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ABSTRACT

According to a statistic, In Australia. there are four children who go to an emergency
department of hospital per week averagely due to an injury with swallowing button
cell. Children under five years old face greater risk and the majority of them could
not describe the issue or the object clearly when they swallowed an object. Therefore
in this thesis. I aim to design a button cell scanner for doctors and families so that the
button cell is identified as quick as possible and run an operation for the child if a
button cell was swallowed. In this project, I did substantial research on the difference
between button cells and coins which are similar in sharp and material, as well as
find out a feasible method to solve the issue. Finally, prototypes are manufactured
according to feasible design and improvements. This document reports works that I

have done in this semester as well as problems [ met during experiments.
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Chapter 1

Introduction

Button cell is a kind of battery that is shaped as a small evlinder and as thin as a coin.
It is used for diversely small electronic devices, such as toy cars, electronic dolls and
other gadgets. These devices have been more and more miniaturized nowadays,
voung children swallowing button cells occurs from time to time and they could not
describe the 1ssue clearly due to the age issue. In generally, symptoms of swallowing
a button cell are not different to other children illnesses but coughing, drooling and
discomfort. Parents usually cannot realise their children are under a deadly threaten
in time, missing the prime time of rescue.

If a child swallows a button cell, it usually gets stuck in the throat, a higher risk of
death, it must be taken out immediately and prepare an operation as soon as possible
if required. The reason is that the internal chemical substances inside button cells
could cause chemical reactions that severely cause a localised caustic injury or even
cause death only within couples of hours. Worse, once the burning begins, chemical
reactions and damage could be unstoppable even if the button cell has been removed.

Therefore, the button cell must be taken out as soon as possible whenever a child
swallows one. However, doctors have to spend much time on confirming the object,
especially between button cells and coins due to shapes and matenals, even if use
X-ray to scan the patient. This process usually takes longer time and it could miss the
prime time of rescue

In this project, | am going to design a portable button cell scanner for hospitals,
doctors and families so that they are able to finding out button cells quickly, and
thereby sufferers are able to save more time for treatment that could minimise or
avoid the erisis within prime time.




1.1 Project Goal

This project aims to design a portable button cell scanner for doctors which is
different to the normal metal detector. The main challenge of this project is
discriminating between button cells and coins. Button cells and coins are extremely
close in shapes and material. However, according to literature reviews, the best
method that discriminates coins and button cells is from their manufacturing
materials. Although coins in different countries are made of different metals, such as
copper (US and UK coins), full alloy (Australia) and alloy plated steel (New
Zealand), the most common button cells in use are all made of stainless steel.
Stainless steels have unique physical properties and that could be the key to the
project. Therefore, this project will also focus on discriminating between button cells
and coins. Finally, the scanner is expected to be designed within following
specifications:

Tuble 1.1: the specifications of the button cell scanner

Frequency | Current | Voltage | Dimension | Detection | Detection
(mA) ) (mm) distance | Diameter

(mm) (mm)

30kHz 50 9 200x30x10 10-30 20mm

1.2 Baseline Review

The project is scheduled from 1st August to 28th October (last date of next semester)
and the project must be finished within 13 weeks as required. However, I started from
first day of last holiday to ensure finishing the project on time.




1.2.1 Time Budget Review

the works are scheduled as 13 weeks and there are divided into three following
sections:

Section 1: Pulse indiiction system search and software practices in week 1 to week
Stapproximately 5 weeks)

1.1 doing research on the project

1.2 Basic tests and equipment practices

1.3 Project circuit design

Section 2: prototype making and development in week 6 to week 10(approximately 5
weeks)

2.1 prototype designing and manufacture

2.2 prototype modeling and testing

2.3 solving met problem

2.4 optimising the prototype

Section 3: project summary in week 11 to 13 (approximately 3 weeks)
3.1 presentation
3.2 finishing final project report

A Erd Dada

Task Name Date

= Section 1-project design 00116 (901G | | | Seclion 1-projctdesign
doing research on the project  0B01M16 030216 i 0 doing fesearch on e projes! f./ ™y
Basic tests and equipment 0ROV (30915 | Basic fests and equipment pracsies \ “@y
practives -
Project circuit design 062916 (V0N 16 Prosect cirvud design

- section 2 - prototype making 030516 10007H6 : | secton 2 - prokatype mating
making a prototype 090516 091616 . . Lnal nga prottype
solving met problems 091916 092Y16 . ﬂiwr; met problems
muning lest on the prototype 0926016 093016 . EE ng teston the prolatype
oplimising the prototype 1V0316 100716 uplimising the proolype

= Section 3 - summary 01015 102816 | [ Section 3 - summary
presentation W06 102116 | presentator
frishing epor 101016 102808 | fnsting epar

Figure 1.1: Gantt Chart of 411 project plan




1.2.2 Financial Budget Review

In this project, the total cost should be controlled under $400. However, in my design,
only several capacitors, resistors, inductors, Op-amplifiers (Op-amp), BJT and coils
are used in the project as the core, and most of them are able to be acquired in the lab.
Hence, $400 should cover all cost of the project. If the cost excess $400

unfortunately, I would like to afford the excess cost.







Chapter 2

Background and related work

2.1. History and Developments

By the end of the 19th century, a number of European engineers and scientists who
were specialised in the knowledge of electronic engineering attempted to invent a
machine that was able to detect metals, allowing miners to locate metallic rock which
gave an enormous benefit for all mining companies. However, the early-stage
machine was crude, inefficient and limited. This machined had not been improved
until 1874. In 1874, there is a Parisian inventor called Gustave Trouvé who invented
a hand-held equipment for locating and extracting a bullet from human's body. After
that, the scanner was improving in different filed for a variety of proposes.

2.1.1 Modern Developments

The modemn development of detectors started from the 1920s as a consequence of a
German inventor, Gerhard Fischer, who developed a radio direction-finding system
which was used for accurate navigation. He noticed that his navigation system was
interrupted 1n the region where existed a metallic rock. Therefore, he developed an
equipment which was used a searching coil with his system’s frequency to detect a
metal object and thereby he obtained a patent for it.

During the early vears of World War II, a Polish officer redesigned the detector into
a practical Polish mine detector. This advanced design was widely used in World War
II for clearing German minefield. As the detector was an innovative creation for
military purposes, this intellectual property was kept secret for over 50 years.




2.1.2 Further improvements

with the invention and development of transistors has been spread in the 1950s, all
metal-detector designers and manufacturers attempted to make the equipment lighter
and smaller as well as run in an improved circuit with small battery package to satisfy
a variety of increasing demands.

Modern peak detectors used an integrated circuit technology to allow the user to set
sensitivity, discrimination, track speed, threshold volume, notch filters, etc., and hold
these parameters in memory for future use. In addition, modern detectors are lighter,
deeper, more efficient and more accurate in the term of discriminating an object, such
as underground artifacts, bullets, coins and jewelry. However, the main challenge for
diseriminating an object is that some of them have similar responses such as gold and
tinfoil and alloy, this means the current detector probably has not a capacity to
discriminate them.

2.2 Concept

However ,The basic structure and working principle of this project entirely rely on
electromagnetic induction. in addition, there are two branches are involved in this
report which are magnetism generating electricity and electricity generating
magnetism.

The law of electricity generating magnetism is discovered by Hans Christian
Orsted who 1s a Danish physicist and chemist. In this law, a temporary magnetic
field is able to be generated by an electric current and this magnetic field shortly
disappears when the current is cut off. The generated magnetic field 1s dominated by
the electric current, which means the current is larger the generated magnetic field 1s
strong as well as magnetic direction depends on current’s direction.

Another law is used in this project is Faraday’s law of induction which 1s using
magnetism to produce electricity. This law says that the changing magnetic field is
able to generate an electric current in a wire by spinning the wire or moving the

ferromagnetic source such as magnets.




In this project, a couple of coils are used at both receiver and transmitter terminals
in the electromagnetic induction system to send short and powerful current pulses, a
brief magnetic field is generated from each pulse. If a metal object, such as coins,
button cells, enters the range of magnetic fields, an electric current is generated on
the surface of the object due to the changing emitted magnetic field. This new
current produces another reflected magnetic fields and this reflected magnetic fields
generate another current on coils which is able to be detected by the equipment.
Therefore, electromagnetic induction is the most important and basic concept

throughout the project.

