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ABSTRACT 

As the life is getting more complicated, many people try to make their environment more 

safe and more comfortable, that leads to design some protection and luxury systems such as 

alarm systems. One of these alarm systems is water level sensing alarm which considered 

as an "intelligent" alarm can make our life more easy and safety. 

Water level sensing alarm system depends on a sensitive element acts as the input of the 

alarm which is the photocell, photocell designed to act as high resistance under high-water 

condition and as low resistance when the level of water is low, 

This project presents the design, test and building of a working alarm that is water level 

sensing. This is a simple but reliable circuit for your sump-pump, aquarium, and boat. 
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INTRODUCTION 

Generally, electronic security alarm systems are recognized in the entire world as an 

important contributor to the securing of life, property and possessions. A security system is 

an effective tool when used in conjunction with other sensible, an alarm system is installed 

to deter and detect the differences. A basic security system will consist of both perimeter 

and space protection to secure your premise 

The aim of this project is to gain hands-on experience in designing and building electronic 

devices, and in solving problems encountered through out the project. Additionally, my 

objectives include 

Chapter one will illustrate power electronics application, type, analysis of power devices, 

how it acts, also I explained the building a working water level sensing 

main task of power electronics, main forms of conversion, power mosfet and the power 

losses in power transistor. 

Chapter two of the project which is important one will present detailed technical 

information about this water level sensing alarm. Also it will include the components of 

this project and explanation of most important ones, in addition to some method of water 

level sensing. 
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CHAPTER ONE 

POWER ELECTRONICS 

1.1 Definition and Main Task of Power Electronics 

Power electronics refers to control and conversion of electrical power by power 

semiconductor devices wherein these devices operate as switches. Advent of silicon­ 

controlled rectifiers, abbreviated as SCRs, led to the development of a new area of 

application called the power electronics. Prior to the introduction of SCRs, mercury-arc 

rectifiers were used for controlling electrical power, but such rectifier circuits were part 

of industrial electronics and the scope for applications of mercury-arc rectifiers was 

limited. Once the SCRs were available, the application area spread too many fields such 

as drives, power supplies, aviation electronics, high frequency inverters and power 

electronics originated. 

Power electronics has applications that span the whole field of electrical power systems, 

with the power range of these applications extending from a few VA/Watts to several 

MVA/MW. 

The main task of power electronics is to control and convert electrical power from one 

form to another. The four main forms of conversion are: 

Rectification referring to conversion of ac voltage to de voltage, 

DC-to-AC conversion, 

DC-to DC conversion and 

AC-to-AC conversion. 

"Electronic power converter" is the term that is used to refer to a power electronic 

circuit that converts voltage and current from one form to another. These converters can 

be classified as: 

Rectifier converting an ac voltage to a de voltage, 

Inverter converting a de voltage to an ac voltage, 

Chopper or a switch-mode power supply that converts a de voltage to another de 

voltage,and 

Cycloconverter and cycloinverter converting an ac voltage to another ac voltage. 

In addition, SCRs and other power semiconductor devices are used as static switches. 



1.2 Additional Insights into Power Electronics 

There are several striking features of power electronics, the foremost among them being 

the extensive use of inductors and capacitors. In many applications of power electronics, 

an inductor may carry a high current at a high frequency. The implications of operating 

an inductor in this manner are quite a few, such as necessitating the use of lets wire in 

place of single-stranded or multi-stranded copper wire at frequencies above 50 kHz, 

using a proper core to limit the losses in the core, and shielding the inductor properly so 

that the fringing that occurs at the air-gaps in the magnetic path does not lead to 

electromagnetic interference. Usually the capacitors used in a power electronic 

application are also stressed. It is typical for a capacitor to be operated at a high 

frequency with current surges passing through it periodically. This means that the 

current rating of the capacitor at the operating frequency should be checked before its 

use. In addition, it may be preferable if the capacitor has self-healing property. Hence an 

inductor or a capacitor has to be selected or designed with care, taking into account the 

operating conditions, before its use in a power electronic circuit. 
In many power electronic circuits, diodes play a crucial role. A normal power diode is 

usually designed to be operated at 400 Hz or less. Many of the inverter and switch-mode 

power supply circuits operate at a much higher frequency and these circuits need diodes 

that tum ON and OFF fast. In addition, it is also desired that the turning-off process of a 

diode should not create undesirable electrical transients in the circuit. Since there are 

several types of diodes available, selection of a proper diode is very important for 

reliable operation of a circuit. 

