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Discrete Semiconductor devices:
Diodes: are two-terminal devices that allow current in only one direction
Classification Diodes:
1- According to type of semiconductor material
a) Germanium diodes.
b) Silicon diodes

2- According to intended application or particular

Schematic symbols for several common diodes
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Rectifier diodes

Rectification: is the process of converting (AC) to pulsating (DC). An (AC) source is
connected to a load resistance RL through diode shown below

" S n

When the sinusoidal input voltage (Vin) goes positive, the diode is forward-biased and
conducts current through the load resistor, as shown below. The current produces an
output voltage across the load RL, which has the same shape as the positive half-cycle of
the input voltage.
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When the input voltage goes negative during the second half of its cycle, the diode
IS reverse-biased. There is no current, so the voltage across the load resistor is 0 V, as

shown in Figure below.

Q

During the positive alternation of the AC input voltage, the output voltage looks like the
positive half of the input voltage. The current path is through ground back to the source.
During the negative alternation of the input voltage, the current is 0, so the output voltage

is also 0.

The net result is that only the positive half-cycles of the ac input voltage appear across
the load. Since the output does not change polarity, it is a pulsating dc voltage output as
shown in figure below.

half-wave output voltage for three input cycles
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Average Value of the Half-Wave Output Voltage

The average value of the half-wave rectified output voltage is the value you would measure
on a dc voltmeter. Mathematically, it is determined by finding the area under the curve
over a full cycle, as shown in Figure, This equation shows that Vayc is

Vave = —

Average value of the half-wave rectified signal.

Ex: For the following fig. What is the average (dc) Value of the half wave rectifier voltage wave
form?

Vavg -

Effect of the Barrier Potential on the Half-Wave Rectifier Output

When the practical diode model is used with the barrier potential of 0.7 V taken into
account, this is what happens. During the positive half-cycle, the input voltage must
overcome the barrier potential before the diode becomes forward-biased. This results in a
half-wave output with a peak value that is 0.7 V less than the peak value of the input. The
expression for the peak output voltage is

Vocouty = Vpimy ™) For ideal diode
Vocout) = Vpiin) — Ve mmmm) \When barrier potential of VB taken into account
Vp(out) = Vp(in) - 0.7 |:> For Si diode

Vp(out) = Vp(in) - 03 |:> FOF Ge diOde
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Ex: Determine the output value of each silicon rectifier circuit for the indicated input
voltage.

Vo =5V ? i T e

0 7 K & | A
|
LV
v, =100V ? i ! T B
0 \/l 3 Vi R '
|
|

Each diode is Si and barrier potential should be included.

The peak output value of case A circuit is Vi, our) = Vpin) — Ve = 5— 0.7 = 4.3V

The peak output value of case B circuit is Vy,oue) = Vipiny — Vs = 100 — 0.7 = 99.3V
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Peak Inverse Voltage (P1V)

Definition: The maximum value of the reverse voltage that a PN junction or diode can
withstand without damaging itself is known as its Peak Inverse Voltage. This rating of
Peak Inverse Voltage (PIV) is given and described in the datasheet provided by the
manufacturer.

However, if the voltage coming across the junction at reverse biased condition increases
beyond this specified value, the junction will get damaged.

LV

T/

Tp _

+0

Y
e

A diode is used as a rectifier as shown in the figure above Therefore, care should be taken
that during the negative half cycle, the peak value of AC voltage should not be more than
the rated value of the Peak Inverse Voltage of the diode.

Ve out)y = —Vo(in

Diode Approximation

Diode approximation is a mathematical method used to approximate the nonlinear
behavior of real diodes to enable calculations and circuit analysis. There are three
different approximations used to analyze the diode circuits.

First (ideal) Diode Approximation

In the first approximation method, the diode is considered as a forward-biased diode and
as a closed switch with zero voltage drop. It is not apt to use in real-life circumstances but
used only for general approximations where preciseness is not required.


https://www.elprocus.com/top-10-simple-electronic-circuits-for-beginners/
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Forward-biased Closed swatch Ir c
(zero volts) Zero forward
+ - voltage, Vi
_>i_ = O .
(a)
Vi Vi
Open switch
e 4/-.!:' cunc:m Zero reverse
current, Ir
—p— >4
Ir
(b)

(c)

Ideal Diode
First-approximation
Second Diode Approximation

In the second approximation, the diode is considered as a forward-biased diode in series
with a battery to turn on the device. For a silicon diode to turn on, it needs 0.7V. A
voltage of 0.7V or greater is fed to turn on the forward-biased diode. The diode turns off
If the voltage is less than 0.7V.