Figure 2.1: Pulse Induction on Object Metalfl]

2.3 Types of Current Major Detectors

In general, the button cell scanner is very similar to the metal detector but more
complicated, it also requires to discriminate between coins and button cells which are
very similar in shape. The best way to design the button cell scanner is that base on a
metal detector design so that it is able to identify the object. However, there are three
ways are used in detecting a metal object which are shown below:
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Beat Frequency Oscillation
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Figure 2.2: Block diagram of the beat frequency oscillation metal detector[1]

There is one transmitting coil and two receiving coils are used in Beat Frequency
Oscillation(BFO). In this approach, these coils are coaxial and the transmitting coil is
placed in the middle between two receiving coils which is shown in figure 2.2, The
receiving coils are connected to a precision differential amplifier and all coils
are connected to oscillators to generate frequencies. However, receiving coils and
transmitting coils work in different frequencies. If a detector 1s moved over a metal
object, the object generates an interference in frequency transmission and the
magnetic field of the transmitter 1s disturbed. At the mean time, the phase and
amplitude of the output voltage are affected as well. This is the evidence of the
existence of a metal object. In this type of detectors, some properties of the metal
object are also able to be determined, such as conductivity, size, by measuring and
analysing the difference of impedance between two receiving coils[1].

9
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Figure 2.3 : A two-transistor sample of beat frequency oscillator2]

Figure 2.3 is a simple example of two-transistor Beat Frequency Oscillator metal
detector. The circuit base on two oscillators, one provide a signal for receivers and
the other send the reference signal to transmitters. In this example, transistor QI,
inductor L1, capacitor C1 and C2 form a Colpitts oscillator cireuit for receivers. On
the other hand. transistor Q2. inductor L2, capacitor C2 and C4 make another
oscillator for transmitters. These two transistors are coupled through resistor R1, R2
and a headphone which has very small impedance. The detector audio frequencies are
sent to the headphone but the high RF frequencies(noise) are bypassed to the ground
by the capacitor C8 in this design.

10
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Very-Low-Frequency Detectors

Fignre 2.4: Very-Low-Frequency metal Detectorsf3]

Figure 2.4 shows a very-low-frequency(VLF) metal detector which operates between
1kHz and 200kHz range. The advantage of this design is that it is able to be highly
accurate and sensitive, This kind of detector has a couple of coils for transmitters and
receivers. In this case, there are two orthogonal coils are used in figure 2.4 design, the
large coil is the transmitter, which sends a strong electric current, and the small coil is
the receiver, which acquires the signal from the main coil and amplifies this weak
signal. If a detector is moved over a metal object, the object generates a magnetic
current which disturbs the magnetic field. The small receiving coil is able to acquire
the interference, filters and sends to a microcontroller with a built-in 10-bit A/D
converter. The microcontroller is able to measure the magnetic flux density and
frequency across the wide VLF bandwidth (BW)[4]. Afier that, the data is sent into
an audio system attached to the metal detector and user is able to tell if there is a
metal object exist. In addition, different metal generates different frequencies and
some strong magnetic metals, such as iron, steel, generate a verv powerful magnetic
field as well. These fields are very distinct and it is able to be discriminated by the
microcontroller.

11
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Figure 2.5 : a example of VLF metal detector[5]

Figure 2.5 is an example of VLF metal detector. In this design, a CS209A integrated
circuit, which is manufactured by Cherry Semiconductor, is used for metal detecting.
(The datasheet of CS2094A is attached at appendix A) This chip has two regulators,
one oscillator, one low-level feedback circuit. In this design, inductor L1, capacitor
Cl and resistor R1 form a detecting circuit. The CS209A microcontroller controls
oscillations of the LC circuit, In this case, L1 1s a single 100uH coil. It a metal object
enters the zone of the detecting circuif, the inductance of inductor L1 is change due to
the metal object’s interference. The change in oscillation 1s collected and amplified
by the microcontroller, the preset voltage output therefore varies and switches are
turned on that LED D1 lights up and the buzzer rings.
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Figure 2.6: Block diagram of the pulse induction metal detector[6]

This method relies on pulse induction(PI). The basically structural concept of this
design is shown in figure 2.6 which consists of four parts, a power supply, a pulse
generation circuit, a coil system(coils, amplifiers and integrators) and an
indicator(meter). The main difference between pulse induction metal detector and
other two detectors is that this detector only depends on a single coil which 1s unlike
other detector relied on two or more complementary coils working together. This coil
sends short and powerful current pulses and a brief magnetic field 1s generated by
cach pulse. When the current is switched off, the magnetic field suddenly reverses its
polarity and generate another electrical spike, which only last a few microseconds(us),
at the end of each pulse. The generated electrical spike cause a new extremely brief
reflected current pulse through back to the coil and this interference is able to be
detected by the coil. However, although the technology is very efficient in finding
metal objects and it has been widely used in the current market such as security check,
it is still very difficult in differentiating the types of metal due to its theorem.
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Figure 2.7 : a example of PI metal detector[9]

Figure 2.7 is an example of PI metal detector which is the simplest method of metal
detectors. In the design, Bl is a DC source which is 6V; Rl and R2 are biasing
resistors for controlling the gain of the BIT, Cl is a bypassing capacitor that filters
high-frequency noise. The oscillator consists of transistor Q1, inductor L1, capacitor
C3, C4 and resistor R3. By varying R1 and R2 to keep the transistor Q1 on the edge
of saturation. If there 1s a metal object enters the detecting range, it interferes the
inductance of L1 so that the peak to peak voltage at the output 1s reduced even goes
to zero if the metal is close enough. By adding a rectifier and control system at the
output, users will be aware of the metal existing in the way they like.
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2.4.1 Oscillators

An oscillator 1s an electronic circuit which generates a repetitive and penodic
alternating current(AC) from direct current(DC). the output Signal 1s usually in the
form of sine or square wave. This generated wave usually has a constant amplitude
and the application of oscillators is often used as the converter to convert a direct
current (DC) signal to an AC signal. However, the frequency of the AC output could
be either fix or variable which rely on the design of the oscillator. Oscillators are
widely used in modern electronic equipment and circuits included radio transmitters,
signals of computer and sounds from beepers or video games.

2.4.2 Types of Oscillators

Oscillators are usually classified by types of the output signal, such as sine wave,
sawtooth wave, square wave and rectangular pulse. However, they have also been
classified by the frequency ranges of output sometimes. In this report, I will introduce
Oscillators by types of the output signal.

LC Oscillators

An LC oscillator is a type of sine wave oscillator which combines inductors and
capacitors in a resonating circuit to generate an AC output. the output of LC
oscillators is a very stable sine wave, in other words, the amplitude and frequency of
LC oscillators will not vary much when DC power supply and temperature change. In
addition, the frequency could be simply varied by using variable inductors or
capacitors, LC oscillators are one of the most widely used oscillators which are
extensively used in the field of transmitting and receiving RF signal.
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RC Oscillators

For some low-frequency proposes, LC oscillators are not a good choice as it required
a very large value of inductors and capacitors. In that case, adding an RC filter could
make the oscillator achieve low-frequency proposes. However, the disadvantage of
RC oscillators is that the output cannot represent as a perfect wine wave and it is
different to design a fixed frequency.

Crystal Oscillators

In some case of requiring fixed high frequency, such as radio frequency or even
higher, quartz crystal is the most common way to achieve this goal as it will change
the Vpp voltage very precisely when it receives a variable input signal. The
frequency of quartz crystal is fixed as long as it has been manufactured from factories
and the physical dimensions of the quartz crystal can tell the frequency of itself. The
crystal oscillators are so much precise that it is widely used in watches, computer
systems or other accurate purposes either in sine wave or square wave.

Relaxation Oscillators

a relaxation also generates sine wave output but in a completely different principle.
and 1t usually comes with two amplifiers. This oscillator generates pulses by fully
turning on and off the power supply in a relatively low frequency although is could
work in either high range or low range of frequencies. The disadvantage of relaxation
oscillators is that it has not stable stage, which means its output is always fluctuating.
Hence, it is majorly used in low-frequency flashing lights.
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Sweep Oscillators

As it illustrated by its name, sweep oscillators generate sweep waveform output
which is presented as a saw-tooth wave. A period of sweep waveform shows the
linear change of voltage from a ramp generator, and it is majorly used in a

voltage-controlled oscillator.
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Chapter 3

Experimental Plan and Produces

3.1 Methodology and Decision

3.1.1 The Type of Button Cell scanner

According to the introduction of these three detectors in the last section, BFO
detectors has the ability to discriminate metal types with high accuracy due to its
design. In this detector, the equipment usually has three coaxial coils, two receiving
coils on the either side and one transmitting coil in the middle, which i1s shown in
figure 2.2. Receiving coils and transmitting coil are connect to an oscillator but in
different frequencies. If there is a metal object enter this detector range, magnetic
fields are interfered by the object. By vectorially measuring the difference in the
impedance of two receiving coils, it is able to estimate the size, electrical, and
magnetic properties of the metal object[1]. The metal object thus is identified.

