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% Course Contents

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: Fundamentals

> 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

> 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 1..=0.7071,

i = peak value — V
O Sinwave peak value — Vp g = 06361,

= peak to peak value — Vpp =2V,

Vin
Vitin) (rms — root-mean-square value)
/\ /\ = rms value — V.,
t
I \/ \/ \/ - Ve,’ Vac (I[TnS’ IC’ Iac)
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i Half-wave Rectifier
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* oa = :
+ i + + +
The diode only
conducts when it is i & Vo b= Wy R
forward biased, _ - _
therefore only half
of the AC cycle

passes through the
diode to the
output.
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Half-wave Rectifier

The DC output voltage is 0.318V,,, where V,, =the p~~'- * " - ~l~m-

Vims = 0.707V,
Output Frequency  Half wave: fou= f. Therefore, the peak source voltage in Fig. 4-3 is:
\Z 10V
xsc1 = EeAT =
= L= oy S T ¢
= i With an ideal diode, the peak load voltage is:
HET Viouty = Vo) = 14.1 V
Dt i s The dc load voltage is:
1N4001GP =
T V.
% ~= 8888 Sen Sl N
1&Vrms ':‘II(-Q = Vie=== 7 —449V
60 Hz
0° With the second approximation, we get a peak load voltage of:

= Voouy = Vo) — 0.7V =141V - 0.7V =134V
and a dc load voltage of:

v,
Va=p=134V _427v
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Efficiency of Half-Wave Rectifier

efficiency i.e.

Rectifier efficiency. ) =
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"
The ratio of d.c. power output to the applied input a.c. power is known as rectifier

d.c. power output
Input a.c. power

c\ —» ~. o‘ —»
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Efficiency of Half-Wave Rectifier

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.

y _ :i"_ _L“T/msine
I = L= g fid0 = o | pdo
0 o L
v ﬁ 4
= 7’"]51.19 8 = —— __[—cosB]]
2n(ry + Ry) i 2n(ry + Ry)

- P e P

Gy + R Oy +R) T m

= [ = 'm

= ™ (ry + Ry)
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a.c. power input : The a.c. power input is given by ;|
‘Dur = I?'ms (rf+ RT.)
For ahalf-wave rectified wave. =1 /2
— ]m 2 1
‘Da( - T X (rfT I_)

d.c. output power

(I, /m* xR,

Rectifier efficiency = . = k=
a.c. mput power U, /2" ¢y + Ry
0406 Ry 0406
Y
I L 1+ L
R

L
The efficiency will be maximum if ris negligible as compared to R;.
Max. rectifier efficiency = 40.6%
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PIV (PRV)

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

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

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

=0 t
Vin :) R
PIV (or PRV) > V/,

V,=IR=(0)R=0V

+

FIG. 2.52
e PIV =Peak inverse voltage Determining the required PIV rating for the

half-wave rectifier.

* PRV = Peak reverse voltage
* V, =Peak AC voltage
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Example
A -
Example 6.4. Calculate the current through 48 Q 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 Q. (V. K. Mehta)
DI
10
D, D, D,
) 480 i LS 0.7V 48 O
V= e
D3
D, D 10
4 3 D,
I T 0.7V
0) (1)
Net circuit voltage = 10-0.7-0.7 = 8.6V
Total circuit resistance = 1+48+1 = 50Q
Circuit current = 8.6/50 = 0.172 A = 172 mA
12 Dept. of Electrical and Electronic Engineering, KUET
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Full-Wave Rectifier

The following two circuits are commonly used for full-wave rectification:
(N Cantra_tan full_urava rantifiar (71 Full_urava bridge rectifier

Disadvantages

(i) 1t 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.

= Ve

13

Full-Wave Rectifier

Disadvantages of Centre-Tap

(1) 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.

(ii1) The diodes used must have high peak inverse voltage.

Calculating Load Voltage and Current Values

Vs(or) 2V (k)
Vi =5 - 0.7V lomS— = 0.637 ;)

14
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FIG. 2.53 FIG. 2.54
Full-wave bridge rectifier. Network of Fig. 2.53 for the period
0 — T/2 of the input veltage v;.
A\ ANV A
0 ‘ i \/ T t 0 T Tt
2 2
FIG. 2.57
Input and output waveforms for a full-wave rectifier. 15
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Full-Wave Bridge Rectifier (Bridge)

Advantages
(1) The need for centre-tapped transformer is eliminated.
(i) The output is twice that of the centre-tap circuit for the same secondary voltage.

