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ABSTRACT

Documentation of the automatic electronic control of the level of LPG in air in a
confined space can be viewed in this project. Humans are increasingly becoming
dependent on petrochemical products for their daily life. Ignition of these
combustible products can have catastrophic effect especially in a confined space
where there exist limited amount of air. Therefore, a sensor is needed to monitor the

level of gases in homes and also in industry to avoid all possibilities of the accidents.

The aim of this project is to design an automatic electronic control of the level of
flammable gases in a closed chamber as one of the solution in curbing the
concentration of these gasses from increasing in air and reaching its lower explosive
limit (LEL). Literature review was done in order to select the suitable sensor and the
appropriate circuit. Some lab work was also conducted to verify all the findings and

simulate the circuit designed.

After simulation, the circuit was designed and tested on breadboard. Graphs of
voltage changes versus time and when exposed to gas was plotted. From detailed
analysis using the spreadsheet provided, it was demonstrated that the sensor is very
sensitive and its response time is less than a minutes. The circuit is demonstrated to
be working once the sensor is to be working once the sensor is exposed to the gas by

actuating a venting fan. A prototype sensor circuit is finally designed and tested.
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1.1

CHAPTER 1
INTRODUCTION

Background of Study

Liguefied Petroleum Gas (LPG) is the generic name for commercial propane
and commercial butane [1]. These are hydrocarbon products produced by the
oil and gas industries. Commercial Propane predominantly consists of
hydrocarbons containing three carbon atoms, mainly propane (CsHs). They
have a special property of becoming liquid at atmospheric temperature if
moderately compressed and reverting to gases when the pressure is
sufficiently reduced. There is an advantage in using this property to transport
and store these products in the liquid state, where they are roughly 250 times

as dense as they are when in the gaseous state.

This flammable gas is generally used for lighting, space heating, control
heating in a confined space, air conditioning system, hot water supply,
refrigeration and also cooking at home. In addition, it is also used in the
manufacturing plants or factories to for instance maintain the temperature at
certain level by heating and also as heat supply to maintain pressure in the

vessels of the plants.

The capability of all these gasses to create flame or burn once it is exposed to
a spark in an oxygen atmosphere is a very dangerous hazard. The awareness
of this danger has raised concerns on ways or alternatives to avoid accidents

caused by flammable gases.
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1.3

Problem Statement

LPG and Methane are flammable gasses and have caused some home
accidents because people lack awareness of the dangers possessed by these
gases once they reach certain critical limits known as lower explosive limit
(LEL). From a survey made in September 2002, it is found that currently
there are home accidents caused by LPG gas tank explosion {2]. This
hazardous gas is flammable and might cause fire once a spark or fire exist in

the surrounding,

As a reminder or safety precaution, for user attention or to normalized the
flammable gas level automatically once it reaches the dangerous limit, design
of a gas detector is needed to monitor these levels electronically. Therefore,
this project will focus on using a hydrocarbon sensor and designing an
appropriate electronic circuit to detect LPG and methane as well as to control

and keep the levels of these gases below the LEL in a confined environment.

Objectives of Study

To acquire a reliable gas sensor to be applied in the design

To design a suitable sensor circuit and ensure that it is capable of reacting to
presence of 20% of the LEL of LPG set by the designer.

To incorporate a ventilation fan to be automatically activated to normalized
back the level of LPG in air in a confined space or area.

To design a prototype sensor devices.



CHAPTER 2
LITERATURE REVIEW

Enclosure Fire Growth

Generally, fire development in an enclosure is commonly divided into stages.
If we are able to control the fire at an early stage, accidents can be avoided.

Referring to Figure 1, it is clearly viewed that the stages are:

1. Ignition: Process that produce exothermic reaction by an increase in
temperature above the ambient.

2. Growth: Depend on the type of combustion, fuel, interaction with
surroundings and access to oxygen.

3. Flashover: Transition state from growth to fully developed fire

4. Fully developed fire: Energy release in the enclosure is at its greatest and

often limited by the availability of oxygen.

5. Decay
_,_,—u—'—"——'—"_'_'“"‘""‘“‘m
‘\‘,
)
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DECAY

Figurel: Level of stages of fire in a closed enclosure condition

Enclosure fire is much more dangerous than the open fire as there are
remaining gas that cannot be burn because of the lack of oxygen in the space.

Once there is an opportunity to spread to the outside area, a high pressure of
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gas and flame could be seen and it is called thermal feedback where high
flame came out of a compartment opening such as windows etc.

Therefore, it is important for the fire to be avoided. With the sensor that will
trigger alarm or open the venting fan, the level of gas in an enclosure space is

controlled from reaching the dangerous level.

Gas sensors

From researches made through the internet, some relevant materials were
found regarding gas sensors. Generally, there are a few types of gas sensors
available in the market and after doing some literature survey, below are

information and comments made by some rescarchers on the gas sensor

types.

Heinz Petig [3] explains that the detection of gasses by the semiconductor
gas detectors based on tin dioxide (SnO) are not only cheap but also
resilient. The gas contained in the surrounding air chemically combines on
the sensor surface, causing the gas molecule to lose some of the electrical
charge. This in turn increases the conductivity of the semiconductor. In other
words, the conductivity of the sensor element increases in proportion to the
gas concentration. Figure 2(a) shows the mechanism mentioned above. As an
example, the hydrogen gas in the air and oxygen molecules will combine
with each other and produce water and also electron that will be absorb by
the tin oxide layer. The higher level of the hydrogen, it means that more
electrons will be absorb and the higher the resistance and at certain limit will
activate the relay that will activate the alarm or the venting fan. Figure 2(b)
shows the design of the sensor. Basically, the top part of the sensor or the
cover is made of plastic that allow gas penetration. The size is very small and
have four legs where 2 of them are supplying current for heating element and

the other two are to energize the sensor.
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Figure2: Showing how the sensor sense the gas

(b)

Zhenan Tang [4] has similar concepts of the sensor as he explain that tin

dioxide Taguchi gas sensor based on thick film technology was demonstrated

to be sensitive to selected gas such as Hy, NHy, CO etc. The resistance of the

SnO; film decrease due to the removal of chemisorbed oxygen by the gas.

This type of gas sensor operates at high temperature (typically at 450°).

Generally, the semiconductor sensor of any type will have similar

connections. Figure 3 shows the general connection of sensor with the power

supply.

{
e
t

Y

—_—t
:‘E Vout

v 1
- O

)

Figure 3: Cross sectional drawing of the gas sensor



Vy is the heater voitage that needs to be supplied to heat up the sensor to
enable it to trap electrons and increase its resistivity. V¢ is the supply voltage
for the circuit and connected to the sensor resistor that varies with respect to
the amount of electron trapped in the sensor. As more hydrocarbon was
exposed to it, the resistance will decrease as more electrons will be free to
move around the circuit instead of being trap on the sensor. The Vour is the
point where it is connected to the circuit that need to be constructed to

activate the venting fan and ensure the safety of user.

Another type of sensor is the metal oxide semiconductor (MOS) sensor that
measures the change in conductivity from a heated oxidation reaction
(hydrocarbon) on a metal oxide surface which will give a nonlinear and
unstable reading over time and temperature input. However, this sensor

requires frequent calibration to avoid any false alarm [5].

From research made, it is proven that most gases have a unique infrared
absorption line and provides conclusive identification and measurement of
the target gas with little interference from other gases. Since the sensor
elements do not touch the gas, they are not poisoned by contact with the
environment [5]. This type of infra-red sensor applies photonic crystal and
surface plasmon interaction. It uses micro-bridge structure to enable power
efficient heating of device and increase the sensitivity to gas concentration
and level. This has proven that the infrared sensor is much better than the
MOS. However, in term of its price, it has higher price compared to the

semiconductors and MOS.

For the semiconductor sensor, it had been found that there are two applicable
sensors, that is, the Taguchi Figaro sensor model TGS 2610 and Han Wei
sensor model MQ-6.

The Taguchi Figaro Gas sensor model TGS2610 is suitable for flammable
gas , detection and specifically LPG detection. The type is D1 that have low

power consumption. This sensor has two elements in it that is the heater



elements that are place at the reverse side of the chip. It is packed in a metal
can with small holes on top to capture the hydrocarbon gasses into the

sensor. This sensor cost USD 7 per sensor.

Its sensitivity characteristic is explained in detail by referring to Figure 4
below.

Air level

alir
]

FaNi
1
1

1/l
7]
/

f

g, S
e
-\

=Ethanot
= Hydrogen
Methane
tisp-Butane

 Sensor resistance ratio (R§/Ro)

00 e 000 o e 900000 400000
L S GAg cONCeNtraton.(ppmi). Lo s el

TR Re at 1800ppm Carbon iso-Bltarns

Figure 4: The characteristic of TGS2610

The sensor resistor, Rg is normalized according to the sensor resistance at
specific condition, Ro. The y- axis shows the ratio of the sensor and specific
resistance. This Rs has a range between 1 up to 5 V varying depending on
the amount of electron attached on the sensor. This sensor will be applied to

the circuit by taking all the considerations on its characteristics.
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MQ-6

Among the choices, the Han Wei sensor model MQ-6 has been chosen’. This
sensor is made of micro AL20s3 ceramic tube, Tin Dioxide (SnOz) sensitive
layer, measuring electrode and heater. This sensor has a high sensitivity in
LPG, isobutene and propane. The advantage of this sensor is that it has a
very small sensitivity to alcohol and smoke. This ensures that only the real
LPG will be sensed and probability of having a faulty error can be

minimized. It has a very fast response that is approximately 5 seconds.

