Lecture 1.1
The brief description of the subject

Electronics

The history of semiconductors (self-study)

The properties of semiconductors

The fundamentals of semiconductors 

- Planck's Quantum Hypothesis

- The Bohr's Theory

- The proof of the Bohr's Theory
- Heisenberg uncertainty principle
- Wave–particle duality
1 Introduction

The name of the discipline:

“Electronics, micro-circuitry and microprocessors”

«Электроника, микросхемотехника и микропроцессоры»

This discipline is divided into the following modules:

4 semester (15x2 lectures + 17x2 laboratory works):

1. The principle of diode’s and transistor’s operation;

1st module test;

2. Analog micro-circuitry;

2nd module test;

The home work.

5 semester (15x2 lectures + 17x2 laboratory works):

3. Discrete micro-circuitry;
3rd module test;

4. The elements of discrete micro-circuitry;
5. The term paper;

6 semester (8x2 lectures + 4x4 + 1x2 laboratory works):
6. Microprocessor devices;

The home work.

During this semester you have to study

- the fundamentals of modern semiconductor devices
- diodes

- bipolar junction transistors

- field-effect transistors (FET, MOSFET, JFET, …)

- operational amplifiers

- transistor amplifiers

- charge-coupled devices

Your work during this semester will be assessed according to the following indicators

1 the level of mastering the contents of lectures (including the oral lectures) – note that the contents of the lectures will be asked in the process of defending your reports  

2 the level of mastering the computer modeling of modern semiconductor devices (you have to prepare and defend in time you reports according to the set tasks (Electronics workbench, 5Spice, TopSpice software)
3 the level of mastering the laboratory works with modern semiconductor devices (you have to prepare and defend in time you reports according to the set tasks)

4 the level of mastering the Electronic calculators (you have to prepare and defend in time you reports according to the set tasks)

5 the level of mastering a design and construction of simple semiconductor devices - you have to design, construct corresponding electronic circuits and prove their ability to work. 
Electronics
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Surface mount electronic components
Electronics is a branch of science and technology that deals with the flow of electrons through nonmetallic conductors, mainly semiconductors such as silicon. It is distinct from electrical science and technology, which deal with the flow of electrons and other charge carriers through metal conductors such as copper. This distinction started around 1906 with the invention by Lee De Forest of the triode. Until 1950 this field was called "radio technology" because its principal application was the design and theory of radio transmitters, receivers and vacuum tubes.

The study of semiconductor devices and related technology is considered a branch of physics, whereas the design and construction of electronic circuits to solve practical problems come under electronics engineering. This article focuses on engineering aspects of electronics.
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Electronic devices and components
An electronic component is any physical entity in an electronic system whose intention is to affect the electrons or their associated fields in a desired manner consistent with the intended function of the electronic system. Components are generally intended to be connected together, usually by being soldered to a printed circuit board (PCB), to create an electronic circuit with a particular function (for example an amplifier, radio receiver, or oscillator). Components may be packaged singly or in more complex groups as integrated circuits. Some common electronic components are capacitors, resistors, diodes, transistors, etc.

Types of circuits
Analog circuits




Hitachi J100 adjustable frequency drive chassis.

Most analog electronic appliances, such as radio receivers, are constructed from combinations of a few types of basic circuits. Analog circuits use a continuous range of voltage as opposed to discrete levels as in digital circuits.

The number of different analog circuits so far devised is huge, especially because a 'circuit' can be defined as anything from a single component, to systems containing thousands of components.

Analog circuits are sometimes called linear circuits although many non-linear effects are used in analog circuits such as mixers, modulators, etc. Good examples of analog circuits include vacuum tube and transistor amplifiers, operational amplifiers and oscillators.

One rarely finds modern circuits that are entirely analog. These days analog circuitry may use digital or even microprocessor techniques to improve performance. This type of circuit is usually called "mixed signal" rather than analog or digital.

Sometimes it may be difficult to differentiate between analog and digital circuits as they have elements of both linear and non-linear operation. An example is the comparator which takes in a continuous range of voltage but only outputs one of two levels as in a digital circuit. Similarly, an overdriven transistor amplifier can take on the characteristics of a controlled switch having essentially two levels of output.

Digital circuits
Digital circuits are electric circuits based on a number of discrete voltage levels. Digital circuits are the most common physical representation of Boolean algebra and are the basis of all digital computers. To most engineers, the terms "digital circuit", "digital system" and "logic" are interchangeable in the context of digital circuits. Most digital circuits use two voltage levels labeled "Low"(0) and "High"(1). Often "Low" will be near zero volts and "High" will be at a higher level depending on the supply voltage in use. Ternary (with three states) logic has been studied, and some prototype computers made.

