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ABSTRACT

The main objective of this project is to build a model for detecting gas using Infrared
radiation (IR), applicable for detecting gas leakage for home and industry usage. It is
always essential to have a reliable and practical gas leakage detection system for
safety purpose especially at home and industry. This project will focus on Liquefied
Petroleum Gas (LPG) detection. The method used to detect gas is by measuring IR
intensity at the source as well as the detector. The IR intensity at detector is less than
at the source since the gas absorbs IR radiation. Student tries to use two IR radiation
sources for this project, which are the transmitter circuit and incandescent lamp.
However, transmitter circuit is not functioned as expected and incandescent lamp is
used to transmit IR radiation. Researches done for this project are understand about
IR and LPG characteristics, search, construct and test the circuits used and understand
how it works, construct a chamber for project model as well as doing experiment .for
proving the theory. As a conclusion, this project has exposed to new knowledge of
LPG and IR applications besides introducing a cheap and simple concept of .gas

leakage detection, making it a reliable and practical system to be implemented.
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CHAPTER 1
INTRODUCTION

1.1 Background of Study

Due to the fact that most gases such as CO,, CO, NO and all carbon hydrogen (HC)
are able to absorb infrared (IR) light at certain wavelength, this gas leakage detection
system uses IR radiation to detect presence of certain gaseous [1]. This theory can be
manipulated to solve gas leakage problem at home. This project, however, is an initial
state in introducing gas leakage detection using IR radiation. The main objecti\}é. of
this project is to build a model for detecting pas using Infrared radiation (IR),
applicable for detecting gas leakage for home and industry usage. The method used is
by measuring and comparing IR intensity at both source and detector. This project
will focus on Liquefied Petroleum Gas (LPG) leakage at home as well as in industry.
LPG is an energy source primarily composed of propane and butane [2]. For future
improvement, a circuit consist of an alarm is recommended to be attached to the
model which is activated in the presence of LPG. It is use to warn the user about gas

leakage either in home or in industry.

1.2 Problem Statement

1.2.1 Problem Identification

Nowadays, gas leakage incidents happen almost every day and there is a need to h_;aye
practical and reliable gas leakage detection system especially at home. As LPG"is
hardly detectable due to its properties which are colourless and odourless, this project

will implement a gas detector which shall detect LPG [2].
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1.2.2  Significance of Project.

Since LPG is odourless and colourless, it cannot be seen by our naked eye and
detected by smell. LPG leakage can be very dangerous because it increases the risk of
fire and explosion. There will be difference in IR intensity at the source and detector
in the presence of LPG in which IR intensity at detector is less than at the source.
Expose to low levels of LPG is not harmful to our health. If the gas leakage is severe,
the amount of oxygen available for breathing could be drastically reduced, which will

lead to asphyxia. Symptoms of asphyxia are;

o Dizziness

s Fatigue
e Nausea
o Headache

o Irregular breathing

1.3 Objectives and Scope of Study

1.3.1 Objectives

Following are the objectives of this project;

1. To come out with a low-cost and practical gas leakage detection system

2. To construct prototype/ model for gas leakage detection

3. To construct a gas chamber -

4. To test the designed system in the presence of gas in order to evaluaté its

practicability.

13



1.3.2  Scope of Study

This project requires studying LPG and infrared (IR) characteristics, such- as
wavelength/frequency at which LPG absorbs IR, IR sources, which are transmitter
circuit and incandescent lamp, the detector circuits besides deep understandiﬁg on
how these circuits work to transmit and detect gas. It also requires knowledge and
concepts such as LPG and IR technology and its applications to solve gas leakage
detection problem. In constructing and testing the circuits, some errors might happen

and troubleshooting process is required to overcome the problem.
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CHAPTER 2
LITERATURE REVIEW AND/OR THEORY

2.1 Gas detection Principle by Infrared (IR) Absorption

A large number of materials absorb infrared radiation due to intermolecular
vibrations. The IR light is capable to excite higher energy levels (excited states) of the
molecule (rotational or vibrational excitation) by coupling to the dipole moment of
the heteroatomic assembly. Heat energy from IR radiation transferred into gas and
heats up. As a result, intensity of the beam of the light passes though a gas vo'l'_iJme
diminishes [1]. For any specific material, the strength of absorption varies witlj;f'the
wavelength of the impinging radiation (the absorption spectrum). The absorﬁtion
spectrum is different for different materials [8]. Figure 1 shows the absorption sp_éctra
for a number of typical materials. LPG (Propane) absorbs IR at wavelength of 3'.'3pm
to 3.5um. g

Respective equipments capable of this task consist of IR source, a meas.urcrfhent
volume in which gas to be detected is confined, an element which allows picking:':o‘ut
the desired wavelength region as well as a detector that measures the radiation
intensity [1]. In this project, incandescent lamp is used to transmit desired IR
frequency for detecting LPG. The thermopile detector circuit works as detectof for
both IR sources. A chamber, equipped with either circuit or incandescent lamp ‘é.nd
gas source, allows the desired IR radiation to be absorbed by LPG, thus eriéifblcs

measuring IR radiation intensity.
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Dealing with IR frequency is much easier compared to IR wavelength, especialiy
when caicuiation is invoived. Using Equation i, frequency of desired IR wavelength

can be obtained;

C= A i (Equation 1)

where ¢ = speed of light (3.0 x10%m/s ; A = IR wavelength (m) ; f = IR frequency
(Hz)

Fig.1 Absorption Spectra
100ppm metres
0.44 7 S : 06
0.12 + T : + 05
@® _ i e q , o] brd
g = 010 e s g
ug 008 TR 1 =103 8§ =
8= o006 R | N e i gl +
o« PR i 02 o0
w o 004+ T — R D S
8L 00— R 101 8
T g e S Ml 0.0
—002 T Y T r'. T =] T Y T *01
30 32 34 36 38 40 42 44 46 48 50
Wavelength (pmj}
[-—CO_ Propane — n-Hexane — C02|

Figure 1: Absorbance of infrared radiation (absorption spectra} [8].

It is known that from Figure 1, CO; is the reference gas. It is well understood that the
intensity of IR will be reduced in the presence of certain gases that can absorbed IR of

certain wavelength.

The reduction of intensity of the radiation is equal to the amount of radiation
absorbed by the gas. However, since the output in the present case is in the form of
voltage, the relation of the input and output voliage corresponding to the intensity of
the IR wavelength, given by Equation 2 below. The IR intensity at the detector, I gyis
corresponding to output voltage after gas been released into the chamber and I ¢ is
corresponding to Vi value, which is the output voltage before the gas been released

into the chamber.

Vol Vi= L R /L Tx coveeiiiniiieieiirenvsanensinnne (Equation 2) [1].

where I g, is the TR intensity in the detector and 1 14, is the transmitied IR intensity.
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2.2 Infrared (IR) Radiation

Infrared (IR} radiation is electromagnetic radiation of wavelength longer than tﬁ;at of
visible light, but shorter than that of radio waves. The name means "below red" (ffom
the Latin infra, "below™), red being the color of visible light of longest wavelength.
Infrared radiation spans three orders of magnitude and has wavelengths between
approximately 750 nm and 1 mm [5]. Infrared light lics between the visible and
microwave portions of the electromagnetic spectrum. Infrared light has rahgé of
wavelengths, just like visible light, which has wavelengths ranging from red to viélct.
"Near infrared” light is closest in wavelength to visible light and "far infrared" is
closer to the microwave region of the electromagnetic spectrum. The longer,: far
infrared wavelengths are about the size of a pin head and the shorter, near infrared

ones have the size of cells, or are microscopic [6].

Figure 2 shows IR electromagnetic spectrum in which, IR wavelength falls in a f?,hge
between 107 to 102 c¢m. There are three IR regions of electromagnetic spectrum,

which are far, mid and near, as shown in Figure 3.

Yisible
H ficrowave

Wavrelengih {cm)

Figure 2: IR Electromagnetic spectrum [7].
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infrared Region of the Electromagnetic Spectrum

1
300 pm

Far  Mid Near

Figure 3: IR Region of electromagnetic spectrum [7].

2.3 Liquefied Petroleum Gas (LPG)

Liquefied Petroleum Gas (LPG) is a mixture of hydrocarbon gases used as a fuel in
heating appliances and vehicles, and increasingly replacing chlorofluorocarbons as an

aerosol propellant and a refrigerant to reduce damage to the ozone layer.

LPG is the generic name for a number of low-pressure, liquefied hydrocarbon gases.
LPG are hydrocarbon products in the C3-C4 range, propane (C3H8) and butane
(C4H10) constituting the components. These products, gaseous at normal temperature
and pressure conditions, can be very easily liquefied under low pressure and thereforc
can be handled very easily. It is not toxic, nevertheless, precautions should be ta:ikcn
in order to avoid long term exposure [3].0t is the gas that is commonly useei, for
cooking and heating at home and also in plant/ industry. They are readily liqueﬁéd by
pressurizing at atmospheric temperatures and are used in the vapor phase as a fuel

with air or oxygen [4]. The characteristics of LPG are:
+ Colourless.

» Odourless. (It's normal to odorise LPG by adding an odorant prior to supply to

the user, to aid the detection of any leaks).
+ Flammable.
» Heavier than air.
s Approximately half the weight of water.

« Non toxic but can cause asphyxiation.

18



» LPG expands upon release and 1 litre of liquid will form approximately 250

litres of vapour.

(See Appendix A for properties of LPG-Propane and Butane}

2.4 Thermopile Detector

Thermopile is an electronic device that converts thermal energy into electrical energy.
It is composed of thermocouples either connected in series or in parallel. Thermopiles
are used in situations where a single thermocouple generates insufficient output,
Based on various features suitable top realize the objectives of this project, TPS 534-
Thermopile Detector from PerkinElmer Optoelectronic is selected, as shown I Figure
4. The features include;

o Large absorber size, suitable for high signal output

¢ Low temperature coefficient of sensitivity

¢ Include Thermistor temperature reference

» Appropriate for Pyrometers application, equipped with Bandpass filter, in. gas

detector.

Figure 4: TPS 534- Thermopile detector.