In term of its physical construction, this sensor has a gas sensing layer made
of Sn0, while its electrode is made of Au, Its heater coil is made of the
nickel-chromium alloy and its tubular ceramic is made of Al,O3. This sensor

is very small and approximately 2 cm diameter.

Figure 5 shows the cross sectional drawing of the MQ 6 sensor .The
enveloped MQ-6 have 6 pin ,4 of them are used to fetch signals, and other 2
are used for providing heating current. Leg A and B is for fetching signal
where its resistance will change according to gas concentration in air while
the heater is for heating the sensor to ensure it is capable to trap oxygen on
its surface at certain temperature. Once connected to the circuit, this sensor
will need the adjustment of the load resistance as the sensor output is
different depending on the humidity condition and also the sensitivity

depends on the environment of its placement.

! The data sheet is available in Appendix 1



Figure 5: Cross sectional drawing of MQ 6

Labels in Figure 5 show the structure and basic configuration of the sensor:

1- Gas sensing layer made of tin dioxide

2- Electrode

3- Electrode line

4- Heater coil

5- Tubular ceramic

6- Anti explosion network made of stainless steel gauze
7- Clamp ring made of copper plating with nickel

8- Resin base made of bakelite

9- Tube Pin for connections made of copper plating nickel
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Figure 6: The characteristic of MQ-6

Figure 6 shows the characteristic curve of the MQ 6 made from observation
and analysis, MQ-6 sensitivity characteristic of several types of gasses in a

normal temperature and humidity.

As the amount of gas increases, the resistance will decrease and allow more
current to pass through. It reaches its lowest resistance at a maximum of
10,000 ppm. We can see that the most influencing type of gas for this sensor
is the LPG and propane. The other gasses will have a higher resistance and
its decrement is very small compared to the two gasses mentioned earlier.

This sensor is made in Taiwan and its cost is USD 2 per sensor.
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2.4  Circuit designs

A few circuit designs were explored during the research and each of them

differ depending on the component parts used.

2.4.1 Using SCR as a triggering element

One of the circuits uses the SCR as a triggering switch and need to be reset

once the alarm and venting fan has been triggered.
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Figure 7: Using SCR to trigger the motor

Referring to Figure 7, Rg at normal condition has a high resistance as the
electrons in the circuit were bonded with the oxygen and hydrogen in the air
on the sensor. Therefore, a small current is only allowed in the circuit. In
order to activate the circuit, a certain amount of voltage must appear on the
R -Rs junction to trigger the SCR and activate the fan motor to switch on the
fan. As more hydrocarbon accumulated in the air , it will block the
absorption of electrons in the air and therefore more electrons are free to
move in the circuit and the resistance Rg goes lower and enough voltage
appear on the R; -Rs junction to trigger the SCR which drives the motor. R4

is used to self latch the alarm. It is wired across the motor so that SCR

11



triggering leg do not fall to ‘0’ as the motor self-interrupts. Q; is a buffer
between R, and SCR. This circuit however will need people to turn the fan
motor OFF manually by using the switch, U2 once the level is predicted to

be normalized.

2.4.2 Using 555 Timer as a triggering element

AL ] BELE LY K1l

Figure 8: Using the timer to trigger the motor

Figure 8 shows the circuit diagram of a gas sensor that will trigger an alarm
once the level of gas increased [6]. The gas-sensitive semiconductor (acting
like a variable resistor in the presence of toxic gas) decreases in electrical
resistance when gaseous toxins are absorbed from the sensor surface. A
25,000 ohm potentiometer (R5) connected to the sensor serves as a load,
voltage-dividing network, and sensitivity control and has its center tap
connected to the gate of SCR1. When toxic fumes come in contact with the
sensor, decreasing its electrical resistance, current flows through the load
(potentiometer R5). The voltage developed across the wiper of R5, which is
connected to the gate of SCR1, triggers the SCR into conduction. With SCR1

now conducting, pin 1-volt supply for the semiconductor elements of the

12



TGS812 in spite of the suggested 10 volts, thus reducing the standby current.
A 7805 regulator is used to meet the 5-volt requirement for the heater and

semiconductor elements.

2.4.3 Using operational amplifier as the triggering element

AR
3

Figure 9: Operational amplifier as the triggering element

Referring to Figure 9, both the operational amplifier inverting input and non
inverting input are connected to a voltage divider supply. As a comparator,
this op-amp will determine when an input voltage exceeds a certain level.
The negative voltage is used to set the fixed reference voltage or limit to
switch on the op-amp. The positive or non-inverting input will receive input
voltage. Once this input exceeds the reference voltage, the output goes to its
maximum positive voltage. For the voltage to turn from maximum negative
voltage back to maximum positive voltage, the input voltage to the non
inverting input must fall below Vyrp(voltage at lower triggering point). To
ensure the hysterisis is minimized, the most essential part is to place a
feedback for the sensor to solve and make adjustments accordingly

depending on the research done.
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CHAPTER 3

METHODOLOGY

In order to make this project successful, a plan has been developed that
covers all methods applied throughout this period of completing this project.
The flow chart of the plan is indicated in Figure 9.

!
f

Research on:
o LPG sensor
e Limits of allowable
gas in air

i

Find alternatives sensors that
fulfill the requirement

4

Select on the sensor and do
money transaction for the
delivery to author

1

Design sensor circuit

1l

Do simulation on specific
software

Circuit construction on
breadboard and PC board

Figure 10: Plan for project completion
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3.1

Research

First of all some research regarding the sensors, specifically hydrocarbon
sensors and its applications is carried out. These researches had been done
during the first 4 weeks of the first semester. All sort of sources are used
such as books in the library, on electronic devices, journals and surfing the
internet. Besides trying to understand the basic concepts of the sensor and its
function, specifications on various sensors related to the project is also

collected as a reference from the vendors.

Meanwhile, survey is done on the prices and availability of all the
components needed such as relay, silicon diodes, potentiometer, capacitors
and the gas sensor that will be use for circuit construction. Surveys are made
at the hardware shops nearby, in this country and further contacts has been

made to the vendors and suppliers of the sensors overseas.

Besides components, price of specific percentage of gas supply that need to
be ordered from MOX need to be known to estimate the expenditure of this
project. Simultaneously, a connection circuit for combining the sensor circuit
and the relay to activate the automatic control is to be designed with the

correct value of the components.

Next, a research on some available sensors in the market had been done to
get a general idea of the expected design of the sensor circuit. This research
was done online and also through some books at the library. Comparison was
carried out by analyzing the sensitivity and response of the sensors once the
gas was detected at certain level. Besides the gas sensor circuits, other
circuits designs were also observed and some modifications made to suit the

project objectives.

15



3.2

33

Sensor Selection

Once all essential research has been done, there was need to select a single
type of sensor to be used in the project. Furthermore, a testing gas supply is
also need to be prepared for future applications. Once the specific sensor had
been chosen, an arrangement for purchasing the sensor was done. Emails
were sent to the manufacturer to ask for the price together with its delivery
charge. It is agreed that the amount that need to be paid is RM218.50, which
is the delivering fee while the sensors were given for free as samples. Once
the deal was done, money was banked in to the manufacturer’s account in the
Bank of China in Taiwan before the sensor was delivered by air. Money

transaction and delivery of the sensor took approximately 14 days.

Sensor Testing

In order to verify the data in' the data sheet and monitor the sensor
performance, a test was conducted solely on the sensor itself. Figure 10 is a
schematic diagram of the sensor circuit indicating the sensor, heater and load
resistance, R;. The procedures below are followed in doing the testing of the

SCNSOor:

W
Bl
O Sw
1.1y

Figure 11: Circuit connection for sensor testing

i. The sensor is connected to the power supply as in Figure 11.

ii. The sensor is heated not less than 24 hours.

16
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3.4.1

3.4.2

iii. Using the Data Studio, the probe is connected to the negative side
of the sensor resistor, Rg and heater leg to measure Vgur as labeled
in Figure 10 and monitor the voltage value at the output

iv. Using the Data Studio, observe the value of voltage at normal
surrounding air across the load resistor.

v. Using a lighter, expose some gas at a distance of approximately 0.5
meter from the sensor.

vi. Using the Data Studio again, observe the voltage during exposure
of gas.

vii. Using timer, note the time for the voltage to normalized back to

normal voltage.

Circuit Construction

Design

The next step is to design a circuit that interfaces the sensor with the fan
motor. Taking examples from findings in the internet and also reference
books, a simple circuit has been constructed. Later after simulations was
done, changes were made from using SCR as a triggering element to using
Operational Amplifier to trigger the fan motor using relay. Once the
breadboard testing was done according to the design, the design was review
and another power supply was added in the relay circuit. For proving

purposes, simulations of the design circuit using software were done before

testing the circuit on board.

Implementation on bread board

Once the circuit was successfully simulated, it was implemented on the
breadboard to verify that the theoretical value used in the simulation is
applicable in real design. The breadboard is considered as a basic board for

basic design. Once implementation on breadboard was done, alterations

* This is to avoid probability of destroying the sensor as it is very sensitive. Exposure at a very short
distance might destroy its sensitivity.

