Chapter

Diode Circuits

LEARNING OBJECTIVES

» Small signal equivalent circuit of diode
» Practical PN junction diode

 Large signal diode-models

« Open circuit test

» Short circuit test

* Rectifiers

+ Half wave rectifier analysis

 Full wave rectifier

After reading this chapter, you will be able to understand:

» Peak inverse voltage
+ Bridge rectifier

« Clipping circuits

« Clamper circuits
 Voltage multipliers

» Power supplies
 Voltage regulators

SMALL SIGNAL EQuIvALENT CIRcUIT
ofF DioDE

An ideal diode is a two-element device which has the circuit sym-
bol and Volt-ampere characteristic as shown below:

Ip
fo > N
— >r——o Vp
Vp
Anode Cathode

A diode is a two-terminal unipolar device which provides mini-
mum resistance in the forward direction and maximum resistance
in the reverse direction.

Ideal diode is an unilateral circuit element, as the current in
the device is in one direction only. This behavior is important in
switching as it provides an ON-OFF characteristic.

Practical PN Junction Diode
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Figure 2 Diode charac-
teristic and load line

.. -1 vV
Fromthe circuit, =V, +1 R+V, =0(KVL) [, = FVD +7AA

Figure 1 Diode circuit

This equation defines a straight line, called load line. The load
line and diode characteristic must be satisfied simultaneously, at
their point of intersection Q, called Quiescent or operating point. The
values of current in and voltage across the diode are denoted by /,,
and Voo respectively.

0’

Large Signal Diode-Models

I Anode
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Figure 3 Piecewise linear

diode forward characteristic Figure 4 Diode model for forward bias

(b)
1 Cathode
Slope ==
PR, (@)

Figure 5 Piecewise
linear reverse based
characteristic diode

Figure 6 Diode model on piecewise
of linear representation (b) Model to
include surface leakage
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Model Equivalent Circuit V-1 characteristics
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Open circuit test

(i) Replace the diode with open Circuit

(i1) Find the voltage across the diode from ‘p’ to ‘n’ side, if
it is positive, diode is in Forward Biased. If it is nega-
tive, diode is in Reverse Biased.

Short circuit test

(1) Replace all the diodes with short Circuit

(i1) Find the current through the diode from ‘p’ to ‘n’ side
say ‘I.
If 7> 0, Diode is in forward biased
1< 0, Diode is in reverse biased

Example 1: Check whether the diode is in forward biased
or not?
D 2kQ

5kQ

Solution: ‘D’ is open
5kQ

p n
9V /= 1kQ 4V
VP:E:I.SV

6
V. =4V
VP<V,,

Hence ‘D’ is in reverse biased condition.

ELEMENTARY DIODE APPLICATIONS

Rectifiers

A device, such as the semiconductor diode, which is
capable of converting a sinusoidal input waveform into a

unidirectional waveform with a non-zero average compo-
nent is called rectifier.

Half wave rectifier
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Figure 7 Volt (V) and current (/) waveforms
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Figure 8 Half wave rectifier

During the first half of cycle (positive cycle). The diode is
V . . . .

ON, and current — exists. The diode is off during nega-

L
tive half cycle of V' so that the current is zero as the current
exists for only one half cycle, it is called halfwave rectifier.

+
R <V,
C = =

Figure 10 Output voltage waveform

The circuit uses a capacitor ‘C” as a simple filter to convert
the waveform to the nearly constant (DC) level. If the time
constant R, C is much greater than the time period of 7 of
input waveforms, the discharge will be slow.

The peak to peak ripple out of any capacitor input filter

s V, c

V. — peak to peak ripple voltage
I—DC load current

f—ripple frequency

C — capacitance




If we use real diode, the equivalent circuit is as shown in
Figure 11.
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Figure 11 Rectifier equivalent circuit

The current ‘i’ is obtained by KVL

V-V V sinot—V
i: Rl / = m 7
R R

L L

as it is greater than zero only when V > V . Thus current
waveform does not start when wr = 0, but has a cutin or

v
ignition angle ¢, given by ¢, =sin™'| - |.
Similarly extinction angle exists at the end of positive
cycle its value is 77— ¢..

Half Wave Rectifier Analysis

Figure 12 Basic circuit of half wave rectifier

V.=V sinwt, has peak value of V , which is mostly very
high when compared to ¥, of diode, assume ¥V = 0.

The diode idealized to be a resistance R.in the ON state,
and an open circuit in the OFF state, the currenti in the
diode or load R, is

i=lsinwtif0Ofwt<rm

m

=0,ifr<wt<2m

v
And [, =—"
R, +R,
DC current of value (Average current)
1 2n
I,.=—id(wt
b =5 J (wr)

For half wave circuit, /.= LJ' I, sin(ot)d(wt) = i
21y, T
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The DC (average) output voltage is given as

_ ]mRL _ I/vm

VDC:[DC ‘R,
T T

The DC voltage across diode is not given by IR, as diode
acts as resistance which has two values
R , in the ON state, and < in the OFF state

v

‘ nUzn:wt

VRsinwt

Figure 13 Voltage across the diode

T 2r
So V.= %U 1R, sinwtd(wt) + f V. sin(ot)d(ot)
0 0
1
= ([mR - Vm)
T

1
:;[lmR/ -1, (R, + R)]

-1 R . .
Vpe=—2-, so the DC diode voltage is seen to be equal
T

to the negative of average voltage across the load resistor.

2

1
The AC current [, = [— j
‘ 2n

0

1/2 1
*d(ot =
id( )J 5

V. =1 R

rms rms” L
1
vV, . =-"R = v
2 2

Regulation
The variation of DC output voltage as a function of DC load
current is called regulation.

. Voond = Ve
% of regulation = —telead__load 1 5()05,
load
No load refers to zero current, load indicates the normal
load current

Note: ideal power supply has percentage regulation zero

I =I_m_ V. i

= =1,.R
DC > " DC
T R, +R,

DC™L

The DC output voltage varies as

R

Voc = pcfty

”
T
T
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Full wave rectifier
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Figure 14 A full wave rectifier circuit
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Figure 15 The diode currents /, and i, and load current j, output
voltage V= iR,

The circuit, is seen to comprise of two half wave rectifiers,
connected so that conduction takes place through one of the
diodes at one half cycle.

