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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6.4 Testing the Output circuit: 

the output circuit consists of the 74138 decoder and 7475 latch. The decoder signal 

with the tow data lines gives the address of LED or Bill or Fan to be enabled. The 
circuit is illustrated below in figure 6.3: 

_l,U 
2 

D1 Qi{ o J QI 1S 3 

Enable LEDs 
D2 g'5o [; J 

Parallel 
I 

D3 iu--W-0 ! 
Pott Data ,--- 

cs signal p> 

D4 3# [i 9 13 
4 C12 

- 
C34 
7◄LS75 U1 
..Ill: 

g]{ o YO t ~~- ; 2 
1 A 

D1 ~ 
a, 1s 

~ B Y1 --rr,-- 
3 

D2 Q2 ]+j 0 
C Y2 12 

' l 02 ta J 
Enable Bill ' 

Y3 11 
6 

'I 
VCC +SV 

D3 
~ 11· 

Y4 10 

Li 
L 6 

4 G1 Y5Pi _ 
D4 W.l-j-0 YG ~ .d G2A 

13. kc42 Q◄G2B Y7 p----a 
== 4. ·c 74LS138 
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..l,IZ 
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D3 J:23. 11 #4} o 7 D4 Q4 5 
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Figure 6.3 Output circuit 

67 



Chapter Six 
Implementation and Testing 

6.5 Testing the Software: 

The program was tested by giving digital inputs through switch (+5 volt as logic 1 and 
GND as logic 0), and observing the output on LEDs. 
The program had worked properly. 

6.6 Integrating Subsystems: 

After each subsystem is tested and observed to work correctly, all these subsystems 

was integrated together to form the system. The final system looks as shown in figure 
6.4 below: 

68 



Chapter Six 

Implementation and Testing 

re',, 
: 

mo o U I ...... 1-'•rt 
cnn 

uQ rt .,, .. 1-'•0 
:,o, :, rt t' .. 

"'" 
"' :, 

.... ,-..o, 

~ 

:, rt 
11>'1 ,-..o 

H 
.... 

69 



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 tr I d . 
con ° , an so we are trying to make 

an alarm system that controls a set of sensors through the PC. 

We had collected all data required to build such a system · th · 
In e 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 I C'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: 

d · th vious semester For future work one The system is now ready, as suggeste m e pre · 

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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SIEMENS 
Dl-3, D1-A3 and D1-B3 
ionization Smoke Detector 

ENGINEER AND ARCHITECT SPECIFICATIONS 

Fire Safety 

, Adjustable Sensitivity 

, Dual Chamber 

Sensitivity Test Points 

Simple Twist/Lock Assembly 

, Optional Auxiliary Relay 

• Screw-Clamp Terminals 

• Alarm LED 

•®Listed, ULC Listed, NYMEA, 
FM, CSFM Approved 

Introduction 
The Siemens Building technologies, Fire Safety Division 
01-3, DI-A3 and DI-83 fire smoke detectors operate on the 
ionization principle.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 
~ndeveloped for the wide range of commercial, 
ridustriaf and institutional fire detection and extinguishing 
apP!ications.The 01-3, 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 
lh~_D1-3 Series detector is a plug-in ionization detector 
[?"®©esigned for two wire system operation. The D-3 
andesigned with adjustable sensitivity while the DI-A3 
i""· ~he DI-B3 have a fixed sensitivity designed for their •PJIV1duaI h' h • 19 air flow applications. 
heap. da; 'A3 and DI-B3 consist of self-compensating 
s-"@ion chambers and a highly stable solid state 
,' "itching circuit. One chamber detects the 
serves ceof combustion products, the second chamber 
iy5,,,®reference, to stabilize the detector's sensitiv 
of cornb anges in environmental conditions. As products 
Cllrrent .ustion enter the sampling chamber, the chamber 
~eth 15 reduced producing a voltage change. At the 

evoltage 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 D_l-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, srote gong outlet.lg;g" ggggg ox 