2.5 Incandescent Lamp

The incandescent light bulb or incandescent lamp is a source of artificial light that
works by incandescence. An electrical current passes through a thin filament, hesting
it and causing it to become excited, releasing thermally equilibrated photons in the

process. The enclosing glass bulb prevents the oxygen in air from reaching the hot
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filament, which otherwise would be destroyed rapidly by oxidation. Heat emitted by
this lamp is also the IR radiation. For this project, incandescent lamp is used éis IR

radiation source as shown in Figure 5.

Figure 5: An incandescent light bulb

2.6 Operational Amplifier (OpAmp)

Basically, the Op-Amp is nothing more than a differential amplifier which amplifies
the difference between two inputs. One input has a positive effect on the output
signal, whereas the other input has a negative effect on the output {9]. In its ordinary
usage, the output of the Op-Amp is controlled by negative feedback which, because
of the amplifier's high gain, almost completely determines the output voltage for any
given input [10]. Figure 6 and 7 below shows schematic symbol for an op amp as
well as circuit model of an operational amplifier (Op Amp) with gain A and input and
output resistances R in and R out. In this project, two types of Op-Amps are used for
the detector circuits, which are the standard LM714 Op-Amp and low noise Op-A‘fnp.

20
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L
OFFSET WULL 4 1 .} oM
INVERTIHG INPUT —§ 2 1+
HON=NYERTING —3 3 B JUTPUT
NPT
v —]4 5 —0FFSET KULL

Figure 6: Connection diagram of LM741 OpAmp
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NON-NVERTING INPUT A [ 3]

TOPVIEW

Figure 7: Pin conﬁguraﬁon of NE5S532A low noise OpAmp

2.7 555 Timer

555 Timer is used to generate frequency value of infrared (IR} transmission, which
enables IR been absorbed by LPG. The connection and circuit diagram of 555 Timer
is shown in Figure 8 below. Using Timer equation below, the desired frequencyl for

IR transmission is obtained.

£=1.44/ (RL+2R2) C crereeerresreesreereeeneneseesnenes Equation 4. [11]
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Figure 8: Connection and circuit diagram of 555 Timer [2].

2.8 Explosive Range

This includes all concentrations (measured as a percent of volume in air) of a
flammable gas or vapor that will propagate flame when exposed to a souréé:' of
ignition. Many common flammable liquids have very wide explosive ranges. The
explosive range of all flammable gases and vapors will vary with temperature and

pressure.

2.8.1 Lower Explosive Limit (LEL)

LEL is the lowest amount of gas that can explode. This is the minimum concentration
of a flammable gas or vapor that will propagate flame when exposed to a source of
ignition. Commonly abbreviated LEL or LFL, a mixture below this concentration

level is considered too “lean” to burn. Above LEL, explosion can occur.
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CHAPTER 3
METHODOLOGY/PROJECT WORK

3.1 Procedure Identification

The step by step sequential procedure to be followed throughout this project is given

below;

Literature Review and Planning

h

Circuits’ construction (both
transmitter and receiver)

Y

LPG experiment

Y

Building model

A

Final report and presentation

Figure 9: Project procedure
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3.1.1 Literature Review and Planning

To start with, detailed research to be done first to gain sufficient information inbfder
to understand the topic. After getting the idea, planning is needed to schedule the
tasks and works to be completed throughout this project. Planning is necessar)_'/'_for
tracking progress of the project. Research has been done on LPG and IR properties,
found the most suitable IR transmitter and detector circuits to be used, to check for
the availability of components, to set up equipments for testing IR absorption by LPG

and to construct the final prototype for this project.

3.1.2  Circuits’ Construction

Study of circuit examples from previous projects as well as solutions available in the
market needs to be done before choosing the most appropriate IR circuit to be f@lsed
for this project. After deciding the suitable IR circuits to be used, it is ”lthen_

constructed and tested before being used to conduct gas detection experiment.

3. 1.2.1 Transmitter Circuil

Transmitter circuit is one of the IR radiation source for this project. A circuit has been
designed to transmit desired IR frequency for gas absorption. This circuit is designed

from 555 timer circuit, as shown in Figure 10 below.

<& 1.2K Ohm

470 K Ohm

Figure 10: 555 timer circuit

24




This circuit will produce 38 kHz frequency using 555 timer. The frequency value

generated is determined using the Equation 4.

f (calculated) = 1.44/ (1k + (2)1.2K)
= 42.35 kHz

f (measured) = 41.67 kHz

From theory, we know that for IR to be absorbed by LPG, the IR wavelength must be
between 3.3 pum to 3.5 pm. Using Equation 1, it is corresponding to 85.7 THz to 90.9
THz frequency.

f (min) = 3.0x10%/3.3 pm = 90.9 THz

f (max)= 3.0x10%/3.5 um = 85.7 THz.

For that reason, a circuit been designed by modifying 555 timer circuit to transrrﬁt IR
of frequency between 85.7THz to 90.9 THz. Using Timer equation, (Equation 4); the

frequency value is increased by reducing the resistor and the capacitor value.

Using resistor and capacitor values of 0.22Q and 1pF respectively, few calculations
have been done to increase the frequency value of IR transmission. Three alternatives
have been figured out to modify the existing circuit in order to get the reqdi‘red

frequency value.

Alternative 1:

-'\
f=144/ (R1+2R2) C;
R; =3 resistors of 0.22 ohm connected in parallel - :
19 resistors  and
R; = 8 resistors of 0.22 ohm connected in paralle! capacitors are used
C = 8 capacitors of 1 pF connected is series W,

f (calculated) = 89.79 THz
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Alternative 2;

f=1.44/ (R1+2R2) C;

R} =4 resistors of 0.22 ohm connected in parallel
R; = 6 resistors of 0.22 ohm connected in parallel
C = 8 capacitors of 1 pF connected is series

f (calculated) = 89.76 THz

Alternative 3:

f=1.44/ R1+2R2) C;
R; =5 resistors of 0.22 ohm connected in parallel
R, =5 resistors of 0.22 ohm connected in parallel
C = 8 capacitors of 1 pF connected is series

f (calculated) = 87.27 THz

>

>

16  resistors ' and
capacitors are used

15  resistors = and
capacitors are used

From the 3 solutions, Alternative 3 is chosen since it uses minimum number of

components. Besides, less number of resistors used will reduce losses in the circuit.

Simulation is done to test the designed circuit, as shown in Figure 11 below. The

constructed circuit of this transmitter circuit is shown in Appendix B.
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Figure 11: Designed IR transmitter circuit (Alternative 3), simulation based"’_'

To check the functionality of this circuit, simulation for the 555 timer circuit has been
done to see the minimum voltage required for IR LED to transmit desire freqﬁc_éncy
value. From the simulation, the minimum required voltage across IR LED is
635.360mV, as shown in Figure 12 below.

27



g
>

R3
T-I'!Dloahm

EEACTRR
£V

Figure 12: Simulation on transmitter circuit to show required voltage

However, simulation of designed circuit in Figure 13 showed very small voliage,

47.304pV, which is insufficient for the LED to transmit IR.
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Flgre 13: Simulation on esigneanstt circuit to check voltage across IR LED

From equation 4, R;, R2 and capacitor are the manipulated parameters, One way of
increasing the voltage across IR LED value is by changing Ry and R; values, as shown in
Table 1 below. |

Table 1: Voltage across IR LED value when R; and R; values are changed

Parameter Voltage across Frequency

IRLED Transmiited
R increase, Roremain increase decrease
R decrease, Rz remain decrease increase

R; increase, R, remain

decrease

R, increase, R, decrease increase decrease
R, increase, R decrease decrease decrease
Both R; and R, incj’ease increase decrease
Both Ry and R decrease decrease increase
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This result shows that the voltage across the IR LED can be increased by rcduciné"the
value of Ra. From Equation 4, reducing R; value will increase output frequency to be-out

of the desired range for LPG absorption. Thus, this approach cannot be used.

The other alternative that could possibly be used is by increasing the R; value. How'élVer,
to maintain the voltage threshold across IR LED, Rj should be very large value.-’-‘:The
circuit is not function as expected to transmit IR. However, using incandescent lamﬁ can
be an alternative to transmit IR radiation, student continues this project by uSing

incandescent lamp as IR radiation source.

The operation of incandescent lamp is based on the theory that if an electric current is
passed through any conductor other than a perfect one, a certain amount of energy is
expended that appears as heat in the conductor. In as much as any heated body will give
off a certain amount of light at temperatures over 525° C (977° F), a conductor heated
above that temperature by an electric current will act as a light source. The incandes;:-:ent
lamp consists of a filament of a material with a high melting point sealed inside a glass
bulb from which the air has been evacuated, or which is filled with an inert ‘:gas.
Filaments with high melting points must be used, because the proportion of light eﬁé‘rgy
to heat energy radiated by the filament rises as the temperature increases, and the fhost

efficient light source is obtained at the highest filament temperature [13].

3.1.2.2 Detector Circuit

For the detector circuit, thermopile is used for detecting the desired frequency value. The
schematic of IR detector circuit is shown in Figure 14 below and the constructed circuit is
shown in Appendix C .The output signals are very small and need amplification. The
circuit is standard for the _ﬁrst signal conditioning stage in a thcnnopile-basedﬁ IR
absorption gas detector. To amplify the thermopile signal, a low noise Op-Amp is u-sgd.
The Rv serial resistor value has to be determined to ensure that the maximum cul_}ént
through thermistor will not exceed Sum. If higher values used, signal fluctuations may
occur due to heating effect [12]. For this circuit, the Rv value is set to be 2.5 pm. Based
on Ohm’s Law, V=IR, as Vdd value is set to 5V, which is constant, ] and R values_ are

inversely proportional.

30



R=V/I
=5V /25A
=2MQ

So, 2MQ resistor value is used for Rv.

low noise DpAmp _. |

“gas channel”
vob

stabilized 7 *

voltage

. }
optical cavity .
2 [tPsa534 ™

IR radiation

0

Figure 14: Circuit diagram for detector circuit{12].

3.1.3 LPG Experiment

Basically, there are 2 IR sources that student wants to introduce for this project.,-i,_but
the transmitter circuit does not transmit the desired TR frequency. Thus, this proje;ét is
done using the other IR source, which is the incandescent lamp. Heat emitted by'this
lamp is also the IR radiation, but in a wide frequency range. The experiment has Been
done to get the Vi and Vo values from the detector circuit after the LPG is absorbed
IR. When the lamp. is ON, the IR radiation is pointing straight to the thermopile on

the detector circuit.