21,
Ipe=
T
1
] —__m
rms \/5
21 R
VDC - 2
T
2,
Voe=—"~1I,.R,

If we include Vy, of the diode

..V
0, =sin V—,02 = -6,
The average current /.
-20, V
pe=——"——cos, — el B (half wave
(R, +R,) 2r R, +R,
rectifier)
2V T-20 V
I, o=——"—cos6, — t——  (full wave
(R, +R,) 2r R, +R,
rectifier)

Example 2: A diode with an internal resistance of 10 Q is
used as a rectifier to supply power to a 500 Q load from a
220 V (rms) source of supply. Calculate (a) the peak load
current (b) the DC load current (¢) the rms load current
d) the DC diode voltage (e) the total input power to the
circuit (f) percentage regulation from no-load to the given
load.

Solution: A diode is used as rectifier, so half wave rectifier,
if two diodes are used, it will be full wave rectifier.

4 oy, N2.220

(a) [m = m = =
R, +R, R, +R,  (10+500)
=0.61 A
I
(b) Ie=""=0.19A
T
I
© I, =§=0.305A
I R
(d pl. =t 06122
T T
=-97.1V

(e) Power delivered=V_ I

rms " rms

=(220V) (0.305 A) = 67.1 W
R

IDC L

m_ T R
T

() % regulation = x 100

DCty

4

m

—m R,
B n(Rf +R,) <100

Va V.
-——" R,
m w(R,+R)

= &xloo
R

L

As R, goes from o (no-load) to 500 €2, percentage
regulation will go from 0 to 2%.

Peak Inverse Voltage

For each rectifier circuit there is a maximum voltage to
which the diode can be subjected. This potential is called
peak inverse voltage (PIV). For half wave rectifier, the peak
inverse voltage is ¥, and for full wave rectifier PIV is 2V .
In full wave circuit, independent of the filter used, the PIV
across each diode is twice the maximum transformer volt-
age (center tap to other end).

Peak inverse voltage is the maximum voltage across
the non-conducting diode of rectifier, the voltage must be
less than the break down voltage of the diode otherwise the
diode will be destroyed.

PIV of half wave rectifier with capacitor input filter
PIV =2V .

Bridge rectifier with capacitor input filter, PIV =V



Bridge rectifier
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Figure 16 A Bridge rectifier

The bridge rectifier is similar to a full wave rectifier because
it produces a full wave output voltage, diodes D, and D,
conduct on the positive half cycle and D, and D, conduct
on the negative half cycle. As result rectified output flows
during both half cycles.

Features

(1) The current drawn in both the primary and the sec-
ondary of the supply transformer are sinusoidal, and
therefore a smaller transformer may be used than for
the full wave circuit for the same input.

(i1) A transformer without center tap is used.

The advantage of this type of full wave rectification over the
center tapped version in the conventional full wave rectifier,
is entire secondary voltage of transformer can be used DC

2V
output (J')=—-=
T

21,
Iye=
T
. I
Current through each diode =1, = Y

Example 3: In a bridge rectifier, the input AC source has
an amplitude of 5V, and the load resistance is 100 Q. The
diodes have an on resistance of 10, V= 0.6 V. The DC
output voltage is ____
(A) 1.69V
(C) 235V

Solution: (A)

V R
VDC:2|: et I/ri|

(B) 181V
(D) 2.38V

(R +R,)
5 100
22| ———-0.6|=1.69
7 (100+10)
Table 1 Unfiltered rectifiers
Half Wave Full Wave Bridge
Number of 1 2 4
diodes
Peak output
ideal Vi V?m (center tapped) Vi
Peak output v
(practical) VvV -07V ?m—0.7V V -14V
DC output 2 V (out)
V(out)m 2V (out)/r
b1
Ripple frequency £ 2f 2f
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V' —peak secondary voltage
V (out) — peak output voltage

Voltage multiplier

Figure 17 Bridge rectifier as voltage doubler

A common voltage doubling circuit which delivers a dc
voltage approximately, equal to twice the transformer
maximum voltage at no load. The circuit is operated
by alternately charging each of two capacitors, to the
transformer peak voltage V , current being continuously
drained from capacitors through load. The capacitors also
act to smooth out the ripple in the output.

Capacitor filters

o —> l\i—l — i
1 ;
AC Vi Ry =C

input

!

O

Capacitor stores the energy during the conduction period
and delivers this energy to the load during non-conducting.

During Charging During Discharging

Diode having less forward resistance, and capacitor charges
very fastly and the value of R, is designed to be so high to
get the small ripple at the output

1

Capacitor
output

| o

Full wave rectifier with a capacitor filter is obtained by plac-
ing a capacitor ‘C” across R,

E:t

Figure 18 Approximate load voltage waveform for full wave
rectifier with capacitive filter
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The average value of the voltage is approximately When V> (-V,) : Diode is reverse biased = V =V,
V.<(-V,) : Diode is forward biased = V =V,
I/ri le l ’
Voe=V, = % v