Besides, VLF detectors also have the capacity of discriminating metal types. In
that design, The transmitting coil sends strong electric currents at a very low
frequeney. If there is a metal object enter its detector range, the object will generate a
magnetic current, which disturbs the magnetic field, the receiving coil is able to
acquire the interference as well as send to a microcontroller[5]. The microcontroller
1s able to measure the magnetic flux density and frequency of the interference so that
precisely identify the tvpe of the object.
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But although BFO detectors and VLF detectors have the capacity of discriminating
metal types, these two detectors still are not the  first choice for this project due to
higher cost. The first choice of the project is PI detectors. PI is not only much cheaper
than other two detectors but also more simply compared to the others. Although PI is
not able to discriminate metal types, it is still a feasible method in this project.

The major challenge of this project is discriminating between coins and button
cells. However, according to the literature review, the main difference between coins
and button cells is the material. Australian coins are all made of alloy (copper, nickel
and aluminum) which are non-magnetic[6]. On the other hand, all button cell in used
are made of stainless steel which has strong magnetic performance and the
interference of strong magnetic metals to the coil is much stronger than non-magnetic
metals. By design a Pl circuit with high frequency and weak sensitivity, PI detector is
also able to discriminate between coins and button cells within the specific distance.

Table 3. 1: the summary of three types of metal detectors

Type Advantage Disadvantage | Cost Difficulty | Preference

BFO High accuracy difficult Start high

detector | Discriminating metal | Very from 3
expansive $800

VLF High aceuracy Very Start low

detector | Discriminating metal | expansive from 2

simple $£2000

PI Simple differential to | $50 low

detector | cheap Discriminate | (approxi 1
metal type mately)

In conclusion, table 3.1 shows advantages, disadvantages, costs and difficulty of
these three major types of detectors. and the result shows the most suitable approach
for this project is pulse induction(PI) especially when the cost and difficulty are
considered as the major factor.

As long as the microscopical approach is finalised, more detail design is also required

to be solved as well, included the exact type of oscillators and the electronic circuit
that oscillator.
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3.1.2 The Type of the Oscillator

In the last chapter, there are five oscillators that are introduced in the report, and they
have been classified by the type of output signal included sine waves, sawtooth
waves, square waves and rectangular pulses. All have advantages and disadvantages
and each is specialised in different purposes. However, they will be analysed in this
section and conclude into a table:

Table 3.2: the sununary of five types of Oscillators

Type waveform Advantage Disadvantage Preference
L.C Oscillator Sine wave Stable Only for general 1
Variable application
Simple
Large range
RC Oscillator Sine wave Low frequency Only for general 2
Variable application
Simple
Stable
Crystal Oscillator Sine wave or | Very Accurate Example 3
square wave Simple Fixed frequency
Expansive
Relaxation Square wave simple unstable Not suitable
Oscillator
Sweep Oscillator Saw-tooth wave | Special purposes Only for Not suitable

Special purposes

As 1t shown in table 3.2, the LC oscillator 1s the best choice for this project because
of its vanable frequency, low cost, stability and difficulty, All these advantages could
make the tests and experiments simpler to find the proper frequency for the project.
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3.1.3 Types of LC Oscillators

An LC oscillator is just a general type of sine-wave oscillators which combines
inductors and capacitors in a resonating circuit to generate an AC output. However,
the more particular circuit is required to be finalised in this section.

There are five particular oscillators under the LC oscillators, included tuned collector

oscillators, Tuned Base Oscillators, Hartley Oscillators, Colpitts Osecillators and
Clapp oscillators, and all will be introduced and analysed in this section.

Tuned Collector Oscillators

I+\.‘t:c
R1 L2§||§L1 == C1
aolp
>-—
Q1
7 C2 R2 Re - Ce
-

Figure 3.1 : a circuit of tuned collector oscillators

Tuned collector oscillator is a fundamental type of LC oscillators which is shown in
figure 3.1. A transformer and a capacitor connected in parallel at the transistor’s
terminal of the collector which form a tank circuit. This tank serves as a resistive load
in oscillation and it affects the frequency of the oscillator. This 1s also the simplest
LC oscillator and its application includes frequency demodulators, mixers, efc.
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Tuned Base Oscillators
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Figure 3.2 : a circuit of tuned base oscillators

Tune base oscillator is another type of LC oscillators which is also known as
Armstrong oscillator named after its inventor. In figure 3.2, a transformer and a
capacitor connected in parallel between base and ground to form a tank circuit. The
tank circuit controls the frequency of the oscillator as same as the Tuned Collector
Oscillator.
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Hartley Oscillators

+\/ce
R1 R4
Cout
Q1 I

Cin
If
1

% R2 Re Ce L1

I l ,[ J — —far

"~ :

Figure 3.3 : a circuit of Hartley Oscillators

The Hartley oscillator is a type of LC oscillators which is shown in figure 3.3. It also
named after Ralph Hartley who is the inventor of itself. The uniqueness of The
Hartley oscillator is that the tank circuit consists of two inductors and one capacitor
that the capacitor parallel to two inductors in series. The frequency of typical Hartley
oscillator is from 20KHz up to 20MHz, the output signal is also able to be amplified
by connecting a BJT or op-amp right behind output terminal.

24




23

Colpitts Oscillators
+Vce
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Figure 3.4 : a circuit of Colpitts Oscillators

The Colpitts Oscillator is very similar to Hartley oscillators which is shown in figure
3.4. The frequency range of the Colpitts Oscillator is from 20KHz to 20MHz which is
as same as Hartley oscillators. Actually, the Colpitts Oscillator is an alternative
design of Hartley oscillators and this is the reason why their circuits are so similar,
The only difference between Colpitts Oscillators and Hartley oscillators is the tank
circuit that consists of two series inductors and one parallel capacitor.

Compared to Hartley oscillators, Colpitts Oscillators only have a single inductor,
which is able to represent as coil circuit, and it has better frequency stability. In
addition, it 1s easier to control the frequency of the oscillator by just varving the value
of the inductor.
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Clapp oscillators
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Figure 3.5 : a circuit of Clapp Oscillators

The Clapp Oscillator,which is shown in figure 3.5, is almost exact same to Colpitts
Oscillators as it just a modification of the Colpitts oscillator instead of an innovative
design. Actually, It just adds an addition variable capacitor following the inductor in
the tank circuit. This new capacitor isolates other two capacitors from the effects of
transistor parameters to further improve its frequency stability.
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3.1.4 Decision in LC Oscillators

In conclusion, there are five particular oscillators under the LC oscillators, include
Tuned Collector Oscillators, Tuned Base Oscillators, Hartley Oscillators, Colpitts
Oscillators and Clapp oscillators, and all have advantages and disadvantages. In order
to make the comparison clear, all information are concluded into a table shown

below:

Tuable 3.3: the summary of five types of LC Oscillators

Type Advantage Disadvantage Preference
Tuned Collector | Easy setup Need a extra transform 5
Oscillators Easy design Old design
Tuned Base | Easy setup Need a extra transform 4
Oscillators Easy design Old design
Hartlev Innovative design Two inductors 3
Oscillators Very low cost

Easy setup
Colpitts Improvement of Hartley | Existing a modification 2
Oscillators Oscillators

Very low cost

Singe indcutor
Clapp oscillators | Improvement of Colpitts | Not easy to setup 1

Oscillators
Very low cost
Singe indeutor
Latest design
More stable

As it shown in the table and related material in this section, the design of Clapp
oscillators and Colpitts Oscillators are the best choices which are preference 1 and 2
as these two oscillators are exactly the same circuit design unless an additional
variable capacitor, These two are also the latest and best design of LC oscillator with
several very simple and common electronic components such as resistors, capacitors

and inductors.
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3.2 Circuit Design

In general, PI detector circuit has fives sections in the design draft: an oscillator,an
amplifier, a rectifiers, a control system and a power supply. Before building the
circuit, I designed an electronic circuit in AWR for simulation. Simulation is a very
important in the design stage, it could show errors of the design and find out required
component value for the system by using the tuner tool,

e
- B = f‘"‘
B e T_:_'“
T e T
*?‘I' e ! "
= B =, o ”
e T bk
2L _._ == | o
P o <m
T
3
oscillator eircuit Amplifier  pectifier Control  Power
circmt cireuit system  supply

Figure 3.6: Initial PI circuit design

Figure 3.6 1s the initial PI circuit design of the project( the bigger image is attached in
appendix B). The button cell scanner 1s expected to be a small portable equipment, so
I assume 3V as the power supply at this stage. The detail of other four sections is
shown below individually.
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3.2.1 Oscillator Circuit