Computers, electronic clocks, and programmable logic controllers (used to control industrial processes) are constructed of digital circuits. Digital Signal Processors are another example.

Building-blocks:

· Logic gates 

· Adders 

· Binary Multipliers 

· Flip-Flops 

· Counters 

· Registers 

· Multiplexers 

· Schmitt triggers 

Highly integrated devices:

· Microprocessors 

· Microcontrollers 

· Application-specific integrated circuit (ASIC) 

· Digital signal processor (DSP) 

· Field-programmable gate array (FPGA) 

Mixed Signal circuits
It is rare you will find a purely digital or analog circuit in our time. Even FM radios are reduced to integrated circuits that contain both analog and digital elements, and though personal computers are almost entirely digital, certain ways computers communicate with the outside world such as the D-SUB video port use analog. Many of the circuit elements previously mentioned are actually mixed signal devices and employ Analog-to-digital and/or Digital-to-analog conversion. These methods allow circuits to create binary (digital) numbers associated with analog values with varying resolution and approximate analog signals from digital numbers respectively. The Microcontroller is an example of a Mixed-signal integrated circuit which employs both analog and digital techniques. While the computing core is digital, the microcontroller can also deal with analog values by using analog-to-digital converters. Digital cameras are another example as the CCD (Charge Coupled Device) sensor used in most cameras are not digital, but rather analog. The digital portion of the camera is responsible for control, human interface and digital signal processing among other things.

Heat dissipation and thermal management
Heat generated by electronic circuitry must be dissipated to prevent immediate failure and improve long term reliability. Techniques for heat dissipation can include heatsinks and fans for air cooling, and other forms of computer cooling such as water cooling. These techniques use convection, conduction, & radiation of heat energy.

Noise
Noise is associated with all electronic circuits. Noise is defined[1] as unwanted disturbances superposed on a useful signal that tend to obscure its information content. Noise is not the same as signal distortion caused by a circuit. Noise may be thermally generated, which can be decreased by lowering the operating temperature of the circuit. Other types of noise, such as shot noise cannot be removed as they are due to limitations in physical properties.

Electronics theory
Mathematical methods are integral to the study of electronics. To become proficient in electronics it is also necessary to become proficient in the mathematics of circuit analysis.

Circuit analysis is the study of methods of solving generally linear systems for unknown variables such as the voltage at a certain node or the current though a certain branch of a network. A common analytical tool for this is the SPICE circuit simulator.

Also important to electronics is the study and understanding of electromagnetic field theory.

Computer aided design (CAD)
Today's electronics engineers have the ability to design circuits using premanufactured building blocks such as power supplies, semiconductors (such as transistors), and integrated circuits. Electronic design automation software programs include schematic capture programs and printed circuit board design programs. Popular names in the EDA software world are NI Multisim, Cadence (ORCAD), Eagle PCB and Schematic, Mentor (PADS PCB and LOGIC Schematic), Altium (Protel), LabCentre Electronics (Proteus) and many others."

Construction methods
Many different methods of connecting components have been used over the years. For instance, early electronics often used point to point wiring with components attached to wooden breadboards to construct circuits. Cordwood construction and wire wraps were other methods used. Most modern day electronics now use printed circuit boards (made of FR4), and highly integrated circuits. Health and environmental concerns associated with electronics assembly have gained increased attention in recent years, especially for products destined to the European Union, with its Restriction of Hazardous Substances Directive (RoHS) and Waste Electrical and Electronic Equipment Directive (WEEE), which went into force in July 2006.

2 The history of semiconductors (self-study)
3 The properties of semiconductors

A semiconductor is a material that has an electrical conductivity between that of a conductor and an insulator, that is, generally in the range 103 Siemens/cm to 10−8 S/cm. Devices made from semiconductor materials are the foundation of modern electronics, including radio, computers, telephones, and many other devices. Semiconductor devices include the various types of transistor, solar cells, many kinds of diodes including the light-emitting diode, the silicon controlled rectifier, and digital and analog integrated circuits. Solar photovoltaic panels are large semiconductor devices that directly convert light energy into electrical energy. An external electrical field may change a semiconductor's resistivity. In a metallic conductor, current is carried by the flow of electrons. In semiconductors, current can be carried either by the flow of electrons or by the flow of positively-charged "holes" in the electron structure of the material.