th audible base model Ar +-, w'icI mus e 
~~~he~ to a 4" square, deep wiring box. The DB-3S base 
and ADB-3 audible base utilize screw-clamp terminals for 

I · I connections, self-wiping contacts for reliability 
all e ectnc~ provision for an optional concealed locking 
and contain · d I f th mechanism to prevent unauthorizec remova o e 
detector head. 

3 S ies ionization detector has been designed to 
The l ], ange of system design parameters. The 
meet aw . designed for open area protection in areas 
D-3 detect,,, ,6 to a0o feet per minute. with air velocttue 
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SIEMENS 
p3, Dl-A3 and D1-83 
ionization Smoke Detector 

ENGINEER AND ARCHITECT SPECIFICATIONS 

Fire Safety 

, Adjustable Sensitivity 

, Dual Chamber 

Sensitivity Test Points 

Simple Twist/Lock Assembly 

, Optional Auxiliary Relay 

• Screw-Clamp Terminals 

• Alarm LED 

•®Listed, ULC Listed, NYMEA, 
FM, CSFM Approved 

Introduction 
The Siemens Building technologies, Fire Safety Division 
D1-3, DI-A3 and D1-83 fire smoke detectors operate on the 
iaization principle. The detectors respond to the first 
traces of fire in the form of visible smoke or invisible 
products of combustion. The D1-3, DI-A3 and Dl-83 have 
~ndeveloped for the wide range of commercial, 
lldustrial and institutional fire detection and extinguishing 
4plications. The DI-3, DI-A3 and Dl-83 are approved in 
environments covered by UL 268 & UL 268A.The DI-B3 
must be utilized with a Series 3 air duct housing. 

Description 
lhe_D1-3 Series detector is a plug-in ionization detector 
@dis des» ' D-3 p,,,_7®lgned for two wire system operation. The l 
~esigned with adjustable sensitivity while the DI-A3 
in~· ~he D1-B3 have a fixed sensitivity designed for their 
®Vidual hi}.s»,, , 19 air flow applications. he3,L., 
dualio .' ·A3 and DI-B3 consist of self-compensating 
?(Jip1/

12ati?n chambers and a highly stable solid state 
~e~~er-switching circuit. One chamber detects the 
serves ceof combustion products, the second chamber 
"?®reference, to stabilize the detector's sensitiv 
of cornb anQes in environmental conditions. As products 
current. USlion enter the sampling chamber, the chamber 
i.neth is reduced producing a voltage change. At the 

evoltage 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 D1-3, DI-A3 and D1-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 D1-3, DI-A3 
and D1-B3 and the adjustment screw on the D_l-3 are . 
accessible from the front of the detector housing enabhng 
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 srgle gong outlet;g"ggg[Pg ox 

th audible base model A - , w' iCI mus e 
;~~he~ to a 4" square, deep wiring box. The DB-3S base 
and ADB-3 audible base utilize screw-clamp terminals for 

I · I connections, self-wiping contacts for reliability 
all e ect~c_a provision for an optional concealed locking 
and con _a,n to prevent unauthorized removal of the mechanism 
detector head. 

3 S . s ionization detector has been designed to 
me© },,ce of system design parameters.The 
meet a w . designed for open area protection in areas 
D-3 detec,,,, yp6 to 3o0 feet per minute. with air veloct 
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SIEMENS 
D1-3, DI-A3 and DI-B 
ionization Smoke Detector 3 

ENGINEER AND AR CHITECT g PECIFICATIONS 
, Adjustable Sensitivity 

, Dual Chamber 

o Sensitivity Test Points 

o Simple Twist/Lock Assembfy 

• Optional Auxiliary Relay 

• Screw-Clamp Terminals 

• Alarm LED 

•@ Listed, ULC Listed, NYMEA, 
FM, CSFM Approved 

Fire Safety 

Introduction 
The Siemens Building technologies, Fire Safety Division 
D1-3, DI-A3 and DI-B3 fire smoke detectors operate on the 
ionization principle.The detectors respond to the first 
traces of fire in the form of visible smoke or invisible 
products of combustion.The D1-3, D1-A3 and DI-B3 have 
been developed for the wide range of commercial, 
industrial and institutional fire detection and extinguishing 
applications. The DI-3, DI-A3 and D1-B3 are approved in 
environments covered by UL 268 & UL 268A. The D-B3 
must be utilized with a Series 3 air duct housing. 

Description 
The D1-3 Series detector is a plug-in, ionization detector 
@nd is designed for two wire system operation. The Dl 
Is designed with adjustable sensitivity while the DI-A3 
and the Dl-83 have a fixed sensitivity designed for 

th
eir 

Individual high air flow applications. 

a p1a, i-As and D-ea consist of sett-com"" 
dual ionization chambers and a highly stable soll hs 
arnprt· b detects th ie r I ier-switching circuit. One cham er d chamber 
~ esence of combustion products, the seco~ r's sensitiv­ 
iterves as a reference, to stabilize the _d_etec is products 
{'changes in environmental conditi?®; ', chambe 
c combustion enter the sampling chamber, At the 

t
.urrent is reduced producing a voltage chang:·1ned ineth, re-deteff­ 

e voltage range exceeds the pr 

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 D1-3, D1-A3 and D1-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 01_83 and the adjustment screw on the D-3 are . 

ible from the front of the detector housing enabling access perform all sensitivity adjustments and tests 
the user o · b without removing the detector from its ase. 

tilize a low profile surface mounting base, 
The detectors u 1 1~ ma be attached to either a 4" 
model DB-3S, whi@,,rj,st box or 4 square wiring box 
octagonal, single gang del ADB-3 which must be 
_of e audible b®® "",,, waiog to me DB-ss base 
attached to a 4"sq?',',fze screw-clamp terminals1' 
ad AD8-3 audible €'',jp wiping contacts for reliability 
% electrical conn©,',, opiionaf concealed locking 
and contain prov1s1on t unauthorized removal of the 
mechanism to preve 
detector head. d tor has been designed to 

· ·zation etec The Dl-3 series 1on1 design parameters. 
The wide range of system n area protection in areas 
meet a . d igned for ope . 
pj-a detector 5;,, goo feet per minute, 
,ith air velocities UP 
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SIEMENS 
p}-3, DI-A3 and DI-B3 
pization Smoke Detector 

ENGINEER AND ARCHITEC T SPECIFICATIONS 

Fire Safety 

() Adjustable Sensitivity 

+ Dual Chamber 

r Sensitivity Test Points 

Simple Twist/Lock A$sembly 

e Optional Auxiliary Relay 

e Screw-Clamp Terminals 

• Alarm LED 

•®Listed, ULC Listed, NYMEA, 
FM, CSFM Approved 

Introduction 
~tSiemens Building ~echnologies, Fire Safety Division 
3, DA3 and DI-83 fire smoke detectors operate on the 
ionization ~ri~ciple.The detectors respond to the first 
traces of fire in the form of visible smoke or invisible 
:d

0
uctsof combustion.7:"he DI-3, DI-A3 and D1-83 have 

. developed for the wide range of commercial 
nlustrial d · · · . ' a r . ant institutional fire detection and extinguishing 
/P.1catIons.The 01-3, DI-A3 and OI-B3 are approved in 
nvironmentscovered by UL 268 & UL 268A The DI-B3 
must be lb» r' e utilized with a Series 3™ air duct housing. 

Description 
"? res detector is a plug-m. ionization detector 
,,,';_®gned for two wire system operation. The DI3 
and th~~~ with adjustable sensitivity while the DI-A3 
individu 

I 
h~3 h~e a fixed sensitivity designed for their 

al igh air flow applications. 
TheDl-3 DI dual ion-' _-A3 and OI-B3 consist of self-compensating 
+]""on chambers and a highly stable solid state 
Presence switching circuit. One chamber detects the 
enves as of combustion products, the second chamb~~ 
'\yforcti a reference, to stabilize the detector's sens1t1v­ 
of cornb~nQes m environmental conditions. As products 
~rrent g er the sampling chamber, the chamber 
tirnethev 1uced producing a voltage change. At the 

oltage 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 D-3, DI-A3 
and DI-B3 and the adjustment screw on the D1-3 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 a4" 
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 screw-clamp terminals for 
all electrical connections, self-wiping contacts for reliability 
and contain provision for an optional concealed locking 
mechanism to prevent unauthorized removal of the 

detector head. 
The D-3 Series ionization detector has been designed to 
meet a wide range of system design parameters. The 
DI-3 detector is designed for open area protection in areas 
with air velocities up to 300 feet per minute. 
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mounting Data 
Standard or Deep 

-4-- 4" Octagonal O O Sinote.sang'c, A 'A\?"@re Wiring Box 

Detector 
Identification 
Red LED Lens 

2 3/8 
(6 cm) 

DI-A3 is recommended for use in high air velocity applica­ 
tions such as computer room underfloor areas.The 
model DA3 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 Oto 
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 D-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 airvelocities of 500-4000 FPM. 
The 01-3, DI-A3 and DI-83 are also available for high 
altitude applications, (3000 to 8000 feet above sea level) 
as model numbers Dl-3H, DI-A3H and DI-B3H. 
The 01-3 and DI-A3 are capable of operating a remote 
alarm lamp, RLl1, RLI2, RL-3O, RL-4O or auxiliary relay, 
model RR-3. The model RR-3/3S relay contains one set 
of double pole, double throw contacts rated at 120AC, 2 
Amp. Resistive and requires a deep outlet box when 