17



3.4.3

3.5

3.5.1

needed to be made on the simulation and design was carried out. Up until the
final design, the bread board implementation circuit and the designing

process is alternately repeated.

Implementation on PCB board

The implementation on PCB was done once the final design was shown to be
successfully working on the bread board. It is more complex to use the PCB
as soldering and connection on the board need to be done extra carefully due
to the sensitive and small size of the PCB. Some intermediate component
such as heat sinks and IC legs need to be used to avoid components from
being destroyed because of the heat experienced during the soldering

Process.

Software used

Design

The software that the designer has been using to construct the circuit is the
Electrical Workbench (EWB) that simulates circuit performance. It is much
more user friendly compared to the PSpice used previously. This sofiware
allows us to choose components needed and change its specification

according to our requirement.
Basically, this sensor has some shortcuts to help user to insert important

component that have already been separated according to its usage. Figure 12

indicates the working space for constructing circuit in the EWB work station.

18
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Figure 12: Electrical Work Bench

The icons on the top part of the EWB represent the electronic components

available for use in the simulation. These parts include:

. Source part - Describes the types of sources available EWB,
including battery, AC voltage source, Ve source and FM source.

. Basic Parts - Describes the basic components available in EWB,
including resistor, capacitor, relay, switch and transformer.

o Diode Parts - Describes the types of diodes available in EWB,
including diac, triac, LED and Zener diode.

. Transistor Parts - Describes the transistor-associated parts in EWB,
including NPN transistor, P-channel JFET, N-channel GaAsFet and
3-terminal enhanced P-MOSFET.

. Analog IC Parts - Describes the operational amplifiers available in
EWB, including 5-terminal op-amp, 9-terminal op-amp, comparator
and phase-locked loop.

) Mixed IC Parts - Describes the analog-to-digital converter, digital-to-

analog converter, mono-stable and 555 timer.

19



3.5.2

. Indicator parts - Describes the indicators available in EWB including
voltmeter, ammeter, probe, bulb, buzzer, 7-segment display and bar
graph.

. Instruments - Describes the different instruments available in EWB,
including digital multimeter, function generator, oscilloscope, logic

analyzer and word generator.

In order to construct a circuit, the mouse is used to click on the parts needed
according to classifications mentioned above and dragged to the blank space
available. Once all components have been selected, they are rearranged
according to the design required. The components are interconnected
together by clicking on each component and joint it next. Once all
components have been interconnected, the switch on the top right side of the

EWB workspace is clicked on to simulate the circuit.

To view the value of voltage or current, a multimeter can be placed
anywhere in the circuit to monitor the changes. This multimeter can act as a

voltmeter, ammeter, and ohmmeter and also for measuring decibels.

Verification of value changes of the sensor using PASCO 750

To verify the data gathered during manual testing, PASCO 750 together with
Data Studio, version 1.7, was used. Figure 13 shows the general over view of
the PASCO once a new experiment is to be created. By just plugging the
sensor into the interface, the necessary setup in Data Studio is performed and
data can immediately be collected. This sofiware is capable of measuring
data at a high frequency and detail and continuous data can be gathered. By
connecting the sensor to the 5V supply and using a probe, the voltage
changes can be monitored and the graph plotted from the moment the heating

process started up to when exposed to gas.

20
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Figure 13: PASCO general view

In order to use the sofiware, there are some steps that need to be followed:

A Science Workshop sensor is connected to any channel on the
interface by inserting the connector to the interface box.

The Data Studio is then opened and the “Create Experiment” icon is
clicked.

In the sensor list, the sensor is double clicked to associate the sensor
with the interface channel in the setup window. Three experiments
can be done simultaneously as there are 3 probes available that can be
connected to any devices at the same time. In Data Studio, the sensor
icon is located in the appropriate channel on the interface picture in
the Setup Window,

PASCO 750 contains a built in function generator for creating up to
eight type of waveform (sine, square, triangle, saw-tooth, ramp up,
ramp down, positive ramp up , positive ramp down and DC voltages)
when the interface is used with the Data Studio. Relevant signal is
chosen when needed by the sensor. It can be chosen by double
clicking the source shortcut available under the sensor shortcut. After
choosing the type of power supply needed, the value required is fixed

according to specifications and the minimum time set for data to be

21



taken. This timing can either be in frequency value (Hz) or in seconds
().

V. In the Display list, any of the display of interest can be opened by
double clicking the icons. (E.g.: Channel A to monitor its
oscilloscope pattern where the user just clicks on Channel A at the at
the top left side under the data setting and drag it to the scope on the
bottom left side of the page. Once this was done, the oscilloscopes
will automatically be displayed for observation)

Vi. The Start button is clicked to collect the data on the main toolbar.
Result: Data appear in real-time in the display
Vil The Stop button is clicked at the main toolbar to stop collecting the

data.

As the sensor need to be heated not less than 24 hours before it can perform
its gas sensing perfectly, a more than 24 hours data need to be collected
before transferring to other sofiware for data analysis. This software will

store the data for observation and plotted the output graph simultaneously.’

¥ Refer Appendix 5
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4.1

CHAPTER 4

RESULTS AND DISCUSSION

The gas to be sensed

(Gasses are odorless and colorless materials that exist in the air that is
important for life as it is needed for breathing and other usage. For instance,
hydrocarbon gas, specifically the Liquefied Petroleum Gas (LPG), is very
important and is widely used for cooking at homes. However, it can be
dangerous when the amount of this gas in a confined space reaches a certain
level in air because of its flammable characteristics when exposed to a small
spark or fire. Furthermore, because it is odorless, it is difficult to detect in the
surrounding environment. Therefore, there is a need for a sensor that is
capable of monitoring the level of flammable gases in air and giving

information for necessary action.

Gas sensitivity security circuits therefore can be used to automatically
activate alarms or trigger a ventilation fan when the monitored gas goes
above the pre- set level. This type of circuit can be use to ensure safety at
home and in industrial plant. For this purpose, the semiconductor gas sensor
made of SnO; is chosen to sense the liquefied pressure gas (LPG) in air and

is described next.

4.2 Sensor Selection and Specifications.

From the two choices mentioned during the theoretical part earlier, the Han
Wei sensor model MQ-6 was selected for the project work. This sensor has
been chosen because of the following reasons. First of all, the supplier has
been willing to give 5 samples of the sensor for study purposes and agreed to
deliver it as soon as possible. This Han Wei manufacturing company is

located in Taiwan while the Figaro is manufactured in United Kingdom.
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Therefore as the Han Wei manufacturing location is near to this country, it is

easier to be delivered.

Besides, its performance is much more promising and a faulty signal can be
minimized as it is capable fo differentiate between alcohol, smoke and LPG
gas. This is very essential as in daily life all these gases exist in the
environment and false alarm can occur if the sensor failed to differentiate
between the alcohol or other type of gases and LPG. Furthermore, comparing
the prices of the two sensors, it is cheaper to use the Han Wel sensor as it
only costs USD 2 per piece and the shipping costs USD 50, while the Figaro
sensor that is manufactured in United Kingdom costs USD 5 per piece and

the shipping cost is much higher.

In terms of its size, MQ-6 is much smaller but more sensitive compared to
the Taguchi Figaro sensor. Figure 14 shows the cross-sectional drawing of

the MQ-6.

L 23mm

H

Figure 14: The Cross sectional drawing of MQ-6

The figure clearly shows that the sensor is very small with a diameter of only
2 cm and needs very small power consumption. This sensor basically has 3
main parts. The first part is its anti explosion network made of stainless steel
gauze ( 6 in Figure 14) that is capable of trapping the surrounding gasses and
prevent occurrence of explosion. The second part is the nickel chromium

alloy heater that allows the electron of the gas to be trapped and attached to

24



4.2

its surface. The last part is the gas sensing layer that changes the resistance of
the sensor as the amount of LPG in air increases or reduces. This layer is
made of SnO,.

This sensor operates by the following principles. During normal conditions,
the sensor will attract electrons from the surrounded air to be bonded with
the one in the circuit. As it is steadily bonded, this sensor will have a very
high resistance and low current will pass through it. However, during a high
level of LPG in ambient air, the sensor surface will be covered with the LP
gas and more electrons will be free in the circuit. Therefore, more current
will pass and at certain limit will activate the fan circuit to ventilate the
room. The heater attached with this sensor is to ensure that the sensor is
heated to the optimum operating temperature for the electrons to be bonded
with the oxygen in the air. For more detail on this sensor, please refer to

Appendix 1

The load resistance connected in paralle] with the sensor is used to control
the amount of allowable LPG in the air and at the same time limit the amount
of current to pass through to activate the circuit. From Figure 14, it was seen
that the load resistance uses a potentiometer. Actually, it is included to
enable the user to change the value of the resistance according to the change
occurring in the environment and at the same time make the sensor more

flexible for use in various surroundings.

Sensor Characteristic Verification

From testing done using PASCO, the data gathered are in Figure 15 which is
a plot of the graph for the voltage value for the first hour testing while was
heated.
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Figure 15: Graph plotted for the first one hour testing (preheat process)

As can be seen, the voltage varies largely during start up of the heating
process. After approximately 5 minutes, it starts to stabilize back and
fluctuates slowly along the way. During this first hour, the value of stable
voltage is still quite low as the sensor is not yet ready as it is not yet

preheated for 24 hours. The voltage value at this hour is around 0.6 V to 0.7

" Time( hours
2 4 6 8 0 12 14 15 13 20 22 24,

~Figure 16: Graph plotted after 24 hours preheated
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Figure 16 shows the graph plotted after 24 hours of prcheat process was
done. As we can sce from this graph, it has stabilized itself between 0.6 to
0.8V.This means that the sensor had stabilized itself and heated itself

completely.