I T/\ /\
=D (for full wave rectifier) g

V. >
ripple 2 fC VR ’, ______ u

IDC

VDC = Vm -
4fC Clipping at two independent levels
R

A
Wy

Clipping Circuits: Voltage Slicers

(i) An electronic circuit which cuts the given input

—<—>e+
S
Y
— N —>e+

wave form Va Vs
(i1) The amount of clipping is decided by the supply volt- 1 T T ‘
age by which the circuit is driven - (Va,> Vi) -
Considering ideal diode Input Diode state Vo
Q) 4 R . VsV, D, ON, D,OFF 2
AVAVAV ‘
V,<V<V, D, OFF, D, OFF v,
1 2
DV,
v, out 7 VR2 D,OFF, D,ON Vnz
VFi
I "
When V>V, : Diode is forward biased = V =V, y 2N SN
V.<V,: Diode is reverse biased = V =V, fz / \
>t
Va, \—/
>t
(i) + Aﬁ
Vi
Clipping circuits are used to select for transmission, that
part of a waveform which lies above or below same refer-
ence level.
Va Considering practical diode
o >t v Vv,
+ R +
A Ay J; AS
When V>V, : Diode is reverse biased = V =V, w Vg \ / \Vo
V. <V, : Diode is forward biased = V =V, y %D y 7 \7 3!
i o
+
Vr
B ----VY
. ol - Vo
Figure 19 Diode clipping Figure 20 Input and output

circuit voltage waveforms




+ R +
Ry

Vi il=vov
Vi

Figure 21 Model for circuit in forward bias V, >V, + Vy

+ R +
Rr—>00
Vi Vo— Vo
+

Figure 22 Model for circuit in reverse bias V, <V, + Vy
The diode will be ON during forward bias, as shown
in Figure 21 by applying KVL
. Vz _VR B Vy
i=—
R, +R

ViR, =y R Ve +V)
C R R 4R R+R, T
The translation from OFF to ON occurs when V,
equals to V,+V,

This transition indicates abrupt change in slope in the
plot of V, versus V, called transfer characteristic. The

slope is unity, when diode is off, as V=V (see Figure 22)

p— /.Input
o L Qutput
. j

t a7 >t
Va+ V, U

Transfer characteristic of clipping circuit
Rs Vout
0 Vout

0.7V
Iy i
SRVIVAV

Figure 23 Positive clipper

HS VO ut

Vp
JAN /\

-0.7V

Figure 24 Negative clipper
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Sensitive
circuit

I

Figure 25 Limiter or diode clamp

If the input signal is so small (say 20 mV), none of the
diode will be turned ON, so these small voltages will
be not effected, but for higher voltages than £0.7 V
one of the diode will be forward biased and the input
to sensitive circuit will never cross 0.7 V.

A limiter on the input side of an op-amp will
prevent excessive input voltage from being accidently
applied.

Biased clippers

RS
+VP
V+0.7
R - k J k J
_VP —VP

Figure 26 Positive clipper
HS

+Vp
" O
v, v T

-V-0.7
Figure 27 Negetive clipper
+V; +0.7
-V, -0.7

Figure 28 Biased positive-negetive clipper

In the above combination clipper diode D, clips off positive
parts above positive bias level, and diode D, clips off parts
below the negative bias level. If input voltage is very large
compared to the bias levels, the output signal is a square wave

1kQ
Vin Vout

Figure 29 Clipper with three offset voltages
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Since each diode has an offset of around 0.7 V, three diodes
produce a clipping level of +2.1 V, we can use the same cir-
cuit (see Figure 29) as a diode clamp to protect sensitive
circuit, that cannot tolerate more than 2.1 V input

RS
Vin Vout

+Vpe <+ Vyias

Ry
R

Figure 30 Voltage divider biases clipper

This is another way to bias a clipper without batteries. The
voltage divider R, and R, to set the bias level, given by
R2
=2 .
bias Rl + R2 DC
In this case the output voltage is clipped or limited when
the input is greater than V,,_ + 0.7V

1 kQ
Vin Vout

+5V
Figure 31 Diode clamp protects above 5.7 V

The circuit in Figure 31, it can be used to protect, sensitive
circuits from excessive input voltages,

Vout

Figure 32 Circuit with zero off set

The circuit shown in Figure 32 is used to remove offset of
limiting diode D,.

The diode D, is biased slightly into forward conduction,
soithas 0.7V across it, this 0.7 V is applied to D, and R, via
1 k€. This means that diode D, is on the verge of conduc-
tion. Therefore when a signal carried in, diode D, conducts
near 0 V.

Clamper Circuits

When a positive clamper has a sine wave input, it adds a
positive dc voltage, to the sine wave,

Stiff clamper: R,C > 100 7, T-time period.

The positive clamper shifts the AC reference level upto
a DC level.

+VP +2 VP
__|Positive |
clamper
-Vp
Positive
Vv, — - Vv,
P clamper P
+
e VP
C
+Vp =2Vp
AQUQ B J N/ \/}
~
-Vp 0.7V

Figure 33 Practical clamper

The first quarter of the cycle charges the capacitor fully,
then the capacitor retains almost all of its charge during sub-
sequent cycles. The small charge that is lost between cycles,
is replaced by diode conduction.

1y,
T s IO 3

Figure 35 Beyond

Figure 34 At posi-

tive peak positive peak
capacitor acts as
battery
C +0.7 V
+Vp | J
QUQ AN\ A
A, VARV
Ve ~-2Vp

Figure 36 Negative clamper

+2Vp

C
+VP -
Ve /N 21"
“lcS R
~Vp

Figure 37 Peak to peak detector

+2 VP
IAYANAAA

A half wave rectifier with a capacitor input filter produces a
DC output voltage approximately equal to the peak of input
signal.
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-~ V_(saturation) =4V

If we cascade a clamper and a peak detector, we will get
a peak to peak detector.
The RC time constant should be much greater than the V =V, —4

period of the signal (7) to get good clamping.

Steps to draw clamper output
(1) Find the voltage across the capacitor at input peak state.