As it mentioned in the introduction chapter, the target frequency of the Button cell
scanner 1s assumed as 30Hz and the coil(the inductor) 1s the key to controlling the
frequency. In the simulation stage, I built a Colpitts oscillator circuit as my oscillator,
As it explained in the last section, the Clapp oscillator and the Colpitts oscillator are
exactly same but an extra variable capacitor as a result of further reducing noise.
However, wvarable capacitors are not available in MQ laboratory, and thereby I use
the Colpitts oscillator circuit as my oscillator in this stage

In the next simulation stage, I also have to find out the specific range of the
inductor. Therefore, I used the tuner to vary the inductance until finding the required
value and the data are shown below.
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i 1
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-20 \ el 50
\
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w| = ) |
'
(10 =)
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Figure 3.7: the maximum power of 5670ull
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The blue line in figure 3.7 shows the power dissipation of the oscillator at 5670uH
point in the unit of dB. As we can see from the figure, when the inductance increased
to 5670uH, the 30kHz point reach the lowest point, -63.32dB, which means that the
power dissipation at this value is very close to zero. In addition, the pink line shows
the degree of the gain, which also indicates that 5670uH could make the frequency of
the oscillator to 30kHz. However, this is only an estimated value because this value is
test out under an ideal environment and the BJT used in the circuit is not the one I
want. There are several limitations of the simulation and I am not able to obtain the
specified BIT from the internet as well as the library of AWR.

Table 3.4: Inductance V'S Frequency in Simuation

Inductance | 8830 | 7420 64350 3670 5080 4420 3920 3550
(uH)

Frequency | 24 26 28 30 32 34 36 38
(kHz)

Table 3.2 show the relationship of Inductance and frequencies. It i1s shown that the
frequency is increased as inductance 1s reduced. If the circuit requires 30 kHz, the
inductance value is approximately 5670uH. However, this is only a reference value
because 1 will build a prototype in real condition with a different transistor.but at least,
I confirm that this is a feasible circuit, the relationship between Inductance and
frequencies also give me a lot of help for later experiments.

3.2.2 Amplifies

The output voltage of oscillator is not high enough to convert to DC for controlling
system. In this case, an amplifier is very necessary for achieving this goal. There are
several methods to achieve such as BJT amplifiers and operational
amplifiers(Op-amp). In the initial design, I used the Class A amplifier circuit which is
a kind of BIT amplifier, and I will explain the reason below:

Even in the BJT amplifier circuit, there are still a lot of class amplifier circuits could
be used such as class A, class B and class C. In the design, | used class C as the
amplifier which is the simplest common-emitter amplifier. This common-emitter
amplifier needs the fixed bias and this class is able to achieve the maximum voltage
amplification.
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In this design, it is very important to be aware of DC current gain and AC current
gain to design a correct amplifier cireuit. This is not an easy stage, two same model
transistor could have different gain even if they come from the same manufacturer,
Hence, in the later stage, it s necessary to measure the value by hand.

However, the op-amp is also a feasible method to achieve the amplifying purpose.
An op-amp is a high-gain electronic voltage amplifier chip with eight or sixteen pins.
op-amps have been widely used in the electronic field for different purposes such as
amplifiers and rectifiers.

3.2.3 Rectifier Circuit

A rectifier is an electronic circuit which converts AC signal to DC signal to flow in
one direction for DC equipment. The reason why a rectifier is required 1s that the
Control System, as a DC circuit, is only able to receive the DC signal as the input.

This 1s a very important stage before building a Control System. The output voltage
of oscillator 1s AC which amplitudes could be effected by varying the inductance of
the coil. In order to send a message to the Control System, the signal must be
converted back to DC.

There are a lot of methods for converting AC to DC, such as precision rectifiers,
full-wave rectifiers and half-wave rectifiers. In this initial design, I used a half-wave
rectifier for the system. This button cell scanner 1s not a very precision equipment, all
forms of rectifier will work at this stage. Half-wave rectifier is one of the simplest
and cheapest rectifier, the only difference between the full-wave rectifier and the
half-wave rectifier is that the frequency of full-wave rectifier is double than
half-wave rectifier. Therefore, the half-wave rectifier is selected as my first choice at
this stage, but other possible methods are also considered in the later experiment
stage.

Table 3.5 data of rectifier circuit

Input Vpp | 0.87V 1.6V 32V 4.0V 48V 5.0V

Output 17mV 80.7mV 462mV 683mV 90ImV | 1020mV
Vpp

The output of rectifier should be as close to 700mV as possible because it is the
minimum switch-on voltage for a BIT. According to the table, the target of amplified
voltage should be slightly higher than 4V(683mv at 4Vpp). This point will be the
edge of oscillation which means this point of voltage will maximise the sensitivity.
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3.2.4 Control System

In the control system, [ design that use a LED light and a Buzzer to send the message
to users. Therefore, 1 use a couple of BIT as switches to control the LED and the
buzzer. The base voltage of the first BIT which is connected following the rectifier
circuit is set to 0.7V. When a metal object moves close to the coil vertically, the
inductance of the coil is receded and the voltage of BIT’s base is reduced as well.
When the voltage less than 0.7V, the switcher cut off the circuit directly and start
another circuit that includes a LED and a buzzer. Users will be aware of a button cell
existing form the lighting LED and the ring buzzer. Once the button cell removed, the
LED and the buzzer will stop as base voltage of the BJT recover 0.7V.

fad
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Chapter 4

Result and improvement

4.1 Oscillator Circuit

IIn the experiment and test stage, I realised that the simulation data is much different
to the real value as the exact model transistor unit cannot be found from the internet.
In this experiment stage, I choose the model S9014(datasheet is attached at appendix
¢) as the transistor for the enfire system. 89014 is one of the most popular NPN
transistors in used and it 1s also one of the cheapest BIT in the market that 50 pieces
for $2.
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Figure 4.1 : the initial oscillator circuit of prototype
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As | explained in the last Chapter, 1 built the Colpitts Oscillators circuit as the
oscillator which 1s shown in Figure 4.1. As long as it had been built in the lab, several
problems came with it that there is no output at all. I check the circuit again and again
to make every component in a correct value and in a correct place but unfortunately
this was not the problem came from. By doing more research on it, I overcame the
problem eventually. The reason of no output it that the power supply(3V) is not so
high enough that the feedback of the oscillator circuit is too weak to oscillate. Then I
increased the power supply to 6V, and output showed up which is shown below:

Table 4.1: power supply vs output value (6.01uH inductance coil)

Power
. B 4 5 6 7 8 9 10
Ve (V) | 5 25 | 0653 | 0889 | 110 | 132 | 150 | 162
Frequency
S | Nome | Nome | 778 | 791 | 790 | 781 | 781 | 788

The table shows the relationship between the power supply and the oscillator output.
In the simulation, [ assumed 3V as the power supply for the system. In fact, 3V is not
enough for this type of BJT, the system does not oscillate at all until power supply
was increased. As we can see from the table, the oscillator start oscillate from 5V
with 937Hz. In the final design, [ will probably choose 9V battery as the power
supply because it 1s one of the most popular batteries in used and it is an available
model from the market.

In addition, as it shown on the table, the frequency not changes with increasing
power supply, and the power supply dominates the start point of oscillation and the
voltage of output.

Besides, another finding of the oscillation circuit is that the power supply is not the
only factor to dominates the start point of oscillation, the coil” inductance 1s also able
to dominate the oscillation point. I did a set of experiments and the data is shown
below:
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Table 4.2: the relationslip between coil’ indutance and oscillation start point

Turns 7 8 9 10 11 12 13
(d=20mm)

Frequency | 1522kHz | 1373kHz | 1239kHz | 1154kHz | 960kHz 931kHz 910kHz
Inductance | 2.06uH 3.09uH 3.69uH 4.15uH 4.85uH 6.01uH 6.85uH
Oscillation 14V 13V 11.2V 9.2V 8.4V 5.8V 54V
start point

(in unit of

V)

Table 4.3 shows the start point value in different inductance. In this table, when the

inductance of the coil increase, the output frequency and the oscillation start point
decrease as well. In order to make the relationship more clear, all data of the table
had been converted into a chart which is shown below:

oscillation start point

20

the relationship between indutance of coil and oscillation
start point
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Coil's Indutance

Figure 4.2: the relationship between indutance and oscillation start point in

chart
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In figure 4.2, all value had been represented in a chart to make the relationship clear,
As we can see from the chart, the relationship between coil and oscillation point is
clearly in a linear, When the inductance increased. the frequency of the output
reduced and the oscillation started decreasing as well. This relationship is very
important for the later stage to build a proper control system and choose a proper
amplifier circuit.