Figure 17 show the graph plotted once the sensor was exposed to the LPG
gas. The time taken for the voltage to go back to its original value is

observed.

#

4 Py #1 :

12 3 4 5 & 7 8 9 10 11 12 13
i Time( minutes ) : i
10

-15

Figure 17: Graph plotted when exposed to LPG gas.
From the graph it is observed that the voltage increased to 1.75 and 3.0 V

once exposed to the gas and it takes approximately 30 seconds before it

stabilized back to its normal value 0of 0.6 to 0.7 V.
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4.3

Sensor Circuit

The sensor circuit combines the sensor internal resistance with the activation
circuit. The Rs at normal condition have a high resistance as the electrons in
the circuit were bonded with the oxygen and hydrogen in the air on the

sensor. Therefore, only a small current flows in the circuit.

As the requirement for this design is to have an automatic ON — OFF of the
fan once the level of gas increases and decreases, respectively, this means
that there is no need of any memory devices such as SCR or timer in the

circuit. Figure 18 is showing the circuit diagram of the system designed.

9 Heis
e
1 Ql
RsfR4 "
B R1 i
Ay
B Op-Amp  LED
—-
* + BJT
3 Fandotorsl ——
2 VarResistorR % - ST

Figure 18: Circuit diagram of the system

This circuit applies the wheat-stone bridge with the op-amp which is used to
detect when the bridge is balanced. One leg of the bridge is connected to the
sensor resistor, Ry whose resistance decreases as the level of gas increases.
The potentiometer (variable resistor), Ry is set at a value equal to the
resistance of the sensor at the critical level of gas. During normal condition,

the transistor (BJT) will be off as the bridge is unbalanced. Once the sensor
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resistance drops as the amount of LPG gas increases in air up to the
resistance value of the potentiometer it will give a high value that will allow
the Vg to pass through the transistor. Once the circuit is thus completed the
relay magnet Q1, will activate the fan and it will be switched ‘ON’. When
the level of the gas drops back to normal conditions, the op-amp comparator
will give a low value and the base of the BJT will not allow current to pass
through the collector to emitter and the circuit will not be completed and the

fan will be OFF automatically.

This system allows the sensor to detect certain level of gas and switch on the
fan to necutralize the air in the closed chamber and switch itself off
automatically once the level of the gas drops to the normal condition®. As
this circuit does not have memory, there is no need of any reset button to put

the fan back to normal conditions.

4.4 Calculations and Discussion

Some calculations were made to determine the theoretical value of the sensor
resistance given in the data sheet and compare this with the actual values
obtained. This was done before implementing the circuit on the bread board.
As the circuit supply uses a 9V battery, a voltage regulator is needed to step
down the voltage to 5V for the sensor heater and resistor. Before testing the
whole circuit, the sensor performance was tested. As stated in the datasheet,
the sensing resistance in air of MQ 6 is at the range of 40 to 400kQY . To

verify the theory, a calculation had been made as follows:

Ve=Vs+ 12
=IRs+V1
=ViRs+V.

* Simulation has been done and the results is shown in Appendix 6(a) and 6(b).
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Therefore,

(VC - VL)
Vi

= RL[E — 1}
Vi

Rs=R:.

Where Rg - Sensor resistance
Ry - Load resistance
V. - Voltage at the load resistance

Ve - Voltage supply or input voltage

From lab testing done, the value of

Vv, =0.6V
Rs = 14740

The Rs value is proven to be in the range specified in the data sheet. In
assuring that the operational amplifier is activated at certain percentage of
LPG level in air, reference is made to the datasheet *that states the normal
ratio of response time as

Rin air

>3
Rin typical gas

Taking the value of Rg in air = 147kQ) , Rs in typical gas should not be more
than 29.3kQ.

For the operational amplifier value of the Vger, calculating the voltage
needed to activate the operational amplifier such that Rg is lower than 29.3 is

calculated as follows:

’ Refer datasheet in Appendix 1
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R load X
R + R, R +R,

SERSOT

Taking R; in gas as 10k(2 and the variable resistance as 9.6k with a voltage
supply of 5V, we need to balance the value of voltage gained with another
voltage at the other leg of the operational amplifier to apply the comparator

role of it,
Taking one of the resistors as 10kQ, the other resistor should be

&xSV Eixg
19.6 [1o0+R]

Therefore,

R=3.9kQ

Once all the value of resistors needed had been determined, the circuit is

constructed according to all the values selected.

A 9V relay is used according to the voltage supplied to the circuit. However,
connected together with the fan at the relay is another power supply just to
allow the fan to turn on as the fan specification is 12 V dc supply. Once the
winding of the relay is energized, the circuit will be completed and the fan

will be ventilating the confined space.

Through some testing done up to this point, the fan will be on for quite some
time as the sensor will drop its resistance rapidly and will recover its
resistance back in approximately a minute . So we can predict that the fan
will be on approximately a minute before the operational amplifier became

unstable again and cut the complete circuit.

Putting all the values in place, the simulation result can be viewed as shown
in Figure 18 and 19. From the simulation data, analysis is carried out and the

design verified.
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Figure 19: Simulation done in condition of normal surrounding air

In Figure 19, the value of the sensor resistance is to be 400kQ2 which is the
value of the resistor at surrounding air. As can be seen, the BJT is not
activated as the value of Vp is lower than 0.7V. Therefore, the relay will not

be activated and the motor will not be on to turn the fan.
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Figure 20: Simulation done in condition of exposure to LPG



From Figure 20, the R value is 10kQ as it is the value of resistor once
exposed to the LPG. The BJT has now allowed supply to pass through and
the relay had been activated and turn on the fan motor. The value of the
output of the operational amplifier is observed to be 6.914V and the relay
circuit is closed. This is proven by observing the voltage value across the

relay circuit that is approximately 9V.
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5.1

5.2

CHAPTER §
CONCLUSION AND RECOMMENDATION

Conclusion

As a conclusion, this project on Electronic control of the level of LPG in air
has been successfully achieved based on the methods specified, researches
done and also progresses made throughout the 2 semesters. Theories on the
sensor had been verified through some lab testing and the simulations done
had ensured the success of this system. A prototype of the detector was
designed and tested and found to functions according to the results and
discussions done earlier. Besides that, it was a beneficial opportunity to have
a hands on experience on applying all knowledge learnt previously in terms
of theoretical concepts and also management skills. At the same time the
exposure given and effort done is hopefully will give a fruitful outcomes at

the: end of this semester.

Recommendation

For improving this design, few recommendations are proposed:

1. It is recommended that this project be extended for using AC power
supply instead of DC so that the battery will not need to be changed
continuously from time to time. In this way, the circuit can be
connected directly to the power supply at homes as it can be used at a

static place at homes and also factories
2. This project can be further improved by using the micro-controller

that is capable of setting the triggering value digitally instead of

calculations needed to be done manually.
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3. The design will be better and less power consuming if new sensors
that need not to be heated are found. This will save time and ensure

that the sensor works perfectly once supplied with specific voltage.
4. Ifthe budget allocation is increased, the testing can be extended using

the actual ppm of gas concentration to have a better accuracy in the

result.
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HANWE! ELETRONICS CQ..LTD

APPENDIX 1

MQ-6

hitp:/fwww_hwsensor.com

TECHNICAL DATA

SENSOR

FEATURES

MQ-6 GAS

* High sensitivity to LPG. iso-butane. propane
* Small sensitivity to alcohol. smoke.

* Fast response .

APPLICATION

Thev are used in gas leakage detecting  equipments in family and industry, are suitable

for detecting of

* Stable and long life

* Simple drive circuit

LPG. iso-butane, propane, LNG, avoid the noise of alcohol and cooking fumes and

cigarette smoke.

SPECIFICATIONS
A. Standard work condition
Svmbol Parameter name Technical  condition Remarks
Ve Cireuit voltage SVH0.1 AC OR DC
Vi Heating voltage V(. ] ACORDC
153 Lond resistance 20K Q
Ry Heater reststance 330 £5% Room Tem
Py Heating consumption less than 730mw
B. Environment condition
Svmbol Parameter name Technical condition Remarks
Tao | Using Tem -10°C-307C
Tas Storage Tem 20C-70C
Ry Related humidity less than 95%Rh
Ch Onvgen concentration 21%4( standard condition YOxvgen ntinimum  value is
concentration can affect sensitivity | over 2%
C. Sensitivify characteristic
Syimhol Paraineter name Technical parameter Remarks
Rs Sensing Resistance 10K Q- 60K & Detecting concentration
(1000ppm LPG ) scope:
200-10000ppm
a LPG , iso-butane,
¢ 1000ppY Concentration slope  rate =0.6 propane,
4000ppm LPG) LNG
Standard Temp: 20C£2C VeVl
detecting Humidity: 65%+5%  Vh: 5V0.1
condition

Preheat time

Over 24 hour

D. Strucywre and configuration, basic measuring circut

Partx Mlatertalx
1} Gas sensing Snlh
layver
2 | Electrode Au
5 | Electrode line T
4 | Heater coil Ni-Cr alloy
5 | Tubular coranue Al
6 | Anti-explosion Stainless steel gavze
netveork (SUS316 100-meshy
7 | Clamp 1ing Copper  plating Ni
8 | Resin  base Bakelite
9.4 Tube Pin Copper platime MNi
«
i @
HoH
; g}
]i o
[




APPENDIX 1

HANWEI ELETRONICS CO,.LTD MQ-6
hitp:/Awvww.hwsensor.com

Structure and configuration of MQ-6 gas sensor is shown as Fig. 1 (Configuration A or B),
sensor composed by micro AL203 ceramic tube, Tin Dioxide (Sn0Oz2) sensitive layer, measuring
electrode and heater are fixed into a crust  made by plastic and stainless steel net. The heater
provides necessary work conditions for work of sensitive components. The enveloped MQ-6
have 6 pin 4 of them arc used to feich signals, and other 2 are used for providing heating
current.