Experiment is done to allow reaction between LPG and infrared (IR) radiation, where
reduction in IR radiation intensity is expected to result. The experiment is done ﬁs;ing
a temporary chamber, where the LPG is released inside the chamber after the
incandescent lamp is ON. The output voltage value, Vo is observed and measured

from the detector circuit, which indicate the reductions in IR intensity.
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The voltage reading is observed from the graph and table by using PASCO (f)éta
Studio) software, where there is an increase in voltage reading from its baséiine
value. This indicates that the detector circuit is working properly. After reaching
constant value, the LPG is then released into the chamber. Voltage value changes
where it is rapidly decreased for a while, before it starts to increase back to its
baseline value. This happen because the when the gas is released, the IR radiation has
been absorbed by LPG. The value gets back to its baseline value after the gas vent out
from the chamber. The flowchart of sequential procedure of the LPG detection

experiment is shown in Figure 15.
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ON detector circuit and
measure the Viaeeline after
reaching constant value

On the transmitter circuit /

incandescent lamp

Take Voltage reading at
detector circuit, Vi

Release LPG into the chamber

Wait for a while to ensure the
gas well dispersed inside the
chamber

Take Voltage reading at
detector circuit, Vo

Check for decrease voltage

value, Vo < Vi

ALARM

ON?
YES

Gas leakage is detected

Repeat experiment with different
LPG concentration

: NO

Figure 15: Flowchart showing procedure of LPG detection experiment
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Concentration of LPG is varied to validate the result obtained. Since there is 1o
specific LPG concentration device available, the LPG concentration is varied by
varying the time taken to observe the reaction between LPG and IR radiation f"rom
incandescent lamp. As LPG concentration increases, voltage drop value is increasing
as well. However, since LPG is an explosive gas, the limit is set to ensure the
concentration of gas released into the chamber not exceed its Lower Explosive Limit

(LEL). The experimental results are shown in Chapter 4: Result & Discussion.

3.1.4 Building Model

This project will be fully fledged once after final prototype is built. In order to come
out with the prototype, few things must be considered such as the size and appearafnce
of the prototype. The design of the prototype will be based totally on the requiréni_énts
for the project. LPG is not dangerous if been used in low concentration. One of the
main concerns in constructing the chamber is to know the distance between the
Transmitter (Tx) and Receiver (Rx) circuits. This is needed to determine the sizé of
the chamber to be constructed. Based on the research done, the distance betweeﬁ_ the

two circuits is basically determined by Beer’s Law, shown in Equation 3.

I=1,exp (-kelouornrnennninenen. (Equation 3) [1].
1 = Detected intensity

I, - Initial intensity

k = absorption or extinction coefficient

¢ = concentration of the absorbing gas

I = measurement length (distance between transmitter and detector circuit in chamBer)

There is a fixed path length between the IR source and the IR detector. Typically the
length is a few inches and the gas is assumed to be uniform across this length. I is
inversely proportional to the distance, 1. Larger is the distance 1, smaller is the value

of 1 obtained. The model built for this project is shown in the Figure 16 below;
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Figure 16: Tllustration of project model (using incandescent lamp)

3.1.5 Final Report and Presentation

The final report as well as final presentation will be carried out as scheduled. For FY1
I, student is expected to present a working prototype besides showing 'ideep

understanding of the theories, researches, findings and results of the experiments..

3.1.6 Tools Required

This project requires both hardware and software. Table 2 below lists all the hardware

as well as the software needed for this project;
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Table 2: Tools Required for LPG Detection

HARDWARE SOFTWARE
IR circuit (transmitter, detector) * PASCO (Data Studio)
LPG source (butane) o  Multisim
A chamber

Multimeter/ Oscilloscope
Incandescent lamp (IR light source-

optional})
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CHAPTER 4
RESULT AND DISCUSSION

4.1 Result of LPG Experiment

Experiment Result:
Baseline Voltage, V puse: 4.3086V

Output voltage when incandescent lamp is ON, Vi: 4.3104V

Output voltage when incandescent lamp is ON and LPG been released into -"t,hc
chamber, Vo: 42977V '

From the result, voltage value after Vo < Vi, which corresponds to the transmitt_e& IR
intensity, Irx and detected IR intensity, Irx where Igx< Itx. This shows that thé.' IR
intensity has been reduced in presence of the LPG inside the chamber, and thus

validates the theory of IR absorption by LPG at certain frequency.

To see the response of the experiment result better, student used PASCO interface
and Data Studio software to get graph and table for showing the experimental.'-The
graph and table obtained are as in Figure 17 and Table 3 below. From the graph-l"and
table obtained, the 10 seconds show the baseline voltage for the detector circuit. 'Ffom
10 to 35 seconds, the incandescent lamp is ON and the there are increase in Voltége.
From 35 to 39 seconds, LPG has been released into the chamber, The result is thére is
fast voltage drop, indicate the absorption of the IR by LPG. From 39 until 100
seconds, the reaction has end and the voltage increases back to its baseline value. This
experimental result however can be further improved by varying the LPG

concentrations released into the chamber.
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Figure 17: Experimental result for IR absorption by LPG, Voltage (V) Vs TimeES’)

Table 3: Voltage and time result from LPG experiment.

Avoltags, ChiA

Voltage
A8
40821

(a) Baseline Voltage
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AVollage ChA

Run#
Time Voltage
s) )
35:6000 4,931
367000 4534
35,0000 4834
35:9000 48
36.0000 4932
361000 4229
36.2000 4929
363000 1378
36.4000 4320
365000 4928
36:6000 1578
36,7000 4479
36,8000 1928
36.9000 4520
37.0000 1978
37.1000 5978
37.2000 4528
313000 15928
37.4000 4829
EXT 4928
37.6000 45529
37.7000 5829
378000 5827
37.9000 £826
36.0000 4527
38.1000 §926
38,7000 £9%6:
(b)Incandescent lamp is ON
AVeltage, ChA
Run#
Time ! Volage
{8} (V)
97,2600 4,932
373000 1933
97.4000 4932
97.5000 4934
g7 5000 ) 4933
97.7000 4933
27.8000 4934
£7.8000 4032
28,0600 4934
391000 4932
3 98,7600 4933
$8.3000 4934
98.4000 4933
26.5000 4933
"p65000 4031
0.7000 4934
98.5000 4933
38,9000 4932
59,0000 4934
89,1000 dade
59,2000 P
89,3000 £834
59,4000 $532
89,5000 5534
99,6000 [LETO
99.7000 4,835
99,6000 £633

(c) After reaction ends
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* To monitor the experiment performance, the experiment is repeated by varying LPG

* concentration been released gas into the chamber. Since there is no specific LPG

concentration device available, the LPG concentration is varied by varying the time

taken to observe the reaction between LPG and IR radiation from incandescent lamp.

The expected result is that the voltage drop value will increase in increasing of time

of injecting gas into the chamber. This procedure is done by considering that the

longer time taken to release the gas, the more LPG concentration will be. However,

since the circuit used is still not yet stable, result obtained also not consistent, but still

given the desired pattern, where Vo<Vi. The circuit performance will be improved to

obtain better result. The experimental result is shown in the Table 4 below.

Table 4: Experimental result for different LPG concentration

Time (s) | Ve ) | VIV) | Vo)
5 4217 | 4220 | 4.156
7 4218 | 4220 | 4.211
10 4216 | 4220 | 4.211
12 4214 | 4220 | 4157
LPG Experiment Recult variec with tima
4.24 _ - - -
422 e e
4.2
S ~+—5 sec
@® —=—7 sec
D 418
% 10 sec
> (- 12 sec
4.16
414
412 - B

Figure 18: Graph of Experimental result for different LPG concentration
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CHAPTER 5
CONCLUSION AND RECOMMENDATIONS

5.1 Conclusion

This project is a good approach for detecting gas leakage at home as well as induétry.
The method used is simple and less expensive, but at the same time reliabllc;'-';and
practical. Compare to other methods currently used, this system is more reliable since
it immunes to all chemical poisons, does not need oxygen or air to detect gas and‘-.can
work in continuous exposure gas environments. This approach has contributed to
another method of detecting gas leakage in addition to the current method exist in the

market nowadays.

5.2 Recommendations

For improvement, some additional features could be added in order to make the
system more efficient and user-friendly. Some recommendations suggested for *Gas

Leakage Detection System Using Infrared’ are briefly explained below;

5.2.1 Audtomatic Room Ventilation

Whenever gas leakage occurs at home, there is a need to vent out the gas froni the
room (kitchen) so that outside air will mix with the gases inside the room and tﬁus,
reduce the gas volume. Automatic room ventilation is necessary to ensure tha't.l the
leakage gases are no more combustible and the room is safe to be used for coOi{ing
and heating purpose. It will be such a good idea to have automatic room ventilation
feature for the gas detection system, so that the user will not need to manually open

the window, especially in the time where the user is not at home.
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5.2.2 Automatic Valve Closed Feature

One of the ways to stop gas leakage at home is by closing the valve from where gas
comes out. To make this system more practical, an automatic valve closed feature can
be added for user’s safety and convenience. A special circuit will be designed to

automatically close the valve whenever gas leakage is detected.

5.2.3 Alarm System

Since current model can only detect gas, it is recommended that this model can be
equipped with alarm system to warn user about gas leakage. The current model is
built only to detect gas using Infrared radiation (IR), applicable for detectingéas
leakage for home and industry usage. With an alarm system features, this project will

be more realistic to be implemented.

5.2.4 Various Gas Detection System

This project is focus on LPG. Using the theory that most gases such as CO,, CO, NO
and all carbon hydrogen (HC) are able to absorb infrared (IR) radiation at certain
wavelength, this project can be extended to detect other gaseous also. This will

improve its functionality thus make it more practical and has high market value.