mounted to the DB-3S. The DI-B3 is capable of utilizing 
#remote relay as supplied in the Series 3 air duct 
using model AD-3 with a DA-3SR Relay Board which 
®"tins one set of double pole, double throw contacts 
ated at 125VAC/24 voe, 3 Amp. Resistive. 

~en mult~ple detector/relay combinations_ ar~ us_ed on 
C,""©circuit, the zone module current limit wl 
r ct the number of guaranteed detector/relay actua- 

1ons to one per zone. 

{"PB, DA3, DB3, 3H, Di-A3fH and DBS 
Li t ation detectors are Underwriters LaboratorieS, Inc. 
,,," ®series is iso Fii, csFii an NYMEA a 

An FM approved · t · · model Dl-3IS Th' intrinsically safe DI-3 is available under 
intrinsically s · f ~ Dl-3IS must be utilized with the 
MXL zone ade 

I 
YStem 3 zone module, model ZS-30 or 

mo u e CZM-1/ISI-1. 

Application Data 
he D-3, DAS, DI-B3, D-3H, DI-A3H and DI-BSH 
S etectors 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 
or manual stations) may be used on any one Fire Safety 
detector circuit. 

This detector is applicable to the 30-foot center spacing 
(900 sq. ft.) as referred to in NFPA 72.This spacing, 
however, 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 
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 O and 
1200 ft./min. Detectors which are not UL listed for the 
stated air velocity range shall not be accepted. 
D1-B3 ONLY The detector shall be specifically designed 
for use in air ducts with air velocities between 500-4000 
PM 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 in ~ model that is accept- 
ble for and UL listed for use in altitudes of 3000-8000 
:eet above sea level if desired models D1-3H, DI-A3H or 

D-B3H. 
Field adjustment and monitoring of the detector sensitiv­ 
it shall be possible without removal of the detector head 
/cs its base. The measurement of detector sensitivity 
shall provide a discrete electrical value. Test methods 
which do not provide an output signal proportional to 

k oncentrations shall not be considered equal. The 
smo e bly into which the detector is installed shall 
base asser : · 1 t · I ( the twist/lock design with screw-clamp terminal5. 
P° ,,% shall utilize self-wiping con-tacts for reliability 
The b h 

II 
cept other compatible plug-in detectors. A 

and sh©","Z alt be installed in those areas where 
security 1 . tant installation is required as indicated on 
tamper rests 
the drawings. 



Mounting Data 
Standard or Deep 

,._ 4" Octagonal O O Single 6ago 
(' ' s,,?l@re Wiring Box 

Detector 
Identification 
Red LED Lens 

2 3/8" 
(6 cm) 

DA3 is recommended for use in high air velocity applica­ 
tions such as computer room underfloor areas. The 
model D!-A3 contains a specially designed internal 
chamber cover and a pre-selected fixed sensitivity setting 
which provides extremely stable operation. Model D-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 D-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 
a pre-selected fixed sensitivity setting. The Dl-83 must 
be utilized with the Series 3 air duct housing in air duct 
applications with air velocities of 500-4000 FPM. 

The D-3, DI-A3 and Dl-83 are also available for high 
altitude applications, (3000 to 8000 feet above sea level) 
as model numbers DI-3H, DI-A3H and DI-B3H. 
The DI-3 and DI-A3 are capable of operating a remote 
alarm lamp, RLl1, RLl2, Rl:30, Rl:40 or auxiliary relay, 
model RR-3. The model RR-3/3S relay contains one set 
of double 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 
te r:mote relay as supplied in the Series 3 air duct . 
ousing model AD-3 with a DA-3SR Relay Board which 

contains one set of double pole, double throw contacts 
rated at 125 VAC/24 VDC, 3 Amp. Resistive. 

~en mult~ple detector/relay combinations_ar~ us_ed on 
res~arne circuit, the zone module current limit will 
ti ct the number of guaranteed detector/relay actua- 
Ons to one per zone. 

{©"® 9a, ss, 3. -Aa+ era Di8SH 
L· ation detectors are Underwriters Laboratories, Inc. 
,, "® series is also Fii, csFii and NYMEA a» 

An FM approved · t · · 
model Di-3is j;"sically safe DI-3 is available under 
intrinsically s%,'' 3lS must be utilized with the 
MxL. zone ,8,,,"27 3zoos module, modal z$ ao or 

u e -1/ISl-1. 

Application Data 
The DI-3, DI-A3, DI-B3, DI-3H, DI-A3H and DI-B3H 
ietectors are fully compatible with other Fire Safety 
ystem 3 compatible detectors and may be intermixed wo same zone circuit. No more than thirty (30) 
etectors of any type of combination (other than thermals 

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

This detector is applicable to the 30-foot center spacing 
(900 sq. ft.) as referred to in NFPA 72.This spacing-, 
however, 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 
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-AS 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 Sen es 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 in ~ model that is accept- 
ble for and UL listed for use in altitudes of 3000-8000 
feet above sea level if desired models DI-3H, DI-A3H or 
DI-B3H. 
Field adjustment and monitoring of the detector sensitiv­ 
it • shall be possible without removal of the detector head 
,,', its base. The measurement of detector sensitivity 
shall provide a discrete electrical value. Test methods 
which do not provide an output signal proportional to 

k oncentrations shall not be considered equal. The 
smo e bly into which the detector is installed shall 
base asser .. . 1 · I f the twist/lock design with screw-clamp terminals. 
be Ob hall utilize self-wiping con-tacts for reliability 
The ?],,,,,t other compatible plug-in detectors. A 
and S©"7,, shall be installed in those areas where 
security . tant installation is required as indicated on tamper rests 
the drawings. 
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LM35 
precision Centigrade Temperature Sensors 
General Description 
p\% LM35 series are precision integrated-circuit temperature 
sensors, whose output voltage is linearly proportional to the 
Celsius (Centigrade) temperature. The LM35 thus has an 
dvantage 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- Features 
ade scaling. The LM35 does not require any external ■ Calibrated directly in· Celsius (Centigrade) 
calibration or trimming to provide typical accuracies of ±4'C Linear+ 10.0 mV/'C scale factor 
at room temperature and ±¾'Cover a full -55 to +150'C 0.5'C accuracy guaranteeable (at +25'C) 
temperature range. Low cost is assured by trimming and ■ Rated for full _55• to +150-c range 
calibration at the wafer level. The LM35's low output imped'- ■ Suitable for remote applications 
ance, linear output, and precise inherent calibration make 
Interfacing to readout or control circuitry especially easy. It ■ Low cost due to wafer-level trimming 
can be used with single power supplies, or with plus and • Operates from 4 to 30 volts 
minus supplies. As it draws only 60 A from its supply, it has • Less than 60 A current drain 
vBfY low self-heating, less than 0.1 ·c in still air. The LM35 is • Low self-heating, 0.08"C in still air 
rated to operate over a -55" to +150"C temperature range, ■ Nonlinearity only ±4'C typical 
while the LM35C is rated for a -40" to +110'C range (-10" ■ Low impedance output, 0.1 2 for 1 mA load 
with improved accuracy). The LM35 series is available pack- 

aged h " in iermetic TO-46 transistor packages while the 
LM35C, LM35CA, and LM35SD are also available in the 
plastic T0-92 transistor package. The LM35D is also avail­ 
ble in an 8-lead surface mount small outline package and a 

plastic TO-220 package. 

Typical Applications 
4 Vs 

(«v To zov) 

d_OUTP\JT 9 o.v+10.ooN1•c 

D$005516-3 

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

-Vs 
Ds0055 16-4 

Choose R, = -Ve/50 A 
V our=+1,500 mV at +150'C 

= +250 mV at +25'C 
= -550 mV at -55'C 

FIGURE 2. Full-Range Centigrade Temperature Sensor 
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The LM35 series are precision integrated-circuit tern t . • iperature 
sensors, whose output voltage is linearly proportional to the 
Celsius (Centigrade) temperature. The LM35 thus has ar 
advantage over hnear temperature sensors calibrated • 

• th : it In 'Kelvin, as e user Is no required to subtract a la 
constant voltage from its output to obtain convenient Ce~~ 
grade scaling. The LM35 does not require any external 
calibration or trimming to provide typical accuracies of ±'C 
at room temperature and ±¼"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 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 A 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 +11o·c range (-10· 
with improved accuracy). The LM35 series is available pack- 

aged in hermetic TO-46 -; 
LM35C, LM35CA, transistor packages, while the 
plastic TO0-92 ,' ""0 LM35D are also available in the 
able in an 8-1 ;ns1s or package. The LM35D is also avail- 

plastic TO 22e0a surface mount small outline package and a - package. 

Features 
Calibrated directly in • Celsius (Centigrade) 
• Linear+ 10.0 mV/'C scale factor 
a 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 A current drain 
■ Low self-heating, 0.08'C in still air 
■ Nonlinearity only ±4'C typical 
■ Low impedance output, 0.1 2 for 1 mA load 

Typical Applications 
+Vs 