Electric parameter measurement circuit 1s shown as  Fig.2
E. Sensitivity characteristic curve

e - Fig.2
Fig.2 sensttivity characteristics of the MQ-6 8
Hin 1
M2 6 :::? Fig 3 is shows the tvpical
. 1.4 S sensitivity characteristics of
ﬁ&;\ ¢33%H [T, | the MQ-6 for several gases.
o E‘\L|\ | ge— —B—3RYRH I || in their: Temp: 20°C.
< | S | Humidity: 65%.
o 09 e O concentration 21%
0 —® belg | RI=20k0
; v. ¢ A € Ro: sensor resistance at 1000
i 3 o ; I . ! S LPG in the clean air.
-9 s Rs:sensor resistance at various
-10 0 10 20 Tenp 36 40 50 :p: concentrations of gases.
I I 7T ~A AN
T b A
| LPG ' 9 )
| Ll
o
||~ Al cohol B
—rp
_““—Alr—ﬁ poIT
0.1 -
100 1000 10000
SENSITVITY ADJUSTMENT Fig.4 1s shows the typical dependence
Resistance value of MQ-6 is difference to various kinds and  the MQ-6 on temperature and hunidi
various concentration gases. So, When using this components, Ro: sensor resistance at 1000ppm of LPGir

at 33%RH and 20 degree.
Ra: sensor resistance at 1000ppm of LPG 1r
at different temperatures and humiditi

sensitivity adjustment is very necessary. we recommend that you
calibrate the detector for  1000ppm of LPG concentration in air
and use value of Load resistance ( Ry) about 20K Q (10K Q to
47K Q).

When accurately measuring, the proper alarm point for the gas detector should be
determined after considering the temperature and humidity influence.

TEL:86-371-873242 6953352 FAX:86-371-8730444

Email-cancarfM7d nat I
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DISCRETE SEMICONDUCTORS

DATA SFIEET

2N2222; 2N2222A
NPN switching transistors

Product specification 1997 May 29
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APPENDIX 2

Philips Semiconductors Product specification
- ]

NPN switching transistors 2N2222; 2N2222A
B
FEATURES PINNING
+ High current (max. 800 mA} PIN DESCRIPTION
s [ow voltage (max. 40 V). 1 emitter

2 base
APPLICATIONS 3 collector, connected to case

+ Linear ampiification and switching.

DESCRIPTION

3
1
NPN switching transistor in a TO-18 metal package. :2 .
PNP compiement: 2N2907A. 2
3 .

AAM2EL 1

Fig.1 Simplified outline {TO-18} and symbol.

QUICK REFERENCE DATA

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter
2N2222 — 60 v
2N2222A - 75 v
Veeo coliector-emitter voltage open base
2N2222 - 30 v
2N2222A - 40 v
Ic collector curmrent {DC) - 800 mA
Piot total power dissipation Tamp £ 25 °C - 500 mw
heg DC current gain le =10 mA; Vee =10V 75 -
fr transition frequency Ic =20 mA; Veg =20 V; f = 100 MHz
2N2222 250 - MHz
2N2222A 300 - MHz
tonr turn-off time lcan = 150 MA,; Igpn = 15 MA; Igeg = —15 MA - 250 ns

1997 May 29 2



Philips Semiconductors

APPENDIX 2

Product specification

NPN switching transistors

ZN2222; 2N2222A

LIMITING VALUES
In accordance with the Absclute Maximum Rating Systemn (IEC 134).

SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Veeo collector-base voltage open emitter
2N2222 - 60 vV
2N2222A - 75 v
VeEo collector-emitter voltage open base
2N2222 - 30 v
2N2222A - 40 v
VEBO emitter-base voltage open collector
2N2222 - 5 v
2N2222A - 6 v
o collector current (DC) - 800 mA
lem peak collector curmrent - 800 mA
Iam peak base current - 200 mA
Piot total power dissipation Tamp < 25 °C = 500 myw
Tease <25 °C - 1.2 W
Tatg storage temperature -65 +150 °C
T junction temperature - 200 °C
Tamb operating ambient temperature -85 +150 °C
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CCNDITIONS VALUE UNIT
Reh j-a thermal resistance from junction to ambient |in free air 350 Kw
Rinj-c thermal resistance from junction to case 146 KW

1997 May 29




APPENDIX 2

Philips Semiconductors Product specification
NPN swifching transistors 2N2222; 2N2222A
CHARACTERISTICS
T; = 25 °C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
lceo collector cut-off current
2N2222 le=0;Veg =50V - 10 nA
le=0; Vgg =50 V; Tamp = 150 °C - 10 UA
lceo collector cut-off current
2N2222A le=0; Vg =60V - 10 nA
le=0; Veg =60 V; Tamp = 180 °C ~- 10 LA
lego emitter cut-off current ic=0; Vegg =3V - 10 nA
hee DC current gain lc=0.1mA; Ve =10V 35 -
le =1 mA Ve =10V 50 -
lc =10 mA; Vg =10V 75 -
Iz =150 mA: Ve = 1 V; note 1 50 —
lc = 150 mA; Ve =10 V; note 1 100 300
hee DC current gain lc =10 mA; Vo =10 V; Tamp = ~55 °C
2N2222A 35 -
hee DC current gain le = 500 mA; Ve = 10 V; note 1
2N2222 30 -
2N2222A 40 -
VeEsat coltector-emitter saturation voltage
2N2222 lc = 150 mA; Ig = 15 mA; note 1 - 400 myv
Iz =500 mA; Ig = 50 mA; note 1 - 16 A%
VoEsat collector-emitier saturation voltage
2N2222A lc =150 mA; Ig = 15 mA; note 1 - 300 mv
Iz = 500 mA; Ig = 50 mA; note 1 - 1 \'
VBEsat base-emitter saturation voltage
2N2222 I =150 mA; Tz = 15 mA; note 1 - 1.3 v
Iz = 500 mA; Ig = 50 mA; note 1 - 2.6 v
VBEsat base-emitter saluration voltage
2N2222A lg = 150 mA; Ig = 15 mA; note 1 0.6 1.2 v
lg =500 mA; iz = 50 mA; note 1 — 2 \'
Ce collector capacitance lg=ig=0; Vep =10V, f=1 MHz - 8 pF
Ce emitier capacitance lc=i,=0; Veg = 500 mV; f =1 MHz
2N2222A - 25 pF
fr transition frequency le =20 mA; Ve =20 V: f = 100 MHz
2N2222 250 - MHz
2N2222A 300 - MHz
F noise figure lg =200 pA; Ve =5 V; Rg = 2 kQ;
INZ222A f=1kHz; B=200Hz _ 4 dB

1997 May 29 4
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Philips Semiconductors Product specification
NPN switching transistors 2N2222; 2N2222A

SYMBOL PARAMETER CONDITIONS MIN. | MAX. | UNIT
Switching times (between 10% and 90% levels); see Fig.2

ton turn-on lime lcon = 150 MA; Igon = 18 MA; Igegg = —15 mA | - 35 ns

t4 delay time — 10 ns

t rise time - 25 ns

tost turn-off time - 250 ns

tg storage time - 200 ns

tr fall time - 60 ns
Note

1. Pulse test: t, £ 300 ps; 8 < 0.02.

Veg Yoo
Re Re
[ V,
osciloscape (probe) P glProne) oscilloscope
- 450 Q2 4500 .
R2
Vio 1 DUT

R1

MLBBZ6

Vi=05VT=0800us 1, =10ps L =423 ns,
R1=880; RZ=325 0 Rg =325 R =180 0.
Ve =35V Ve =295 V.

Gscilloscope input impedance Z; = 50 £,

Fig.2 Test circuit for switching times.

1997 May 29 5



Philips Semiconductors

APPENDIX 2

Product specification

NPN switching transistors

2N2222; 2N2222A

PACKAGE OUTLINE
Metal-can cylindrical single-ended package; 3 leads S0OT18M13
|<— seating plane
1
1
] YO
(’
2 ] } b
Dy !¢ ]
l {{ }
| l
\_
- A -t L -
Q 5 10 mm
L 1 i £ L L J
szal
DIMENSIONS (millimetre dimensions are derived from the originat inch dimensions)
UNIT A a b 2] 27 j k L w o
5.31 047 | 545 | ayo | 103 | 11 | 150
M| gze | 2% | oa1 | 530 | 455 | poa | as | 127 | 040 45
REFERENCES
OUTLINE EUROPEAN ISSUE DATE
VERSION IEC JEDEC EtAl PROJECTION
SOT18/13 B11/CT lype 3 To-18 {E @ 97.04-15
1997 May 29 6
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Philips Semiconduciors Product specification

NPN switching transistors 2N2222; 2N2222A

DEFINITIONS

Data sheet status

Objective specification This data sheet contains target or goal specifications for product development.
Prefiminary specification This data sheet contains preliminary data; supplementary data may be published later.
Product specification This data sheet contains finat product specifications.