5.2.5 Improve Circuit Performance

The detector circuit currently used is still not yet stable. For better model
performance, the circuit needs to be further tested and improved in order to come out

with reliable gas leakage detection system.
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APPENDIX A

PROPERTIES OF LPG
Explosion Gas
. limit(%) proportion
Sparking | toxicity Permission
Gas name (ail“l) point con_cemﬁﬂn
Low
er | Upper
limit | lim

Methane 5 15 0.55 537.8 asphyxiation

Ethane 3| 125 1.406 515 | asphyxiation

Propane. 2.3 9.15 1.56 4678 | asphyxiation 1600ppm
Butane 1.8 8.44 2 asphyxiation

Ethene 27 28.5 narcosis

Propylene 2.4 11 nAarcosis

Acetylene | 15{ 8| 0906 305
Hydrogen 4.1 74.2 0.069 585 asphyxiation

co 12.5 75.6 0.957 608 toxicosis 50ppm
Natural ; . T

gases. ] 135 <1 asphyxiation

LPG 3 >1 asphyxiation

City gas 4 30 04 toxicosis 160ppm
A _ Asphyﬂ_aﬁon&

Gasoling 1.2 7.5 33 | 280 asphyxiarion

Coal dil 07 50 45

Alcokiol 3.3 19 1.58 392 1000ppm
“Ethanol 3.5 6.7 0.78 422 Img/m
Methyl . .

Alcohol 6.7 36 0.79 385 0.05mg/m
Acetone 81| I3 0.79 1000ppm
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APPENDIX B
CONSTRUCTED TRANSMITTER CIRCUIT (ALTERNATIVE 3)
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APPENDIX C ,
CONSTRUCTED DETECTOR CIRCUIT USING THERMOPILE
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555 TIMER DATASHEET
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National
Semiconductor

LM555
Timer

General Description

The LM555 is a highly stabfe device for generating accurate
time delays or oscillation. Additional terminals are provided
for triggering or resetting if desired. In the time delay mode of
operation, the time is precisely controlled by one external
resistor and capacitor. For astable operation as an oscillator,
the free running frequency and duty cycle are accurately
controited with two external resistors and gne capacitor. The
circuit may be triggered and reset on falling waveforms, and
the output circuit can source or sink up to 200mA or drive
TTL circuits.

July 2006

Features

Direct replacement for SEB55/NESS5

Timing from microseconds through hours
Qperates in both astable and monostable modes
Adjustable duty cycle

Qutput can source or sink 200 mA

Qutput and supply TTL compatible

Temperature stability better than 0.005% per °C
Normally on and narmally off output

Available in 8-pin MSOP package

Applications

B Precision timing

m Pulse generation

m Sequential timing

m Time delay generation

B Puise width modulation

m Pulse position modufation
u Linear ramp generator

Schematic Diagram
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LM555

Connection Diagram

Dual-In-Line, Small Qutline
and Molded Mini Small Outline Packages

1
GND =i

1

pr— Vo

-1— DISCHARGE

TRIGGER .
Al
3 t 5
OUTPUT = $n — THRESHOLD
4 v, = 5  CcoNTROL
RESET VOLTAGE
00785103
Top View
Ordering Information
Package Part Number Package Marking Media Transport NSC Drawing
8-Pin S0IC LM585CM LM555CM Rails MOBA
LM555CMX LM555CM 2.5% Units Tape and Reel
8-Pin MSOP L.M555CMM Z55 1k Units Tape and Reel MUAGBA
L.M555CMMX Z55 3.5k Units Tape and Reel
8-Fin MDIP L M555CN LMS555CN Rails NOSE
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Absolute Maximum Ratings mot 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Soldering Information
Dual-in-Line Package

Distributors for availability and specifications.

Supply Voltage

Power Dissipation {Note 3)
LM555CM, LMS55CN
LM555CMM

Operating Temperature Ranges

LM555C
Storage Temperature Range

+18V

1180 mw
613 mw

0'Cto +70°C
-65°C to +150°C

Electrical Characteristics (notes 1, 2
(Ta = 25°C, Voo = +5V to +15V, unless othewise specified)

Soldering (10 Seconds) 260°C
Small Quiline Packages

(SOIC and MSOP)

Vapor Phase (680 Seconds) 215°C

Infrared {15 Seconds) 220°C

See AN-450 “Surface Mounting Methods and Their Effect
on Product Reliability” for other methods of soldering

surface mount devices.

Parameter Conditions Lintits Units
LMS555C
Min Typ Max
Supply Voltage 45 16 v
Supply Current Voo =5V, R == 3 6
Ve =15V, R =@ 10 15 mA
{l.ow State) (Note 4)
Timing Error, Monostable
Initial Accuracy 1 %
Drift with Temperature R, = 1k to 100k£, 50 ppm/°C
C = 0.1pF, {Note 5)
Accuracy over Temperature 15 Yo
Drift with Supply 0.1 %V
Timing Error, Astable
Initial Accuracy 2.25 Y%
Drift with Temperature Ra. Rg = 1k to 100k, 150 ppm/°C
C = 0.1yF, {Note 5)
Accuracy over Temperature 3.0 Yo
Drift with Supply 0.30 %l
Thrashold Voltage 0.667 % Voo
Trigger Voltage Voo = 15V 5 v
Vee = 5V 1.67 vV
Trigger Current 05 08 HA
Reset Voltage 0.4 0.5 1 \4
Reset Current 0.1 0.4 mA
Threshold Current (Note 6} 0.1 0.25 pA
Control Voltage Level Veo = 168V 9 10 1 v
Ve = 5V 2.6 3.33 4
Pin 7 Leakage Output-High 1 100 nA
Pin 7 Sat {(Note 7)
Output Low Voo = 15V, |I; = 15mA 180 my
Output Low Voo = 4.5V, |, = 4.5mA 80 200 my

www.national.com
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LM555

Electrical Characteristics (otes 1, 2} (Continued)
{Ta = 25°C, Ve = +5V to +15V, uniess cthewise specified)

Parameter Conditions Limits Units
LM555C
Min Typ Max
QOutput Voltage Drop {Low) Voo = 15V
lging = 10MA 041 0.25 v
lsink = 5OMA 0.4 0.75 Vv
laix = 1T00MA 2 25 v
lging = 200mA 25 v
Voo = 5V
lamnk = BMA A
lgink = SMA 0.25 0.35 v
Cutput Voltage Drop {High) lsource = 200MA, Ve = 15V 12.5 \
lsounice = 100MA, V. = 15V 12.75 13.3 v
Ve =5V 2.75 3.3 v
Rise Time of Output 100 ns
Fall Time of Output 100 ns

Note 1: All voltages are measured with respect to the ground pin, unless otherwise specified.

Note 2: Absolute Maximum Ratings indicate limits beyond which damage to the device may cccur. Operating Ratings indicate conditions far which the davice is
functional, but do not guarantee specific performance limits. Electricai Characteristics state DG and AG electrical specificaticns under particular test conditions which
guarantee specific performance fimits. This assumes that the device is within the Operating Ratings. Specifications are not guaranteed for parameters where ne limit
is given, however, the typical vaiue is a goed indication of device performance.

Note 3; For operating at elevated temperatures the device must be derated above 25°C based on & +150°C maximum junction temperature and a thermal
rasistance of 106°C/AW (DIP), 170°C/W (S0-8), and 204°CAW {MSOP} junction to ambient.

Note 4 Supply current when output high tygically 1 mA tess at Voo = 5V

Note 5: Tested at Vg = 5V and Ygg = 15V.

Note 6: This will determine the maximum value of R, + Rg for 15V operation. The maximum tofal (R + Rg) is 20MQ.

Note 7: No protection against excessive pin 7 current is necessary providing the package dissipation rating wilf not be exceeded.
Note 8: Refer to RETS555X drawing of mititary LM555H and LM555J versions for specifications.
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Typical Performance Characteristics

Minimuim Pulse Width Supply Current vs.
Required for Triggering Supply Voltage
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LM555
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OQutput Propagation Delay vs.
Voltage Level of Trigger Pulse
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\pplications Information

IONOSTABLE OPERATION

1 this mode of cperation, the timer functions as a one-shot
Figure 1). The external capacitor is initially held discharged
y a transistor inside the timer. Upon application of a nega-
ve trigger pulse of less than 1/3 Vg to pin 2, the flip-fiop is
et which both releases the short circuit across the capacitor
nd drives the output high.

+5V T0 +15V W
i RESET o
| T e
4 F]
TRIGGER DISCHARGE
NORMALLY § O—]2 H
“ON" LDAD % "t
THRE
| {M555 2l
l CONTROL
BUTPUT VOLTAGE
‘_....._..._ k] H] 1 —
NORMALLY & 1
Pt L
OFF" LOAD -{ D0F

Q075105

FIGURE 1. Menostable

'he voltage across the capacitor then increases exponen-
ially for a period of t = 1.1 R, C, at the end of which time the
oltage equals 2/3 V. The comparator then resets the
lip-flop which in turn discharges the capacitor and drives the
wtput to its low state. Figure 2 shows the waveforms gen-
wated in this mode of operation. Since the charge and the
hreshold level of the comparator are both directly propor-
ional to supply voltage, the timing interval is Independant of

upply.

/ A1/ /]

"AE
C0785106
oo =5V Top Trace: Input 5Y/Div.
IME = 0.1 ms/DIV, Middle Trace: Output 5V/Div,
g = 91K0 Bottom Trace: Capacilor Voltage 2V/Div.
s=0.01pF

FIGURE 2. Monostable Waveforms

Juring the timing cycle when the output is high, the further
pplication of a trigger pulse will not effect the circuit so long
1s the trigger input is retumed high at least 10ps before the
ind of the timing interval. However the circuit can be reset

during this time by the application of a negative pulse to the
reset terminat {pin 4). The output will then remain in the low
state until a trigger pulse is again applied.

When the reset function is not in use, it is recommended that
it be connected to V. to avoid any possibility of false
triggering.

Figure 3 is a nomograph for easy determination of R, C
values for various time delays.

NOTE: In monostable operation, the trigger should be driven
high before the end of timing cycle.

100
o 474
: 77
]
° 001

0.001

105100 puo¥ ms 10ma100ms 15 10s 1008

tq = TIME DELAY
00785107

FIGURE 3. Time Delay

ASTABLE OPERATION

If the circuit is connected as shown in Figure 4 (pins 2 and 6
connected) it will trigger itself and free run as a multivibrator.
The external capacitor charges through R, + Rg and dis-
charges through Ra. Thus the duty cycle may be precisely
set by the ratio of these two resistors,

T +Vee

LM555 ]

S N
el

06785108

—_——— — AAN e =
]
E
L]
-~
-
~

|

-AAN
E

FIGURE 4. Astable

In this mode of operation, the capacitor charges and dis-
charges between 1/3 Vg and 2/3 V. As in the triggered
mode, the charge and discharge times, and therefore the
frequency are independent of the supply voltage.
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Applications Information (continueq)

Figure 5 shows the waveforms generated in this mode of
operation,

00785109

Vg = 5V Top Trace: Outgut 5V/Div.