Analysis of power electronic circuits tends to be quite complicated, because these 

circuits rarely operate in steady-state. Traditionally steady-state response refers to the 

state of a circuit characterized by either a de response or a sinusoidal response. Most of 

the power electronic circuits have a periodic response, but this response is not usually 

sinusoidal. Typically, the repetitive or the periodic response contains both a steady-state 

part due to the forcing function and a transient part due to the poles of the network. 

Since the responses are no sinusoidal, harmonic analysis is often necessary. In order to 

obtain the time response, it may be necessary to resort to the use of a computer program 
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1.3 Power semiconductor 

Power semiconductor device is a component that is controlled to either conduct a 

current When it is commanded ON or blocks a voltage when it is commanded OFF. 

This change of conductivity is made possible in a semiconductor by specially arranged 

device structures that control the carrier transportation. The time that it takes to 

change the conductivity is also reduced to the microsecond level as compared to the 

milli second level of a mechanical switch. By employing this kind of switch, a 

properly designed electrical system can control the flow of electric energy, shaping the 

electricity into desired forms. 
If a power semiconductor device can block forward voltage as well as the reverse 

voltage during the OFF state, it is defined as a symmetrical device. On the other hand, 

a power semiconductor device that can only block the forward voltage during the OFF 

state is defined as an asymmetrical device. 
Most of the semiconductor devices can only conduct forward current during the ON 

state. Therefore, the symmetrical device has three operation states: forward conduction 

mode, forward blocking mode and reverse blocking mode, as shown in Fig. 1.l(a). For 

an asymmetrical device, only two operation modes exist: forward conduction mode 

and forward blocking mode, as shown in Fig.1.1 (b ). 
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Figure 1.1: Device operation states for (a) symmetrical device and (b) asymmetrical 

device. A typical turn-on operation of a power semiconductor switch changes its 

operation state from its forward or reverse blocking mode to its forward conduction 

mode. 

3 



Changing a device's operation state from forward blocking mode to forward 

conduction mode is defined as a forced turn-on, while changing a device's 

operation state from reverse blocking mode to forward conduction mode is defined as 

a load-commutated turn-on. The turn-on trajectory is determined by circuits rather than 

by the device itself. During the forced turn-on transition, the switch may 

simultaneously undergo both high voltage and high current, as represented by curve 

(a) in Fig. 1.2(a), where the device's voltage stays constant while its current increases 

until it hits the device's nominal current level. This kind of turn-on, also called a 

snubberless turn-on, happens in most power converters. So the device stress is high 

in this case. 

The current overshoot occurs due to the reverse-recovery of an associated diode ( or a 

switch). With a snubber circuit, the voltage-current trajectory can be shaped as curve 

(b) shown in Fig. 1.2(a), where the device voltage collapses before the current 

increases to the normal value, resulting in dramatically reduced device stress. During 

the load-commutated turn-on transition, 

The device begins to conduct current only after the device voltage becomes positive, 

\/ 

as 
Shown in Fig. 1.2(b ). Therefore, the device stress is usually low in this case. 

(b) 

Figure 1.2 Snubber circuit 
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-:'he forward biased safe oneration area (FBSOA) defines a maximum forward voltage­ 

current region in which the device can be commanded to operate with simultaneous 

high voltage and current, The device current can be controlled through its gate ( or 

base), and the length of the operation is only restricted by its 

Thermal limitation. Devices with FBSOA normally have an active region in which 

the device current is determined by the control signal level. 