4.1.1 Inductance Selecting

In the initial design plan, I assumed 30Hz as the frequency of the oscillator which
needs approximately 5670uHz. According to the experiment data in the last section,
this value is too large to achieve and specification of detecting distance of system
should be in the range between 100mm and 300mm. Therefore, I also did substantial
experiments on the relationship between the distance and inductance to find a proper
value. I tested a range of inductance in 9V power supply to determine the inductance
of coil and I made a table of these data which is shown below:

Table 4.3 the relationship between detecting distance and the coil (9V power

supply)
Turns 7 8 9 10 11 12 13

(d=20mm)

Frequency | 1522kHz | 1373kHz | 1239kHz | 1154kHz | 960kHz 931kHz 910kHz
Inductance 2.06uH 3.09uH 3.69uH 4.15uH 4.85uH 6.01uH 6.85uH
Detecting 138mm 161mm 210mm 23 1mm 282mm 322mm 362mm
distance of

button cell

Detecting 25mm 40mm 89mm 109mm 122mm 153mm 171mm
distance of

coin ($1)
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In this experiment, 1 connect the output node to the oscilloscope to measure the
distance where start affecting the output voltage.

As we can see from the table 4.3, the shaded area is the target range which is
supposed to be between 7 to 10 turns if the power supply is 9V. Another information
was told from the table was that when the inductance increased, detecting distance
increased as well. in other words, the frequency is lower, the distance is larger.

However, this is not the only method to control the detecting distance. Another
method to control the detecting distance is varying the converted DC voltage flowing
into Control System. More detail will be introduced in following Control System
Section.

4.2 Amplifier Circuit

The output of the oscillator is not high enough to satisfy the requirement of the
control system(0.7V Vpp) when it was converted back to DC, and thereby an
amplifier circuit is required to achieve it. However, there are a few methods are able
to amplify the output signal, such as BJT amplifying circuit or op-amp. In this stage, I
will compare both methods in the laboratory to determine the best decision.

4.2.1 BJT Amplifier Circuit

As it introduced in project plan, common emitter amplifier 1s one of the feasible
method for the project. The output's impedance of the common-emitter amplifier
relies on the impedance which connected behind the Cout( shown in Figure 4.3) and
the value of output's impedance also depends on the RC resistor shown in figure 4.3,
Hence determining the RC value is a very important stage of the circuit design.
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Figure 4.3 common emitter amplifier circuit
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As we know that, if the load is high enough we could assume that T'ce= % and

we also know Tee=Ire +Tce and Ic=%. the Rn:ljﬁ and the internal
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emitter resistance .= . The base impedance Zin(base) = heex1'e.
Due to Rs is parallel to the Zin(base), the total input impedance

_ RsxZin(base)

Zin=
R + Zin(base)

. now the base AC voltage Us ., AC base current [z, AC

collector current [ and AC voltage across Ro . Ure 1s also able to determine by
Ukre
Aclpp

equation. The overall gain Av =

However, the design is not as simple as I though, and the gain of BJT amplifving
circuit is hard to be accurate. At the end of the experiment, I planned to use another
precise amplifier,op-amp,even if the cost will be much more than BJT.
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4.2.2 Op-amp

The op-amp is an alternative design for the amplifier circuit. In this case, | used the
LM748CN Op-amp, which is available in Macquarie laboratory, for the experiment,
LM748CN is a single-Op-amp chip with 8 pins(datasheet is attached at appendix D).
The operational power supply of the OP-amp is from £+ 51" to+201" and it requires an
operational capacitor for the system which in the range of 3pF and 30pF. The
amplifving application circuit is shown below:

— Output

Figure 4.4: Op-amp circuit

: s : .. R2
According to the voltage gain rule, the output voltage 1s equal to the ratio of R In

this case, I set R1 =184 and R2=180&C2. the ratio of % =10 which means the

output of the amplifier 1s 10 times of input. The input signal I set it as 900mVpp with
960kHz and thereby the output should be 9Vpp in 960kHz as well.

However, the output voltage is not perfectly in a sine wave and the output gain is less
than 1. I checked circuit and the datasheet again and again. Eventually, I realised the
problem is that this Op-amp is not used for the high-frequency purpose. If the input
signal frequency exceeds the specific range, the voltage gain will drop.
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Table 4.4: the relationship between voltage gain and input frequency

Frequency 1 10 20 30 100 300 300 1000
(kHz)

Input 0.92 0.92 0.92 0.92 0.92 092 0.92 0.92
voltage(V)

Output 02 9.1 8.0 54 3 0.88 0.51 0.37
voltage(V)
Output voltage(V)
10 53 EA
9 86
8
w 7
z 6 3
£ 3 \K
B2 3
g 3 3
2 088
1
9 051 037
1 10 100 1000
frequency (kHz)

Figure 4.5: Large Signal Frequency Response

According to the table 4.4 and figure 4.5, the operational frequency of LM748CN in
between 1kHz and 10kHz. If the input frequency exceeds 10kHz, the voltage gain
start decreasing.

In order to amplify the input signal in the project, there are two alternative methods
could be considered, using high-speed Op-amp or reduce the output frequency.
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In order to solve this problem, I book a new model op-amp from Internet which is
CA3140E(datasheet is attached at appendix E) with 4.5MHz bandwidth. At the
beginning of the experiment, [ used a 350mv Vpp with different frequencies as the
input signal to test how output gain change of CA3140E. In the experiment, we

default that the ratio of % =10 which means the output of the amplifier is 10 times

of input.
Table 4.53: the relationship between voltage gain and input
Srequency(CA3140F)
Frequency 100 200 400 600 800 1000 1500 3500 4500
(kHz)
Input voltage | 350 350 350 350 350 350 350 350 350
(mv)
Output 3.5 338 297 237 | 129 0.62 0.121 0.072
voltage(V)

Table 4.4 show the relationship between voltage gain and the input frequency. In
order to make the comparison more clear, the data had been converted into a chart
which 1s shown below:

the relationship between voltage gain and input
frequency(CA3140E)

|
5
zEs:f

output viotage
5]

0.072

2000 3500 4000 4500 5000

1000 1500 000, %500
input frequency
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As we predicted, the output gain drops when the input signal’s frequency increases
even if this model has 4 5SMHz. However, it is much better than the model LM748CN.
At the point of 800KHz ,which is labeled by a red line, the overall gain still has
approximate 5(350mv compared to 1.77V). This is a very good news for the project,
if we used 9V as the scanner’s power supply, the output of the amplifier will be much
larger than 350mv and it will be enough for the Control System. In addition, if a
higher gain is required in the project when the power supply is less than 9V, another
method to obtain the higher gain is that increase the inductance of the coil.

4.3 Rectifier circuit

There are a lot of methods to convert AC to DC, such as half-wave rectifiers,
full-wave rectifiers and precision rectifiers. In this section, I will test all of these three
methods and make the best decision for the project.

4.3.1 Half-wave Rectifier

Half-wave rectifier is the simplest rectifier which only needs one diode to cut off the
negative direction voltage and remains positive part which can be used for Control
System.

NAWA

Figure 4.6 Half-wave rectifier circuit

3
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Table 4.6 data of Half~wave rectifier circuit

Input Vpp | 087V 1.6V 32v 4.0V 4.8V 5.0V

Output 17mV 90.7TmV 462mV 683mV 901mV 1020mV
Vpp

The table shows different output voltage in different inputs with a 900kHz frequency.,
The control system consists of several BJT, which means the output voltage has to be
approximate 0.7V to turn the loop on. In the table, if we want to get a 0.7V output,
the input voltage has to be amplified up to 4V Vpp. This input voltage is higher than [
though and I have to compare other two rectifiers to make the best decision.

4.3.2 Full-wave Rectifier (Bridge Rectifier)

The full-wave rectifier is another method to convert AC to DC. The difference
between the half-wave rectifier and the full-wave rectifier is that the output waveform
of the full-wave rectifier is much stable, There are two ways to build a full-wave
rectifier included a center tapped transformer and two diodes combination and a four
diodes Bridge rectifier which is shown below.

= Bridge
Rectifier

@ +V
.
) c L
D: — | | Load
Smoothing i :
Capacitor I 1
C Charges C Discharges —~ Waveform
Rlpplzﬁm e
. C apacitor
e T R T L
/ \ 7 \ / \if \-— " Cinout
ovt \/ \ vV \ C spacitor

Resultant Output YWaveform

Figure 4.7 Full-wave rectifier circuit
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In the expenment stage, I tested a range of different input voltage with 900kHz to see
how it convert AC to DC, as well as to find the point which obtains the 0.7V output.