Common semiconducting materials are crystalline solids but amorphous and liquid semiconductors are known, such as mixtures of arsenic, selenium and tellurium in a variety of proportions. They share with better known semiconductors intermediate conductivity and a rapid variation of conductivity with temperature but lack the rigid crystalline structure of conventional semiconductors such as silicon and so are relatively insensitive to impurities and radiation damage.

Silicon is used to create most semiconductors commercially. Dozens of other materials are used, including germanium, gallium arsenide, and silicon carbide. A pure semiconductor is often called an “intrinsic” semiconductor. The conductivity, or ability to conduct, of common semiconductor materials can be drastically changed by adding other elements, called “impurities” to the melted intrinsic material and then allowing the melt to solidify into a new and different crystal. This process is called "doping".[1]
4 The fundamentals of semiconductors 
Over three hundred years ago, Sir Isaac Newton revolutionized the study of the natural world by putting forth laws of nature that were stated in mathematical form for the first time.  Newton's book, The Mathematical Principles of Natural Philosophy [1] forever changed how scholars would study the physical world.  Newton's formulation of physical laws was so powerful that his equations are still in use today. [2] 

By the start of the 20th century, physicists had worked with Newton's laws so thoroughly that some of them thought that they were coming to the end of physics.  In their opinion, not much was left to do to make physics a complete system.  Little did they know that the world they described was soon to be understood in a completely different way.  The quantum revolution was about to happen. 

A Planck's Quantum Hypothesis
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• Hot objects emit light (red
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yellow
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white)

• Blackbody - absorbs all radiation falling on it, so that any light observed is being emitted

Electromagnetic wave theory predicted that objects would emit radiation, but did not 

accurately predict the observed spectrum of light at higher frequencies (ultraviolet 

catastrophe)

• In 1900, Max Planck suggested that the energy of vibration of the atoms in a solid is 

not continuous but can only have discrete values given by

E=nhf

– where h is Planck's Constant and has been found experimentally to be 6.626 x 
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Using these discrete energy values of hf, Planck was able to fit a mathematical 

equation to the entire blackbody curve.

• Revolutionary Idea: Energy exists only in discrete amounts!!!!!

• Smallest amount of energy possible (hf) is called a quantum of energy. 

• Planck himself was not entirely happy with this idea, but this was in fact the birth of 

modern physics.

B The Bohr's Theory

In 1913 Niels Henrik Bohr published his new theory of the atoms constitution. Just like Rutherford he assumed that electrons rotate around the nucleus. But had the three completely new ideas: 

1. There are some orbits called by him the stationery ones, where the moving electrons don't emit energy.

2. Each emission or absorption of radiation energy represents the electron transition from one stationery orbit to another. The radiation emitted during such transition is homogeneous and its frequency is given by the formula: 
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where h is the Planck constant, En and El are the energies in the two stationary states.

3. The laws of mechanics describe the dynamic equilibrium of electrons in stationery states but do not describe the situation of the electron transition from one stationery orbit to another.
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Let's now think what each postulate means.

The first one says that electrons can't move on unlimited orbits around the nucleus. Only some orbits are permissible. Electrons moving on them don't loose energy for radiation. The postulate was in complete disagreement with other theories, and especially with the Maxwell theory of electromagnetism. Bohr formulated the postulate ad hoc. He didn't know what it might come from. But he was of the opinion that to properly understand the nature of the atom one has to accept his idea. 

The second postulate says that in an atom an electron can change orbits. On each orbit the electron has some defined energy. The energy of the electron is different on different orbits. The bigger the orbit is, the bigger the energy is. If the electron change a higher orbit into a lower one then it emits a quant of energy that is the same as the difference of energy of the higher and lower orbit. To change a lower orbit into a higher one the electron has to absorb an adequate quant of energy. The quant of energy is proportional to the frequency of the emitted radiation. The second postulate explains why does the atom emit radiation of strictly defined wavelengths. 

The third postulate is in complete disagreement with the classic theory. According to that postulate the laws of mechanics can only describe electrons moving on stationary orbits and not while changing their orbits.
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Well, all right, but can these assumptions make us calculate wavelengths of the electromagnetic waves representing the respective hydrogen spectral lines? Bohr gave the positive answer to that question, but under the condition that the stationery orbits are the ones where the angular momentum (the orbital moment) is an integral multiple of h/(2*).