(4V TO 20V) 

o_OUTPIJT 
~OmV+10.0mV/°C 

D$005516-3 

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

4 Vg 

~Vout 

1 
-Vs 
0s0055 16-4 

Choose R, = -V/5O A 
v our=+t,500 mV at +150'C 

= +250 mV at +-25'C 
=-550 mV at -55'C 

FIGURE 2. Full-Range Centigrade Temperature Sensor 
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~ connection Diagrams 
5 

TO-46 
Metal Can Package S0-8 

Small Outline· Molded Package 

BOTTOM VIEW 
DS005516-1 

•ease is connected to negative pin (GND) 

Order Number LM35H, LM35AH, LM35CH, LM35CAH or 
LM35DH 

See NS Package Number H03H 

our 8 ·v, 
N.C. 2 7 N.C. 

N.C. 3 6 N.C. 

GND 4 5 N.C. 

DSO05516-21 
N.C. = No Connection 

Top View 
Order Number LM35DM 

See NS Package Number M08A 

TO-92 
Plastic Package T0-220 

Plastic Package* 

BOTTOM VIEW 
DSOOS S111-2 

Order Number LM35CZ, 
LM35CAZ or LM35DZ 

See NS Package Number Z03A 

0 
Lu 

35DT 

V v, 
GND 

0S0055 16-24 

OUT 

'Tab is connected to the negative pin (GND). 
Note: The LM35DT pinout is different than the discontinued LM350P. 

Order Number LM35DT 
See NS Package Number TA03F 

w.national.con 
2 



Absolute Maximum Rating 
p» : S (Note 1 tiellltll'Y/Aerospace specified devices O) 
~ ft contact the Nation al Semi conduct are required 
~butorl for availability and specifi or Sales Offic 1• 
111J\I' cations. e 

supply Voltage 
o«put Voltage 
O,JtPUt current 
storage Temp.; 
rg.-46 Package, 
rg.92 Package, 
sO-S Package, 
rO-220 Package, 

Lead Temp..: 
jO-46 Package, 

(Soldering, 10 seconds) 

+35V to -0.2y 
+6V to -1.0y 

10 mA 

-Go·c to +180'¢ 
-Go·c to +1so·c 
-Gs·c to +1so·c 
-5s·c to +150¢ 

70-92 ana ro 
(Solis, ",3389 Pacas 

®ow,,","aw 
Vapor p,,, \e 12 
I ase (60 nfrared (15 seconds) 

Es suss,,,"a) 21sc 
Specified o ,ty (Note 11) 22o·c 
(Note 2) PeraUng Temperat 2500V 
LM ure Range· T 35, LM35A MtN to T MAX 

LM35C, LM35c 
LM35D 

260'c 

-ss·c to +1so·c 
-40'C to +110'¢ 
o·c to +1oo•c 

3oo·c 

Electrical Characteristics 
(Notes 1, 6) 

Parameter Conditions 

Accuracy 

(Note 7) 

T, -+25'C 
T,=-10'C 
T,=Tu»ox 
T,=Ts 

Nonlinearity 
(Note 8) 
Sensor Gain 
(Average Slope) 

T <T,<Tua 

load Regulation 
(Note 3) 0<1<1 mA 

T,=+25'C 
T <T,<Tao 

Lile Regulation 
(Note 3) 

T,=+25'C 
4V<V ,<30V 

Quiescent Current 
(Note 9) 

V,=+5V, +25'C 
V ,=+5V 
V ,=+30V, +25'C 

Change of 
Quiescent Current 
ls 9) 
Temperature 
Coefficient of 
®ascent Current 
Mrs himum Temperature In circuit of 
Rated Accuracy Figure 1,\,=0 
Long Term Stability T J:::T MAX• for 

I 1000ho®' 

V ,=+30V 
4V<V,<30V, +25'C 
4<V ,<30V 

LM35A 
Tested 

Typical Limit 
(Note 4) 

±0.2 ±0.5 
±0.3 

±0.4 ±1.0 

±0.4 ±1.0 

±0.18 

+10.0 +9.9, 
+10.1 

±0.4 ±1.0 

±0.5 
±0.01 ±0.05 

±0.02 
56 67 

105 
56.2 68 

105.5 
0.2 1.0 

0.5 

+0.39 

Design 
LM35CA 
Tested Design 

Limit Typical 
Units 

Limit Limit (Max.) 
(Note 5) (Note 4) (Note 5) 

±0.2 ±0.5 ·c 
±0.3 ±1.0 ·c 
±0.4 ±1.0 ·c 
±0.4 ±1.5 ·c 

±0.35 t0.15 t0.3 ·c 

+10.0 +9.9, mvrc 
+10.1 

±0.4 ±1.0 mV/mA 

±3.0 t0.5 ±3.0 mV/mA 

±0.01 ±0.05 mVN 

t0.1 t0.02 :t:0.1 mVN 

56 67 
µA 

91 
114 µA 

131 µA 
56.2 68 

91.5 
116 µA 

133 1.0 
µA 

0.2 2.0 µA 

2.0 0.5 
+0.5 A/'C 

+0.5 +0.39 

+2.0 ·c 

·c 
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- 
olute Maximum Ratings (Note 10) TO-92 and TO-220 p ,,%space specified devices are requ· d 

d ti1ll118!ntact the National Semiconductor Sales o:t ; (soidrg. o%, "gse, • econ s) 260' C 

~utors for availability and specifications. ce 
SO Package (Note 12) 

Vapor Phase (60 seconds) 

qy \Noa#g° 
+35V to -0.2V Infrared (15 seconds) 

215'C 

,at Voltage 
+6V to -1.0V ESD Susceptibility (Note 11) 

220'C 

()rtPUI current 10 mA 
Specified Operati 2500V 

garage Temp. 

(Note 2) ng Temperature Range: T MIN to T MAX 

rQ-46 package, -60'C to +180'C 
LM35, LM35A -55'C to +150'C 

rg.92 Package, -60'C to +150'C LM35C, LM35CA -4o·c to +11o·c 

so.a Package, -65'C to +150'C 
LM35D o·c to +100'C 

ro-220 package, -65'C to +150'C 

ad Temp: 
f-46 Packag, 

(Soldering, 10 seconds) 300'C 

Electrical Characteristics 
ates 1. 6) - LM35A LM35CA 

Parameter Conditions Tested Design Tested Design Units 

Typical Limit Limit Typical Limit Limit (Max.) 

(Note 4) (Note 5) (Note 4) (Note 5) 

N/)1Sr:f T,=+25'C ±0.2 ±0.5 ±0.2 ±0.5 ·c 

(Nole 7) T,=-10'C ±0.3 ±0.3 ±1.0 ·c 

T,=Tua ±0.4 ±1.0 ±0.4 ±1.0 ·c 

T,=Tr ±0.4 ±1.0 ±0.4 ±1.5 ·c 

Noninearity T <T,<Tao ±0.18 ±0.35 ±0.15 ±0.3 ·c 

Nole 8) 

s«isorGain T <T,<Two +10.0 +9.9, +10.0 +9.9, mV/'C 

{hrerage Slope) 
+10.1 

+10.1 

load Regulation T,=+25'C ±0.4 ±1.0 ±0.4 ±1.0 mV/mA 

Nole 3) 051,<1 mA T <T,<Tax ±0.5 ±3.0 :1:0.5 ±3.0 mV/mA 

lrieRegulation T,=+25'C ±0.01 ±0.05 ±0.01 ±0.05 mVN 

(lle 3) 4V<V ,<30V ±0.02 :1:0.1 :l:0.02 ±0.1 mVN 

OJiescent Current V ,=+5V, +25'C 56 67 56 67 A 

(Note 9) V ,=+5V 105 131 91 114 A 

V ,=+30V, +25'C 56.2 68 
56.2 68 A 

V %=+30V 105.5 
133 91.5 116 A 

-- Change of 4V<V,<30V, +25'C 0.2 1.0 
0.2 1.0 A 

OJiescent Current 
2.0 0.5 2.0 µA 

4V<V ,<30V 0.5 

lle 3y 

'#rperature 
+0.5 +0.39 

+0.5 µAJ'C 

t.Qefficientof 

+0.39 

@iescent Current 
+2.0 ·c 

"imun f 
+2.0 +1.5 

,, 'mnperature In circuit of +1.5 

{®t Accuracy Figure 1, \ =O 

·c 

mg fen Stability 
±0.08 

T J=T MAX• for ±0.08 

[ 1000 hours 
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II) gectrical Characteristics 
% ~ (Notes 1, 6) 

1- 

parameter Conditions 
L__ LM35 

Typical 
Tested Design 

LM35C, LM35D 

Limit 
Tested 

(Note 4) 
Limit Typical 

Design Units 

'ecuracy, T,=+25'C 
(Note 5) 

Limit Limit 

±0.4 ±1.0 
(Note 4) 

(Max.) 

LM35, LM35C T, 10'C 

(Note 5) 

(Note 7} T,=Tax 
±0.5 

±0.4 ±1.0 

±0.8 
±0.5 

·c 

T,=Tx 
±1.5 

±1.5 ·c 

+o.8 
±0.8 

ccuracy, LM35D T,=+25'C 
±1.5 

±1.5 ·c 
±0.8 

(Note 7) T,=Tao 

±2.0 ·c 
±0.6 ±1.5 

T,=T 
±0.9 

·c 

Nonlinearity T <T,<Tac 

±2.0 ·c 

±0.3 
±0.9 ±2.0 ·c 

(Note 8) 

±0.5 ±0.2 

Sensor Gain T ST,<Tao 
: 

±0.5 ·c 

+10.0 +9.8·, 
: 

(Average Slope} 

+10.0 

Load Regulation 

+10.2 
+9.8, mV/'C 

T,=+25'C ±0.4 ±2.0 
+10.2 

(Note 3) 0<1, <1 mA T a<T,<Tc ±0.5 
±0.4 ±2.0 mV/mA 

Line Regulation T,=+25'0 
±5.0 ±0.5 :1:5.0 

±0.01 ±0.1 
mV/mA 

(Note 3) 4V<V ,<3OV ±0.02 
±0.01 ±0.1 mVN 

Quiescent Current V ,=+5V, +25'C 
:1:0.2 ±0.02 ±0.2 

56 80 

mVN 

(Note 9) V ,=+5V 

56 80 A 
105 

V s=+30V, +25'C 

158 91 13B 

56.2 82 

A 

V s=+30V 

56.2 82 A 
105.5 161 

Change of 

91.5 141 A 

4V<V,<30V, +25'C 0.2 2.0 

Quiescent Current 4V<V s<30V 

0.2 2.0 A 
0.5 3.0 0.5 

(Note 3) 

3.0 A 

Temperature +0.39 +0.7 +0.39 

Coefficient of 

+0.7 A'C 

Quiescent Current 
Minimum Temperature In circuit of +1.5 +2.0 +1.5 +2.0 ·c 

for Rated Accuracy Figure 1, 1,=0 
Long Term Stability T_,=Taos for ±0.08 

±0.08 ·c 

- 

1000 hours :.:i; 1' ""~" ........ ""'"'· .,.. '"""'"''"' "'" -55· C<T p 15o·c I« "" LM35 "" t.M35-' ...,-,:r , .. 1' o· C ., the LM35C and LM35CA; and 
f1ST00'G for the LM3SD. Vs=+5SVdc and 1o,,,=50 jiA, in the circuit of Figure 2. These specifications also apply from +2'C to Tox in tho circuit of .9° ? 

cations in boldface apply over the full rated temperature range. ota 2: Thermal resistance of the TO-46 package is 400'CW, junction to ambient, and 24'CW junction to case. Thermal resistance of the TO-92 pa®9° ? 
1B0'CW junction to ambient. Thermal resistance of the small outline molded package is 220'CW junction to ambient. Thermal resistance of the TO-220 Pa09° 

is 90 C/W junction to ambient. For additional thermal resistance Information see table In the Applications section. 
Note 3: Regulation is measured at constant junction temperature, using pulse testing with a low duty cycle. Changes in output due to heating efi0015 O° "° 

computed by multiplying the internal dissipation by the thermal resistance. 

Note 4· Tested L' · · · .imits are guaranteed and 100% tested in production. 
:• 

5
' o,,;go um;• are goaraoteed (mrt oot 100% p~do- t,S,dJ "" "" lrnf;_, -•• '"" """ "'"'' ""'"· """' .,.. "' ""' "'"' • 

culate outgoing quality levels. 
Note6· s cifi . · pe ,cations in boldface apply over the full rated temperature range. . . """ '' """" · d fi 

1 
"" d1om.rc ,,., •• ...,.oo·, =• ""'""'"""· , .. ,,.,,,d ooodllfoo sof "'""' · woaol. 

and t, acyts 1e med as the error between the outpu vo ge an 
emperature (expressed in "C) 

Not, 0· N r · · . t -••• ._.,,""" U. t,ost·• .,,.,,, uoa. -""' daW's ""' •-•• 

range,· on inearity is defined as the deviation of the output-voltage-versus• e 

Noto 9: Q 
,".®@®Cont current is denned inthecircuitof f9U®£,,%%y cccut. DC and AC electrical specifications do not apply when opera/@ 

the d O. Absolute Maximum Ratings indicate limits beyond which damage to tile de y 
N evlce beyond its rated operating conditions. See Note 1. 

Ola 11· H 5 ldl lstor ""®® body model, 100 pF discharged through ® ®t!][a,,,nz or a saction itied "Surface Mount' found in a current Nalo! 

Se 
1 
2· See AN-450 "Surface Mounting Methods and Their Effect on product 1 

miconductor Linear Data Book for other methods of soldering surface rount devices. 

4 
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. 1 performance Characteristics 
ypi@ 

I Resistance .....r111a • 
V",% o Air W® 

Ill 

5 
? w 
~ 
l» 
! ,,~ 

O O 400 800 1 zoo 1600 2000 
AIR VELOCITY {FPM) 

DS005516-25 

..---- 
..-'- - 
-- 