The experiment data is shown below in table 4.6:

Table 4.7 data of Full-wave rectifier circuit

Input Vpp 1.2V 1.25V 1.3v 1:35V 14V 1.45V
Output 520mV 340mV 600mV 640mV 680mV 720mV
Vpp

The table shows different output voltage of different inputs with a constant 900kHz
frequency. As we can see from the table, when the input voltage as high as 1.4V, the
output come out an about 0.7V DC. Compared to the half-wave rectifie(dV Vpp),
the efficiency of full-wave rectifier is much high than half-wave rectifier, but it needs
an individual ground for DC system, which means the system has to use two

separated battery for the oscillator and

the Control System. Instead, half-wave

rectifier has the common ground for the entire system but its efficiency is too low.

4.3.3 Precision Half-wave Rectifier

The precision rectifier is an application of Op-amp which is widely used for

high-precision signal processing. Precision rectifiers is a very good design as it is an

alternative design based on the op-amp. Precision rectifier could achieve amplifying

and rectifving within one single stage which could make the button cell scanner

circuit much smaller. Precision rectifier includes two types, a half-wave rectifier and

a full-wave rectifier. As the Op-amp chip is a single op-amp chip, the half-wave

rectifier Op-amp design is considered as the first

preference.

R

—AAA—

Rin

Figure 4.8 Half-wave rectifier circuit




46

As it shown in figure 4.7, The ratio of 1)

is the output gain of the precision rectifier,

n

whose applications are as same as the amplifier. In addition, there are two diodes are
used in the above circuit to cut off negative part of AC input and enhance the output
voltage processed by the rectifier. I measured a set of input voltage value and the data
is shown below in table 4.7

Table 4.8 data of precision Half-wave rectifier circuit

Input Vpp | 1V 12V 1.3V 1.35V 14V 1.5V

Output 400mV 580mV 660mV 700mV 740mV 840mV
Vpp

As we can see from the table 4.7, the 0.7V output came out when the input voltage as
high as 1.35V. Compared it to the traditional full-wave rectifier(1.35V compared to
1.4V), the efficiency of Half-wave rectifier is slightly higher than traditional
full-wave rectifier. More importantly, the amplifying stage and the rectifying stage
could be integrated into one single stage.

But although precision rectifier seems is the best approach for the project, the model
CA3140E is not good enough for the project. The model CA3140E is a dual power
supply model that needs one positive power supply and one negative power supply to
support work of the op-amp. I have not mentioned this issue when I bought it, and [
have to book a single power supply model for the button cell scanner circuit in the
future if I have time.
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4.3.4 Summary of Rectifier Approaches

Table 4.9 Suminary of rectifier approaches

Types Efficiency | Cost Advantage | Disadvantage | preference
Half-wave | Low Very low Common | Low 2
rectifier ground converting rate
Full-wave High Low Low cost | Individual 3
rectifier High grounds

efficiency
Precision High intermediate | Simple Individual 1
rectifier small power supply

The precision rectifier 1s the most suitable method for the project so far especially
when the integration is considered as an important factor. However, the op-amp
model I have is not good enough, hence the combination of a half~wave rectifier and
an amplifier 15 also a good way to achieve it. On the other hand, the full-wave
rectifier is not good for this project because it needs an extra close circuit for DC
loop.

4.4 Control System

As we known that the DC output is converted from the AC output, and the value of
AC depends on the oscillator's inductor which as the form of  a copper coil. When
a metal object enters the detecting range, the inductance of the coil reduces until zero.
In the meanwhile, the AC output drop and the DC value drop as well due to the
reduction of coil's inductance.

4.4.1 initial design of control system

The control system is designed to catch the change of the DC. BJT is one of the most
popular ways to catch the change. We could make the DC flowing into the base
terminal of BIT to 0.7V or higher, when the DC drop, the BJT will switch off and
send the information to users. Hence by controlling the input voltage at the base
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terminal also has the capacity to vary the detecting distance.

This 1s the basic theory of the design of control system, but we have two kinds of
design which are shown below:

R1

\m

Input
signal

Figure 4.9 simplest control system design

In figure 4.8, L1 is a LED light. and Q1 is an NPN BIT, in this case, I still used
S9014 as the switcher. According to the datasheet, the base-emitter on voltage is
approximately 0.63V. Therefore, | make the input voltage to 0.7V to make it
completely switch on. When a button cell enters the detecting distance of the coil, the
input voltage will drop down, and when the voltage lower than 0.58V, the loop has
been switched off and the LED light off as well. Users will be aware of the existing
of button cell from the light.

However. it is not a good design, most of the successful design is not work in this
way. It is supposed to be that the LED only light up when a button cell was found
instead of lighting off. It will save more energy for the system and make more sense
for user.

48
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4.4.2 alternative design of control system

Q2

Input
signal

Figure 4. 10 alternative control system design

This is a better design for Control System which adding an extra BIT(Q2) in front of
QL. When the input signal is higher than 0.7V, the Q2 will switch on and the node A
1s connected to the ground directly. This means the entire control system is in a short
circuit status. As long as the input voltage drop lower than 0.7V, the Q2 is switched
off and the node A voltage is as higher as the power supply due to an open circuit.
The Control System is switched on at the meantime, a LED and a buzzer are turned
on as well. Users will be aware of existing of button cell from the working LED and
the buzzer.

4.5 Improvements

The prototype has been manufactured already at this time, but it still reminds a few
problems. In this stage, [ was trying to make the prototype better and simpler, so in
the last few weeks, I have been working on optimising the design and redrawing the
electronic circuit.
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4.5.1 Oscillator improvements

R4

R1

Cc3
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s
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Figure 4.11 improvement of oscillator

The oscillator has been redesign again and all changes have been labeled in figure
4.10. The first change is that the impedance of coil had been increased from 6uH to
30uH. The reason for this change is to make the oscillation start point and the
frequency lower(reduce from 900kHz to 300kHz). This change will reduce the power
supply required for the oscillation and make the rectifier voltage more flat by
reducing the output frequency.

The second change of the circuit is that increases the capacitor from 10nH to 20nH.
The capacitor dominates the limit of Vpp of output, when the capacitor is double, the
Vpp range limit 1s double and the minimum value of the Vpp had been increased as
well. This will make rectified voltage easier to obtain 0.7V,

30
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The third change of the circuit is that two variable resistors had been added into the
circuit. The left-hand-side variable resistor has the capacity to vary the Vpp in small
scale in the unit of 0.01V, the right-hand-side has the capacity to vary the Vpp in the
unit of 0.1V by varying the power supply of oscillator. These two variable resistors
are not only able to control the sensitivity of Button Cell Scanner but also able to
tune input power of the rest of section which will make the circuit easier for testing.

4.5.2 Amplifier and rectifier improvements

Even a precision amplifier is a good method to integrate amplifier and rectifier into
one single stage, 1 was still looking for another low-cost way to achieve this. There is
a kind of low-cost circuit which could also amplify and rectifier the signal which is
call Voltage Multipliers.

Voltage multipliers could generate an output from AC to DC with multiple voltages
of the circuit’s peak input voltage such as voltage doublers, voltage triplers, voltage
quadruplers or even higher. But in this project, a voltage doubler is high enough to
generate a 0.7V DC output and [ will foeus on a voltage doubler.

D

1 2 T L¢

@ TD 02 §RL i 1
1 Dz c

* _’,‘ —.|_ £

Half-wave Full-wave
(a) (b)

Figure 4.12 Voltage Doublers
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There are two types of voltage doublers could be used for the eircuit included
Half-wave voltage doublers and Full-wave voltage doublers which are shown in
Figure 4.11. As we can see from the Full-wave doubler, it has to use a separated DC
loop for the Control System. Instead, Half=Wave Double only has one common
ground, which means the entire Button Cell System could be supported by a single
battery.

The purposes of capacitor C1 and C2 is for bypassing the AC signal, so in the circuit,
I used 0.1uF capacitor for the doubler and the diode is 1N4148(the datasheet is
attached at appendix E ) which is a general high-speed model for low and high
frequencies purposes

Figure 4.13 The prototype of Button cell scanner
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4.6 Final testing results

According to Figure 4.11, the final circuit of the button cell scanner which consists of
four parts which are the oscillator, the voltage doubler, control system and power.
Even if the sensitives is designed as adjustable, I still did a set of test to give users
some suggestion for the setting.