(ii) Replace the diode with open circuit, and draw the

Diode Circuits | 3.101

KVL at input gives, after replacing diode with short circuit

VoLTAGE MULTIPLIERS

1) 2Vp

2Vp

output waveform.
Example 4: Find the output of clamper circuit in the given

figure
c
|-

| Vo

C1 D2
AC
input% % %m Co |§

Figure 38 Voltage doubler with floating loads

/D

Vp D2
=
il
AC D, 2V, R
input 1 1 t

Figure 39 Voltage doubler with grounded loads

<«— Tripler output ——»
2Vp

-5

Vp
Solution: Under peak state V= +5 V KVL at input side ° ]l Sk
gives ¥, — ¥, ~7,=0 c s

V=V -5 AC JAN D

in input by AVACIVAN N
o —1h
2Vp Cp

Example 5: Find the output of clamper circuit in the given

Figure 40 Voltage tripler with floating load

figure
C
I Vo
b 2V,
v () o SE >
6V l
AC
. I3VP R,
input
+
in VP
T L 1
+10V 1
’ , Figure 41 Voltage tripler with grounded load
-10V ‘ Ve 2Vp
. . . -t -t
Solution: At peak state condition, diode forward biased © c ! 1
c AC 1 e
|
I . 0,55 D BSDyyDs
Cz C4
o == I
2Vp 2Vp

Vin CN)

- 6V

Figure 42

<«—— Quadrupler output —»

Voltage quadrupler with floating loads
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3Vp
-t

© sl
AC

. % % Vet
input -

\VA

_4VP RL
+
T I

Figure 43 Voltage quadrupler with grounded load

[¢
AC
input

Figure 44 Voltage multiplier—full wave doubler

Voltage doubler is a redesign of the peak to peak detector,
it uses rectifier diodes instead of small-signal diodes. It
produces an output equal to the peak value of the rectified
signal.

In voltage tripler, the first two sections act like a doubler,
at peak of the negative half cycle, D, is forward biased. This
charges C, to 2v, with the polarity shown in figure 40. The
tripler output appears across C, and C,.

Voltage quadrupler with four sections in cascade, the
first three sections are a tripler, and the fourth makes the
overall circuit quadrupler. The quadrupler output is across
the series connections C, and C,.

Figure 44 shows a full wave voltage doubler, on the pos-
itive half cycle of the source, the upper capacitor charges
to the peak voltage with the polarity shown, on the peak
next half cycle, lower capacitor charges to the voltage, with
indicated polarity, final output voltage is approximately
2V

The voltage multipliers shown in figure 38—43 are half
wave designs, i.e., the output ripple frequency is same as
input frequency, but full wave voltage doubler, output ripple
is double the input frequency. So its easy to filter the ripple
and PIV is also v, only.

Voltage doubler analysis

AN

During positive half cycle D, is ON and hence ‘C,’ is
charged to +V

+Vp,

+
1

/ Di(shon

VC‘ = Vm
During negative cycle:
Vin
1=
Ci
Vin (( ~
©
+
Co
e I
I
Ve,
_Vin_Vm_ VCZZO
ch = _I/'m - Vm
VL,2 =2V
Voltage tripler analysis
< v, >
Vin +2V,
|| ||
prog | 11
C1 CS
“«() e Te ooy
||




During first positive half cycle D, is ON. During next nega-
tive half cycle D, alone ON

V=V, +V, =3V
During second positive half cycle D, and D, ON

PoOWER SUPPLIES

Transformers are used for step-up or step down the level of
input ac voltage.

AC DC
ifi i Regul °
° Transformer Rectifier Filter egulator

Voltage Regulators
Zener diode can be used as a voltage regulator.

5

When forward biased
i

Reverse biased
Ideal /

VZ

%

Zener reverse ON condition:

Zener voltage regulator

RS

L

-~

zk
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I-V Characteristics:

When source voltage varying:
I (min) = I_(min) + /, (fix)
I (max) =1 _(max) + /, (fix)
When load is varying:
[ (fix) =1 (min) + /, (max)
I (fix) = I_ (max) + /_ (min)

Zener diode withstand the current variations due to vari-
ations in source and load resistance when it is in reverse
‘ON’ condition and hence produces a constant output volt-
age across the Load.

Steps to determine the state of Zener Diode

(1) Replace the Zener diode with open circuit.
(i1) Find the terminal voltage across the diode from ‘n’ to
‘p’ side let say V.,
(iii) If ¥V, > V_ then Zener is reverse ON and diode is
replaced with a voltage source of V..
(iv) If ¥, <V, then Zener is OFF and hence replace it with
open circuit.

Example 6: Check the status of Zener diode when
(i) R,=1.2kQ
(i) R, =3.6kQ
[Given V=6V and V=8V, R =1 k€2 determine the

output voltage]
Solution: Case (1):
R, =12kQ
1 kQ R
+
8V —— v, 1.2kQ
= t
V= M =43V
2.2

V <V, hence Zener diode is in OFF condition.
V=43V



3.104 | Analog and Digital Electronics

Case (2): R, =3.6 kQ

gy = 3.6 kQ

_8(3.6)

4 =6.26087

V <V, hence Zener is in ‘ON’ condition.

1 kQ

gV - 3.6 kQ

S V=V.=6V

Note: The conventional direction of Zenar voltage is con-
sidered to be opposite to the direction of ordinary PN junction
diode, because PN junction is used in FB direction, and Zenar
diode is used in RB direction.

Characteristics of a ideal voltage
regulator

(1) It should maintain a constant output voltage
irrespective of variations in input and the load.
(ii) Load current should depend on R,.

Voltage regulator using BT

VS,CP s %RL

VO

v,

as ‘V’ changes = V_ constant

= [, is constant

IL=B+1)1,

Hence 7, = constant

-~V =1,R, = constant irrespective of variations in the input
circuit.

Example 7:

18V

330

Find current /_if =99 and V,, = 0.7V
(A) 0.0264 A (B) 0.352A
(C) 0476 A (D) 0.0123 A

Solution: (A)
KVL at input side gives =9 + 0.7+ V, =0
KCL=1 =1 +1

Iz:[x_]b
1 =ﬂ=0.02727A
3300

1 v, 83

=0.083 mA

® 7100 1kQ 100 kQ
1 =0.0264 A

Solved Examples

Directions for questions 1 to 8: Select the correct alterna-
tive from the given choices.

Example 1: The average value of V () will be

11
< O +

<~ Vinsin ot VO(i)
.

(A) 0 () —
©) (D) -V,

N

Solution: (B)
2
J. V., sinwtdwt

av 2 T



m

B v, [—cos a)t]iﬂ B -V

2r T

The diode will be ON for 7 to 2.