TIME = 20ps/DIV. Bottom Trace: Capagcitor Voltage 1V/Div.
Ry = 3.9kQ

Rp = 3kQ

C = 0.01yF

FIGURE 5. Astable Waveforms

The charge time (output high) is given by:
t; = 0.693 (R, + Ry) C

And the discharge time {output jow) by:

t, = 0.693 (Rg) C
Thus the total period is:

T=t, +1t; = 0.693 (Ra +2Rs) C

The frequency of oscillation is:

1 1.44

"= T Ra+2RaIC

Figure 6 may be used for quick determination of these RC
values.

The duty cycle is:

SO

&

pd
&y

)

o

0.1 % M, M, N,

SO

0.01 ™\ M, N N

NN

0.001 | N M A

[ R I | 106 100 1k 10k 100k
- FREE-RUNNING FREQUENCY {Hz}

00785110

C — CAPACITANCE (uF}

FIGURE 6. Free Running Frequency

FREQUENCY DIVIDER

The monostable circuit of Figure 1 can be used as a fre-
quency divider by adjusting the length of the timing cycle.
Figure 7 shows the waveforms generated in a divide by three
circuit,

0785111
Vog = 5V Top Trace: Input 4V/Div.

TIME = 20ps/DIV,  Middle Trace: Output 2V/Div.
Ry = 9.1k Bottem Trace: Gapacitor 2V/Div.
C =0.01yF

FIGURE 7. Frequency Divider

PULSE WIDTH _ MODULATOR

When the timer is connected in the monostable mode and
triggered with a continuous pulse train, the output pulse
width can be modulated by a signal applied to pin 5. Figure
8 shows the circuit, and in Figure 9 are some waveform

examples.
1
R
' ! DISCHARGE ’
TRIGGEA Oy 7 1)
LM555 i THRESHOLD
MODULATION
INFUT
OUTPUT O——dq3 S0 =,
—
1

—r—

006785112

FIGURE 8. Pulse Width Modulator
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Applications Information (continueq)

g N
F ™
“
\‘
~ — M F h ||

00785115
‘oo =5V Top Trace: Moduiation 1¥/Div.
IME = 0.2 ms/CIV. Bottom Trace: Qutput Voltage 2V/Div,
ta = 9.1K0
i = 0.01pF

FIGURE 9. Pulse Width Modulator

'ULSE POSITION MODULATOR

“his application uses the timer connected for astable opera-
ion, as in Figure 10, with a modulating signal again applied
3 the control voltage terminal. The pulse position varies with
he modulating signal, since the threshold voltage and hence
he time delay is varied. Figure 11 shows the waveforms
jenerated for a triangle wave modulation signal.

L 4 +Veo
[ ]
2 7
LM555 [1
MOBULATION
DUTPUT (e 3 5 I
]

T

1

00785114

FIGURE 10. Pulse Position Modulator

00735115
Vop =5V Top Trace: Modulation input 1V/Div.

TIME = 0.1 ms/DIV.  Bottom Trace: Output 2V/Div.
8, = 3.9k0

Ry = 3O

C=0.01pF

FIGURE 11. Pulse Position Modulator

LINEAR RAMP

When the pullup resistor, R,, in the monostable circuit is
replaced by a constant current source, a linear ramp is
generated. Figure 12 shows a circuit configuration that will
perform this function.

[] B
TRIGGERO— 2 7
LmEss B
QUTPUT O] 3 5
. .

00785118

FIGURE 12.

Figure 13 shows waveforms generated by the linear ramp.
The time interval is given by:

_ 2/3VorRe(Ry + Ry) C
Rt Voo — Vee (R1 + Ra)
Vag = 0.6V

Vge = 0.6V

www.national.com
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Applications Information (continued)

/ .
// A
i P

00785117
Voo = 5V Top Trace: Input 3V/Div.

TIME = 20ps/DIV.  Middie Trace: Qutput 5V/Div.

Ry = 47kQ Bottom Trace: Capacitor Voltage 1V/Div.
Rs = 100k0

Rg = 2.7 kQ

C=0014F

FIGURE 13. Linear Ramp

50% DUTY CYCLE OSCILLATOR

For a 50% duty. oycle, the resistors Ry and Ry may be
connected as in Figure 14. The time period for the output
high is the same as previous, t; = 0.693 R, C. For the output
lowitisty =

Rp — 2R
[(HA Rg)/(Ra + RB)] C ¢n [EH]

Thus the frequency of oscillation is

1

f=
t+1p

4 +Vee
Aa
51k
Ro
4 & 22
2 ? AA

LM555 & |——e

pl
s

FIGURE 4. 50% Duty Cycle Oscillator

QUTPUT O—mo g2 5

e
=== L.01F
2.01F

00783118

Note that this circuit will not oscillate if Ry, is greater than 1/2
R, because the junction of R, and Ry cannot bring pin 2
down to 1/3 Vo and trigger the lower comparator.

ADDITIONAL INFORMATION

Adequate power supply bypassing is necessary to protect
associated cireuitry. Minimum recommended is 0.19F in par-
allel with 1uf electrolytic.

Lower comparator storage time can be as long as 10us
when pin 2 is driven fully to ground for triggering. This limits
the monostable pulse width to 10ps minimum.

Delay time reset to output is 0.47us typical. Minimum reset
pulse width must be 0.3us, typical,

Pin 7 current switches within 30ns of the output {pin 3)
voltage.

www.naticnal.com
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LM555 Timer

Physical Dimensions

inches {millimeters) unless otherwise noted {Continuad)
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Optoelectronics

IPS 534 - Thermopile Detector

-arge Absorber Size

i33HSsSVLIVA

Jescription Features

‘he TPS 534 thermopile sensor in a * Large Absorber Size - High Signal
'O 5 type housing employs a chip of QOutput

.2 x 1.2 mm? absorber size and a + Low Temperature Coefficient of

0 kQ thermistor as temperature Sensitivity

sference. The round window opening » Thermistor Temperature Reference
; equipped with a 5.5 pm longpass included

standard) infrared filter. The sensor
hows a flat sensitivity characteristic
wver the wavelength.

lemark: The TPS 534 can also be
quipped with infrared bandpass filters
r NDIR gas detection.

» Applications in Pyrometers, and
with Additional Bandpass Filters,
in Gas Detectors

| Be

PerkinEimer’
precisely.

www.perkinelmer.com/optoelectronics



‘PS8 534 - Thermopile Detector Large Absorber Size
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Parameter Typical Units Condition
Sensitive area 12x1.2 mm? absorbing area
Window size 3.8 mim diameter
DC sensitivity 20 VIW 500K BB 5 ... 14pm
Resistance 40 kQ 25°C
Noise 25 nviHz r.m.s. 300K, 1 Hz
NEP 1.26 nWiHz 500K BB 5 ... 14um
D* 0.96 x 108 cmvHz/W S00K BB 5 ... 14um
TC of responsivity -0.01 %K
TC of resistance 0.02 %K
Time constant 35 ms
Qperating temperature -40 to 100 °C non permanent
Storage temperature 4010 100 °c non permanent
Thermistor  resistance 30 kG 25°C
beta 3964 K 25°C/100°C
Field of view 80 ° at 50% points
For more information e-mail us at opto@perkinelmer.com ar visit our webslle at www.perkinelmer.comfoptoelectronics
All values are nominal; specifications subject to change without notice.
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Philips Semiconductors

Internally-compensated dual low noise

operational amplifier

DESCRIPTION

The 5532 is a dual high-performance low noise operational amplifier.
Compared to most of the standard operational amplifiers, such as
the 1458, it shows better noise performance, improved output drive
capability and considerably higher small-signal and power
bandwidths.

This makes the device especially suitable for application in
high-guality and professionat audio equipment, instrumentation and
control circuits, and telephone channel amplifiers. The op amp is
internally compensated for gains equal to one, If very low nolse is of
prime importance, itis recommended that the 55324, version be
used because it has guaranteed noise voltage specifications.

FEATURES

PIN CONFIGURATIONS

Product specification

NE/SA/SE5532/5532A

QUTPUT A [ 1]
INVERTING INPUT A | 2]
NOK-INVERTING INPUT A E]Ia

v 4]

A

FE, N, D8 Packages

E\h

[ 7] ouPuTH

TOP VIEW

D Package!
e _———
18] e

}] INVERTING INPUT B

[ 5] NON-INVERTING INPUT B

15| NC
® Small-signal bandwidth: 10MHz % Ne
® Cutput drive capability: 600Q, 10Vrms E ouTy,
® Input noise voltage: 5nV/ VHz (typical) 2] 4yee
® DC voltage gain: 50000 1] oug
® AC voltage gain: 2200 at 10kHz % :Z
® Power bandwidth: 140kHz
@ Slew rate: 9V/us NOTE: TOP VIEW
® | arge supply voltage range: £3 to £20V 1. BOL and non-standard pinaut. SL00352
® Compensated for unity gain Figure 1. Pin Configurations
ORDERING INFORMATION
DESCRIPTION TEMPERATURE RANGE ORDER CODE DWG #
8-Pin Plastic Dual In-Line Package (DIP} 0to 70°C NES532N S0T97-1
8-Pin Plastic Dual In-Line Package (DIP) —40°C to +85°C SA5532N 50797-1
8-Pin Plastic Duai In-Line Package (DIP) -40°C to +85°C SA5532AN SOTS7A1
8-Pin Ceramic Dual In-Line Package (CERDIP} 0to 70°C NES532FE 0580A
8-Pin Plastic Dual In-Line Package (DIP) Oto70°C NES532AN SOT97-1
8-Pin Ceramic Dual In-Line Package (CERDIP} 0to 70°C NES5532AF (1580A
8-Pin Ceramic Dual In-Line Package (CERDIP) -55°C to +125°C SE5532FE 0580A
8-Pin Ceramic Dual In-Line Package (CERDIP) -65°C to +125°C SES532AF 0580A
8-Pin Small Outline Package (SO) (t070°C NES5532AD8 S0Tg6-1
8-Pin Small Qutline Package (SO} —40°C to 85°C SA5532D8 S0OT96-1
8-Pin Small Outline Package (SO) —40°C to B5°C SA5532AD8 S0T96-1
8-Pin Small Outline Package (SO} -55°C to +125°C SE5532AD8 S50796-1
8-Pin Small Outline Package (SO) 0to 70°C NES5532D8 50T96-1
8-Pin Smali Cutline Package (SO} —40°C to 85°C SAB532D8 S0T96-1
8-Pin Small Outline Package {SO) —-40°C to 85°C SAS5532AD8 S0T96-1
8-Pin Small Outline Package (SO) -55°C to +125°C SE5532D8 S0T96-1
16-Pin Plastic Small Outline Large (SOL) Package 0to70°C NE5532D S0T162-1
16-Pin Plastic Dual In-Line Package (DIP) -55°C to +125°C SE5532N 80T38-4