........ 
- 
10-46 

~~ 
T0-9Z - I - 

pamal Response in 
stifTed Oil Bath 

,zo 
t 100 
~ IO 
p l IO 
~ 40 

& Z0 

£ : 
-?G 

a 

yr ... I, . 
} t T0-41 _.,,, gt 

)~ T0-92 
i' I, r, . 

2 4 6 
TINE (SECONDS) 

05005516-28 

Quiescent Current 
VI, Temperature 
(1n Circuit of Figure 2.) 

zoo 

a 

. 
~ 

L» 
\X 

L 
, .• ,,,. 

0 

60 
( 

-75 -25 25 75 125 
TEMPERATURE (C) 

175 

Thermal Time Constant 
45 
40 

~ 35 
~ 30 ... 
~ ZS 
~ 20 
0 

~ 15 ~ .::: 

\ 
J T0-46 
l "- I 
~ p - 
T0-9Z [ 

10 
5 
0 

0 

4.4 
4.2 

= 
4.0 

w. 3.8 
Cl. 3.6 et ~ 

3.4 0 
> 
~ 3.2 
a.. a:. 3.0 :::, 
Cl> 

2.8 
2.6 

400 800 1200 1600 zooo 
AIR VELOCITY {FPM) 

05005518-26 

Minimum Supply 
Voltage vs. Temperature 

Accuracy vs. Temperature 
(Guaranteed) 

2.0 

1.5 r ,.o 
LM35 

- r 
I .. ~ 

us4-- I- 
TYPICAL 

' kd ...... ,_ 

.... 11"!1 
I 

I ~ 
I LM35 

a: 
~ 0.5 
ffi 
~ 0 
:::, 
ti -0.5 
ffi 
~ -1.0 
w 
,.. -1.5 

-2.0 
-75 

-25 25 . 75 1Z5 175 
TEMPERATURE {°C) 

0S005518-29 

-25 25 75 125 175 
TEMPERATURE (°C) 

050055111-32 

Thermal Response 
in Still Air 

120 

l 100 
w 
3 o 
s: 
~ 60 
~ 40 
co 

ffi 20 

it • 
-20 

~ a 

I 

0 t 4 
TIME (MINUTES) 

6 8 

OS005518-27 

Quiescent Current 
vs. Temperature 
(In Circuit of Figure 1.) 

160 

140 

~ 120 

ffi 100 
llC g so 
ffi 60 
u 
:2 40 
~ 20 

0 
- 75 -25 25 75 1ts 175 

TEMPERATURE {°C) 
OS005518-30 

L 
~- . 

~ 
Y 

Accuracy vs. Temperature 
(Guaranteed) 

2.5 
2.0 

E 1.5 
a: 1.0 
co lfi 0.5 
~ 0 
:::, -0.5 E ~-1.0 
~ -:1.5 
,.. -2.0 
-2.5 

. -75 

1 I 
LM350- 

L,, ~ ... ~ uiussc­ 
I I 

LM35CA 
w hcit I- I- 

...... - . 
a 

1.M35CA . iussc 
® 1 4, uas 
-25 25 75 125 175 

TEMPERATURE (°C) 
OSQ05518-33 

05005516-31 

pr 
3: c., 
UI 
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% Typical Performance Characteristics . i (Continued) 
;J 

Noise Voltage 
1600 

1400 

1200 

~ 1000 
S, 
p» 800 < 
La 600 "' o 
2 400 

200 

0 
10 100 lk I Ok 100k 

Start-Up Response 

o. 
0 . 

FREQUENCY (Hz) 
OS005516-34 

S o. 
.° o 

... 
6 

4 

2 
I\ 
V 

0 10 20 30 40 50 60 

TIME (microsoc:onds) 
D05005516-35 

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. · 
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. 
Te t R" f LM35 Due To Self-heating (Thermal Resistance,0%) 

mpera ure ise o so-8 TO-220 
TO-92, TO-92, SO-@ 

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. 

TO-46, TO-46, 

no heat small heat fin no heat 

sink 
sink 

Still air 400'CNv 100'CIW 180'CW 

Moving air 100'C/W 40'CNv 90'C/W 

Still oil 100' CW 40'CV 9O'CW 

Stirred oil 50'CW 30' CW 45'C/W 

(Clamped lo melal, 

The T0-46 metal package can also be soldered to a metal 
surface or pipe without damage. Of course, in that case the 
V-- terminal of the circuit will be grounded to that metal. 
Alternatively, the LM35 car be mounted inside a sealed-end 
metal 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 corrosion. This is especially true if 
the circuit may operate at cold temperatures where conden­ 
sation can occur. Printed-circuit coatings and varnishes such 
as Humiseal and epoxy paints or dips are often used to 
insure that moisture cannot corrode the LM35 or its connec- 
tions. 

small heat fin 

140'C/W 

70'C/W 

To CV 
40'C/W 

no heat 
sink 

220' CV 
105'C/W 

small heat fin 

110' CV 
90'C/W 

(s5' CV) 

Infinite heal sink) (24CV) d t case or similar. ith 2 foil or similar. 
'Wakefield type 201 or 1" disc of 0.020° sheet brass, soldere O f '1116" printed circuit board WI oz. 
"T0-92 and SO-8 packages glued and leads soldered to 1" square 

0 

no heat 
sink 

90 CW 
26'C/W 

6 
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. pplications 
ic@ 

LOAD0, WIRING, ETC. 

l,_,Mr----e:====~ TO A HIGH·IMPEOANCE LOAD 

DSO05516-19 

M35 with Decoupling from Capacitive Load 
«RE3 

r--_-_- ........ + .. 
I 
I 
I 

oogg 
I 
I 
l %ow wool,yo» 

HEAVY CAPACITIVE LOAD, WIRING, ETC. 

0111' 
Ul35 

75 

1F 

HEAT 
ANS 

Uk 
5 

OR 10ll RHEOSTAT 
FOR GAIN ADJUST 

TWISTED PAIR 

OSOOSSlll-6 

FIGURE 6· Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 

OS005516-20 

FIGURE 4. LM35 with R-C Damper 

CAPAClllVE LOADS 
[e most micropower circuits, the LM35 has a limited ability 
k)drive heavy capacitive loads. The LM35 by itself is able to 
tie 50 pf without special precautions. If heavier loads are 
tficipated, it is easy to isolate or decouple the load with a 
resis tor. see Figure 3. Or you can improve the tolerance of 
apaitance with a series R-C damper from output to 

gurd; see Figure 4. 
l'/hefl the LM35 is applied with a 2002 load resistor as 
!OO'Ml in Figure 5, Figure 6 or Figure 8 it is relatively immune 
II Y!iring capacitance because the capacitance forms a by­ 
pass from ground to input, not on the output. However, as 
~ any finear circuit connected to wires in a hostile envi­ 
roomen t, its performance can be affected adversely by in­ 
lense electromagnetic sources such as relays, radio trans­ 
nitters, motors with arcing brushes, SCR transients, etc, as 
its wiring can act as a receiving antenna and its internal 
l,rictions can act as rectifiers. For best results in such cases, 
a bypass capacitor from v,N to ground and a series R-C 
damper such as 752 in series with 0.2 or 1 µF from output to 
ground are often useful. These are shown in Figure 13, 
Figure 14, and Figure 16. 

5V 

VouT =10 mVl°C (TAMBIENT + 1'C) 
FROM +2°C TO +40°C 

ll£AT 
RN 

TWISTED PAIR 

Dso05516-5 

IiGuRE S. Two-Wire Remote Temperature Sensor 
(Grounded Sensor) 

+Vs 
I 

LM•3_5 _..,._] ~ 

1N914 
11k 

_10% 

0S005516-7 

FIGURE 7. Temperature Sensor, Single Supply, -ss· to 
150' C 

p=»» 
1 
I 

0.1 ,.F I gyPAs'2=" 
0PTIONAL j 

I 
I I Vour •10 rrN/'C (lAMIIEMT + 10'.C) 
L - - - ~-- ... ...-:-.- FROM -s•c to 4-40C 

200 
1% 

62.5 
0.5% 

LM35 

2k 
1% 

out 

200 
1% 

2k 
1% 

4.7k 

IN 
2N2907 + 

OUT 
OUT LM317 

LM35 
402 
1% ADJ 

OFFSET 
ADJUST 50 

TWISlEO PAIR 

p 
= o) 
u, 

DS0055111-6 

FIGURE 8. Two-Wire Remote Temperature Sensor 
(Output Referred to Ground) 

___ ..... -------,--t-llt- +5V TO +30V 

Ds005516-9 

mA current source (0°C to +100'C) 
pIGURE 9. 4-T0-20 
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Typical Applications (Continued) 
5V 

4 Vs 
(6V TO 20V) 

LM35 

LM385-1.2 

45.5k 
1% 

10k 
1% 

Vgu = 
+1.0 mV/°F 9V 

. 18k 

osoosse- 
FIGURE 11. Centigrade Thermometer (Analog Meter) 

LM35 
ti 

D5005516-10 

FIGURE 10. Fahrenheit Thermometer 
LM385-2.5 

. Z5.5k 

100 A, 
&OmV 
FIILL·SCALE 

DSOOSS 16-12 

FIGURE 12. Fahrenheit ThermometerExpanded Scale 
Thermometer 

(so· to so· Fahrenheit, for Example Shown) 

,-------+--------- 5V 
+ 

LM35 
OUT - ff] ADad@l 

1.28¥ l=pr _. 

GIIO 

3.9k 

Ill 

100k + 

SERIAL 
OATAOUTPIIT 

F8 

1F 

lM385 

ClOCK 

.,_ d EABLE 

.,__-4 _ _,. ,... ..., GMO 
D$0055 16-13 

FIGURE 13. Temperature To Digital Converter (Serial Output) (+128'C Full Scale) 

SV 

+ 
OUT 

IH 
PARALLEL 
DATA 

LM35 
OUTPUT 

ADC0804 

GNO 15 
IIITII 

1k 
VAEF 
0.64V 

+ 
cs 

1 f 2k 
D 
WR 

GMO 
DS0055 16-14 

4 T ature 
..-
0 

D·igital converter (Parallel TRI-STATE" Outputs for 
FIGURE 1 • emper • • s ) Standard Data Bus to µP Interface) (128 C Full cale 
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rypical Applications (Continued) 

7V 

20 LEDs 

LM3914 lM3914· 

2 3 

TV 

a g· 

}Al'=fill 
6 7 

Vi 
·oUT 

2,3 4 5 6 l 

. 200* 

'+ 

4gg 
: 1.5 

4gg 

4.5k 

Va- 

DS0055 16-16 

'•II/, ir 2'.4 film resistor 
tin R, kor V,=3.075V 

T111fl.cb'Vc=1.955V 
fin R; for V,=0.075V + 100mV/'C x T 
ample, V,=2.275V at 22"C ambient 

FIGURE 15 B G . ar- raph Temperature Display (Dot Mode) 

6V 

+ 

LM35 
100k 

GHO 

0.01 F 

., 
lour 

8 
I 

7 
I 

6 
LM131 

.I 
3 

100k 

47 

0.01 F 

LOWT'fMPCO 

p505516-15 

FIGURE 16. LM35 With VoJtage-To-Frequen<Y Converte< And Jsola"d ()UlpUI 
(2°C to +1so·c; 20 Hz to 1500 Hz) 

r 
= ) 
UI 
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~ stock Diagram 

' 
1.38Vrm - P}] 

. R1 

nR1 

'lout=1011N/'C 
0.125 112 

DS005516-23 
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. al Dimensions inches (millimeters) unless oth . yS "®rise noted 

S 0.209-0.219 (5.308-5.563) DIA 

Ht 0.178-0.195 SEATING \ (4.521-4.953) DIA 
PLANE] 

0.025 _j_~fi 0.080-0.105 
(0.635) MAX J (2.032 - 2.667) 

UNCONTROLLED 0.500 
LEAD DIA . n O O (12.10} MIN 

0.016-0.019 --11-- 0.030 
(0.406-0.483) (0.762) 

DIATYP MAX 

T 
0.050 

YP-­ 
(1.270) 

l_ UT00 
(2.540) TYP 

45° 
0.036-0.046 / . 8-0.048· 
(0.914-1.16B} Y z ~ .· (0.711-1.219) 

H03H (REV C) 

T0-46 Metal Can Package {H) 
Order Number LM35H, LM35AH, LM35CH, 

LM35CAH, or LM35DH 
NS Package Number H03H 

0.119-0.197 
(4.000-5.004) 

I 7 & 5 

0.221-0.244 

(5.791(16.198) . :;:;::;:;:::;:; 0.019 x I» 
LEAD HD. 1 1 2 3 4 311,+-t 

IOEHT TYP 

,~:!~~=~:!:~) r 
0.010-0.020 x•s• 
(0.ZS4-0.508) r e• MAX TYP 

All LEADS 

+ € h l 
=r-- o.004 I 1---=r 

0 T io.iozi .OOl-0.010 All l.EAII TIPS O.Dl&-0.050 
(D.203-0.254) - ◄ (0.406-1,270) 
llP AU LEADS TYP ALL LEADS 

8 M lded small outline package (M) 
so® "%as aor ta#;", 

NS package Number 

0.053- 0.059 
(1.348-1,753) 

0.004--0.010 
(i.i02--0.254) 

[lEl!"lfl } ;""° 
1 D f,. O.D14-0,020 TYP 
~ o.oso (0.35&-o.soaJ 
(O. (1770) ji? 9.0dry. [<= uotey 

(0.203) 

r­ 
~ 
') 
UI 