Example 2: If D, D, diode are ideal, which of the following

represents transfer characteristics of circuit:

N

L1

D, 0, T
4KkQ

6 kQ v,

+—=< >

0V —" _‘, 5V J
(A) Vo /
10V .
1
1
1
! » \/.
10V >V
B) v, /
5V i
1
! » .
5V >V
© Yo
10V -
5 V-—/—
+ + >V,
5V 10V
(D) Yo
10V
: >V,
! 10V !

Solution: (B)

For0< V. <5V,D,isONand V=5V
For5<V.<10V,D,isoffand V =V,
For V.> 10V, D, is ON, D, is OFF
V=

Example 3: The forward resistance of the diode shown in
circuit is 5 Q, and the other parameters are the same as those
of an ideal diode. Then what is the DC component of the

source current?
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N
L1

Vimsinwt
o, (o) ‘e 450

) :lrad/sec

4
v 4
A) B n
® Son & 4512
14 oW
c) —n m
© 1007+/2 ®) 45

Solution: (A)

IVm sinot - dot x
o |Vm -cosot| V.

DC

2w -R 2w -R 507

R=R +45Q=5+45Q=50Q

fldiode)

Example 4: A voltage signal 10 sinwt is applied to the
circuit with ideal diode, as shown, The maximum and
minimum. values of the output waveform V_ of the circuit

are respectively

10 kQ
YAV/VAN o+

+

<> v fE Vout

- 4v = 4v

10 kQ

(A) +10Vand -10V
(C) +7Vand 4V

Solution: (D)

The voltage wavefrom at the output will be as shown below

for +ve cycle

(B) 44Vand 4V
(D) 44V and -7V
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10 kQ

>

D, D,

f Ot

10 kQ

D,ON,D OFE V =4V,
for —ve cycle D, ON, D, OFF

AT
20
_-lo+d4 3
20 10

V =IR-4=-7V

out

Example 5: Assuming that the diode in the given circuit is
ideal, the voltage V' is

D, 10 kQ D,
N

L1
T 1oV 10 kQ 1oV
VO
10 kQ
(A) 4V B) 5V
©) 75V (D) 12.1V
Solution: (B)
15V
10 kQ
=10V v,
10 kQ

In this case the diode D, is always reverse biased

10K

V =——x10=5V
° 10K +10K

Common Data for Questions 6 to 8:

Example 6: 120

7v() /_[Y/ R,

In the voltage regulator circuit shown, the Zener diode cur-
rent is to be limited to the range 5 <i, < 100 mA

V.=4V,R=0Q

The range of posible load current is

(A) 5<i, <130 mA
(B) 25 <i, <250 mA

(C) 10<i <110 mA

=1, =

(D) 150 <i, <245 mA

Solution: (D)

Current through 12 Q resistor i = % =250 mA

i, =i-i,andi_isinrange of 5 to 100 mA
So i, will be 150 mA <i, <245 mA.

Example 7: Range of possible load resistance is

(A) 60<R <375Q (B) 20<R, <60 Q
(C) 40.1 <R, £92.1Q (D) 16.3<R, <26.6Q

Solution: (D)
iR, =4V, 150 mA <i <245 mA
So R, willbe 16.3 Q <R, Q26.67

Example 8: The power rating required for load resistance
is

(A) 576 mW
(C) 360 mW

(B) 480 mW
(D) 980 mW

Solution: (D)
The power rating required for output resistance is i, = 245 mA,
V,=4V,i,V,=0.98 W
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Practice Problems |

Directions for questions 1 to 28: Select the correct alterna-
tive from the given choices.

1. A power supply having an output resistance 1.5 sup-
plies full load current of 500 mA to a 50 Q2 load.
What is the % voltage regulation of supply?
(A) 2% (B) 3%
(C) 6% D) 1.5%
2. What is the no-load output voltage of the supply in
above problem?
(A) 25V (B) 2425V
(C) 2575V (D) 2525V

3. A transistor series voltage regulator is shown below.
The input voltage ¥V, can carry from 18 V to 30 V.
IfV,=10V, R, = 1kQ, B-very high

V.

n

The minimum collector to emitter voltage (V) of the
transistor is,

(A) 8.7V (B) 20.7V
©) 713V (D) 193V
4. The minimum power dissipated in the transistor is
(A) 0.192W B) 2.1W
(C) 80.9mW (D) None
5. The max current supplied by V, is
(A) 40 mA (B) 9.3 mA
(C) 245mA (D) 49.3 mA

6. A FWRis operated form 230V, 50 Hz line has a capaci-
tor filter across its output. Calculate the minimum value
of capacitance required if the load is 1 kQ and the rip-
ple must not exceed 5%

(A) 57.8 uF (B) 10 uF
(C) 28.6 uF (D) 5.7 uF

7. A Zener diode voltage regulator is given below with

following specifications /, =4 mA, Izmax =24 mA,

min

V.=48V,and R,=10 Q

R
/N v,
500 Q .
Yi,
_r T/
Vi /]
Vi v,

Calculate minimum, and maximum input voltage that
can be regulated by Zener diode

10.

11.

12.

13.

(A) 98Vand25.04V  (B) 6.84 V and 25.04 V
(C) 98Vand 1704V (D) 6.84 V and 17.04 V

. The line regulation is

(A) 1.3% (B) 2.5%
(C) 1.96% (D) 0%

. In the circuit shown below, the knee current of ideal

Zener diode is 8 mA. To maintain 4 V across R,, the
minimum value of R, and minimum power rating of
Zener diode in mW respectively are

. R
I
'Y
100 Q 1
iz i 1
12V — VAN A, Vo

Vy=4V l

(A) 55Qand320mW  (B) 55Q and 288 mW
(C) 50Qand320mW (D) 50 Q and 288 mW

A transistor shunt voltage regulator is given below

i 250Q

The collector current i is

(A) 10 mA (B) 24 mA
(C) 64 mA (D) 40 mA
The power dissipation in Zener diode is
(A) 1.89 mW (B) 2.5W
(©) 3.1 mW (D) None of these

A Zener diode in the circuit shown below, has a knee
current of 4 mA and power dissipation of 200 mW.
What are the minimum and maximum load currents
that can be drawn safely from the circuit, keeping the
output V=5 V.