1997 Sept 29
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Philips Semiconductors Product specification

Interna}lly-compepsated dual low noise NE/SA/SE5532/5532A
operational amplifier

EQUIVALENT SCHEMATIC (EACH AMPLIFIER)

1] °
£~ < N
< . .
l [
! s
. b3
O P
0 —1
—i
1
ak ot
g j>l~
T |
% T
T .,
SL00333
Figure 2. Equivalent Schematic (Each Amplifier}
ABSOLUTE MAXIMUM RATINGS
SYMBOL PARAMETER RATING UNIT
Vg Supply voltage +22 v
VIN Input voltage VsuppLy v
VDIFF Differential input voltage' 0.5 vV
Ta Operating temperature range
SA5532/A —40 to +85 °C
NE5532/A 01070 °C
SES532/A -55to +125 °C
Tstg Storage temperature -6510 +1580 °C
T, Junction temperature 150 °C
Pp Maximum power dissipation, '
Ta=25°C (still-air)2
8 D8 package 780 mwW
8 N package 1200 mW
& FE package 1000 mw
16 D package 1200 mw
TsoLp Lead soldering temperature (10sec max) 300 °C

NOTES:
1. Diodes protect the inputs against over-voltage. Therefore, unless current-limiting resistors are used, large currents will flow If the differential
input voltage exceeds 0.6V. Maximum current should be limited to +10mA.
2. Thermal resistances of the above packages are as follows:
N package at 100°C/W
F package at 135°C/W
D package at 105°C/W
D8 package at 160°C/W

1997 Sept 29 3




Philips Semiconductors

Product specification

Internally-compensated dual low noise

: o NE/SA/SE5532/5532A
operational amplifier
DC ELECTRICAL CHARACTERISTICS
Ta=25°C Vg=+15V, unless otherwise specified. 1. 2.3
SE/5532/5532A NE/SA/5532/5532A
SYMBOL PARAMETER TEST CONDITIONS - - UNIT
Min | Typ | Max | Min | Typ | Max
Vos Offset voltage 0.5 2 0.5 4 my
QOver temperature 3 5 mV
AVOslAT 5 5 LI.VPC
log Offset current 100 10 150 nA
QOver temperature 200 200 nA
Alps/AT 200 200 pA/°C
Ig fnput current 200 | 400 200 | 800 nA
Qver temperature 700 1000 nA
Alg/AT 5 nAC
10.5 8 16 mA
loc Supply current
Qver temperature 13 mA
Ve Common-mode input range 2 | +13 +12 | $13 v
CMRR Common-mode rejection ratio a0 100 70 100 dB
PSRR Power supply rejection ratio 0 | 50 10 100 UV
R 22k, Vg=+10V 50 100 25 100 VimV
" . Qver temperature 25 15 Vimv
AvoL Large-signal voitage gain R 26009, Vo=+10V 40 | 50 15 | 50 Vimv
Qver temperature 20 10 VimV
R 26008 2 | 13 12 | +13
Over temperature 10 | +12 +10 | £12
. R 26008, Vg=118V +15 | +16 +15 | +18
Vour Output swing Over temperature +12 | +14 +12 | 14 v
R 22k(2 +13 | £13.5 +13 | +13.5
Over temperature +12 #1258 10 (125
Rin Input resistance 30 aoo 30 300 kQ
Isc Qutput short circuit current 10 38 60 10 38 60 mA
NOTES:

1. Diodes protect the inputs against overvoltage. Therefore, unless current-limiting resistors are used, large currents will flow if the differential
input voltage exceeds 0.8V. Maximum current should be limited to +10mA.
2. For operation at elevated temperature, derate packages based on the package thermal resistance.
3. Output may be shorted to ground at Vg=+15V, Ta=25°C Temperature and/or supply voltages must be limited to ensure dissipation rating is
not exceeded.

AC ELECTRICAL CHARACTERISTICS
TA=25°C Vg=t15V, unless otherwise specified.

NE/SA/SES532/5532A,
SYMBOL PARAMETER TEST CONDITIONS . UNIT
Min Typ Max
) Ay=30dB Closed-loop
Rour Qutput resistance f=10kHz, R| =600% 0.3 Q
Voitage-follower
Overshoot Vin=100mVpp 10 %
€ =100pF, R =600
Ay Gain f=10kHz 22 Vimy
GBW Gain bandwidth product C: =100pF, R =600Q 10 MHz
SR Slew rate 9 Vips
Your=£10V 140 kHz
Power bandwidth Vour=t14V, R =6000, 100 kHz
Vee=118Y
1997 Sept 29 4




Philips Sermiconductors

Product specification

Internally-compensated dual low noise
operational amplifier

NE/SA/SE5532/5532A

ELECTRICAL CHARACTERISTICS
Ta=25°C Vg=+15V, unless otherwise specified.

NE/SE5532 NE/SAISES532A
SYMBOL PARAMETER TEST CONDITIONS - - UNIT
Min | Typ | Max | Min | Typ | Max
VNOISE Input noise voltage fo=30Hz 8 8 12 nVAHz
fo=1kHz 5 5 6 nViHz
INOISE Input noise current fo=30Hz 2.7 2.7 pANHZ
fo=1kHz 0.7 0.7 pANAZ
Channel separation f=1kHz, Rg=bk{2 110 110 dB
TYPICAL PERFORMANCE CHARACTERISTICS
Open-Loop Frequency Closed-Loop Frequency Large-Signal Frequency
Response Response Response
120 60 40
TYPICAL VALUES r TYPICAL VALUES Vg = 415V
RF = 10kg; RE = 1000 TYPICAL VALUES
80 N 40 ‘ 30
\ 5 1\
o m
E. 0 \\ ; % RF = 8k£); RE = 1kQ v) 20
g \ g r | \ Vo{p-p)
RF = 1k@2; RE = =
0 0 10 \
" 10 102 107 10* 105 106 107 2 TR 1\:1..s 107
103 10t 105 108 107 108 f(Hz
f {Hz) f tHa) )
Output Short-Circuit Current Input Bias Current Input Commom-Mode
Voltage Range
an 14 30
Vg = #15V Vg =15V TYPICAL VALUES
60 12
20
LT . I o /
(mA) D AL (mA} ViN (V) 4
20 04 10
; N
-
--a---...._____
0 0 0
55 26 0 25 50 75 100 +125 55 25 0 25 50 75 100 +125 ¢ 10 20
TA {°C} Ta(°C)
A A Vp; iy (V)
Supply Current Input Noise Voltage Density
6 1072
Ip=0
10
. TYP pp
Ip /
N v/ iHz 1
(mA}
2
10~1
-2
0 " 10 02 102 M4
) 10 20 f{Hz)
Vp; iy (V) SL00334

Figure 3. Typical Performance Characteristics
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Philips Semiconductors Product specification
Internally-compensated dual low noise NE/SA/SE5532/5532A
operational amplifier
TEST CIRCUITS
Rs
250
Rp
v () é Rg 1|),,FI § 8000
- - - ) Voltage-Follower
Closed-Loop Frequency Response
5L00335
Figure 4, Test Circuits
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Philips Semiconductors Product specification

Interpally-compensated dual low noise operational NE/SA/SE5532/5532A
amplifier

DIP8: plastic dual in-line package; 8 leads (300 mil) SOT97-1

]<- sealing plane
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DIMENSIONS (inch dimensions are derived from the criginal mm dimensions)

A A {1
UNIT | B i [mex | P | B | B2 | e DM ED | e e f oL | Me [ My | ow | 2
173 | 053 | 107 | 036 | a8 | 648 360 | 825 | 100
mm ;42 | 051 | 32 | 4y, | o3 | cao | 028 | sz | 20 | B%Y | 762 | g5 | 7m0 | sa ; %254 135
inches 0.088 | 0.621 | 0.042 | 0.014 | 0.30 | 0.28 0.t4 | 032 | 039
037 | 00201 013 | 44 | 0015 | 0,085 | 0.009 | 0a6 | 024 | @10 | 080 | oo | ga1 | oaa | OO | 0045
Note
1. Ptastic or metal protrusions of 0.25 mm maximum per sife are not incfuded.
REFERENCES EU
OUTLINE ROPEAN ISSUE DATE
vy
SOT97-1 050G MO-001AN == @ PP
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0.050 (1.27) - @
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-

SEATING
PLANE

0.200 (5.08)
0.165 {4.19)

0.165 {4.19)
0.125 (3.18}

0.023 (0.58)
~' L— Thi510.38) @ 7 | E D ®|0.010 (0.250)@

NOTES:

1. Controlling dimension: Inches. Millimeters are
shown in parentheses.

2. Dimension and tolerancing per ANSI Y14, 5M-1982.

3. T, “D", and “E" are reference datums on the bod
and include allowance for glass overrun and meniscus
on the seal line, and lid to base mismatch.

