
1/22/2024

1

EE 2109 Electronics-I 
Credit- 3

Course Teachers: Dr. Md. Jahirul Islam
&

Dr. Monira Islam

Presentation Courtesy: Dr. Mostafa Zaman Chowdhury

1Dept. of EEE, KUET 

Course Contents
Topics Covered

2

Introduction: Properties of insulators, semiconductors and metals; conduction in solids, conventional current
and electron flow, drift and diffusion current, mobility and conductivity; potential barrier; work function; contact
potential, Hall effect and Hall devices.
Semiconductors: Intrinsic semiconductors: Crystal and energy band diagram, electrons and holes, conduction
in semiconductors, electron and hole concentration, Fermi level. Extrinsic semiconductors: n-type doping, p-type
doping, and compensation doping, temperature dependence of conductivity, carrier concentration temperature
dependence, degenerate and nondegenerate semiconductors. Diffusion and conduction equations random motion
and continuity equation, time-dependent continuity equation, steady-state continuity equation.
Semiconductor Diode Characteristics: Qualitative and quantitative theory of the p-n junction as a diode;
Ideal pn junction, pn junction band diagram, current components in p-n diode; volt-ampere characteristics;
transition and diffusion capacitance, dynamic resistance, reverse breakdown; avalanche and zener breakdown;
zener diode, rectifier diode: controlled & uncontrolled rectification.
Special-Purpose Diodes and Their Applications: Tunnel diode, varactor diode; Metal oxide semi-conductor
diode, LED, Laser diode, PIN diode, Schottky diode, current regulator diode.
Transistor: Transistor and its current components, BJT characteristics and different regions of operation,
different transistor configurations, transistor as a switch and amplifier, transistor biasing, DC and AC load lines,
thermal stabilization.
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 Rectifier – a diode circuit that converts ac to pulsating dc

 Filter – a circuit that reduces the variations in the output from the rectifier

 Voltage Regulator – a circuit designed to maintain a constant power supply output 

voltage
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Rectifier: Fundamentals
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 Rectifier – a diode circuit that converts ac to pulsating dc

 Filter – a circuit that reduces the variations in the output from the rectifier

 Voltage Regulator – a circuit designed to maintain a constant power supply output 

voltage

 Sinwave  peak value → VP

 peak to peak value → VPP = 2VP

(rms → root-mean-square value)
 rms value → Vrms, 

 Ve,, Vac (Irms, Ie, Iac)

Irms = 0.707 Im

Iavg = 0.636 Im

Half-wave Rectifier
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Half-wave Rectifier
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The diode only 
conducts when it is 
forward biased, 
therefore only half 
of the AC cycle 
passes through the 
diode to the 
output.

Half-wave Rectifier
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The DC output voltage is 0.318Vm, where Vm = the peak AC voltage.

Output Frequency Half wave: fout = fin

What will be the output dc voltage?
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Efficiency of Half-Wave Rect ifier

The ratio of d.c. power output to the applied input a.c. power is known as rectifier 
efficiency i.e.
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Efficiency of Half-Wave Rect ifier
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d.c. power. The output current is pulsating direct current.
Therefore, in order to find d.c. power, average current has to
be found out.
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PIV (PRV)

 The peak inverse voltage (PIV) [or PRV (peak reverse voltage)] rating of 
the diode is of primary importance in the design of rectification systems.

 Because the diode is only forward biased for one-half of the AC cycle, it is 
also reverse biased for one-half cycle. 

 It is important that the reverse breakdown voltage rating of the diode be 
high enough to withstand the peak, reverse-biasing AC voltage.

PIV (or PRV) > Vm

• PIV = Peak inverse voltage
• PRV = Peak reverse voltage
• Vm = Peak AC voltage
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Example

Example 6.4. Calculate the current through 48 Ω resistor in the circuit shown in Fig. 6.11 (i).
Assume the diodes to be of silicon and forward resistance of each diode is 1 Ω. (V. K. Mehta)
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Full-Wave Rectifier

The following two circuits are commonly used for full-wave rectification:

(i) Centre-tap full-wave rectifier (ii) Full-wave bridge rectifier
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Disadvantages
(i) It is difficult to locate the centre tap on the secondary
winding.
(ii) The d.c. output is small as each diode utilises only one-
half of the transformer secondary voltage.
(iii) The diodes used must have high peak inverse voltage.

Full-Wave Rectifier
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Disadvantages of Centre-Tap

(i) It is difficult to locate the centre tap on the secondary winding.

(ii) The d.c. output is small as each diode utilises only one-half of the transformer secondary voltage.

(iii) The diodes used must have high peak inverse voltage.

Calculating Load Voltage and Current Values

 
  V 0.7
2

 pkS
pkL

V
V  

 pkL
pkL

ave V
V

V  637.0
 2
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Full-Wave Bridge Rectifier (Bridge)
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Full-Wave Bridge Rectifier (Bridge)
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Advantages

(i) The need for centre-tapped transformer is eliminated.

(ii) The output is twice that of the centre-tap circuit for the same secondary voltage.

(iii) The PIV is one-half that of the centre-tap circuit (for same d.c. output).

Disadvantages

(i) It requires four diodes.

(ii) As during each half-cycle of a.c. input two diodes that conduct are in series, therefore, voltage drop in the

internal resistance of the rectifying unit will be twice as great as in the centre tap circuit.
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Frequency and Efficiency of Full-Wave Rectifier
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The DC output voltage is 0.636Vm, where Vm = the peak AC voltage.

Output Frequency Half wave: fout = 2fin

Examples
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Example 6.18.
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Rectifiers: A Comparison
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Filters

A filter circuit is a device which removes the a.c. component of rectifier output but 
allows the d.c. component to reach the load.

20

The most commonly used filter circuits are capacitor filter, choke input filter and capacitor input 
filter or -filter.
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Filters

1. The Choke-Input Filter

21

 LC Filter limits surge current
 High current low voltage problems

Filter Output Voltages
2
r

pkdc

V
VV 

The choke (or inductor) has the primary characteristic of opposing a
change in current. Because of this, a choke-input filter ideally reduces the
ac current in the load resistor to zero. To a second approximation, it
reduces the ac load current to a very small value.

Filters

2. Capacitor-Input Filter

22

Capacitor 
 Charges with Vp
 Discharges through RL.
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Power Supply
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Regulator IC

 The series 78 regulators provide fixed regulated voltages from 5 V to 24 V.

 LM 309 also gives +5 V.

 The regulator IC not only reduces the ripple, it also holds the output voltage constant.

 Zener diode can also be used as voltage regulator.

24
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A Complete +5V power supply

Dept. of EEE, KUET 25

Dept. of EEE, KUET 26