Limiting values

Limiting values given are in accordance with the Absolute Maximum Rating System (IEC 134). Stress above one or
more of the limiting values may cause permanent damage to the device. These are siress ratings only and operation
of the device at these or at any other conditions above those given in the Characteristics sections of the specification
is not implied. Exposure to limiting values for exiended periods may affect device reliability.

Application information

Where application information is given, it is advisory and does not form part of the specification.

LIFE SUPPORT APPLICATIONS

These products are not designed for use in life support appliances, devices, or systems where malfunction of these
products can reasonably be expected to result in personal injury. Philips customers using or selling these products for
use in such applications do so at their own risk and agree to fully indemnify Philips for any damages resulting from such
improper use or sale.

1997 May 29 7
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Argentina: see South Amarica

Australia: 34 Waterloo Road, NORTH RYDE, NSW 2113,
Tel. +61 2 9805 4455, Fax. +G1 2 9805 4466

Atistria: Computerstr. 6, A-1101 WIEN, P.Q. Box 213,
Tel. +43 1 60 101, Fax. +43 160 101 1210

Belarus: Hotel Minsk Business Centar, Bid. 3, r. 1211, Voladarski Sir, 8,
220050 MINSK, Tel +375 172 200 733, Fax. +375 172 200 773

Belgium: see The Netherlands
Brazil: see South America

Bulgaria: Philips Bulgaria Lid., Energeoproject, 15th floor,
51 James Bourchier Blvd., 1407 SOFiA,
Tel. +35% 2 689 211, Fax. +359 2 685 102

Canada: PHILIPS SEMICONDUCTORS/COMPGNENTS,
Tel. +1 800 234 7381

China/Heng Kong: 501 Hong Kong Industrial Technology Centre,
72 Tot Chee Avenue, Kowloon Tong, HONG KCNG,
Tel. +652 2319 7888, Fax. +852 23197700

Colombla: see South America
€zech Republic: see Austria

Denmark: Prags Boulevard 80, PB 1919, DK-2300 COPENHAGEN §,
Tel. +45 32 88 2636, Fax. +45 31 57 0044

Finland: Sinikalliontie 3, FIN-02630 ESPOOC,
Tel. +358 8 615800, Fax. +358 9 61580920

France: 4 Rue du Port-aux-Vins, BP317, 82156 SURESNES Cedex,
Tel. +33 1 40 99 6161, Fax. +33 1 40 99 6427

Germany: Hammerhrookstralie 69, 0-20097 HAMBURG,
Tel. +49 40 23 53 60, Fax. +49 40 23 536 300

Greece: No. 15, 25th March Street, GR 17778 TAVROS/ATHENS,
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APPENDIX 3

General Description

The LM74t series are general purpose operational amplifi-
erg which feature improved performance over industry stan.
dards like the LM709. They are direct, plug-in reptacenrerts
for the 7090, LM201, MC1439 and 748 in most applications.

The amplifiers offer many features which make their appli-
catien neatly foolproof: overload pretection on the input and

&Nationa! Semiconducior

LM741 Operational Amplifier

November 1824

oulput, no latch-up when the comrmon mode range is ex-
ceeded, s weall as freedom from osciliations.

The LM741CG/LM741E are identical to the LM7417LM741A
except that the LM741C/LM741E have thel performance
guarantzed over a 0°C to -+ 70°C femperatre range, in-
stead of —65°C to + 125°C.

Schematic Diagram
7
- - - v
a8 oo 012 a3
4 Kou
3 2 INVERTING l
HON=INVERTING
gt Q2 < RS
HPUT IHPUT S m:0x WA
R? Q15 ]
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a3 sopfl  re > po
| Y 75K i: 25
AR
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p
o7 Vo = ouTeLr
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50
b o7
- a8 o010 ~
05 ats qz.z(i a0
QFFSET NLL = S OFFSET
NULL
Rl SRS £R2 R4 Riz <
1K 350K 1K 5K ok 3 5o
4
—y
TLAARd -k

Offset Nulling Cireuit

!

FLAH/9241-7

E1985 National Semlsonductor Golperation TLAH/Z34T
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APPENDIX 3

Absolute Maximum Ratings

If Military/Aerospace specified devices are requived, please contact the National Semiconductor Sales Offices

Distributors for availability and specifications.
(Note 5)

LM741A LMTA1E LM741 LM741GC
Supply Veoitage 22V +22V + 22V +18V
Power Dissipation {Nota 1) 500 mw 500 mw 500 mwW 500 mW
Differential Input Voltage +30Y +30V +30V =30V
Input Veltage (Mofe 2) + 15V 15V 15V + 15V
Qutput Short Circuit Duration Continuous Continuous Continuous Continuous
Operating Temperature Range ~=55°C to + 125°C 0°C to +70°C —55°Cto +125°C o°Cto +70°C
Storage Temperature Range —85°Cto +150°C —85°C to +150°C —65°C to -+ 150°C —65°C to +150°C
Junction Temperature 150°C 100°C 150°C 100°C
Soldering Information
N-Package {10 seconds} 260°C 260°C 280°C 260°C
J- or H-Package (10 seconds) 300G felo i 30T 300°C
M-Package
Vapor Phase (60 seconds) 215°C 215°G 215°C 215°C
Infrared (15 seccnds) 215°C 215°C 215°C 215°C
See AN-450 “Surface Mounting Methods and Their Effect on Product Reliability'” for other methods of scidering
surface mount devices.
ESD Tolerance (Note 6} 400V 400V 400V 400V
Electrical Characteristics ot 3
LM7 LM7 1 .
Parameter Conditions A1A/LM7ATE 41 LM741C Units
Min | Typ | Max | Min | Typ | Max | Min | Typ | Max
tnput Offset Voltage Ta = 25°C
Ag = 10k 10 | 50 20 | 60 mv
Rg = 504 08 3.0 mvV
Tamin < Ta = Tamax
Rg < 50Q 4.0 my
Hg = 10k 60 7.5 my
Average Input Offset o
Voltage Drift 15 BVC
Input Offset Veoltage Tp = 25°C, Vg = +20V
. =10 = +
Adjustment Range 5 15 Y
Input Offset Current Tp =~ 25°C 3.0 30 20 | 200 20 | 200 nA
Tamin € Ta < Tapax 70 85 | 500 300 | pA
Average Input Offset .
Current Drift 0.5 A"
Inpui Bias Current Ta = 25°C 30 80 80 500 BO 500 nA
Tamin = Ta < Tamax 0.210 1.5 0.8 JTL:S
Input Resistance Ta = 25°C, Vg = +20V 1.0 6.0 0.3 20 0.3 2.0 M1
Tamin < Ta = Tamax:
Vg = 20V 05 Mi
Input Voltage Range Ta = 25°C +12 1 =13 V
Tamin < Ta £ Tamax +12 | £13 v
Large Signai Voltage Gain | Ta = 25°C, R > 2 k4l
Vg = £20V, Vo= =15V | 50 Vimv
Vg = *15V, Vg = =10V 50 200 20 200 V/imy
Tamin = Ta = Tamaxs
RL 2 2 k1,
Vg = £20V, Vo = £1BV | 32 Vimv
Vg = 15V, Vg5 = £10V 25 15 VimVY
Vg = 25V,Vg = +2V 10 v/my
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Electrical Characteristics (note 9) (Gontinusa)

LM?741 LtM7a1C ..
Parameter Conditions LM741A/1M741E Units
Min | Typ | Max | Min [ Typ | Max | Min | Typ | Max
Output Voitage Swing Vg = 220V
Ry = 10k} v
By > 2 kil v
Vg = 15V
Ry = 10 ke 12| 214 12| £14 ¥
Ry = 2k 10| +13 +10 | +13 v
Output Short Circuit Ta = 25°C 10 25 35 25 25 mA
Current Tamin < Ta £ Tamax 10 40 mA
Commen-Mode Tamin = Ta = Tamax
Rejection Ratio Rg < 10 ki), Vou = 12V 70 90 70 90 dB
Rg < 504, Vom = =12V BO i 95 dB
Supply Voltage Rejaction | Tawmm < Ta < Tamaxs
Ratio Vg = 20VtoVg = £5V
Rg < 505} 86 96 dB
Rg < 10 k12 77 o6 77 96 dB
Transtent Response Ta = 25°C, tinity Gain
Rise Time 0.25| 08 03 03 BS
Overshoot 6.0 20 5 5 %
Bandwidth {Mote 4) Ty = 25°C 0437 | 15 MHr
Slew Rate Ta = 25°C, Unity Gain 0.3 0.7 0.5 0.5 V/ips
Supply Current Ta = 25°C 1.7 | 28 1.7 | 28 mA
Power Consumption Ta = 25°C
Vg = =20V 80 150 mw
Vg = £18Y 50 a5 50 85 mw
LM741A Vg = =20V
Ta= Tamin 165 mw
Ta = Tamax 5 my
LM741E Vg = +20V
Ta = TamMin 150 mw
Ta = Tamax 150 mw
LM741 Vg = +15v
Ta = Tamin 80 | 100 mw
Ta = Tamax 45 | 75 mit

Note 1: For operation at clevated temperatures, those devices must be deraied based on thermal resisiancs, and T' max. {isted undor “Absclute Maximum

Ratinga™). Ty = Ta + {¢}a Pp).