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. al Dimensions inches (millimeters) unless otherwise noted (Continued) phys1G 

0.240-0.260 
[6.10-6.60} ._. 0.330-0.350 ~ 

o. 100-0.120 -.- - I (8.38-8,89) 
[2.54-3.05] 

0.060-0.07 5 TYP 1 0 0.149-0.153 
[1.52-1.91] [3.78-3.89] 

0.400 ♦0.015 ~ 
-0.005 
0.38 7 

[10.16 -0.ll +0.015 
0.366 -0.005 

+0.38 l 
[9.66 -0.13 u 0.046-0.055 TYP J~~=4•============~===tDr~~~:;x [ 1.22- uo1 I I I 0.045-0.055 TYP 0.130-0. 160 TYP 0.027-0.037 TYP 

71 ljju-i.4o]'[3.30-4.06] [6.69-o.94] 
PIN # I ID 

1.005-1.035 
i------- [25.53-26.29} 

0.190-0.210 
0.090-0.1 IO [ 4.83-5.33} 

___ -~'.-, 79] r- _ 
--------- 
-------- 

0.001-0.007 TYP 
[0.25-0.178] 

t 
0.175-0.165 _L «ol-pr1t/,, ... l 

SEATING PLANE 

0.046~ 
[ 1.22- 1.32] 

TAPERED SIDES Io 

( 0.525-0.555 ) 1 5 +0.007 
(s.34-1.1). r--° ;gjg" 

t [0.38 -0.03 
~::::::i:::::=====:=::n 

♦0.010 
0.105 -0.015 

srg# 
TA03f (RE:V A) 

ass eo [g¢%,,° 
Order Number TA03F 

NS Package Number 

'li'ltw,natlonal.com 



hys
jcal Dimensions inches (mill' 

P 
,meters) unless oth . erw,se noted (Continued) 

[J[CTiON MARK "&i's ?'' ii A 7 
5.2 
4.9 

3g r-I[ 

.4.19 
! "3 

1, I/"""moo 

14.2 
12.7 

1.27±0.05 
1----L- 2. 54:!:0. I 

2\1 ffi' 2.10 ! J. __ 
I 

~ ge 
0. 36 

DIMENSIONS ARE IN MILLIMETERS 

TO-92 Plastic Package (Z) 
Order Number LM35CZ, LM35CAZ or LM35DZ 

NS Package Number Z03A 

lOJA llu ti 

LIFE SUPPORT POLICY 

NATIONAL'S p 
llt'IICES OR ~~~UCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT 
COUNSEL OF NATI EMS WITHOUT THE EXPRESS WRITTEN APPROVAL Of THE PRESIDENT AND GENERAL 

1 

• ONAL SEMICONDUCTOR CORPORATION. As used herein: 

. Life support d . ~stems wh' evices ~r systems are devices or 
into the b ~h, (a) are intended for surgical implant 
whose fail~ Y, or (b) support or sustain life, and 
accordanc re_ to_ perform when properly used in 
labeling e with instructions for use provided in the 
signifi~n~~ be reasonably expected to result in a 

injury to the user. 

} usa es,,',"®veto 'was 
let 1-""" i'\?g"so Etnat. -aoG-?37-7018 

"w,,gone com 

2. A critical component is any component of a life 
support device or system whose failure to perform 
can be reasonably expected to cause the failure of 
the life support device or system, or to affect its 

safety or effectiveness. 
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ADC0808/ADC0809 
8-Bit lJP Compatible A/O Converters with 8-Ch 
Multiplexer annel 

General Description 
The AOC080B, ADC0809 data acquisition component is a 
monolithic CMOS device with an 8-bit analog-to-<ligital con­ 
yerter, 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 a-channel multiplexer can 
directly access any of 8-single-ended analog signals. 
The device eliminates the need for external zero and 
tun-scale adjustments. Easy interfacing to microprocessors 
is provided by the latched and decoded multiplexer address 
inputs and latched TTL TRI-STATEID outputs. 
The design of the ADC0B08, ADC0809 has been optimized 
by Incorporating the most desirable aspects of several ND 
conversion techniques. The ADCOB0B, ADC0809 offers high 
speed, high accuracy, minimal temperature dependence, ex­ 
cellent 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 
ADC0B16 data sheet. (See AN-247 for more information.) 

Features 
• Easy interface to all microprocessors 
a Operates ratiometrically or with 5 Voe or analog span 

adjusted voltage reference 
• No zero or full-scale adjust required 
• 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 
■ 28-pin molded chip carrier package 
■ ADC0B0B equivalent to MM74C949 
■ AOC0809 equivalent to MM74C949-1 

Key Specifications 
■ Resolution 
■ Total Unadjusted Error 
• Single Supply 
■ Low Power 
■ Conversion Time 

8 Bits 
±% LSB and ±1 LSB 

5 Voe 
15mW 
100 us 

Block Diagram 

IANAlOCINPUlS 

ICHAIINlU 

""['{ i 
S'fll'I TCMU 

,.,,,..,.us{ 
AOOlllSS 

LATEH EKALE 

A 0OE I8 
\A1'tN ... 
ottaDlft 

r- ·- , w-----o u,,,nrn•• 
I _..,., .. ,., _..um 
I 
I 

~coWAIIAfOII 

I 
I 
I 
I 
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see Ordering 
Information 
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g connection Diagrams 
Cl 
CJ 
~ Dual-In-Line Package 

co 
Cl 
00 
Cl 
CJ 
~ 

IN3- I 28 -IH2 
IH4- 2 27 -IHI 
tlS- 3 26 - INO 
IH6- 4 25 -AOO A 
IN7- S 24 :...Aoo B 

START- 6 23 >-AOO C 
rnc- 1 22 ~ALE 
273948 21}-- 2°'uSB 

OUTPUT ENABLE - 9 201--- 2? 
CLOCK- 10 isl-- 23 

Ycc7 11 18l- 2" 
VREI•(+)- 12 17l-- 27us8 

CHO- 13 16 :-VR[f(-) 
r?­ 14 151-- 2"6 

OS00567 2-11 

Order Number ADC0B0BCCN or ADC0809CCN: 
See NS Package J2BA or N28A 

Molded Chip Carrier Package 

iii±ts? I I I I '; '-; °: 
2S 24 23 22 21 20 19 

IHO- 26 
IHI- 27 
1112- 21 
NJ.41 
1114- 2 
IHS- ·3· 

18 -2·• 
17 :_ 2·11tsa 
16}-- Yr(=) 

1s-- 2 
u}-- 27 
t3}- GND 

IHI- 4 12}-- Yr () 
s s 7 a 9 10 11 

I I 1· I I 1· r, 

3}#.3{° 
s s o 

OSOOS6Tl • t2 

Order Number ADC0B0SCCV or AOC0809CCV 
See NS Package V28A 

Ordering Information 
TEMPERATURE RANGE -40'C to +es·c -ss·c to +12s·c 

Error I ±½ LSB Unadjusted ADC0808CCN 
I ±1 LSB Unadjusted ADC0809CCN 

ADC0808CCJ ADC0B0BCJ 

Package Outline N28A Molded DIP 

ADC0808CCV 
ADC0809CCV 
V28A Molded Chip Carrier J28A Ceramic DIP J2BA Ceramic DIP 

2 
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Absolute Maximum Ratings (Notes 2, 1) {"" "; "res tt Miilta,Y/Aerospace specified devices are required 

300'C 

iease contact the National Semiconductor Sales Offlcei 
IP Camer Package 

~lstrlbutors for ava1lab1hty and specifications. 
Vapor Phase (60 seconds) 

SupP1Y vottage (V cd (Note 3) 

Infrared (15 seconds) 
215'C 

6.5V ESD Susceptibility (Note 8) 
220' C 

Voltage at Any Pin 
-0.3V to (V,,-+0.3V) 

400V 

except Control Inputs 
Operating Conditions 

vottage at Control Inputs -0.3V to +15V 
(Notes 1, 2) 

(START, OE, CLOCK, ALE, ADD A, ADD B, ADD C) 
Temperature Range (Note 1) Tux<T,<Tox 

storage Temperature Range 
-65'C to +15o·c 

ADC0808CCN,ADC0809CCN -4o•csr ,..s+as·c 

package Dissipation at T,=25' C 875mW 
ADCOBOBCCV, ADC0809CCV -4o·c s T, s +85'C 

Lead Temp. (Soldering, 10 seconds) 

Range of Vee (Note 1) 4.5 Voe to 6.0 Voe 

oual-ln-Une Package (plastic) 260'C 

Electrical Characteristics 

,_ 

converter Specifications: Vcc=5 Voc=VReF+• VREF!- =GND, T sT sT d - 

; 

1 MIN A MAX an fCLK-640 kHz unless othl!l'Wise stated· 

Symbol Parameter CondiUons · Ml · 

ADC0808 

n Typ Max Units 

Total Unadjusted Error 25'C ±% 

(Note 5) 

LSB 

Ts to Tac ±:Y• LSB 

ADC0809 
Total Unadjusted Error o·c to To'C ±1 LSB 

(Note 5) Ta to Tao ±1¼ LSB 

Input Resistance From Ref(+) to Ref(-) 1.0 2.5 kn 

Analog Input Voltage Range (Note 4) V(+) or V(-) GND-0.10 V,,+0.10 Voe 

Vcre Voltage, Top of Ladder Measured at Ref(+) Vee V,-,-+0.1 V 

aErF(+] VAErF(-) 
Voltage, Center of Ladder 

V,-/2-0.1 Vcc? Vccfl+0.1 V 

2 

VRf.Ft-1 Voltage, Bottom of Ladder Measured at Ref(-) -0.1 0 V 

\ Comparator Input Current 
f,=640 kHz, (Note 6) -2 ±0.5 2 A 

Electrical Characteristics 'tlt,J lo,e\s aod DC Sp"lfio,\ionso AOCD808CCN, ADC0808CCV, ADCOBD9CCN a,d Al)CIIB09CCV, 4,7s,,;crfS.W, 

-4 C~ ,..s+85'C unless otherwise noted 

,_ Symbol Parameter 
Conditions Min Typ Max Units 

,~LOG MULTIPLEXER 
(OFF(+) OFF Channel Leakage Current 

V-,,=5V, V,,,=5V, nA 

T,=25'C 
10 200 

1.0 A 

,_ Ta to Tax 

lorr-; OFF Channel Leakage Current 
V,,,=5V, V,=0, -10 

nA 

T,=25' C 
-200 
-1.0 

A 

,_ Ta, to Toce 

[CONTROL INPUTS 

V 

[haw Logical •1· Input Vollage 

Vee-1.5 V 1.5 

'a Logical ·o• Input Voltage 

1.0 A 

'say Logical "1" Input Current 
V,,=15V 

,_ (The Control Inputs) 

µA 

'wop 

-1.0 

Logical •o· Input Current v,=9 

[a (The Control Inputs) 
0.3 3.0 mA 

'oe 
f,,=640 kHz 

Supply Current 

,wiw.nauona1.com 
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- 
Electrical Characteristics (Continued) 
Digital Levels and DC Specification A -40'CsTAS+85"C unless otherwise nord DC0808CCN, ADC080S e CCV, ADC0809C 
Symbol Parameter CN and ADC0809CCV 4 7 

DATA OUTPUTS ANO EOC (INTERRUPT) CoodlUo"' Ml" ' . i$V,-<5.25V, 
,,,y, [Logical"1" Output Voltage _Typ_ Max _Unit 

Vee= 4.75V 
lour F -360A 
1oul' = -10µA 

2.4 
4.5 

Vouro) 
Logical ·o· Output Voltage 

Vour@ 
lour 

Logical ·o· Output Voltage EOC 
TRI-ST A TE Output Current 

lo=1.6 mA 
1,,=1.2 mA 
V,=5V 
V, =0 -3 

V(min) 
V(min) 

0.45 V 
0.45 V 
3 A 

A 

Electrical Characteristics 
Timing Specifications V--=V, .=5V, V _ REF!•> ' REF(-1-GND, t,.=ti=20 ns and T = • 
Symbol Parameter T,=25'C unless otherwise noted 

lw, M' · CoodlUo"' · Inimum Start Pulse Width (Figure 5) Min Typ 
Minimum ALE Pulse Width (Figure 5) 100 
Minimum Address Set-Up Time (Figure 5) 100 

Max 
200 
200 

Units 
ns 

lwAL.E 

Minimum Address Hold Time (Figure 5) 25 

ns 
ns 

lo 
Analog MUX Delay Time Rs=0n (Figure 5) 

25 

From ALE 1 

50 
50 
2.5 

ns 
µs 

teas ho 
OE Control lo Q Logic state C,=50 pF, ~ =10k (Figure 8) 

lye, \o OE Control lo Hi-Z 

125 250 

le Conversion Time 

C,=10 pF, ~=10k (Figure 8) 
125 250 

f, Clock Frequency 

le =640 kHz, (Figure 5) (Note 7) 90 100 116 

leoc EOG Delay Time 

10 640 1280 

(Figure 5) 
0 8+2 uS 

C, Input Capacitance 
At Control Inputs 

10 15 

CouT TRI-STATE Output 
At TRI-STATE Outputs 

10 15 

Capacitance 

ns 
ns 
IJS 
kHz 
Clock 
Periods 

pF 