Let's see how to achieve Balmer's equation from that assumption.
According to the third postulate the movement of the electron on the orbit can be described by the classical physical formulas. According to the Newton's law the centrifugal force influencing the electron can be given by the formula: 
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        (1) 

where v is the electron velocity, r is the radius of an orbit, m is the mass of the electron. According to Coulomb's law the force of the electrostatic attraction influencing the electron (the charge of the hydrogen nucleus is equal to e the elementary charge) is equal to: 
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        (2) 

For the stationary orbits the both forces counterbalance. So we can equate the formulas (1) and (2) and after the transformation we get: 
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        (3) 

In this formula the values of r and v are both unknown. According to the Bohr's idea describing the angular momentum M there is: 
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where n is a natural number. The angular momentum of the electron moving on the circular orbit is given by the formula: 
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        (5) 


Equating the formulas (4) and (5) we get: 
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Calculating v from it we get: 
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Placing (7) into (3) we get: 
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        (8) 

Having this formula one can calculate the radius of the respective orbits in the Bohr's hydrogen atom. All the values in the square brackets are known and n is a natural number equal 1 or more (for n = 1 one gets the r of the first stationary orbit, for n = 2 of the second and so on). The n number was called the main quantum number. After placing the values of , e, m, h, into the formula (8) we get the interdependence between the radius of a given orbit and the quantum number: 
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        (9) 

Using experimental methods of measurement scientists calculated the approximate radius of the hydrogen atom with quite a big accuracy. It was equal to 0,5* 10-8 what is approximately equal to the first orbit of the Bohr's model. Bohr calculated also the total energy of the hydrogen electron for any stationary orbit. The total energy is a sum of the potential and kinetic energies of the electron. The potential energy can be calculated from the formula: 
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The kinetic energy is given by the formula: 
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But of the formula (3) we get: 
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        (12) 

Connecting these two formulas and adding the potential energy calculated from the formula (10) we get: 
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In this formula all the values from the right side are known except n, which is a variable. 

As it was said before, when the electron jumps to a lower orbit, it emits a photon having energy, which according to the second Bohr's postulate equals: 
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where En is the energy of the electron on the orbit, of which it comes back, E1 is the energy of the electron on the first orbit. Using the formula (13) we get: 
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where n is the orbit of which the electron comes back. After placing the values into (2*2*m*e4*k2)/h3 we see it is equal to Rydberg's constant R. So the value of R found experimentally is equal to the value calculated theoretically by Bohr. We saw then that Bohr gave the description of the Lyman series, which was discovered experimentally. And the Balmer series corresponds with the electron's jump-down to the second orbit in Bohr's model. 

The proof of the Bohr's Theory
Procedure
1. Put one of the unknown gas spectrum tubes into the spectrum power supply.

2. Using a spectroscope, view the element and observe the fluorescent colors.

3. Using the Internet, determine what gas is in the spectrum power supply by comparing the line spectra.

4. Record your color observations into a data table.

5. Use the Internet and workbook to determine the wavelengths (nm) for the element.

6. Repeat steps 1-5 for several more unknown gases.

7. Make a graph of the wavelengths.

	· Spectrum Power Supply

· White (incandescent) light source

· Spectrum tubes of gases:

· Hydrogen
· Neon

· Helium

· Nitrogen

· Argon

· Fluorescent light

- Spectroscope 
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This picture shows the Hydrogen gas as seen through the spectroscope.  The color was neon purple to the naked eye, while the spectroscope showed lines of red, purple, and blue.
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This picture shows the neon gas as seen through the spectroscope.  The gas appeared bright orange to the naked eye, and was red, orange, and yellow striped through the spectroscope.
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This picture shows the Helium gas as seen through the spectroscope.  The gas was a peachy color to the naked eye, with stripes of red, orange, green, and purple.
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This picture shows the Nitrogen gas as seen through the spectroscope.  You can faintly see the red, yellow, and green stripes that the spectroscope showed for the gas.
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This data table shows our gathered data for this experiment:

	 
	Line Spectra of Unknown Gases
	 

	Unknown Gas
	Naked-Eye Color
	Observed line colors
	Wavelengths (nm)

	Neon (Ne)
	reddish orange
	red, orange, yellow
	640.3, 618.0, 587.8

	Nitrogen (N)
	peach and purple
	wider; green, yellow, red
	663.1, 500.7, 567.8

	Helium (He)
	peachy
	one stripe- red, orange, green, purple
	668.2, 587.0, 501.9, 447.4 

	Hydrogen(H)
	hot pink
	one stripe- red, blue, and purple
	656.4, 486.2, 410.1

	Argon (Ar)
	bright purple
	very pale; red, blue, green
	664.3, 516.4, 426.6


Bohr's theory describes well the spectra of the atoms around the nuclei of which only one electron rotates. Such atoms are: H, He+, Li2+. Unfortunately the theory doesn't describe the spectra of the atoms around the nuclei of which two ore more electrons rotate. 