Thermal Resistance Cerdip {)) DIP (N} HOB8 (H) 50-8 (M}
) {Junehion to Ambient) 100°C/w 100°C/W 17eG/wW 195°C/W
8 {Jungtion te Gase) NFA N/A 2ECIW NFA

—

Note 2: For supply voltages less than  15Y, the absofute maximum inpul vollage is equal 1o the supply voltage.

Note 3: Unlsss otharwise specified, these specifications apply for Vg == 115V, —58°C = Ty

specificatians are limited o 0°C < Ty < +70°0,

Nete 4: Galoulated value from: BW {MHz} = 0.35/Rize Time{ps).
Nete 5: For military specifications soe RETS741X for LM741 and RETS741AX lar LM741A.
Nete 6: Human body model, 1.5 kst in =atigs with 100 pF.

2 +125°C (LM741/EM7414), For tho LM741G7LMT741E, these




APPENDIX 3

Connection Diagrams

Metal Can Package

OFFSET NULL{1)

6‘ (8youtrur
(5)

NON=-INVERTING HPUT (3)

INVERTING INPUT

TL/H/D341 -2

Order Number LM74 tH, Li741H/883%,
LM741AH/883 or LM741CH
See NS Package Number HOSC

Dual-in-Line or S.0. Package

Ly
QFFSET NULL =11 8—NC
INVERTING INPUT—Y2 7t
NGN~NYERTING — 3 6 [—0UuTPUT
INPUT
v —{4 % = OFFSET NULL

TL/H/9341-3
Qrder Number LM741J, LM741J/7883,
LM741CM, LM7491CN or LMT41EN
See NS Package Number JO8A, MOBA or NOBE

“LM741H is available por JM38510/10101

Ceramic Dual-In-Line Package

Ry
NC =31t 14 = NC
NG —£2 13~ RC
+ OFFSET HULL 43 12=HNC
~iN—f4 11— v+
+HN=-45 10 g OUT
V-=—45 9= - OFFSET HULL
Ne — 7 S NC
FL/H/9341-5

Order Number EM741J-14/883%, LM741AJ-14/883"*
See N5 Package Number J14A

"also available par JMIBSTO/101D]
“*also available per JM3B510/10102

Ceramic Flatpak

ne |:‘2 L) “"::l NC
+OFFSET NULL I:; _E:I NG
-fNPUTL___A LM711W ?:I Vi
+INPUT L] 1 QUTPUT
v—::i :'5_:| ~OFFSET NULL
TL/H/9341-6

Order Number LM741W/883
See NS Package Number W10A
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Physical Dimensions incres mitimeters)

0.350 -0.370
(2.890-9.398)
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03151335
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0300 oEaE] 1815 -0.640
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Yy

© . pa15-9.m9
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- 0.195-0.205 DA
_‘_’ {4.953—5,207} PC.

10-53) (pag ora
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Prpancis i el L.H5-B.145
311 —8.364 158145
i ! \*,// {2.921 —3.683]
Pl oA
*
a5° EQUALLY

SPACED  ~— HOEC (REY B
Metal Can Package (H)
Order Number LM741H, LM741H/883, LM741AH/883, LM741CH or LM741EH

NS Package Number HOBC
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PhVSical Dimensions inches (mitimeters) (Continued)

0,400 MAX
 Nmm [Tl;'t-}

P

0.220  0.3te MaX
/ 0.291  GLASS
80.025 TYP l l
b T2 [2] L[]
0.045
— a.08s 1"
0.290 le— 0.005 GLASS
0.320 ] / SEALANT
A'
T[4 Vs
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WAX 0.200 | 0.029
MAX 068
47 !
T T oodse
i 0,125 My
\ 0.200
/ 20° £ 4° TYP
39459 TYR ' 0.310 0.055 HAX —>|
* a.410 ! l BOTH ENDS H
2.008 8,018+0,003 TYP
0.2
—] 0.100£0,010 TYP

Ceramic Dual-in-Line Package {(J)
Order Number LM741CJ or LM741J/883

NS Package Number JOBA
5,785
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- (] [ [ (][] (o] [
w'gi‘? 0.220-0310
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T & [ G e
1.295-0.320 s . 0.200
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0188 T CE ) st 1220
m.avz)mx 1

15°° TYp Y i
[0 MAX * 0.008-D212 Y I
| oam-tan |y (0203-0.305) 018 +01.083 N

(T $74-10.41) 00% | T 01250200
{2.a88) y . {3.175-5.088)

MAX BOTH ENDS 0100 -0.010 0150

{2540 0.259) ash

MIN VENTISTE Y

Ceramic Dual-In-Line Package (J)
Order Number LM7414-14/883 or LM741AJ-14/88%
NS Package Number J14A

98k {REV X)
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PhYSECE“ Dimensions inches (milimeters) (Gentinued)
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NS Package Number MOBA
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Physical Dimensions inches {millimeters) (Continuad}

0.080 L e
0.055

0.035 ] el
0.026
TYP

0.006 _ ||
0.004
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LIFE SUPPORT POLICY

NATIONAL'S PRODUCTS ARE NOT AUTHORIZED FOR USE AS CRITICAL COMPONENTS IN LIFE SUPPORT
DEVICES OR SYSTEMS WITHOUT THE EXPRESS WRITTEN APPROVAL OF THE PAESIDENT OF NATIONAL

[*0.270 MAX-
0.050 £0.005 —-] r— = [~ 0.005 MIN TYP
e
i F
ia
0.370
0.250
f :
:
D.270 MAX 3.260 "
GLASS 0.238
{'_] 0.412
T 0.008
_/i DETAIL A
DETAIL A os0
0.250

PIN

*1 _i_
IDENT Wi0A {REV £)

“IJL | S
0.018 o __] | 0-045 waX

0.015 Lhid

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

SEMICONDUCTOR CORPORATION, As used herein:

1. Life support devices or systems are devices or
systems which, {a) are intended for surgical implant
into the bedy, ar {b) support or sustain life, and whose
failure 1o perform. when properly used in accordance

with instructions for use provided in the labeling, can affectiveness.
be reasonably expected to resuli in a significant injury

to the user.

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 sysiem, or to aflect its safely or
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LM341/LM78MXX Series
3-Terminal Positive Voltage Regulators

General Description Features

The 1{M341 and LM78MXX series of three-terminal positive  ® Quiput current in excess of 0.5A

voltage regulators empioy builtin cumrent limiting, thermal = No external components

shutdown, and safe-operating area profeclion which makes  m ipternal thermat overload protaction

them virtually immune to damage from output overicads. = Internal shett circuit current-limiting

With adequate heatsinking, they can deliver in excess of w Qutput transistor safe-area compensation

0.5A output curent. Typical applications would include iocal  w Available in TO-220, TO-39, and TO-252 D-PAK
{on-card) regulators which can efiminate the noise and de- packages

graded performance asscciated with single-peint regulaticn. » Cuiput voltages of 5V, 12V, and 15V

Connection Diagrams

TQ-39 Metat Can Package {H)
DUTEUT

anp
IWPUT fease)

DSBS

Bottom View
Order Nurmber LM78MO5CH, LM78M12CH or LM78M15CH
See NS Package Number HOZA

TO-220 Power Package (T}

Gne ————— qineur
KPUT

DsSN104BAG

sioje|nBoy abe}OA SAINISO [BUILLIAL-E SOUOS XXINSLINT/LYEW]

Top View
Order Number LM3417-5.0, LM341T-12, £ M341T-15, LM78MO5CT, LM78M12CT or LM7SMISCT
See NS Package Number TO3B

T0-252

DE0{o4M-18
Tap View
Order Nurmber LM78MO5SCDT
See NS Package Number TDO3B

© 1949 National Semicanductor Corperation PS010484 www.national.com
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Absolute Maximum Ratings ot 1)

if Military/Aerospace specified devices are required,
please contact the National Semiconductor Sales Officef
Distributors for availability and specifications.

Lead Temperature {(Scidering, 10 seconds)
TO-39 Package (H) 300°C
TO-220 Package (1) 260°C

Electrical Characteristics

mathods.