pF 

:::"' . ~~"'" '·'·"'"'""' '""""' --·~" ,~ ,., ,_ --··""""""-·-""' -- 
e device beyont es specified operating conditions. 

Note 2: All vollaues are measured wilh respect to GND, unless othewise specified. 
Note 3: A zener diode exists. internally, from Vee to GND and has a typical breakdown vottage of 7 V~- 
Note a; Two on-cny diodes a.e ti-d to each analog Input which will forward conduct for analog input voltages one diode drop below ground or one diode drop g°° 
than the V--n supply. The spec aAws 100 mV forward bias of either diode. This means that as long as the analog Vy does not oxcoed the supply vol\ag0 by !®"® 
than to0 /, mhe output code a.a ue correct. To achlave an absolute 0Ve to 5V,- input voltage range will thorafore roqulre a minimum supply votago Of +.0° 'D06 

over lemperature vari:11ions. iruhcll tolerance and loading . ••• ,, ,~, """'"""""' "'"' "'""""' , ,. ·"' , •••.•• _.,. "'° ~•···--·- ···.'"" '"" '""". ~···· '"''" '""" .,., ,. ""'·" .. •-"""' -· "". ,,.,....-, .... -- 
can be adjusted tu ac1i1c:ve uus. See Figure 13 . Note G: Compactor put current is a bias current into or out of the chopper stabilized comparator. The bias currant varies directly with clock frequency #600 • 

temper:tuwe dee tore (Figure 6). See paragraph +0 
Not• 

7
: The oul;•·•·s cl lh~ da!a r~~;sIer are updated one clock cycle before tha rising edge of EOC. 

Note 8: Hum:in uody model, 100 pF discharged through a 1.5 k!l resistor. 

WWW.national.com 
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functional Description 

ti laxer. The device contains an 8-channel single-ended r,lu\~ signal mulliplexer. A particular input channel is se­ 
ana d by using the address decoder. Table 1 shows the input 
leGIB for the address lines to select any channel. The ad- 
states . . ,,gs is latched into the decoder on the low-to-high transition 
,pe address latch enable signal. 

TABLE 1. 

SELECTED ADDRESS LINE 

ANALOG C B A 

CHANNEL 
INO L L L 

IN 1 L L H 

IN2 L H L 

IN3 L H H 

IN4 H L L 

INS H L H 

ING H H L 

IN7 H H H 

CONVERTER CHARACTERISTICS 

Tho Converter 
The heart of this single chip data acquisition system is its 
8-bit analog-to-<ligilnl converter. The converter is designed to 
give fast, accurate, and repeatable conversions over a wide 
range of temperatures. The converter is partitioned into 3 
major sections: the 25GR ladder network. the successive ap­ 
proximation register, and the comparator. The converter's 
digital outputs are positive true. 
The 256R ladder r.dwork approach (Figure 1) was chosen 
over the conventio··. 1 4R/2R ladder because of its inherent 
monotonicity, whict, gunrantees no missing digital codes. 
Monotonicity is particularly important in closed loop feedback 
control systems. A non-monotonic relationship can cause oS­ 
cillations that will h» ·±tastrophic for the system. Additionally, 
the 256R networl< c.J,1es not cause load variations on the ref- 
erence voltage. 

The bottom resistor and th . 
work in Figure 1 are not th e top resistor of the ladder net- 
the network. The amen, ?® value as the remainder of 
output characteristic I b 111 these resistors causes the 
full-scale points of the~ e i5ymmelrical with the zero and 
tion occurs when t rans er curve. The first output transi- 
and succeeding oute analog signal has reached +V% LSB 
lo full-scale, \put transitions occur every 1 LSB later up 

The successive approximation register (SAR) performs 8 it­ 
erations to approximate the input voltage. For any SAR type 
~nverter, n-1teralions are required for an n-bit converter 
'['/g ? shews a typical example of a 3-bit converter. t the 

0808, ADC0809, the approximation technique is ex­ 
tended to 8 bits using the 256R network. 
The A/D converter's successive approximation register 
(SAR) is reset on the positive edge of the start conversion 
(SC) pulse. The conversion is begun on the falling edge of 
the start conversion pulse. A conversion in process will be in­ 
terrupted by receipt of a new start conversion pulse. Con­ 
tinuous conversion may be accomplished by tying the 
end-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 edge of start conversion. 
The most important section of the AID 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 AC 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 
measured using the procedures outlined in AN-179. 
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functional Description (c r mued) 

CONTROLS FROM S.A.R. 

REF(+l 

l½R 

R J 
R 

256R 

R 

R . 
½R » 

REF(-) 

FIGURE 1. Resistor Ladder and Switch Tree 

TO 
COllfARATOR 
INPUT 

Ill 

110 .. 101 C, 
C, ... 

100 ... 
::, p 011 ::, 
C, 

s 010 

\--FULL-SCALE 
-? ERROR=1/ZLS8 

Ill 

110 

% snsa a a on sa "® 
YIN AS FRACTION OF FULL-SCALE 

.. g 
;° 
c, 111 

S Ill .. , 

INFINITE RUOLlmON 
PERFECT CDNVEIITER 

.._., VIN 

oSQ05 6T2•13 

FIGURE 2. 3-Bit A/D Transfer Curve 

2/1 J/1 4/1 ill Ill 1/1 
YIN AS FRACTION Of fULL-ICALE Dsas5r2-14 

FIGURE 3. 3-Blt AID Absolute Accuracy Curve 

........ """ 
""r.~:: l UI 1111111111111111

1

11111 ', 11111111I11111111111111111111111111111III1111111111111111111111 I II IIIIIIIIII II 1111m .. 
INPUT OV SCALE 

VOLTAGE !)$00M12 ·

15 

FIGURE 4, Typical Error curve 
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Timing Diagram 
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#anal + aracteristics 
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us 3.75 

OSO05672-16 

FIGURE 6. Comparator I vs V 
vc=var=sv' "" 

OUTPUT 
ENABLE 

l pr\p» 

D$005672-18 

z 
0 
a: ... 
A ►... 

OS005672-19 

us 

lttc, , CL = 50 pF 
to» 'to 

Vee 

OUTPUT 
ENABLE 

Vee 

OUTPUT Vee 
ENAllE 

lrn, CL = 10 pF 

.3[ 
OUTPUT ~ ~ 

GNo-----~~ 

t, C, = 10 pF 

Vee 
OUTPUT 
ENABLE 

GND 

Vee - 
OUTPUT 

VgL 

t, C, =50 pF 

0soos672-22 

D0so05672-2 1 FIGURE 8. 

Applications Information 

OPERATION 

1.0 RATIOME TRIC CONVERSION 
:e ~~?0808, ADC0809 is designed as a complete Data 
t cquisiUon System (DAS) for ratiometric conversion sys­ 
ems. In ratiornetric systems the physical variable being 

measu d · ' n 

I 

re is expressed as a percentage of full-scale which is 
. 
0 

necessarily related to an absolute standard. The voltage 
input to the ADC0808 is expressed by the equation 

VIN Dy 
v,-VG' Dux- 9ui 

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

(1) 

D,=Data point being measured 
DMAX=Maximum data limit 
D,,,,=Minimum data limit 

A good example of a ratiometriC transducer is a potentiam­ 
eter used as a 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 data is represented as 
a proportion of full-scale, reference requirements are greatly 
reduced, eliminating a large source of error and cost for 
many applications. A major advantage of the Al)C0808, 
ADC0809 is that the input voltage range is equal to the sup­ 
ply range so the transducers can be connected directlY 
across the supply and their outputs connected directly into 

the multiplexer inputs, (Figure ~- 
Ratiometric transducers such as potentiometers, strain 
gauges, thermistor bridges, pressure transduc::ers, etc., are 
suitable for easuring proportional relationships; howev@f, 
many types of measurements must be refe~d to an abso­ 
lute standard such as voltage or current. This means a sys· 

WWW.national.com 
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Applications Information (Continued) 
tern reference must be used which relates the full-scale volt­ 
% to the standard volt. For example, if Vcc7V+er55.12V 
» the full-scale range is divided into 256 standard step 
ne smallest standard step is 1 LSB which is then 20 m~~- 

O RESISTOR LADDER LIMITATIONS 
rs voltages from the resistor ladder are compared to the 
agected into 8 times in a conversion. These voltages are 
coupled to the compar.itor via an analog switch tree which is 
referenced to the suppI·!• The voltages at the top, center and 
bOttom of the ladder nst be controlled to maintain proper 

operation. 

The lop of the ladder Reft- 
than the supply, and the oo\? should not be more positive 
not be more negative than om of the ladder, Ref(-), should 
voltage must also be near ~round. The center of the ladder 
the analog switch tree chan e center of the supply because 
P-channel switches. rNa"2? om N-channel switches to 
isfied in ratiomelric systems 1m1talions are automatically sat­ 
referenced systems. and can be easily met in ground 

Figure 10 shows a ground refe 
rate supply and reference I 2ncad systom with a sepa­ 
trimmed to match the f n is system, the supply must be 
5.12V is used the s reference voltage. For instance if a 
voltage within '0.1V. upply should be adjusted to the same 

REF(+) MS 

ha . 
• 

. DIGITAL 

lgur 
OUTPUT . PROPORTIONAL . TD ANALOG . INPUT 

• ••• 
REF(-I LSI our» ,'w, w 

VAEF VcC 
4.75¥ sVgG =VREF s$.25V 

- ADCDIOI 
• Rallometrlc tranoducera 

Dso0so72-7 

FIGURE 9. Ratiometric Conversion System 

The /\DCOBOB needs less than a milliamp of supply current 
so developing the sur·. ly from the reference is readily ac­ 
complished. In Figure 11 a ground referenced system is 
shown which generates the supply from the reference. The 
buffer shown can be an op amp of sufficient drive to supply 
the milliamp of supply current and the desired bus drive, or ii 