A device with FBSOA (such as a MOSFET) normally has the self-current-limiting 

capability, the ability for a switch to limit its maximum current regardless of the 

voltage applied, and its typical 1-V curve is shown as curve (a) in Fig. 1.3. In 

contrast, a device without FBSOA (such as a GTO) cannot self-limit its current, and its 

typical 1-V curve is shown a, curve (b) in Fig. 1.3. For a device with good FBSOA, 

hence the self-current limiting capability, the turn-on di/dt can be controlled 

through the gate, and most importantly no current crowding occurs during the 

tum-on transient. Therefore, snubberless tum-on can be applied to these devices. 

On the other hand, for a device without FBSOA, the tum-on di/dt is uncontrollable, 

and current crowding may happen in a localized area. 

This is particularly true for large area devices; therefore, a snubberless tum-on is not 

possible in these devices, and an external snubber circuit needs to be used to avoid 

current-crowding problems. 

The snubber circuit will increase a system's component count, size and cost. 

Therefore, a device with good FBSOA is preferred in a power conversion system. 

dmck,gwuhout current umiring eap ability 

Figure 1.3: Forward 1-V characteristics of two types of devices with I without self­ 

current Limiting capability. 
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.-\ typical tum-off operation of a power semiconductor switch change its operation 

state from forward conduction mode to forward or reverse blocking mode. Changing 

a device's operation state from forward conduction mode to forward blocking mode 

is defined as a forced turn-off, while changing a device's operation state from 

forward conduction mode to reverse blocking mode is defined as a load­ 

commutated turn-off. During the forced tum-off transition, the switch may 

simultaneously undergo both high voltage and high current, as represented by curve 

(a) in Fig. 1.4(a), where the device's current stays constant while its voltage 

increases. Once the device voltage reaches its nominal value, the device current begins 

to decrease. So the device stress is high in this case. The voltage overshoot occurs due 

to the di/dt applied to the stray inductance in the current-commutation loop. With a 

snubber circuit, the voltage-current trajectory can be shaped as shown by curve (b) in 

Fig. 1.4, where the device current decreases before the device voltage increases to the 

normal value, resulting in dramatically reduced device stress. 

During the load-commutated tum-off transition, the device current begins to decrease 

first while the voltage does not change much until the device current becomes 

negative. When the negative device current increases, the negative device voltage 

also increases. The negative device current begins to decrease once it reaches its peak 

value, resulting in a negative over-voltage as well as high stress on the device, as 

shown by curve (a) in Fig.1.4 (b ). Similarly, with a snubber circuit, the voltage-current 

trajectory can be shaped as Shown by curve (b) in Fig. 1.4(b) with much lower device 

stress. 

1.; 
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Fig 1.4: 1-V trajectories of a device for (a) forced tum-off with or without snubber 

.nrcuir and (b) load-commutated tum-off with or without snubber. 



The switching operation conducted without the help of a snubber is called snubberless 

switching, while the process utilizing a snubber is called snubbered switching. Since 

a snubber increases the system's component count, hence its size and cost, the 

snubberless switching capability for a device is preferred. 

There are two basic topologies for DC/ AC energy transfer: the voltage source 

converter (VSC) and the current source converter (CSC). In a VSC, the de voltage 

always has one polarity, and the power reversal takes place through reversing the 

direction of the de current. 

The reverse biased safe operation area (RBSOA) is defined as the maximum voltage 

and current boundary within which the device can tum off without destructive 

failure. 
Obviously, a device's RBSOA should be larger than all its possible tum-off I-V 

Trajectories. Advice with out sufficiently large RBSOA needs an external circuit 

(snubber) to reduce the size of its tum-off I-V trajectory in order to ensure safe turn- 

off Operation. 

In contrast, the direct current of a CSC always has one polarity, while the power 

reversal happens when the de voltage polarity is reversed. Since the DC voltage does 

not reverse in a VSC, an asymmetrical device can be used. On the other hand, the 

device in a CSC will undergo reverse voltage, so a symmetrical device is needed to 

block the forward voltage as well as the reverse voltage. 

1.4 power semi conductor devices 

Silicon controlled rectifier (SCR) was the first power semiconductor switch to be 

put into use. The SCR is a latch-up device with only two stable states: ON and OFF. 