LM341-5.0, LM78MO05C

Storage Temperature Range

Operating Junciion Temperature
Range

Power Dissipation (Nole 2)
input Voltage

5V €V < 15V
ESD Susceplibility

Unless otherwise spacified: Vi, = 10V, C), = 0.33 uF, Co = 0.1 uF

~-65°C o +150°C

-40°C to +125°C
Internally Limited

35V
TBD

Limits in standard typeface are for T, = 25°C, and limils in boldface type apply over the —40°C to +125°C gperating temperature
ranga. Limils are guaranteed by production testing or correlation techniques using standard Statistical Guality Control (SQC)

Symbol Parameter Conditions Min Typ Max Units
Va QOutput Voltage § = 500 mA 4.8 5.6 5.2 v
5mA =1 <560 mA 4.75 5.0 5.25
Pp < 7.5W, 7.5V < V) = 20V
Ve LnE Line Regulation T2V SV <25V I_= 100 mA 50 mv
fL = 500 mA 100
VR LoaD Load Regulation 5 mA <1 <500 mA 100
la Quiescent Current i = 500 mA 4 10.0 mA
Al Quiescent Current Change 5 MA < I < 500 mA 0.5
7.5V £ Wy £ 25V, 1,_ = 500 mA 1.0
Vi Qutput Noise Voltage f =10 Hz to 180 kHz 40 uv
AV Ripple Rejection f =120 Hz, I_ = 500 mA
-AV_U 78 dB
Vin input Voltage Required I, = 500 mA 7.2 v
to Maintain Line Regutation
AV Long Term Stability I =500 mA 20 mV/khrs

www.national.com
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Electrical Characteristics

Limits in standard typaface are for T, = 25°C, and limits in boldface type apply over the ~40°C to +425'C cperating temperature
range. Limits are guaranteed by production testing cr correlation techniques using standard Statistical Quality Control {SQC)

methods.  {Continued)

LM341-12, LM78M12C

Unless otherwise specified: Vi, = 19V, Cy = 0.33 yF, C5 = 0.1 pF

Symbol Parameter Conditions Min Typ Max Units
Vo Output Voltage 1,= 500 mA 115 12 125 \
SmA < <500 mA 1.4 12 12.6
Pp < 7.5W, 14.8V < v, < 27V
Ve une Line Regulation 14.5V < Vyy, < 30V 1. = 100 mA 120 mv
i = 500 mA 240
VR Laan Load Regulation 5 mA <1 <500 mA 240
lgy Quiescent Current I, = 500 mA 4 10.0 mA
Alg Quiescent Gurrent Change & mA < I_ < 500 mA 0.5
4.8V <V £ 30V, I = 500 mA 1.0
Vi Output Noise Vollage f = 10 Hz to 100 kHz 75 HY
AV)N Ripple Rejection f =120 Hz, I, = 500 mA
m K dB
Vin Input Vollage Required I = 500 mA 145 v
to Maintain Line Regulation
AVq Long Term Stability I = 500 mA 48 my/khrs
LM341-15, LM78M15C
Uniess otherwise specified: Vyy = 23V, G = 0.33 pF, G = 0.1 F
Symbol Parameter Conditions Min Typ Max Units
Vo Output Voitage I_= 500 mA 14.4 15 15.6 A
5 mA <1 €500 mA 14.25 15 15.75
P € 7.5W, 18V V) € 30V
Va ung Lire Regulafion 17.6V =V, < 30V 1L = 100 mA 150 mv
1. = 500 mA 300
V= Loan Load Regulation 5 mA <1 <500 mA 300
ley Quiescant Current I = 500 mA 4 10.0 mA
Alg Quiescent Current Change 5 mA <1< 800 mA 0.5
18V € Vg < 30V, I, = 500 mA 10
Va Output Noise Voltage f= 10 Hz to 100 kHz a0 "
AV Rippie Rejection f =120 He, §, = 500 mA
m 69 dB
Vin Input Voliage Required I, = 500 mA 17.6 v
1o Maintain Line Regulaticn
AVg Long Term Stability 1 b= 500 mA 80 mVikhrs

Note 1: Absplute maximum ratings indicale limits beyond which damage 1o the componen! may ocour. Electrical speciiications do not apply when operating the de-

vice oulside o} Hs rated operating condilions.

Note 2: The typical thermal resistance of the three package typas is:
7 (TO-229} package: Byay = 60 'C/W, 8y = 5 'C/W

H (TO-38) package: 4, = 120 'CIW, Bycy = 18 “CIW

DT {TO-253) package: tigay = 92 "CAW, Brgy = 10 T
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Schematic Diagram
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Typical Performance Characteristics

Peak Output Current
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|

Typical Performance Characteristics (Continued)
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Design Considerations

The LM78MXX/LM341XX fixed voltage regulator series has
tuilt-in thermat ovarload profection which prevents the de-
vice from being damaged due to excessive junctich tem-
peraiure.

The regulaters also contain intermal short-circuit protection
which iimits the maximum output current, and safe-area pro-
tection for the pass fransistor which reduces the short-circuit
curret as the voifage across the pass fransistor is in-
creased.

Although the inflernal power dissipalion is automatically lim-
ited, the maximum junction temperature of the device must
be kept below +125'C in order {o meet dala sheet specifica-
fiens. An adequate heatsink should be provided to assure
this limit is not exceeded under worst-case operating condi-
tians {rraximum input voltage and load current) if reliable
performance is 1o be obtained}.

1.0 Heatsink Gonsiderations

When an integrated circuit operates with appreciable cur-
rent, its junclicn temperature is elevated. It is important to
quantify its thermal limits in order to achieve acceptable per-
formance and reliability. This limit is determined by surmming
the individual parts consisting of a series of temperature
rises from the semiconductor junction to the operating envi-
ronmaent, A ona-dimension steady-sfate model of conduction
heat transfer is demonstrated in The heat generated at the

Output Impedance
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(] —
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4

& e &
2 OUTPUT VOLTAGE o
o | BEVIATION o
> [+ 9
s S
£ -0
=1

-2.0

0 0 20 3¢ 40 S0 60

TIME {us)
DSN104B4-4

device junction flows through the die to the die attach pad,
through ihe lead frame to the surrounding case material, 1o
the printed circuit board, and eventually to the ambient envi-
ronment. Below is a list of variables that may affect the ther-
mal resislance and in furn the need for a heatsink.
R™C(Component Variables) R'C*(Application Variables)
Leadirame Size & Maierial Mounting Pad Size, Material,

& Location
Mo. of Conduction Pins Piacement of Mounting Pad
Die Size PCB Size & Material
Die Attach Material Traces Length & Width
Melding Compound Size and Adjacent Heat Scurces
Material

Volume of Air

Air Flow

Ambient Temperature

Shape of Mounting Pad
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DGSign Considerations (continued)

waldod Feckage R
A

Exianded Copon Plore Uunting Ful

DE010484-23

FIGURE 1. Cross-sectional view of Integrated Circuit
Mounted on a printed circuit board. Note that the case
temperature is measured at the point where the leads

contact with the mounting pad surface

The 1L.M78MXX/LM341XX regulators have internal thermal
shutdown fo protect the device from cver-heating. Under all
possible operating conditions, the junction temperature of
the LM78MXX/LM341 XX must be within the range of 0°C to
125°C. A healsink may be required depending on the maxi-

-I' oo

¥

DS0104B4-24

FIGURE 2. Power Dissipation Diagram

The next parameter which must be calculated is the maxi-
mum allowable iemperature rise, T(max):

9, = TR (max)/Pp
If the maximum allowable value for 8, Chv is found to be
260" C/W for TO-220 package or 292" C/W for TO-252 pack-
age, nc heatsink is needed since the package alene will dis-
sipate encugh heat to satisfy these reguirements. If the cal-

mum power dissipaticn and maximum ambient temperature
of the application. To determine if a heatsink is needed, the
power dissipatad by the regutator, Pp, must be calculated:

culated value for 6, fali below these limits, a heatsink is
required.

As a design aid, Table 7 shows the valte of the &, of
TO-252 for different heatsink area. The copper patterns that
we used to measure these B, are shown at the end of the
Application Note Section. reflects the same fest results as
what are in the Table 7

shows the maximum allowable power dissipafion vs. ambi-
ent temperature for theT(-252 device. shows the maximum
allowable power dissipation vs. copper area (in®) for the
TO-252 device. Please see AN1028 for power enhancement
technigues to be used with TO-252 package.

=l tls

Pp ® (VinVaur) It Vinda
shows the vollages and currents which are present in the
circuit.

TASLE 1. ,, Different Heatsink Area

Layout Copper Area Thermat Resistance
Top Sice (in%* Bottomn Side (in?) (8,4 “CIW) TO-252

1 0.0123 ¢ 103

2 0.066 o 87

3 a3 o 80

4 0.53 o 54

5 076 o 52 B
6 1 ] 47

7 ] 0.2 84

8 0 0.4 70

9 0 0.6 63

10 o a8 57

11 I} 1 57

12 0.066 0.066 &9

13 0.175 0.175 72

14 0.284 0.284 81

15 0.392 0.392 55

16 0.5 0.5 53

*Tab of device attached to topside copper
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Design Considerations (continueq)
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Physical Dimensions inches (miimsters) unless olherwise noted

0.350--0.370
{8.850-2.395) 393)

0.315-0.338
0.165-9.185 48 Bg1-8, 509)
(4 191--4.689)

SEATING PLMIEJ 050 l——_+T

hrflﬂ\.ll]) [ 8.016-0.019

A _oaga) VAT
0200
{6.080)
g.108
T 250
£.425-0,020 4
{0.737-1.016} \\ S 100
0.078-0.03 O {2.590)
{0.711-0.854) <<
257
H33A (REY 8)

TO-39 Metal Can Package {H}
Order Number LM78M05CH, LM78M12CH or LM78M15CH
NS Package Number HO3A

AKX wax
b ONTROLLED
¥ 10535) gap pia
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Physical Dimensions inches {millimeters) uniess otherwise noted (Continued)
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Physical Dimensions inches {milimeiers) unless otherwise noted (Gontinued)
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