Forward-biased 0.7 V for Si Diode Ir
VB
+ — _ + -
= 1 N
€)
Vr VF
: VB
Reverse-biased Qpcn S“""Ch Zero reverse
(zero current) current. Ir Note: VB= 0.7 V for Si
= + O/ . and 0.3V for Ge
Ir
(b)

(c)
Second-approximation
Third Diode Approximation

The third approximation of a diode includes voltage across the diode and voltage across
bulk resistance, RB. The bulk resistance is low, such as less than 1 ohm and always less
than 10 ohms. The bulk resistance, RB corresponds to the resistance of p and n materials.
This resistance changes based on the amount of forwarding voltage and the current
flowing through the diode at any given time.


https://www.elprocus.com/batteries-types-working/
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Ir

Forward-biased

_+>|—_ E

(a)

Vs Rs
—o—-o—+]|| —A—

Vr
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Reverse-biased

) + _ Reverse leakage
—»‘— =i current, Ir
Ir
b
&) Rs

Reverse bias
resistance

Third-approximation

(c)

Vs

©Elprocus.com

Ex: For the circuit below use the second approximation of diode to find the current flowing

through the diode.

P

av = Ri=80

lo= (Vo V)R = (4-0.7)/8 = 0.41A

Ex: For the following circuits, calculate the current flowing through the diode. Using the

third approximation method of diode

L]

= Ri=1k0 0

-

K

100

0.7V

—I|| —
o7y 020

= Ri=1k0

p [ " p—— Io

10W Io

—lll "
0.20

1=50)

= Ru=50

(a)

Circuits-using-third-method

(b)
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For fig (a)

Adding 1kQ resistor with bulk resistor 0.2Q2 doesn’t make any difference in current
flowing

ID =9.3/1000.2= 0.0093 A
If we don’t count 0.2€Q), then

ID =9.3/1000=0.0093 A
For fig (b)

For load resistance of 5Q2, ignoring bulk resistance of 0.2Q brings a difference in current
flow.

Therefore, bulk resistance has to be considered and the correct value of current is 1.7885
A.

1D=9.3/5.2=1.75885 A
If we don’t count 0.2Q), then

1D=9.3/5=1.86 A
If the load resistance is small, the bulk resistance is taken into effect. However, if the load
resistance is very high (ranging to several kilo-ohms), then bulk resistance has no effect on
the current.
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Ex: For the circuit below use (First (ideal), second and third Diode Approximation if
rg=20€2) to find the output waveform voltage and lca and PIV.

A V;

v, =100V ‘ P i <
: U
|
1

First (ideal) Approximation.

Vi RL= 10k

'11[

Vp (out) — Vi

. _ Votoury _ 100
peak RL 10kQ

= 10mA

VPIV(out) = _Vp(in) = —100V
Second Diode Approximation

V.

oiout) = Vin — Vg = 100 — 0.7 = 99.3V

L Vatoun _ 993

peak =" pi = Torq o oomA

Third Diode Approximation

o Vetoun _Vin = Vs 99.3

_ - _ —9.91m4
peak = T pI T T RL+rs 10000 + 20 m
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Half Wave Rectifier with Transformer Coupling

© glg 2

In the above figure, you can see the transfer coupled with the rectifier circuit.
There are 2 advantages of a transformer with a rectifier circuit
1- We can vary the value of voltage according to circuit requirement.
2- The transformer provides protection to the rectifier circuit from the input source.

The relation between turn ration and voltage value at the transformer windings is shown
below.

Vsec = anri
Nsec

Npri
If n>1- Ve > Vi (Step up Transformer)
If n <1 - Veee < Vppri(Step down Transformer)
Ifn=1- Ve = Vpri

Ex: an AC supply of 230 V is applied to a half-wave rectifier circuit through a
transformer of turn ratio 10: 1.

Find (i) the output average voltage (\VVdc) and current (ii) the peak inverse voltage.
Assume the diode to be ideal.
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10: 1 IDEAL

Ry =1k

MM A AA

WYY YN

Voorty = (V2) X Vr.m.s > Vi = (V2) X 230 = 325.3V
1
Vp(sec) = an(pri) = 325.3 X 1—0 = 32.53V

_ V, 3253
l) Vavg = ; = m = 10.36V
Vavg 1036

lavg = lac = —7° = T500 = 1036 mA

3RD YEAR

(ii) During the negative half-cycle of AC supply, the diode is reverse biased and hence
conducts no current. Therefore, the maximum secondary voltage appears across the

diode.

o VPIV(out) = —3253

Ex: For the following circuit determine the peak and average power delivered to RL.