(1i1) The PIV is one-half that of the centre-tap circuit (for same d.c. output).

Disadvantages
(1) 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.

Dept. of EEE, KUET 16
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The DC output voltage is 0.636V,,, where V,, = the peak AC voltage.

Output Frequency  Half wave: f..= 2f.

Full-wave rectification efficiency is

P, QL infR,
= p = 12—
(TZJ (ry + Ry)
_ ix R, _ 0812 Ry _ 03812
T (rf + R;) re R, 1+ T
Ry

The efficiency will be maximum if ris negligible as compared to &;.
Maximum efficiency = 81.2%

This is double the efficiency due to half-wave rectifier. Therefore. a full-wave rectifier is twice as
effective as a half-wave rectifier.
Dept. of EEE, KUET 17
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- N y
xsC1
[=]=1=]
. =P Voouy =17V =14V =156V
2ol B B
o o48s ¢
|
l Channel 1 =
" 101 Channel 2 Example 6.18.
120 Vrms
(Dsone = =
1kQ
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Rectifiers: A Comparison

Redfifier type: Half-wave Full-wave Bridge
N R | -
diagram:
. -
i B 10 O 0 5 a'a'a'a’a'a¥ Fa'a'a'a'a’al
wavelorm:
Peak load Vagpig = 0.7V Vtps Vi = 14V
voltage: Gl g7y Stpld
de load Vi ok Vi 2Vl
voltage (Vi) T T [
dc load Ve Ve Vave
current (Lye): R A Ay
Biv: Equal to Viioh Vi — 0.7V Ve =07V
Dept. of EEE, KUET 19
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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.

e

RECTIFIER
OUTPUT

»
=

=

A.C. COMPONENT
FILTERED

R; %4_ PURE D.C.
QUTPUT

FILTER CIRCUIT

The most commonly used filter circuits are capacitor filter, choke input filter and capacitor input

filter or -filter.

20
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Filters

1. The Choke-Input Filter

Figure 4-10 (a) Choke-input filter; (b) ac-equivalent circuit.

Xt

RECTIFIER

RECTIFIED
QuTPUT

1
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(a)

YA AA A A A

LA

DC VOLTAGE

Vin I c R Vin I Xe
(b}

wE

The inductor has a reactance given by:
Kr = 2mfL

The capacitor has a reactance given by:

» LC Filter limits surge current
» High current low voltage problems

Filter Output Voltages V, =V , — =~

XC:F]fC dc pk 2
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.

RECTIFIER

FILTERED
OUTPUT

0.636 Vp

(b)

As

=t | rof=<

(d)

Filters

2. Capacitor-Input Filter

51
120V ) /K IDEAL
60 Hz il =
sl < >
= = .-.{:/ b Cy Ry
Y T 100 uF 5 ka2
A capacitor offers infinite reactance to d.c. Ford.c.,f=0. Definition:

1 1 =

= = oo

Xc
2n fC 2rx0xC
Hence. a capacitor does not allow d.c. to pass through it.
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T —
T,
I
Capacitor

> Charges with V,
» Discharges through R;.

Ripple is defined as

_ ripple voltage (rms) _ V,(rms)

x 100%

de voltage

de

11
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Power Supply

Summary Table 4-3

AC Input

| =—— DC
Rectifier 7 Filter i

Transformer |

Purpose Provides proper Changes ac input Smooths out dc Provides a constant
secondary ac to pulsating dc pulses output voltage under
voltage and ac varying loads and ac
ground isolation input voltage

Types Step-up, step-down, Half-wave, full-wave, Choke-input, Discrete components,
isolation (1:1) full-wave bridge capacitor-input integrated circuit (IC)

23
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rRegulator IC gl e

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

O LM 309 also gives +5 V.
QO The regulator IC not only reduces the ripple, it also holds the output voltage constant.

QO Zener diode can also be used as voltage regulator.

® @ Positive-Voltage Regulators in the 7800 Series

+ IN ouT + - !
7812 IC Part Output Voltage (V) Minimum V; (V)
vy : v = .
. GND & 7805 +5 73
- @ - 7806 +6 83
7808 +8 10.5

= = 7810 +10 12.5

7812 +12 14.6

B 1818 7815 +15 17.7
Connection of a 7812 voltage regulator. 7818 18 21.0
7824 +24 27.1

12



V,=15V

Secondary
Winding

Primary
Winding

FIG. 15.29

A +5-V power supply.
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