The Bohr postulates had no strong basis. They were just explaining the experimental facts. But nobody knew where these postulates came from. However the explanation came soon... 
C Heisenberg uncertainty principle
In quantum mechanics, the Heisenberg uncertainty principle states that certain pairs of physical properties, like position and momentum, cannot both be known to arbitrary precision. That is, the more precisely one property is known, the less precisely the other can be known. This statement has been interpreted in two different ways. According to Heisenberg its meaning is that it is impossible to determine simultaneously both the position and velocity of an electron or any other particle with any great degree of accuracy or certainty. According to others (for instance Ballentine)[1] this is not a statement about the limitations of a researcher's ability to measure particular quantities of a system, but it is a statement about the nature of the system itself as described by the equations of quantum mechanics.

In quantum physics, a particle is described by a wave packet, which gives rise to this phenomenon. Consider the measurement of the absolute position of a particle. It could be anywhere the particle's wave packet has non-zero amplitude, meaning the position is uncertain - it could be almost anywhere along the wave packet. To obtain an accurate reading of position, this wave packet must be 'compressed' as much as possible, meaning it must be made up of increasing numbers of sine waves added together. The momentum of the particle is proportional to the wavelength of one of these waves, but it could be any of them. So a more accurate position measurement - by adding together more waves - means the momentum measurement becomes less accurate (and vice versa).

The only kind of wave with a definite position is concentrated at one point, and such a wave has an indefinite wavelength (and therefore an indefinite momentum). Conversely, the only kind of wave with a definite wavelength is an infinite regular periodic oscillation over all space, which has no definite position. So in quantum mechanics, there can be no states that describe a particle with both a definite position and a definite momentum. The more precise the position, the less precise the momentum.

The uncertainty principle can be restated in terms of measurements, which involves collapse of the wave function. When the position is measured, the wavefunction collapses to a narrow bump near the measured value, and the momentum wavefunction becomes spread out. The particle's momentum is left uncertain by an amount inversely proportional to the accuracy of the position measurement. The amount of left-over uncertainty can never be reduced below the limit set by the uncertainty principle, no matter what the measurement process.

This means that the uncertainty principle is related to the observer effect, with which it is often conflated. The uncertainty principle sets a lower limit to how small the momentum disturbance in an accurate position experiment can be, and vice versa for momentum experiments.

A mathematical statement of the principle is that every quantum state has the property that the root mean square (RMS) deviation of the position from its mean (the standard deviation of the X-distribution):
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times the RMS deviation of the momentum from its mean (the standard deviation of P):
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can never be smaller than a fixed fraction of Planck's constant:
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Any measurement of the position with accuracy [image: image35.png]


 collapses the quantum state making the standard deviation of the momentum [image: image36.png]
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D Wave–particle duality
In physics and chemistry, wave–particle duality is the concept that all energy (and thus all matter) exhibits both wave-like and particle-like properties. Being a central concept of quantum mechanics, this duality addresses the inadequacy of classical concepts like "particle" and "wave" in fully describing the behavior of quantum-scale objects. Orthodox interpretations of quantum mechanics explain this ostensible paradox as a fundamental property of the Universe, while alternative interpretations explain the duality as an emergent, second-order consequence of various limitations of the observer. This treatment focuses on explaining the behavior from the perspective of the widely used Copenhagen interpretation, in which wave–particle duality is one aspect of the concept of complementarity, that a phenomenon can be viewed in one way or in another, but not both simultaneously.

The idea of duality originated in a debate over the nature of light and matter dating back to the 1600s, when competing theories of light were proposed by Christiaan Huygens and Isaac Newton: light was thought either to consist of waves (Huygens) or of corpuscles/particles (Newton). Through the work of Max Planck, Albert Einstein, Louis de Broglie, Arthur Compton, and many others, current scientific theory holds that all particles also have a wave nature (and vice versa).[1] This phenomenon has been verified not only for elementary particles, but also for compound particles like atoms and even molecules. In fact, according to traditional formulations of non-relativistic quantum mechanics, wave–particle duality applies to all objects, even macroscopic ones; but because of their small wavelengths, the wave properties of macroscopic objects cannot be detected.[2]
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