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Description


Floyd (Chapter 1 - Introduction to Semi-Conductors) Atomic Numbers: Hydrogen - 1 Helium - 2 Carbon - 6



1.1 Atomic Structure: *Atom - smallest particle of an element that retains the characteristics of that element. *there are 109 elements *According to Neils Bohr, it is composed of (1) nucleus (middle protons and neutrons) and (2) surrounding electrons *Atomic Number = arrangement of elements in the periodic table / is the number of protons and electrons (if balanced) *Electrons that are near the nucleus have lower energy and are tightly bounded, due to the force of attraction between the electron and the proton *Discrete electron energies exist within atomic structures and each of them corresponds to a certain energy level. *Discrete distances = orbits and they are grouped into energy bands called shells *Number of Electrons in Each Shell: N e = 2n2 *Valence shell (outermost shell) and valence electron (outermost electron) *Ionization: process of losing a valence electron (results to positive ion+) and gaining electrons (results to a negative ion -)



1.2 Insulators, Conductors, and Semiconductors: *Atom can be represented by a valence shell (outer shell) and core (other inner shells and nucleus) *Intrinsic - pure and no impurities *To compare conductivity, check (1) the valence electrons, (2) the core net charge, (3) distance of the valence shell. *Germanium is more unstable than Silicon. Material



Example



# of Valence Electrons Conduction and Valence Band



Conductor



copper (Cu), silver (Ag), gold (Au) and aluminum (Al)



1 - 3 Electrons



No energy gap



Semiconductor



Silicon (Si), Germanium (Ge) and Carbon (C), Gallium Arsenide (GaAs) and Indium Phosphide (InP)



4 Electrons



Wide energy gap



Insulator



rubber, plastics, glass, mica and quartz



5-8 Electrons



Very wide energy gap



Crystal = formed when semiconductor atoms bond together in symmetrical pattern Chemical Stability = 8 valence atoms Covalent bonds = a bond that hold the atoms together due to the sharing of valence electrons.



1.3 Current in Semiconductors: *Conduction band: after the valence band where free electrons go after having a sufficient amount of energy. *Free electrons = conduction electrons *hole = created when a valence electron jumps out of the valence band to become free electron *electron-hole pair: is created for every electron raised to the conduction band by external energy *recombination = occurs when a conduction-band electron loses energy and falls back into a hole in the valence band *Electron Current = after voltage is applied, the electrons are easily attracted toward the positive end. Negative to positive. *Hole Current = movement made by valence electrons in filling up nearby holes in the valence band. Positive to negative. *In copper's case, there is no hole-current!
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1.4 N-Type and P-Type Semiconductors: *Doping - adding impurities on the semiconductors, increasing the number of free electrons or holes to increase its conductivity.



Semiconductor Impurities



Kind of Impurity Examples:



Diagram:



Carriers:



N-Type



Pentavalent (5) Donor Atom



Phosporus (P), Arsenic (As),Antimony (Sb) and Bismuth (Bi)



Majority: Conductionband Electrons Minority: Holes (not produced by the addition of impurities but by the silicon itself)



P-Type



Trivalent (3)



Boron (B), Indium (In) and Gallium (Ga)



Majority: Holes Minority: Conductionband Electrons (not produced by the addition of impurities but by the silicon itself)



Acceptor Atom



1.5 The Diode: PN Junction: the boundary between the p-type and the n-type semiconductors combined to assemble a diode. Diode: a device that conducts current in only one direction



Formation of the Depletion Region: 1. Before they get combined together, the p-type and n-type are neutral on their own. 2. As soon as they get combined, the holes in the p-type and the electrons in the n-type diffuse. The rightmost side of p-type near the junction creates a layer of negative charges (because it receives electrons) and the leftmost side of the n-type near the junction creates a layer of positive charges (because it loses electrons). 3. These two layers Elecs 1 Page 2



3. These two layers L form the depletion region. Depletion because the region near the pn junction is depleted of charge carriers (electrons and holes) due to the diffusion across the junction. 4. The total negative charge in the depletion region repels further transfer of electrons. Hence, equilibrium is achieved. Barrier Potential (in Volts) = amount of voltage required to move electrons through the electric field. (0.7V in Silicon and 0.3V in Germanium) 1.6 Biasing a Diode: *Bias: refers to the use of a DC voltage to establish certain operating conditions for an electronic device. Vbias = dc voltage used to produce forward bias Rlimit = restricts the forward current to a value that will not damage the diode



Biases



Definition



Requirements



What it does:



Dynamic Resistance



1. Forward Bias



Allows current.