4. These dimensions measured with the leads
constrained to be perpendicular to plane T.

5. Pin numbers start with Pin #1 and continue
counterclockwise to Pin #8 when viewed
from the top.

0,320 (8.13)

0.290 (7.37)

{NOTE 4}
| T

0.175 (4.45)

0.145 (3 68}

0.035 (0.89) |
0.020 {0.51) 1

0. 300 {7 62) “—>|

{(NOTE 4)
0.395 (10.03}
0.015 (0.38) 0.300 (7.62) 52)
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Product specification

Philips Semiconductors

Internally-compensated dual low noise operational NE/SA/SE5532/5532A

amplifier
S08: plastic small outline package; 8 leads; body width 3.9mm S0T96-1
f——D——» E {al
217>
A
L. )\
- o] \ /
| N
]y He ={v®@lA]
—i 7 .-
g H ’ |:| [] 6
1
' T \ Q
L U | Az
] + Aq S g A
pin 1 index ! l_.‘ J,
/ 0
/ T HE
1 ’ H 4 L
~|b,,
0 2.5 5mm
| IR S R TR N A T S T |
scale
RIMENSIONS (inch dimensiong are derived from the original mm dimensions)
A
UNIT | oo | A | A2 | As | by ¢ | oM | E@| o He L L, | @ v w vy | 20| o
0.25 1.45 0.49 | 0.25 5.0 4.0 6.2 1.0 0.7 0.7
mm TS g0 | 1251 O 1036 [ 019 | a8 | as { "P7| 58 | M5 | 04 | 08 | 025025 | 01 ] g5 | g
0.0088| 0.057 0.019 |0.0098! 020 | 0.15 0,24 0.039 | 0.028 00287 0°
inches { 0.069 |5 00as| 0.049 | %O | 0.014 [0.0075| 0.19 | 0.16 | %0%°| 023 | %947 | o016 | o024 | 007 | 001 | 0004 5y
Notes
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included,
2_Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES EUROPEAN ISSUE DATE
VERSION |EC JEDEC ElAd PROJECTION
SOTY6-1 076E03S MS-012AA == @ PP
9
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Philips Semiconductors

Product specification

Internally-compensated dual low noise operationai
amplifier

NE/SA/SE5532/5532A

§016: plastic small outline package; 16 leads; body width 7.5 mm $0T1621
- D . E—p—A]
ST~ X
=7 3 /’ N
-— 1 1 - - 1 L] T J
pilninininininl K RS
Pl ~_ 7
Ol - He = {=[v@[A]
—.]Z
wﬁﬂ HAHH AR
¥
! T \ Q
i T - - - - Az }
Aq 1 a4
I 4y
pin 1 index Q +_79
(4 T \ = Lp %"
1 ﬁ tHl B 8 detail X
[T
[
0 5 10mm
| L 1 1 L 1 1 1 i 1 |
scale
DIMENSIONS (inch dimensions are derived from the original mm dimenslons)
A
UNIT | o | At | A2 | Ag | by | ¢ TDMIEDN] o [HE| L | L[ @ v w y |z e
0.30 | 245 049 | 032 | 105 | 7.6 10.65 11 ] 1.1 0.9
mm o 265 1 o0 | 225 { 925 [ 056 | 023 | 101 | 7.4 [ 727 {1000 T | o4 | 10 [ 929025} 01} G| e
) 0.012 | 0.096 0.019 | 0.013} 0.41 | 0.30 0.42 0.043 | 0.043 0035 ©°
inches | 010 | 5 004 | 0.080 | %91 [ 0.014 | 0.008 | 0.40 | 020 | 2050 | g.39 [ 0055 | g1 | 0lgag | 001 | 001 {0004 | 5'ole
Note
1. Plastic or metal protrusions of 0.15 mm maximum per side are not included.
REFERENCES
VERSION PROJECTION | 'SSUEDATE
iEC JEDEC EiAJ
SOT162-1 075E03 MS-013AA == @ Py
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Philips Semiconductors

Product specification

Internally-compensated dual low noise operational
amplifier

NE/SA/SE5532/5532A

DIP16: plastic dual in-line package; 16 leads (300 mil}

SOT38-4

-

[ seating plane

pa
g
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L el
T

pin 1 index 1

[ P ——

AL LL]
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Elwampw]

1

0 5 10 mm
| ST S R T B |
scale
DIMENSIONS (inch dimenslons are derived from the original mm dimensions)
A Ay Ay 0 m z
UNIT max. | min. | max b by b2 c D E ° e L Mg My w max.
173 [ 053 | 1.25 | 036 | 19.50 | 6.48 360 | B.25 | 100
mmo | 42 | 051 32 | 95 | o38 | 085 | 023 | 1855 ) 620 | 2% | 782 | 305 | 780 | g3 | 0254 | 076
inches 0.068 | 0.021 | 0.049 | 0.014 | 077 | o028 014 | 032 | 039
017 | 0020 | 093 | 5'oni | 0015 | 0.033 | 0062 | 073 | 024 | 010 | 030 | 5o | pigg [ o3 | ©01 | 0080
Note
1. Plastic or metal protrusions of 0.25 mm maximum per side are not included.
OUTLINE REFERENCES UROPI
E EAN ISSUE DATE
VERSION IEC JEDEC EIAJ PROJECTION
924147
SOT38-4 'E‘ @' 95-01-14
1"
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Philips Semiconductors Product specification

Internally-compensated dual low noise operational

NE/SA/SES532/56532A

amplifier
DEFINITIONS
Data Sheet ldentification Product Status Definition
Objective Specification Formative or In Deslgn This data sheet contains the design target or goal specifications for product development. Specifications

may change In any manner without notice.

This data sheetcontains prefiminary data, and suppfementary data will be published at a [ater date. Philips
Preliminary Specification Preproduction Product Semiconductors reserves the right 1o make changes atany time without notice in order to improve design
and supply the best possible product.

This data sheet contains Final Specifications. Philips Semiconductars raserves the rightto make changes
at any tima without notice, in order to improve design and supply the bast possible product.

Product Specification Full Productlon

Philips Semiconductors and Philips Electronics North America Gorporation reserve the right to make changes, without notice, in the products,
including circuits, standard cells, and/or software, described or contained herein in order to improve design -and/or performance. Philips
Semiconductors assumes no responsibility or liability for the use of any of these products, conveys no license or title under any patent, copyright,
or mask work right to these products, and makes no representations or warranties that these products are free from patent, copyright, or mask
work right infringement, unless otherwise specified. Applications that are described herein for any of these products are for illustrative purposes
only. Philips Semiconductors makes norepresentation or warranty that such applications will be suitable for the specified use without further testing
or modification.

LIFE SUPPORT APPLICATIONS

Philips Semiconductors and Philips Electronics North America Corporation Products are not designed for use in life support appliances, devices,
or systems where malfunction of a Philips Semiconductors and Philips Electronics North America Corporation Productcan reasonably be expected
to result in a personal injury. Philips Semiconductors and Philips Electronics North America Corporation customers using or selling Philips
Semiconductors and Philips Electronics North America Corporation Products for use in such applications do so at their own risk and agree to fully
indemnify Philips Semiconductors and Philips Electronics North America Corporation for any damages resuiting from such improper useé or sale.

Philips Semiconductors © Copyright Philip's Electronics North. America Corporation 1997
811 East Arques Avenue All rights reserved. Printed in U.S.A.
P.O. Box 3409

Sunnyvale, California 94088-3409
Telephone 800-234-7381 :
print code Date of release: 04-96

Document order number: 9397 750 01699

Leté make things better
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National
Semiconducior

LM741
Operational Amplifier

General Description

The LM741 series are general purpose operational ampiifi-
ers which feature improved performance over industry stan-
dards like the LM709. They are direct, plug-in replacements
for the 709C, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
cation nearly foolproof; overload protection on the input and

August 2000

output, no latch-up when the common mode range is ex-
ceeded, as well as freedom from oscillations.

The LM741C is identical to the LM741/LiM741A except that
the LM741C has their performance guaranteed overa 0°C to
+70°C temperature range, instead of -55°C to +125°C.

Features

Connection Diagrams

Metal Can Package

NG
&)

OFFSET NULL v‘

INVERTING INPUT(Z) } (&)

NON=INYERTING INPUT

00834102
Note 1: LM741H is available per JM38510/10701

Order Number LM741H, LM741H/883 {Note 1),
LM741AH/883 or LM741CH
See NS Package Number H08C

Ceramic Flatpak

e—e H 7 ne
+OFFSET NULLII"‘__'—: :::I N
U] LM74W v
+INPUT [ _ 1 outeut
v-— B oFFsET UL

00934106

Order Number LM741W/383
See NS Package Number W10A

Typical Application

Dual-In-Line or $.0. Package

A
OFFSET NULL = 1 gh=ne
INVERTING INPUT —] 2 7l-v
NON=INVERTING — 3 & |—ourpPur
INPUT
v =4 5 |~ OFFSET NULL

00924103

Order Number LM741J, LM741./883, LM741CN
See NS Package Number JOSA, MOSA or NOBE

Oftfset Nulling Circuit

!

00934107

© 2004 National Semiconductor Corporation DS008341

www.national.com
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" LM741

Absolute Maximum Ratings (note 2)

If Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Office/

Distributors for availability and specifications.

(Note 7}

Supply Voltage

Power Dissipation (Note 3)
Differential Input Voltage

Input Valtage (Note 4)

Qutput Short Circuit Duration
Operating Toemperature Range
Storage Temperature Range

Junetion Temperature
Soldering Information

N-Package (10 seconds)
J- or H-Package (10 seconds)

M-Package

Vapor Phase {60 seconds)
Infrared {15 seconds)

LM741A
122V
500 mW
30V
15V

Caontinuous
-55°C to +125°C
~65°C to +150°C

150°C

260°C
300°C

215°C
215°C

LM741
+22V
500 mW
30V
+15V

LM741C
*18V
500 mwW
30V
+15V

Continuous
-55°C to +125°C
-65°C to +150°C

Centinuous
0°C to +70°C
-65°C to +150°C

150°C

260°C
300°C

215°C
215°C

100°C

260°C
300°C

215°C
215°C

See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability” for other methods of

soldering
surface mount devices.