40 Q
AYA
v

8V —— /jy/ %RL

(A) 0mA and 200 mA (B) 4mA and 11 mA
(C) 35mA and 71 mA (D) 35 mA and 200 mA

Sketch the output V of the circuit given for 0 <7< 6 ms,
assume the diode is ideal
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Vs (B) Yo
T 2500
" A 1 10V
2y Vs 250 O
V,
- ° >\
10V n
0| 6ms t(ms) 5V T l
<) v
(A) K" 4°
5V sy J
5V >Vin
6 » t(ms)
®) D) Yo
12V ——
6V O| > Vin
>t
(me) 15. A voltage doubler is given below.
© o

< |
1 D VO
& t(ms) ‘I’ ! Cz—r 2 SAL l
D)V

Where V=6 sin wtV

The voltage across C, and C, are

>t (ms) (A) 6Vand 6V (B) 6Vand-12V
(C) 6Vand 12V (D) 6Vand-12V
16. The PIV of D, and D, are
14. Draw the transfer characteristic (¥ V, V) for the circuit (A) 6Vand6V (B) 6Vand 12V
given below. (C) 12Vand 12V (D) 12Vand 6V
o i~ - 17. Draw the output V of the figures given.
LT "
1 DS A
Dy D, Ry Vi
v Ry Ry 5k Vo 1oV
' 5kQ 10 kQ
0 >
v 10 V 20 V v _ \
: 1k T M 10V
A
) 4° 10 kQ
VAYAVA
10V bommmmmeee e, N D Vz=41V T
VO
5V Q Vi
> D Vy=44V l
5viov " Vn




18.

19.

—41V
(B) Yo

41V

0 —> t

In the circuit given below, assume that V.= 12V, Z,
Z,, Z, and Z, are identical Zener diodes with break
down voltage of 4 V. R, = R, = 4 kQ and R, = R,
=8 kQ.

Calculate ¥ when Q is OFF.

+ VCC
R
V, |1X v,
Ra }/ % R, % Rs
Q
/ ZS ZF/ ? /Z% Z
Z1 22 23 4
[ ]
L
(A) 73V B) 8V
©) 10V D) 85V
In the given circuit, two diodes made up of Ge (cut in

voltage = 0.3 V) and Si (cut in voltage = 0.7 V) are
used. What is the value of V.
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|+1OV

o 7 v o

(Ge)
[ v,
R%ikﬂ

(B) 9V
(D) 9.3V

(A) 10V
(©) 97V

20. What is the minimum value of R to maintain V= 8V

constant and /_is negligible.

R
/NA

\/,:12]/—15v /7T/ 2R {o

l V,=8V |10kQ

(A) R<5kQ
(C) 5kQ<R<875kQ

(B) R>8.75kQ
(D) None of these

21. Draw the output V of the figure given below (assume

diode is ideal)
2V
|1 N
L L1
D |
6 sinwt RV,
@ v
> >t
AV
B Y
>t
© Y
Y]
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(D) v, 23. Draw the transfer characteristic of the figure given
1 below (assume diode is ideal)
2V i By
>t V; R V,
l T 4V l
22. Draw the output ¥ assume diode FB voltage drop is (A) v,
0.6 V. 1
5kQ
T _V/ 0 > +Vi
V;=10 sinwt v
volt °
T4V L B) Yo
4V
A v
-V, >+V;
6V \
O k / i “ “{o /
4V
-14V ] 1
i 4V >+
B (D) Vo
+6V
_‘/I 0 > +Vi
0 >t
\ / 24, Calculate the voltage drop across 2 kQ of the figure
-6V (assume the diode is ideal)
1kQ D
|
L1
10V
© Yo —_ 1 kQ 2kQ
10V
0 St (A) 10V (B) 2V
\ (C) 4V (D) 0V
4V 25. Sketch the output wave form for the circuit given.
v,
(D) v, |
A
0V

1oV T2 T
/\ 0 6
0 \ /%t

_4BV A
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c ® Y
| [
I
I i 20V
Vln RL V.
l T 3 lo T/2 T:t
@ v
26. A HWR uses a transformer of turn ratio 2:1 and a load
resistance of 500 Q. If the rms primary voltage is 240 V.
TI/ 2 'I" The DC output voltage is
oy | >t (A) 54V (B) 38V
B — (C) 76V (D) None of these
-23V 27. The PIV of diode is
(A) 120V (B) 240V
(C) 360V (D) 170V
(B) ¥ 28. Find the output voltage of a shunt regulator given below
with following specifications.
3V VBElz VBE2=O.6Vand V,=10V
T/12 T R
0 >t
Vo oV,
-17V
©
+17V
T/2 T >t —
5 >
3y (A) 106V (B) 88V
C) 10V (D) 112V
Practice Problems 2 3. A transistor series voltage regulator is given below.

Directions for questions 1 to 26: Select the correct alterna-
tive from the given choices.

1. The DC output voltage is 45 V at full load and 47 V at
no-load. The % regulation factor is

(A) 2.5% (B) 1%
(C) 4.25% (D) 4.44%
2. Ina FWR, the rms output is 10 V. What is its DC output
voltage.
(A) 10V (B) 9V
(©) 5V (D) 6V

S N T
15V-30V 0.7V

AW %
R . % R,
S,

What break down voltage V,, should the Zener diode
have if the load voltage is to be maintained at 12 V?
(A) 113V (B) 12.7V

C) 12V (D) None of these
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4. If the Zener diode must conduct 12 mA to remain in the (A) 93V (B) 10.7V
breakdown region, what minimum value should R have (in C) 10V (D) 0.7V
above problem)? 10. For above problem Zener current i_is
(A) 500 (B) 1.4KkQ (A) 60 mA (B) 0.15mA
(€) 2kQ (D) 192Q (C) 59.84 mA (D) 10 mA
5. A Zener diode voltage regulator is given below with 11, Calculate the ripple factor (y) of L-section filter given
following specifications. below with X, =10 ©, X, = 100 Q and R, = 1 kQ.
V,=41V, [, =3 mA, Izmax=28mAand r.=0 A
. R T
AW : V; (from FWR) L
600 i’y n Xo —— %RL v,
25V JAN A Vo
Vz
(A) 0.14 (B) 0.047
(C) 0.482 (D) 0.52
Calculate minimum and maximum load currents for 12, For the circuits given assume the diode is ideal sketch
which Zener diode will maintain regulation. the output V.
(A) 3mAand31.83mA (B) 6.83mAand31.83mA ’ B
(C) 6.83mAand28mA (D) 3 mA and 28 mA
6. For above problem calculate the minimum value of R, T
used 15sinwt V Yo
(A) 128 Q (B) 85Q !
(C) 600 Q (D) 117 Q ©

7. The circuit given below uses two Zener diodes, each is
rated at 12 V, 100 mA and assume that load current is
negligible.