It does not have FBSOA. The SCR has a good trade-off between its forward voltage 

drop and blocking voltage due to the strong conductivity modulation provided by 

the injections of both electrons and holes. With a simple structure, the size of a 

single SCR can be easily increased to a six-inch diameter in order to increase the 

current rating of the device. Based on a six-inch silicon wafer, 8.0- kA/10.0-kV 

-~CRs are commercially available. The SCR can also block reverse voltage due to its 
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symmetrical structure. However, SCRs cannot be turned off through their gate 

controls, and instead must use a load-commutated tum-off, such as that shown in 

Fig.1.5 (b ). 

Since the SCR cannot be turned off through the gate, the gate tum-off (GTO) thyristor 

With forced tum-off controllability was subsequently developed. The basic structure 

of a GTO is similar to that of an SCR, except that many gate fingers are placed around 

the cathode of the GTO. Because of the gate control, the latch-up mechanism can be 

broken during the tum-off transition, resulting in full gate-control capability. For a 

fully controllable device, the GTO has the highest power rating and the best trade­ 

off between the blocking voltage and the conduction loss. However, GTOs' 

dynamic performance is poor. Since the GTO lacks FBSOA and has poor RBSOA, a 

dv/dt snubber is required during tum-off, and a di/dt snubber is required during turn­ 

on. As a current- driven device, it also requires a complicated gate driver, resulting in 

high gate-driver loss. GTOs can be made to be either symmetrical or asymmetrical. 

The bipolar junction transistor (BJT) is the earliest controllable device, and served 

as the workhorse device for power-conversion applications up until two decades ago. 

With fairly good FBSOA and RBSOA, its dynamic performance and switching 

speed are better than those of the GTO. However, the trade-off between its blocking 

voltage and its forward, voltage drop is poor, and so no power BJT with a good forward 

voltage drop is designed beyond 1.5 kV. 

The control circuit is usually complicated and loss since the BJT is a current-driven 

device. The RBSOA and FBSOA are also significantly limited by the second 

breakdown of a power BJT . BJTs are asymmetrical devices. 

The power MOSFET is a voltage-controlled device with excellent dynamic 

performance due to its majority-carrier current-conduction mechanism. Except that 

its power rating is limited by the resistive conduction loss, the power MOSFET has 

become a nearly perfect power switch for applications below 600 V due to its fast 

switching speed, voltage control and excellent FBSOA and RBSOA. Snubberless tum­ 

on and tum- off can be achieved in MOSFETs. The MOSFET is also an asymmetrical 

device. 

Based on the idea of a MOS-controlled BJT, the insulated gate bipolar transistor 

(IGBT) was developed. The IGBT fundamentally changes the BJT's current 

.ontroi into voltage control while maintaining the BJT's advantages. IGBTs 
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have excellent RBSOA and FBSOA. In addition, the use of a wide-base PNP 

transistor in the IGBT structure results in a much better conductivity modulation 

effect than is achieved with a conventional BJT; thus, the voltage rating of the IGBT 

can be pushed toward that of the GTO. 

To date, IGBTs have become the best device for applications in the range of 

600v to3000.Most commercial IGBTs are asymmetrical device although theoretically 

a symmetrical device can also be developed. 

For high power applications, traditionally, a high power SCR is used as the 

symmetrical power semiconductor device for a CSC. Since the SCR does not have the 

forced turn-off capability, the operation of the thyristor in a CSC is totally 

load- commutated at the line frequency. Due to its low switching frequency, its 

dynamic response speed is low and a large filter is needed to attenuate the harmonics. 

The symmetrical GTO with capabilities of both forced tum-off and reverse voltage 

blocking. Using a symmetrical GTO device, the Sinusoidal Pulse Width Modulation 

(SPWM) scheme can be used to modulate device switching. Compared to the SCR, 

The switching frequency for a symmetrical GID is higher. Therefore, the dynamic 

response speed and output current harmonics are greatly improved for a symmetrical 

GTO based CSC. 