ESD Tolerance {Note 8) 400V 400V 400V
Electrical Characteristics ot 5)
Parameter Conditions LM741A LM741 LM741C Units
Min | Typ| Max | Min 3§ Typ | Max | Min | Typ | Max

Input Offset Voltage T, =25C
Rg £ 10 k2 1.0 | 5.0 201 60 my
Rg < 50Q 08 3.0 my
Tamin £ Ta £ Tamax
Rg < 500 4.0 mvy
Rs < 10 kQ 6.0 75 [ mv

Average Input Offset 15 uvrc

Voltage Drift

Input Offset Voltage Ta = 25°C, Vg = £20V +10 *15 =15 my

Adjustment Range

Input Offset Current Ta=25C 3.0 30 20 | 200 20 | 200 | nA
Tanin < Ta £ Tamiax 70 85 | 500 300 | nA

Average Input Offset 0.5 nASC

Current Drift

Input Bias Current T, =25C 30 80 80 | 500 80 | BOO nA
Tomm € Ta € Tapax 0.210 15 08 | pA

Input Resistance Ta =25°C, Vg = £20V 1.0 | 6.0 03| 20 0.3 | 20 MQ
Tamin € Ta £ Tamax: 0.5 MQ
Vg = £20V

Input Voltage Range T, =25°C 12 | =13 v
Tamn © Ta < Tamax 12 | £13 v

www.nationai.com 2




Electrical Characteristics ote 5) (Continued)

Parameter Conditions LM741A LM741 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
arge Signal Voltage Gain  {T, =25'C, B, 2 2 kQ
Vg = 220V, Vg = 15V 50 V/imv
Vg = 218V, Vg = =10V 50 | 200 20 | 200 Vimy
Tamm & Ta € Tamax:
R, = 2 k2,
Vg = £20V, V, = 215V 32 Vimy
Vg = 218V, Vg = £10V 25 15 vimv
Vg = 35V, Vg = £2V 10 vimy
utput Voltage Swing Vg = £20V
R_=210k0 16 v
RLz2kQ +15 v
Vg = 215V
R =210 k& +12 | £14 +12 | 14 v
R, =22 k2 +10 | 13 10 | £13 v
utput Short Cirouit Ta=25C 10 25 35 25 25 mA
urrent Tamn € Ta € Tapax 10 40 mA
ommen-Mode Tanmine = Ta = Tamax
gjection Ratio Rg £ 10 kQ, Vo, = 212V 70 | 90 70 | 90 dB
Rg < 500, Vg, = £12V 80 | 95 dB
ipply Voltage Rejection Tamin < Ta & Tapax:
atio Vg = 20V to Vg = 5V
Rg < 5082 86 96 dB
Rg £ 10 kQ 77 96 77 96 dBe
ansient Response T, = 25°C, Unity Gain
Rise Time ges: 08 0.3 0.3 ps
Qvershoot 6.0 20 5 5 %
indwidih {Note 6) T, =25C 0437 | 1.5 MHz
ew Rate T = 25°C, Unity Gain 03 | 07 0.5 - 0.5 Vius
ipply Current Ta=25C 1.7 28 7] 28] mA
wer Consumption T, =25'C
Vg = £20V 80 | 150 mw
Vg = 15V 50 [ 85 50 | 85 | mwW
LM741A Vg = 20V
Ta= Tamin 185 mw
Ta = Tamax 135 mw
LM741 Vg = %15V
Ta = Tamin 60 | 100 mwW
Ta = Tamax 45 75 mwW

Note 2: "Absolute Maximum Ratings” indicate limits beyond which damage te the device may occur. Operating Ratings indicate condifions for which the device is
unctional, but da not guarantee specific performance limits.

www.national.com
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LM741

Electrical Characteristics (note 5) (Continued)

Note 3: For operation at elevated temperatures, these devices must be derated based on thermal resistance, and T; max, (listed under “Absolute Maximum
Ratings”). T)= Ty + (8 Pp)-

Thermal Resistance Cerdip (J) | DIP (N) | HO8 (H) { SO-8 (M)
B (Junction to Ambient) 100°C/W | 100°C/W | 170°C/W | 195°C/wW
8, (Junction to Case) N/A N/A 25°C/wW N/A

Note 4; For supply voltages less than £15V, the absolule maximum input voltage is equal to the supply voltage.

Note 5: Unless otherwise specified, these specifications apply for Vg = +35V, -55'C £ Ta 2 +125°C (LM741/LM7414). For the LM741G/LMTHE, these
specifications are limited to 0'C < T4 < +70°C.

Mote 6: Calculated value from: BW {MHz) = 0.35/Rise Time{ps).
Note 7: For military specifications see RETS741X for LM741 and RETST41AX for LM741A.
Note 8: Human body model, 1.5 kR in serfes with 100 pF,

Schematic Diagram

. - o N vt
s as mAE:l———\ 013
; — 1 o
3 2 INVERTING [
NON=INVERTING
o] 02 RS
INPUT INPUT $ ;K WA
R7 15 -
45K
o1
30pF
03 #F] rs > Rg-
/{ 04 75K 2 2%
WA )
p [
< a7 ) kms T—ourpur
I\A < Ri0
< 50
{ 017
N I) a6 Q10 ~ |A)
Q5 r—Gﬂ in/i I\?zo
OFFSET NULL— 5_OFFSET
NULL
Rl <SR} <R R4 SR2 S RN
1k S50k 31k 5K $ 50k S s
v

00934101
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Physical Dimensions inches (milim

eters)
unless otherwise noted
-« 3500370
{8.290—0.398)
OIA 0.315—-0.335
{6.007 —B.509) DIA
MAX
1 0.025
——=. INCONTRQLLED
0.165—0.185 | {7.635)
{4,787 — 4.599) j LEAD DIA
Y — ]
REFERENCE PLANE -— t ws I SEATING PLANE
0500~ 70.889) T ﬁ_ 0.015 —0.840
T n {0.381—-1.D16)

el

_’H<_ 0.16~0.019 A TYP

{0.406 —0.483)

0.195-0.205 DIA
14.953 -6.207) PG,

0.100

2o

0.029 --B.046

{0737 1143
0.026—0.034
{0.711-0.864) 0.115—0.145
- (2.921—3,683)

& oA

45° EQUALLY
SPACED

HOBC {REV E}
Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741AH-MIL or LM741CH
NS Package Number HOSC

www.national.com
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LM741

0.290
0,320
[}
1 0.180
WaX

|
95% £ 5° TYp NJI

0.310

0.410 |
0008
0012

Physical Dimensions inches (millimeters) unless otherwise nated (Continued)

0,400 MAY ——
R0O.010 TYP
0.220  0.310 MAX
0.291 GLASS
R0.025 TYP L
[T [2F T L]
0.045
~ 0.065 11"
—a| le— 0.005 GLASS
MIN / SEALANT
f VA
0.200 3.020
MAY 0.060

BDTH ENDS

LW
= | 4

i I 5.125  MIN
: 0.200 I

800+ 4° TYP

0.150

0.01810.003 TYP

0.100£0.010 TYP

Ceramic Dual-n-Line Package (J)
Order Number LM741J/883
NS Package Number JO8SA

Bual-In-Line Package (N)
Order Number LM741CN
NS Package Number NOSBE

0.973-0.400
“‘”mm T0.4)
0.080
™ [ e
oowz A [slI5 10032 £0.005
{2.aat} ~3 e {813 0.127)
PIN K. 1 IDENT @ %, D.250:£0.008 AAD
: . {8.35:20.127) PIN N0. 1 IDENT:
oFToNT 1 T e
INEgERC)
0.200
™™ T m,TYP—>| le— - OPTION 2
0.300-10.320 {0.762) — —_— 0.145-0.260
™ ve-tim | { 2""i1°j[- (0.851) (2,683 5.080)
. i ¢ Rl 14 pamnac )
h [T1L] [3.30220.127)
i LA 0.125-0.140
UL pomsamn) o
g.o09-go1s _ W= - i (1.651) 6994 4* o508}
(0.729—0.381) biA ™" W
0.040 HOM 0.018:40.003
0328 * g gy T et z0.075)
fpass” 1'u15) 010040010
2636 (2.54020.254)
0.04520.015
{1.143£0.381) ; . om
s | )
pam 1 O (EY

Josk {REY K}

www.national.com




PhySical Dimensions inches (milimeters) unless otherwise noted (Continued)

0.080 oy (e [+0.270 MAX-]
0.055 0.050 £ 0.005 —-, |<— —w| {4~ 0,005 MIN TYP
0.035 | L LA R
0.028 10 6
TYP T
0.370
| 0.250
T
H
0.270 MAX 0.260 "
GLASS 0.238
l r 0.012
"““ { 0.008
_/d DETAIL A
DETAIL A osg
1 0.250
PIN #1 l
IDENT 1 - Ts w1aa (REV E)
0.006 |l |
0.004 0.018 __I 0.045
P - 043 MAX
g0t TP ke TP

10-Lead Ceramic Flatpak (W)
Order Number LM741W/883, LM741WG-MPR or LM741WG/883
NS Package Number W10A

ational does not assume any responsibility for use of any circuitry described, no circuit patent licenses are implied and Nationat reserves
e right at any time without notice to change said circuitry and specifications.

or the most current product information visit us at www.national.com.

FE SUPPORT POLICY

ATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT DEVICES OR SYSTEMS
ITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PRESIDENT AND GENERAL COUNSEL OF NATIONAL SEMICONDUCTOR

JORPORATION. As used herain:

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 instrugtions for use
provided in the labeling, can be reasonably expecied to result

2. A critical compenent 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.

in a significant injury to the user.

ANNED SUBSTANCE COMPLIANCE

itional Semiconductor cerifies that the products and packing matesials meet the provisions of the Customer Products Stewardship
recification (CSP-8-111C2) and the Banned Substances and Materials of interest Specification (CSP-2-11152) and contain no “Banned

ibstances” as defined in CSP-9-11152.

Americas Customer

Support Center

Email: new.feedback@nsc.com
Tel; 1-800-272-9559

a Natienal Semisonduciar

Fax;

Emall
Deutsch Tal:
English Tal
Frangais Tel:

/w.national.com

National Semiconductor
Europa Customer Support Center

+49 {0) 160-530 85 86
aurope.support@nsc.com
+49 {0} 69 95086 6208
+44 (0) 870 24 ) 2171
+33 (8) 141 91 8790

National Semiconductor
Asia Pacific Customer
Support Center

Email: ap.supperi@ nsc.com

Nationat Semlconductor

Japan Customer Support Center
Fax: 81-3-5639-7507

Emall; jpn.fesdback@nsc.com

Tal: 81-3-5639-7560
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