+ /\H/\/\ ]
Vo
T 2
V=30V % R, . ,
Z, l (B) 1°
= 15 V [-rpomgrmmormcornoenes
The regulated output V is 0 .
(A) 24V B) 12V !
(C) 6V D)oV =8V oo \—/
8. For above problem the value of series resistance R is © A
(A) 180 Q (B) 15Q 1
(C) 60Q (D) None of these
. . . 8Vi---
9. A transistor series voltage regulator is given below \
0
>t
V=25V
ﬁ = Vo —8 V- U

: =60 i
Ir / iL
R 0.7V

250 0 e (D) {o

O \/ tt
B 15V

The output voltage V is



13. A DC restorer is shown below. Sketch the output V.

100 Q l

Vin &
0V
-20V L
(o
| |
N | |
T 1uF
Vi
o 5V T
(A) Vo
A
35V J—L
5 V 1 1 1
(B) Vo
A
25V ’—‘
>t
oV th 13

© Vo

35V

oV t1 t2 t3

-5V

@ v

25V

5V

14. Draw the output ¥ of the figure given. Assume forward

voltage drop of each diode is 0.7 V.
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10Q
O Vi —0
T D1 ﬁ%DZ %RL T
VQU 5V =gV 1kQ 1"
O O
(A) Yo
A
0 \/ >t
-8V
(B) Yo
+5.7V

© Yo

—8.7 Vj-mremmmeenees \

D) Vo

»
»

5.7V ‘\
0

— 8.7 Ve \

15. In the following limiter circuit, an input voltage V=12
sinl007t V is applied. Assume that the diode forward
voltage drop is 0.6 V and Zener breakdown voltage is
4.2 V. What is the minimum and maximum value of

output voltage?

500 Q
/N

Qe—=<—>Q

D, SZ

O+— ——>» O

(A) 0.6 Vand 4.8V
(C) 0.6Vand4.2V

(B) 48Vand0.6V
(D) 42Vand—-0.6V
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16. Find input V, for the diode to be FB

300 Q 500 Q

O

[5v
(A) 7V (B) 6.8V
© 3V (D) 5V

17. Find current / for the given characteristic

1.2 kQ

L +

SVT V

A A

A
4 mA
0 0.6V 0.8V >V
(A) 432mA (B) SmA
(C) 4mA (D) 0

18. If the cut-in voltage and forward resistance of each
diode are 0.6 V and 2 Q respectively. The current pass-

ing through 46 Q is
s Dy 460 }X D,
oV —|—
D,
V b,
(A) 0.176 A (B) 0.16 A
©) 0A (D) 02A

19. In the circuit shown, assume that diodes are ideal an
ammeter is rms value indicating meter with zero inter-
nal resistance. The ammeter reading is

20.

21.

22.

23.

24.

25.

26.

V=6 sinth<~> D>

5kQ

(A) 0.3 mA
(C) 0.6 mA

(B) 1.2 mA

What is the output voltage across 1.5 k€2 load in the
circuit given below.

400 Q 1k0

303: 18V 9V %1.51@
(A) 18V (B) 10.8V

© 9V (D) 5.4V

An AC supply of 200V, 50 Hz is applied to bridge rec-
tifier through a transformer turn ratio 4:1. The diode
forward resistance is 200 & and load R, = 1 kQ2. What
is the DC output current?

(A) 31.8 mA (B) 26.54 mA
(C) 106 mA (D) None of these
What is the peak inverse voltage of diode?

(A) 50V (B) 100V

(C) 200V (D) 400V
Output ripple frequency is

(A) 100 Hz (B) 50 Hz

(C) 25Hz (D) 0 Hz

A power supply is delivering 100 W to a load of 10 kQ.
What is the AC (ripple) voltage across the load if the
ripple factor is 0.1%.

(A) 100V (B) 10V

<€) 1v (D) 0.1V

A full wave rectifier uses a centre tapped transformer.
The AC voltage from its centre tap to either end is
20sin314¢ V. The load resistance of the circuit is 80 €
and diode resistance is 20 Q. What is rms value of out-
put current (/_ )?

(A) 0.2A (B) 2mA
(C) 20 mA (D) 0.14 A
Rectifier efficiency is

(A) 81.2% (B) 64.96%

(C) 58.7% (D) 40.6%
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PRrEvious YEARS’ QUESTIONS

1. The current through the Zener diode in the figure is

[2004]
2.2 kQ
R,=0.1kQ |+
l ~
roN
oy — Ry %3.5 v
V,=33V|_
(A) 33 mA (B) 3.3 mA
(C) 2mA (D) 0 mA

. The circuit in figure shows a full wave rectifier. The
input voltage is 230 V (rms) single-phase AC. The peak
reverse voltage across the diodes D, and D, is  [2004]

™S

I/
D,

230V,
50 Hz, AC %

D,
™~
L
230 V/50-0-50 V
(A) 10082V (B) 100V
(©) 5042V (D) 50V
. Assuming that the diodes are ideal in figure, the current
in D, is [2004]
1 kQ 1 kQ

v
(A) 8 mA (B) 5mA
(C) 0mA (D) 3 mA
. Assume that D, and D, in the figure are ideal diodes.
The value of current / is: [2005]