Table 4.10 detecting resulfs between coins and bution cell in different

frequencies
Frequency(kHz 444 420 408 382 342 305 274
Inductance(uH)| 26.3 288 30.2 Sl 355 38 423
Distance of 138 161 177 193 220 245 285
button cell
(mm)
Distance of §1 25 40 41 70 99 119 133
coin (mm)

As | mentioned in the introduction chapter, the specification of detecting distance 1s
between 100mm and 300mm. Therefore, the shaded area is the best frequency area as
there is no coin’s data between these frequencies. In order to make the difference
more clear, the table is converted into a chart which is shown below:

Figure 4.14 The detecting results of coins and button cells

detecting results between coins and button cells in different

285 frequencies(inductance)
300 .
245 ® button
250 ™ 220 cell (mm)
3 193
£ 200 . 177 ® 51 coin
i o 161 [
W @ mim)
g 133 ® 138
= 150 119 3
2 @ 5 99
(=]
£ 100 - 70
= ® 41 40
50 s 25
&
0
250 300 400 450

350
frequencies
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As it shown in figure 4.13, it is clear to see that when the frequency is 342kHz or
higher, only button cells could be found within the range of the specification. But the
if the frequency of the button cell scanner is higher S00kHz approximately, the button
cell could not be found either. Therefore the best frequency for the button cell
scanner is between 342kHz and 500kHz approximately which depends on how
sensitive the user wants.

4.6 Limitations

The prototype is completely based on pulse induction system, and it 1s able to detect
the button cell at the moment. in addition, it is one of the simplest and cheapest wayvs
to find the button cell but it still remains some limitations.

I design the equipment as a distance-variable Button Cell Scanner, but its maximum
distance for detecting a Button cell only have Sem. This equipment is only able to use
for detecting a button cell instead of other general purposes like a metal detector.

Another limitation is that it work for detecting button cell with a strict distance such
as 1-2cm or 2-4cem. If the scanner gets as close to a coin as enough, the buzz and the
LED are also sent an alarm to users. According to the theory of my Button Cell
Scanner, it 1s able detecting coins and button cells with the same frequency but at
different distances. However, although there 1s a defect of the design, 1t still able to
detect a button cell for saving more time for treatment. It is a very low-cost
equipment(less than $5) and every family and hospital worth to keep one.
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Chapter 5

Conclusions and Future work

5.1 Conclusions

Young children swallowing button cells occurs from time to time and they could not
describe the issue clearly due to the age 1ssue. When a child swallows a button cell, it
usually gets stuck in the throat and chemical substances inside button cells could
cause chemical reactions that severely cause a localised caustic injury or even cause
death only within couples of hours.Hence this project aims to design a portable
button cell scanner for hospitals, doctors and families so that they are able to
discriminate between button cells and coins quickly.and thereby sufferers are able to
save more time for treatment, minimising or avoiding the crisis within prime time.

I was working on this thesis from last semester holiday and 1 built out a prototype
before the end of the semester eventually although there are a few limitations left.
However, This is a very good topie, I learned a lot of skills and knowledge from it
and I hope this button cell scanner could help families and doctors to avoid the
problem because it only needs a couple of dollars. The design of the thesis had been
changing during the entire semester to make it more efficient, stabler and as cheap as
possible. Time elapse so quick, there are some improvements have not fimished
within this semester, 1f | still have a couple of weeks left, | can make it better.
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Figure 5.1 Final circuit design

5.2 Future Work

Although this prototype works very well at the moment, there are still have several
improvements could be added up. The time lapse so quick that I do not have enough
time to finish all improvements. If [ have a few more week, it must be better. In this
section, I will introduce two three major possible improvements which could make
the button cell scanner much better.

5.2.1 voltage regulators

The voltage regulator is voltage stabilizer which designed to generate a constant
voltage level from an unstable input voltage. It is very useful for stabilising the
voltage level especially when the dropping dry battery is considered as the power
supply. The size could be as same as a transistor. for example, 78105 is a very
suitable voltage regulator for the circuit with 5V fixed voltage output. 5V is enough
for the oscillation of the project. another type of voltage regulator is the variable
regulator, the output change with different inputs, the only thing it does is to keep the
output as stable as possible. in the project, whenever the voltage of dry-battery power
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supply drops, the sensitive of the button cell scanner need to readjust. However, in
order to avoid the issue, I use the 9V battery as the power supply to slow down the
decay due to its very large capacity.

5.2.2 Print Circuit Board(PCB)

I spend much longer time on experiment stage due to poor connections of the
breadboard. It is very annoy, even a simple circuit will not alwayvs work as expected
due to the poor connecting breadboard. As we known that a breadboard 1s a very
important and convenient board for building an electronic circuit and users are able to
replace the components easily as well as measure voltage of nodes where they want.
However, some pins of components are very thin sometime and breadboard holes
become loose 1f they have been used for long vears. this is the 1ssues which lead me
waste a lot of time and sometimes even come out an incorrect result which may
mislead me to a wrong direction. In addition, wire connections will also affect the
experimental result. Sometimes longer wires probably generate a loop which could
interrupt the circuit severely, therefore a solution is required to be found for such an
issue such as PCB.

PCB is one of the best solutions for this issue. PCB is a glass fabricated plastic which
comes with copper tracks and holes required for components. A good PCB could
make a circuit much smaller. In addition, PCB could avoid all wining mistake so that
save more time from further inspection. All holes and components are fixed in the
correct place, and it is able to be reproductive 1f required.

5.2.3 Inductive Censors

Inductive Sensing is a contactless, short-range sensing technology which enables
low-cost, high-resolution sensing of conductive targets in the presence of dust, dirt,
oil, and moisture, making it extremely reliable in hostile environments. One of the
cheapest models is LDC 1000 which could convert an inductance value to a digital
value and its size is as small as a quarter coin. More importantly, the power supply of
it only needs 5V which perfectly matches the 78105 voltage regulator which I have
mentioned before.
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When the inductance of coil reduces, this sensor will convert the change into a digital
data. As we known that, different metal has different interruptions, it is also able to
discriminate possible object by amplifying the change and sending the data to a

microcontroller for analysing.

Figure 5.2 a Inductive Censor of LDC1000

39




60

60




61

Chapter 6

Abbreviations

AWR Automatic Workload Repository
Op-amp Operational amplifier

BOF Beat Frequency Oseillation
VLF Very-Low-Frequency Detectors
PI Pulse Induction

BIT Bipolar junction transistor

PCB Print Circuit Board

AC Alternating Current

DC Direct Current

61




62

Appendix A - datasheet of CS209

Proximity Detector

The CS2094 ix a bipolar monolithic
integrated dreuit for use in metal detec-
Hon/ prosimity sensing applications.
The IC (see block diagram) contains two
on-chip current regulators, osdallator
and low-level leedback arcuitry, peak
detection /demodul abon arcuit, a com-
parator and two complementary output
stages.

The ascllator, ﬁ]nhR1riIJ'| an external
LC network, provides controlled osclla-
Hans whene amplitude is highly depen-
dent on the Q of the LC tank. During

low Q) condibions, a vanable low=level

feedback drcuit provides drive to main-
tain oscillabion. The peak demodulator
senses the negative portion of the osdl
Lator envelop and provides a demodu-
lated waveform as input bo the com-
parator. The comparator sets thie states
of the complementary outputs by com-
paring the input from the demodulator
to an internal reference. External loads
are required for the output pins.

A transient suppresson arcuit is
mcluded o absorb m:ﬁnti'u': franaents
at the tank circuit terminal.

Absolute Maximum Ratings

Supply Voltage... 2

Power Dprannn 1’]' A= l "“L J
Storage Temperature Range
Junction Temperature...

Electrostatic Discharge (uwpl?-\\}( pm?

Lead Temperature Soldering

Wave Solder(through hole styles only) ...
Reflow (SMD styles only)...........