a capacitive bus is driven by the outputs a large capacitor will 
supply the transient supply current as seen in Figure 12.The 
LM301 is overcompensated to insure stability when loaded 
by the 10 µF output capacitor. 

p 
co 
co co 
~ 
a, 

~ 
co 
~ s 

The top and bottom ladder voltages cannot exceed V cc and 
ground, respectively, but they can be symmetrically less than 
V cc and greater than ground. The center of the ladder volt· 
age should always be near the center of the supply. The sen­ 
sitivity of the converter can be increased, (i.e., size of the 
LSB steps decreased) by using a symmetrical reference sys­ 
tem. In Figure 13, a 2.5V reference is symmetrically cer­ 
tered about V cc/2 since the same current flows in identical 
resistors. This system with a 2.5V reference allows the LSB 
bit to be hall the size of a 5V reference system. 

www.national. com 
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Applic::1tions Information (Continued) 

r--------lvcc _____ ..J 

Vy 
QguT Va£ F 
4.75V ,; Ve,:. • VREF ,; 5.25V 

V REF 

. ·•7 . . 
. . 
.'no 
.REFl-1 
] [} N[ 

L--♦----------;REF(+l 
ha . . . 
ho 
REFl-l 

L-----------+-iGND L------ 

V REF(+) 

t-----1 REF(+) 

AOCOBOI 

FIGURE 10. Ground Referenced 
Conversion System Using Trimmed Supply 

MS8 

AOCOIOI 

- 

OIGITAl 
OUTPUT 
REFERENCED 
TO 
ORDUNO 

OS005m ·Z4 

OIGITAl QUTP\IT 
REFERENCED TO 
GROUND 

a V1N 
(pp=--> 

VaeF 
4.75V ,; VGC • VREF ,; 5.25V 

d conversion System with 

nous n.cud,",, v.. sun 
Reference 
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APPiications Information (Continued) 

10-15 Voe 

lk 

lM329B 

RI IOOOpf 

·. R2 
IDT 

Vee >_.__. __ REF(+) 

Rl 

OS005172·2' 

FIGURE 12. Typical Reference and Supply Circuit 

5V 

R 
Vee 

3.75V REF(+) 

ha 

DIGITAL OUTPUT 
PROPORTIONAL TO 
ANALOG INPUT 
1.25V Vig 3.75V 

" h0 

1.25V REF(-) 

2.5V Rg 
REFERENCE GND 

2 
so0ss12-27 

R,=R, 
'Ratiomelric transducers 

)> 
C 
0 
Co 
OD 
Co 
OD 
)> 
C 
0 co 
OD 
t::i co 

• II Centered Reference . FIGURE 13. Symmetrically arbitrary input are the integers 
The output code N for an a ' 
within the range: 3.0 CONVERTER EQUATIONS 

The transition between adjacent codes N and N+1 is given 
by: 

w- {veer-wso]la}sJ we) ·en 
The center of an oulpul code N is given by: 

(2) 
Where: 

VA=YAEE(=).y 256 ±Absolute Accur6¥ 
N ya±r(+) = VREF(-) 

V ==Voltage at comparator input 

V
1N ==Voltage at Ref(+) 
REF(+) f(-) =Voltage al Re . 

V REF<->- d" ted error voltage (typically 
y4,,=Total unadjuS 
Vear, 512) 

(4) 
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Applications Information (Continued) 
O ANALOG COMPARATOR INPUTS ~ . . 

The dynamic comparator _mput current is caused by the pe- 
. d"c switching of on-chip stray capacitances. These are 
no 

I 
cted alternately to the output of the resistor ladder/ conne . 

switch tree network and to the comparator input as part of 
the opera:iun of the chopper stabilized comparator. 

er~.--e value of the comparator input current varies di- The av+ J' • 
rectly with clock frequency and with Va as shown in 
Figure 6. 

Typic Application 
iiffi 

ADDRESS 
DECODE 

(AD4-AD1S) 

yR[TE { 

If no filter capacitors are used at the analog Inputs and the 
signal source impedances are low, the comparator Input cur­ 
rent should not introduce converter errors, as the transient 
created by the capacitance discharge will die out before the 
comparator output is strobed • 
If input filler capacitors are desired for noise reduction and 
signal conditioning they will tend to average out the dynamic 
comparator input currenl It will then take on the characteris­ 
tics of a DC bias current whose effect can be predicted con­ 
ventionally. 

500 kHz CL K 

s.ooov V REF(+) 

o.ooov 'REF(-) 

START 

ALE 

ADO A 
ADCOIOI 

ADI ADeOI09 
ADZ e 

5V SUPPLY 

Vee In 
GND 

GROUND "::' 

!--►--➔INTERRUPT 

h0 

lliffiilillff 

MSI 

OB4 

D13 
DBZ 
OBI 
DBO LSB 

V1NI 1 
o-sv 
ANALOG 
INPUT RANGE 

VN! 
05005572-10 

COBOS to a microprocessor 
5 and SC/MP interfacing the AD 

Address latches needed for BOB or Interface Table 
TABLE 2. Microprocess INTERRUPT (COMMENT) 

WRITE 
PROCESSOR READ =--=" INTR (Thru RST Circuit) 

L..:...:.::::.::.=..---r--==----rMEMW "t) 
MEMR INTR (Thru RST Circui 

8080 RD WR iNT (Thru RST Circuit, Mode 0) 
8085 WR RD SA (Thru Sense A) 
Z-80 NRDS NWDS !ROA or !ROB (Thru PIA) 
sCIMP vMAs6·Rw 

VMA·62·RW 
6800 
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-- 1 
physical Dimensions inches (millimeters) unless otherwise noted 

4 u 
(1.111) 

ee-stl. ] ·"",J 
99 
(14.73) 

gg 
(

- -♦0.535\ 
15>.a.381/ 

0.510:1:0. 
(12.15:1:0. 

PIM N0.11000 

'd h 
0.050 
it.a """ 

0.009-0.015 

0.145-0.210 
(3,613 -5.334) 

(0.129-0.381) 
0,050±0,115 
(1,270 :I: 0.311) 

Molded Dual-In-Line Package (N) 
Order Number ADC0808CCN or ADC0809CCN 

NS Package Number N28B 

0 450 +0.006 □ • -0.000 

t.«s3' 
# HT 

II 

d j® 
I o.oso TYP - -- 

~

127] I 
0.300 TYP - 
[7.62] 

0.045 
45° X [1.l4j 

4sy 0.045 
[1.14] 0.017t0.004 TYP 

0.029:t0.003 TYP :j::t::::? ~l[0.43:1:0.10) [0.74:t0.08) 

25 

0.410:t0.020 TYP 

• SEATING PLANE 

0.020 IIIH TYP 
[0.51) 
o. tOSt0.015 TYP 
[2.67t0.38) 

19 

0.165-0.180 TYP-1-.----Pl 
jcs-cs =poss a.s] 

yJll(UVll) 

~ 
0 co 
00 co 
00 F 
C 
0 
0 
00 
8 

'··""·'" "'j [1245tO.t3J I r(V) 
. Molded Chip Ca~ er ADC0809CCV 

ADC0808CCv o 
Order Number Number V28A ----------::=:;::;:; NS package www.national.com 
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LIFE SUPPORT POLICY ~~ONAL'S PROOUCTS ARE NOT AUTHORIZED FOR USE AS cRmCAI- COMP0NENTS IN UFE SUPPORT 
cou\CES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL 

NSEL OF NATIONAL SEMICONOUCTOR coRPORATiON, As""" ,.,.1-, 
1 

· Life support devices or systems are devices or 
systems which, (a) are intended for surgical implant 
Into the body, or (b) support or sustain life, and 
whose failure to perform when properly used in 
accordance with instructions for use provided in the 
labeling, can be reasonably expected to result in a 
signifirant injury to the user. 

2. A critical component Is any component of a life 
support device or system whose failure to perform 
can be reasonably expected to cause the failure of 
the life support device or system, or to affect its 

safety or effectiveness. 

National semJconducl.Or 

Europe FIUC +49 (0) 1 80-530 85 86 
Eal: europe.support@nsG.C?" 

Oeulseh Tel: +49 (0) 1 S0-530 85 85 
EngUsh Tel: ♦<19 (0) 1 80-5 32 78 32 
Fra~ls Tel: ♦<19 (0) 1 S0-532 93 58 
Italiano Tel: +49 (0) + 80-534 16 80 

uatgonal SamlconductO 
ala Pacific Custom#! 
Response GrouP 
rat s5-2544466 
f,UC es-zsM466 Eal: saa.support@nc.O0- 

H,Uonal s.n,lconductor 
Japan Ltd • 
rai: 8t-3-5639-7560 
Fac 81-3-5639-7507 

V 
National Semiconductor 
Coy«oration 
Anes «.l $ 
l ol >S00-272·9959 
Fax 1-800-737-7018 
Email· ~11pport@nsc.com 
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Appendix B 
Sample Source Program 



aau 
Declare Sub vbOut Lib "WIN9510.DLL" (ByVal nPort As Integer, ByVal nData As 

I#' g, b6Outw Lib "WIN9SIO.DLL" (ByVal nPor As Integer, By Val nData As Declare 3 

J#' ,,con vbInp Lib "WIN9SIO.DLL" (ByVal Port As Integer) As Integer 
" nction vblnpw Lib "WIN95IO.DLL" (ByVal nPon As Integer) As Integer Declare 

••••••••••••••••••••••••••••••••••••••••••••••••••••••••• ••••••••• •••• 
. te Sub Timer 1 Timer) Prvat 

vbOut 888, 196 
Call delay 
sI = vblnp(890) 
I = vblnp(889) 

bOut 888, 197 
Call delay 
s2 = vblnp(890) 
h2 == vblnp(889) 

vbOut 888, 198 
Call delay 
s3 == vblnp(890) 
h3 == vblnp(889) 

Timer2.Enabled = True 
Timer 1 .Enabled = False 
End Sub 

Private Sub Timer2_Timer) 
If sl=0 Then 
vbOut 888, 40 & 
Labell.BackColor =_ ~F& 
Frame 1.BackColor= ·ted" 

. "Smoke Detec Label1.Caption = 
End If 

If s2 = 0 Then 
vbOut 888, l 04 & 
Label2.BackColor =_ ~F& 
Frame6.BackColor, Detected" 
Label2.Caption = "Smoke 
End If 

If s3 = 0 Then 
vbOut 888, 144 ·F& 
Label3.BackColor =_&~F& " 
Frame4.Back Color = & k Detected 
Label3. Caption = "Smok© 

End If 



- 
·Timer3.Enabled = True 
Tirner2.Enabled = False 
nd Sub 

private Sub Timer3_Timer) 
fhl >= 16 Then 
I=hl- 16 
Else: hl == hl + 16 
End If 

fh2>= 16 Then 
2 = h2- 16 
Else: h2= h2 + 16 
End If 

If h3 >== 16 Then 
3 =h3- 16 
Else: h3 = h3 + 16 
End If 

Ifhl >== 10 Then 
vbOut 888, 8 
Frame2.BackColor = &H80COFF 
LabelS.BackColor = &HS0COFF 
Label5.Caption = "High Tempreture" 
End If 
Ifhl >= 15 Then 
vbOut 888, 40 
Frame2.BackColor = &HFF& 
LabelS.BackColor = &HFF& 
Label5.Caption = "Very High Tempreture" 
End If 

Ifh2 >= 10 Then 
vbOut 888, 72 
Frame3.BackColor = &H80COFF 
Label13.Back Color = &H80COFF 
Labell3.Caption = "High Tempreture" 
End If 
lfh2 >= 15 Then 
vbOut 888, 104 
Frame3.Back Color = &HFF& 
Labell3.BackColor = &HFF& 11 

Labell3.Caption = "Very High Tempretur© 
End If 

Ifh3 >= 10 Then 
vbOut 888 136 
Frame5.Back Color = &H80COFF 



,el9.Back©Color = &H80COFF 
,,el9.Caption = "High Tempreture" 
End If 
[r3 >= 15 Then 
vbOut 888, 168 
ame5. BackColor = &HFF& 
1,abel9.BackColor = &HFF& 
Label9.Caption = "Very High Tempreture" 
End If 

Timer 1 .Enabled = True 
Timer3.Enabled = False 
End Sub 
•••••••••••••••••••••••••••••••••••••••••••••• •••••••••••••••••••••••• 
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