\/ Dy
2 kQ
1 mA
e (D)
l 2 kQ
/
T*
(A) 0 mA (B) 0.5 mA
(C) 1 mA (D) 2 mA

. A three-phase diode bridge rectifier is fed from a 400 V

rms, 50 Hz, three-phase AC source. If the load is purely
resistive, the peak instantaneous output voltage is equal

to [2005]
(A) 400V (B) 4002V
2 400
C fd D) —V
©) 400(3 Y, (D) 75

. The charge distribution in a metal-dielectric-semicon-

ductor specimen is shown in the figure. The negative
charge density decreases linearly in the semiconductor
as shown. The electric field distribution is as shown in

[2005]
Metal Dielectric Semiconductor
+ —
+ _
+ —
+ _
0 Xy X5 X3
(A)
|E|
(B) A
|E|
(C) A
|E|
(D)
|E|

. What are the states of the three ideal diodes of the cir-

cuit shown in figure? [2006]
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1Q

N
L1
D,

5A
D,

Fov

(A) D, ON, D, OFF and D, OFF
(B) D, OFFE, D, ON and D, OFF
(C) D, ON, D, OFF and D, ON
(D) D, OFF, D, ON and D, ON
. Assuming the diodes D, and D, of the circuit shown

in the figure to be ideal ones, the transfer characteris-
tics of the circuit will be [2006]

—

A D1

A

2Q ZSD2

mv;

o |
<

(A) &

© Yo

9. The equivalent circuits of a diode, during forward biased and reverse biased conditions, are shown in the figure.

10sinwt<~>

10 kQ

T

5V l

If such a diode is used in clipper circuit of figure given above, the output voltage (V) of the circuit will be [2008]

. 07V Ry
PR = M
5 = ——

(A) Il
PE V|eas=eacs

(C) A

+5.7V

-10V

(B) A

+5.7 V//_\\

>t

-10V

(D) A
0V
0 nUZW »wt
=), 7/ VY=|j=meomemasometegessacptboomas




10. In the voltage doubler circuit shown in the figure, the
switch ‘S is closed at # = 0. Assuming diodes D, and
D, to be ideal, load resistance to be infinite and initial
capacitor voltages to be zero, the steady state voltage
across capacitors C, and C, will be [2008]

D
1 <
S
Ssinwt \/ b, Co= V, < Rload

AV =10V, ¥V =5V (B) ¥, =10V, ¥, =-5V
©) ¥V, =5V,V, =10V (D) V. =5V.¥ =10V
11. Assuming that the diodes in the given circuit are ideal,

the voltage V is [2010]
10 kQ
™ K
LA
e 10 kQ
10V
15V
VO
10 kQ
L
(A) 4V B) 5V
(©) 75V (D) 12.12V

12. A clipper circuit is shown below.
1 kQ

<—»O

f
T<zz> n=1ov’fZ§/ _%%?

—|—5V

o

O

Assuming forward voltage drops of the diodes to be
0.7 V, the input-output transfer characteristic of the

circuit is. [2011]
(A) T

VO

4.3

4.3
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B) T
10
VO
4.3
4.3 10

© T

VO
5.7
-0.7
-0.7 5.7
4
(D)
10
VO
=67
10
—5.7

13. The I-V characteristics of the diode in the circuit

given below are [2012]
V_O'7A,V >0.7V
I=< 500
0A,V <0-7V

The current in the circuit is

1 kQ
vi
+
. aF
T Vv
- |10V -
(A) 10 mA (B) 9.3 mA
(C) 6.67mA (D) 6.2 mA

14. In the circuit shown below, the knee current of the
ideal Zener diode is 10 mA. To maintain 5 V across
R, the minimum value of R, in Q and the minimum
power rating of the Zener diode in mW respectively
are [2013]
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%100 - 16. A sinusoidal AC source in the figure has an rms value
20
ofEV. Considering all possible values of R/, the
R minimum value of R in & to avoid burnout of the
. I 0ad Zener diode is . [2014]
= RS
iv % R, NMA
V,=5kQ
20 \, (" — SV R
vz <> /4 WZE § -
(A) 125 and 125 (B) 125 and 250 ) ) ) )
(C) 250 and 125 (D) 250 and 250 17. Assuming the diodes to be ideal in the figure, for the
li he i | . -
15. A voltage 1000sinw¢V is applied across YZ. Assuming (s)ilfit:?li;or:: leped, the input voltage ¥, must tE;Oolu :]
ideal diodes, the voltage measured across WX in V is 2
[2013] 10 kQ
M TS o)
N 1
L1 [N
1 kQ% v 10 kQ §Vo
—o W Yy Xo | 1V 2V
. B B
= L~
™~ T (A) -1Vto-2V (B) 2Vto—-4V
L1k (C) +1Vto-2V (D) +2Vto—-4V
(A) sinwt (B) (sinwt + [sinw1])/2

(C) (sin wt—|sin w1])/2 (D) O forall ¢

ANSWER KEYs

EXERCISES

Practice Problems |

1. B 2. C 3. A 4. A 5. D 6. A 7. D 8. C 9. A 10. B
11. A 12. C 13. C 14. C 15. B 16. C 17. C 18. B 19. C 20. A
21. B 22. D 23. C 24. C 25. A 26. A 27. D 28. D

Practice Problems 2

1. D 2. B 3.B 4. D 5. B 6. A 7. A 8. C 9. A 10. C
11. B 12. D 13. A 14. D 15. B 16. B 17. A 18. A 19. C 20. C
21. B 22. A 23. A 24. C 25. D 26. B

Previous Years’ Questions

1. C 2. A 3.C 4. A 5.B 6. A 7. A 8. A 9. A 10. D
11. B 12. C 13. D 14. B 15. D 16. 300 17. B



	Part III: Electrical Engineering
	Unit II: Analog and Digital Electronics
	Chapter 1: Diode Circuits
	Small Signal Equivalent Circuit of Diode
	Elementary Diode Applications
	Voltage Multipliers
	Power Supplies
	Exercises
	Previous Years’ Questions
	Answer Keys