(1) Positive side of the voltage source to the p-region. (2) VBIAS > barrier potential



(1) Narrows the depletion region by reducing both the Very small and can be positive and negative ions. neglected. (2) Creates a VD = 0.7



2. Reversed Bias



Prevents current.



(1) Positive side of the voltage source to the n-region. (2) VBIAS < breakdown voltage



(1) Widens the depletion region (2) Creates a very small current



Breakdown Voltage = reverse voltage bias that results to a strong reverse current. Typically 50V. Avalanche Effect = the strong reverse voltage imparts energy to the few electrons in the p-region that knocks out the valence electrons, which in turn knocks the others out. The strong impact speeds up the electron and allows them to pass through the depletion region onto the n-region. 1.7 Voltage-Current Characteristics of a Diode:



Forward Bias:



Less than 0.7V



Current



Increases very minimally. Increases very rapidly.



Voltage



Increases rapidly.



Dynamic Resistance or AC Resistance Strong at this point.



More than 0.7V



Remains around 0.7V Weaker at this point.



Reverse Bias



Before breakdown voltage



Current



Small amounts of current (micro or nano amperes) Increases very rapidly.



Voltage



Increases. Elecs 1 Page 3



After breakdown voltage



Remains around VBR



Voltage



Increases.



Remains around VBR



Dynamic Resistance or AC Resistance Strong at this point.



Weaker at this point.



*As temperature increases, the forward and reverse current increases. 1.8 Diode Models



Diode Approximations 1. Ideal Diode Model



Characteristics



Figure



*Diode = switch *no dynamic resistance or barrier potential *Forward Bias = On *Reverse Bias = Off



2. Practical Diode Model *Diode = switch with barrier potential *Forward bias = on + barrier voltage *Reversed bias = off (just like ideal)



3. Complete Diode Model *Diode = switch with barrier potential, small forward dynamic resistance and large internal reverse resistance. *Forward bias = on + barrier voltage + small dynamic resistance *Reversed bias = parallel large internal resistance 1.9 Testing a Diode *Multimeter - fast and simple way to check a diode *Good diode - very low resistance with forward bias and extremely high resistance in reverse bias *Defective short or resistive diode = will show zero or a low resistance for both. *Defective open diode = extremely high resistance for both. Forward Bias Resistance



Reverse Bias Resistance



Good Diode



Very low resistance



Extremely high resistance



Defective Open diode



Extremely high resistance Extremely high resistance



Defective Shorted diode



Very low resistance
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Very low resistance



Floyd (Chapter 2 - Diode Applications) Diode - a single pn junction that conducts current in one direction while blocking current in the other direction 2.1 Half-Wave Rectifiers DC Voltage Power supply - converts the standard AC voltage (120V or 220 V, 50Hz or 60Hz) into a constant DC voltage Steps done by DC Voltage Power Supply 1. Transformer: AC input line voltage is stepped down to a lower AC voltage. It changes ac voltages based on the turns ratio between the primary and secondary. a. If secondary > primary = greater voltage / lesser current b. If primary > secondary = lesser voltage / greater current 2. Rectifier : convert AC voltage into pulsating dc voltage. Can be either half-wave or full wave rectifiers. 3. Filter: eliminates fluctuation in the rectified voltage and produces a relatively smooth dc voltage 4. Regulator: circuit that maintains a constant dc voltage for variations in the input line voltage or in the load.



Half-Wave Rectifier: a diode is connected to an ac source and to a load resistor (R L)



Average Value of the Half-Wave Output Voltage (VAVG or VDC): value measured on a DC voltmeter



Peak Inverse Voltage (PIV) = equals the peak value of the input voltage, and the diode must be capable of withstanding this amount of repetitive inverse voltage *maximum value of reverse voltage *diode should be rated at least 20% higher



Turns Ratio = number of turns in the secondary (N SEC) divided by the number of turns in the primary (N PRI).



*If n > 1, it is a step up type and n 1, it is a step up type and n 
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