However, the GTO has several disadvantages. During the turn-off transient, the P-N­ 

P-N four-layer structure causes inhomogeneous transient current distribution that result 

in a small RBSOA. A dv/dt snubber is needed to ensure that the GTO operates 

within the RBSOA during the tum-off process. During the tum-on transient, the P-N-P­ 

N four-layer structure latches quickly and causes a current-crowding problem. 

Therefore, a turn-on di/dt limiting snubber is demanded. Furthermore, since the GTO 

is a current- controlled device, its gate driver is bulky and dissipates hundreds of 

watts in a typical application. The large parasitic inductance in GTO gate drivers 

usually result in a very long storage time and a turn-off gain of between three and 

five. The operation frequency of the GTO is therefore limited to less than 500 Hz. 

The dominant position of GTOs in megawatt applications is being challenged by high 

power IGBTs that offer higher speed, a larger and easier controls .However, the 

conduction loss of the high power IGBTs is still much higher than that of the GTO. 

The IGBT's high conduction loss results in lower system efficiency. 

Furthermore. since no symmetrical IGBTs are commercially available now, the IGBT 
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CSC, the dv/dt snubber is dramatically reduced due to the improved turn-off 

performance of the IGCT. However, the IGCT does not have an FBSOA, so a di/dt 

snubber is still needed. The fairly high gate drive power is one of the limitations for 

high-frequency switching. Besides, the cost of the symmetrical IGCT is high due to its 

specially designed device structure. 

The Emitter Turn-off (ETO) Thyristor is another type of GTO based superior high 

power semiconductor device. Based on the mature technology of the GTO 

Based CSC is not feasible. This situation will continue into the near future. 

On another hand, a lot of efforts have recently gone into improving the switching 

performance of the GTO-oriented devices. One type of GTO-based semiconductor 

device with a wider RBSOA is the Integrated Gate Commutated Thyristor (IGCT) with 

dramatically improved turn-off performance; the IGCT will help to maintain the 

domination of GTO technology in high power areas. Symmetrical GCTs have also 

been introduced to the market for industrial drive applications. In an IGCT based 

and power MOSFET, the ETO provides a low-cost and advantageous solution 

to megawatt applications. 

Theoretical analysis and experimental results suggest that the ETO has the 

combined advantages of both the GTO and the IGBT: GTOs' high voltage and current 

ratings and low forward voltage drop; IGBTs' voltage control, high switching speed, 

and wide RBSOA. High power asymmetrical ETOs with current ratings of 1 kA to 4 

kA, and voltage ratings of 1 kV to 6 kV have already been demonstrated. 

In this dissertation, a novel semiconductor device, the symmetrical ETO with good 

RB S O A and F B S O A , is developed and characterized, and its application in the 

high- power CSC is investigated. 
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1.4.1 Power Diodes 

Diode Operation 

A diode is a two terminal device consisting of an anode and a cathode. The diode 

conducts when its anode voltage is more positive than that of the cathode. If the cathode 

voltage is more positive than its anode voltage, the diode is said to be in the blocking 

mode. 

Diode Types 
There are three types of power diodes: 

a) General purpose 
b) High speed ( or fast recovery) - used for higher frequency switching of power 

converters 
c) Scotty - have low on state voltage and very small recovery time, typically 

nanosecond 

1.4.2Thyristor and triac 

The thyristor, also called a silicon-controlled rectifier (SCR), is basically a four-layer 

three-junction pnpn device. It has three terminals: anode, cathode, and gate. The device 

is turned on by applying a short pulse across the gate and cathode. Once the device turns 

on, the gate loses its control to turn off the device. 

The turn-off is achieved by applying a reverse voltage across the anode and cathode. 

The thyristor symbol and its volt-ampere characteristics are shown in Fig.1.5. There are 

basically two classifications of thyristors: converter grade and inverter grade. The 

difference between a converter-grade and an inverter -grad thyristor is the low tum-off 

time ( on the order of a few microseconds) for the latter. The converter-grade thyristors 

are slow type and are used in natural commutation ( or phase-controlled) applications. 

Inverter-grade thyristors are used in forced commutation applications such as de-de 
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