.24V
DTSR m‘nh
..-55°C to «165°C
—0*C to +150°C
w2kV

.10 sec. max, 260°C peak

6l sac. max above 183°C, 230°C peak

Block Diagram

AF

Dout,

L

TANK GRD

DEMOD

!eglllmtumdllm

Negative Transient
Suppression
Variable Low-Level
Feedback

Improved Performance
over Temperature
6mA Supply Current
Consumption at
Veem12

Output Current Sink
Capability

20mA atdVep
100mA at 24Vee

Package Options

LSO

SL PDIF & SO
oac 1] [i] AF
Tank =] 7] wee
[-R E] 4] DEMOD
out, 5] [£] cur,

Cherry

. Semiconductor

Cherry Semiconductor Corporation
200 Sowth County Trail, East Greenwich, RI (2818
Tel: (4008853600 Fan: (401 jS85.57%6
Emnail: infiodcherry-semi. com
Web Site: www.cherry-semilcom
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Appendix B - initial design
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Appendix C - datasheet of S9014

W WEITRON s

NPN General Purpose Transistors 5595
Bh) Lead(Ph)-Free
I EMITTER
2 BASE
3 OHALECTOR
ABSOLUTE MAXIMUM RATINGS (Ta=25C)
Rating Symibwol Value Limit
Collector-Emitter Voltage VCED 45 Ve
Collector-Base Voltage VEBO 50 Vde
Ernitter-Base Viohtage VERD 50 Vide
Collector Curnment I 100 mAdc
Total Device Dissipation Ta=25 C Fo a4 W
Junction Temperature Tj 150 c
Storage, Termperature Tetg -55 10 +150 c
FELECTRICAL CHARACTERISTICS
Characteristics Symbal Min Max Lnit
Callectar-Ernitter Breakdown Voltage (= 0.1 mAdc, ig=0) VigmycE0 45 = Vdc
Collettor-Base Breakdown Voltage (I-= 100uAde, ig=0) ) 50 Z Ve
Emitter-Baze Breakdown Voltage (iE= 100 ufdc, Ic=0) VERIEBD 50 2 Ve
Collector Cutoff Current (VCB= 50 Vdc, Ig=0) ICBO - o uAdc
Ernitter Cutalf Current (VES= 3.0Vde, | =0} [3:1s] o 0. uAdc

WEITRON
http Mo, wesron.com. tw
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Appendix D- datasheet of LM748

*+  Frequency Compensation with a Single 30 pF

Capacitor

*  Operation from £5V to £20V
*+  Continuous Short-Circuit Protection

= Operation as a Comparator with Differential
Inputs as High as 30V

+  No Latch-Up When Commaon Range is

Exceeded

* 3Same Pin Configuration as the LM101

Connection Diagram

OBSOLETE
3 TExAs
INSTRUMENTS
wWiaraLtLoom SNOESES0C ~NOVEMBER 1558 -REVISED AFRL X013
LM748 Operational Amplifier
Check for Samples: LM748
FEATURES DESCRIPTION

with logic circuits.

; L 8
COMP— — coMP
2 7
INVERTING INPUT — ST
3 ;D—L &
NON-INVERTING INPUT— — QUTPUT
4
v — 5 mavancE

Figure 1. Dualdn-Line Package (Top View)
See Package Number PODDEE
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The LM48 is a general purpose operational amplifier
with external frequency compensation.

The unity-gain compensation specified makes the
circuit stable for all feedback configurations, even
with capacitive loads. It is possible to optimize
compensation for best high frequency performance at
any gain. As a comparator, the output can be
clamped at any desired level io make & compatible

The LMT48C is specified for operation over the 0°C
to +70°C temperature range.
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Appendix D- datasheet of CA3140E

intersil

Data Sheet

4.5MHz, BIMOS Operartional Amplifier with
MOSFET InpuvBipolar Qutput

The CA2140A and CA3140 are integrated crcut operational
ampifiers fhat combine the advantages of high voltage FMOS
transistors with high voltage bipolar transistors on 3 single
monciihic chip.

The CA3140A and CA2140 BIMOS operational amplifiers
featurs gate protected MOSFET (PMOS) transistors in the
nput circuit bo provide very high mput mpedance. very low
nput current, and high speed performance. The CA31404A
and CA2140 operate at supply voltage from 4V to 35V (either
single or dual supply ). These operational ampffiers are
niemally phase compensated to achieve stable operation in
unity gain follower operation, and addtionally, have access
terminal for a supplementary extemal capacitor if additional
frequency roll-off is desired. Terminals are also provided for
use in applications requirng input offset voltage nulling. The
use of PMOS field effect transistors in the input stage results
n common mede input voltage capability down to 0.5V below
the negative supply terminal, an important attribute for single
supply applications. The output stage uses bipolar transistors
and includes built-n protection against damage from lead
terminal short circuting fo either supply rad or to ground.

The CA2140 Series has the same B-lead pnout used for the
“741" and other industry standard op amps. The CA21404 and

CA3140 are intended for operation at supoly voltages up to 38V
{18V

Ordering Informaton

PART NUMBER TEME. PKG.
(BRAND) RANGE (°C) PACKAGE NO.

CAIM40RE -55t0 125 |ELdPDIP EB.3
CAZ140AM -55t0 125 |ELdSOIC ME.15
(3140A)
CA3I140AS 5510125 |EPInMetaiCan |TEC
CA3I140AT -55t0 125 |EPin MetaiCan |TEC
CA3140E 55to 125 |ELAPDIP E8.3
CAI140M -55tp 125 |B LA S0IC MB.15
(31409
CAI140MIE -55t0 125 |ELdSOIC Tape
(3140) and Resl
CA3140T -55t0 125 |EPin MetalCan |TEC

CA3140, CA3140A

September 1598

File Number 357 4

Features

- MOSFET Input Stage
- Wery High Input Impedance (Z3y) -1.5T0 (Typ)
- Very Low Input Current (}) -10pA (Typ) at £15V
- Wide Common Maode input Vioitage Range {Vicr)-Canbe
Swung 0.5V Below MNegative Supply Voltage Rail
- Qutput Swing Complements Input Common Mode
Range
- Directly Replaces Industry Type 741 in Most
Applicatons

Applications

« Ground-Referenced Single Supply Ampifiers in Automo-
bile and Portable Instrumentation

- Samgple and Hold Ampifiers

Long Duration Timers/Multvibrators

{useconds-Minutes-Hours)

= Photocurrent Instrumentation

Peak Detectors

Active Fiters

- Comparators

Interface in 5V TTL Systems and Other Low

Supply Voltage Systems

All Standard Operational Amplifier Applications

Functon Generators

Tone Controls

Power Supplies

= Portable Instruments

Intrusion Alarm Systems

.

Pinouts

CAI140 METAL CAN]
TOP VIEW

CA3140 [PDIP. S0IC)

TOP VIEW
El STROBE

NV INFUT 2;__>_'—1|7|w
i [
HONLINY. i e .-:
HEUT 3 i 1 B | OUTPUT

1 — OFFRET
Ay I pefis

= = -
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Appendix D- datasheet of 1IN4148

NXP Semiconductors

Product data sheet

High-speed diodes

1N4148; 1N4448

LIMITING VALUES
In accordance with the Absolute Maximum Rating Systam (IEC 60134).
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
VreM repetitive peak reverse voltage - 100 v
VR confinuous reverse voltage - 100 v
Ir continuous forward current see Fig.2; note 1 - 200 mé
lesm repetitive peak forward cumrent - 450 mé
leen non-repefitive peak forward curent | square wave; TI = 25 *C pnior to
surge; see Fig.4
t=1ps - 4 A
t=1ms - 1 A
t=1s - 05 A
Pyt total power dissipation Tams = 25 °C; note 1 - 500 mW
Tsig storage temperature —55 +200 o
T junction femperature - 200 °c
Note
1. Dewvice mountad on an FR4 printed-circuit board; lead length 10 mm.
ELECTRICAL CHARACTERISTICS
Tj = 25 *C unless otherwise specified.
SYMBOL PARAMETER CONDITIONS MIN. MAX. UNIT
Ve forerard woltage see Fig.3
1N&148 le= 10 ma - 1 v
1Nad48 le=5mA 0.62 0.72 Y
le = 100 mA - 1 v
Ig reverse curmant W =20V, see Fig.5 25 nA
Vr=20V,Tj= 150*C;see Fig5 |- 50 A
g reverse cument; 1N4448 Vr=20V. T;= 100 °C: see Fig.5 |- 3 pA
Ca diode capacitance f=1MHz Vg =0V, see Fig.8 - 4 pF
ter reverse recovery fime when switched from Ir = 10 mAto |- 4 ns
Ir = 60 mA; Ry = 100 £X;
measured at Iz = 1 mA; see Fig.7
Wy forward recovery voltage when switched from I = 50 mA; |- 25 ¥
t=20 ns; see Fig.8
THERMAL CHARACTERISTICS
SYMBOL PARAMETER CONDITIONS VALUE | UNIT
Ripipi thermal resistance from junction to tie-point | lzad langth 10 mm 240 Lo
M thermal resistance from junction to ambient | lzad length 10 mm; note 1 50 K
Note

1. Device mounted on a printed-circuit board without metaliization pad.
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Appendix E - Consultation Meeting Form

Consultation Meetings Attendance Form

Week Date Comments Student’s Supervisor
(if applicable) Signature Slgnalure
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wekh P s ity v Tt WMW
W] (Db “EERC  |Smdt | edepdigey
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ek W3] Rt | el it | Rhepplipy
vt 51 gy PTG Gt | Spoappliy
ol nlopey T || B | SRty
wasksk 2o ool SRR (a2 Ffbopp ooy
wi] o[k, et S Tegkor (it ingry

o[l Sl S sy Winedlogy
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