& 21 o

115V mms H

’ L

Vori = (V2) xVrom.s -V, = (V2) X 115 = 162.63V

1
Vpcsee) = MVpri = 162.63 x > = 81.3V

> R
a0
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Vavg(sec) = V”gi“) = 2113 = 259V
Pip) = G (S“;L 07" _ (8202'?2 — 29.5W
Pi(avg) = (Vavgsec)) _ @5 osw

RL 220

Full Wave Rectifier

We can further classify full wave rectifiers into
« Centre-tapped Full Wave Rectifier
. Full Wave Bridge Rectifier

Centre Tapped IIJ1
ﬁ N
\. _: |—
A\ 2| |E—wm— DN
<. y = VWY
AC : - DC
™ # R
Vo
) (A
Primary Winding — \ D5
Secondaw Winding

Centre Tapped Full Wave Rectifier



ELECTRONIC DEVICES

ELECTRONIC & CONTROL DEPT.

s
Bridge
AC Rectifier
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Figure - 2
Centre-tapped Full Wave Rectifier
A center-tapped full wave rectifier system consists of:
1. Centre-tapped Transformer
2. Two Diodes
3. Resistive Load
Centre Tapped D,
—Pp
AC 3;::: :::H_-}CT -'I'. A |'l', ,'I'. Illl
|,.-' f—_;__-_; I:::fx__ U
. .
wa
B
Primary Winding - \ D,

ISecondary Winding

3RD YEAR
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Working of Centre-tapped Full Wave Rectifier

1 D, _wDuring +ve half cycle
L [ —. L *
3:=-'i. ::\-::—_ 'II' i lllll 'JT "_ _ m
AC = R e DC
f ’ L 4 A
° G
/ N
I "
.2 0. .
\ 2 “®During -ve half cycle
Centre Tapped

We apply an AC voltage to the input transformer. During the positive half-cycle of the AC
voltage, terminal 1 will be positive, center-tap will be at zero potential and terminal 2 will be
negative potential. This will lead to forward bias in diode D, and cause current to flow
through it. During this time, diode D; is in reverse bias and will block current through it.

5 | v
> § + <+
AC A= L
I_f :
‘P

Durina +ve Cvcle

During the negative half-cycle of the input AC voltage, terminal 2 will become positive with
relative to terminal 2 and center-tap. This will lead to forward bias in diode D, and cause
current to flow through it. During this time, diode D; is in reverse bias and will block current
through it.


https://www.electrical4u.com/what-is-transformer-definition-working-principle-of-transformer/
https://www.electrical4u.com/electric-current-and-theory-of-electricity/
https://www.electrical4u.com/diode-working-principle-and-types-of-diode/
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D2
During -ve half Cycle

During the positive cycle, diode D, conducts and during negative cycle diode D, conducts.
As a result, both half-cycles are allowed to pass through. The average output DC voltage
here is almost twice of the DC output voltage of a half-wave rectifier.

Output Waveforms
r'y
~ ) ~ e
P ."lr .."'. .\"- .":I A | \'.
iV + - —t
P ! ) Y / \ /
v ™ . /"r N "“\ .
p T, -II(_-'"'\-\. ' .r'/-.\".\ e
..'. .'-I I."I ".I ."l ..". .': I"
Dy | : : " : - " \ >t
/O N N /N
J \ \
I Y 1 ."I
D, ' - >t
Total Jff"\_\_. ;;'F-“ w__"' r._/ x : :’?_-\‘-.__ / '_\1"' ' “'\_ __,/"‘x.__ ___,/ -.\'-._‘..
ﬂ,."jp L _\":" '5'|l W Y ".-'ll Y W L > t

current


https://www.electrical4u.com/voltage-or-electric-potential-difference/
https://www.electrical4u.com/half-wave-rectifiers/
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Diode Limiters Circuits

Diode limiters are also known as clipper circuits that used to clip some portion of the
signal. In the below figure, we can see a diode is connected in an input ac signal as the
positive portion of input signal comes across the diode it becomes in forward biased

condition.

In the above circuit the positive signal is limited to +0.7 volts as it set to that value. When
the input signal goes towards a negative signal diode is now in reverse biased condition
and operates as an open circuit. The output voltage of this circuitry can be calculated by

using the voltage divider rule.
R,
Vour = (Rl n RL) Vin

If the RL >>R1 then the input voltage will be equal to an output voltage.
Vour = Vi

If we vary the direction of the diode as shown in figure below the negative portion of input

signal will be limit.
RI
AMA . o

In this state, a diode is forward biased during a negative cycle of a signal and -0.7 volts
will be drop across the diode. When the voltage value is larger than the -0.7 volts and a


https://www.theengineeringknowledge.com/full-form-of-ac/
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diode is not in a forward-biased condition voltage value across the load resistor is equal to
the input supply.

Biased Limiters
In some conditions, we required voltage above the 0.7 volts or -0.7 volts in these case
biased limiter circuits are used. The limited voltage can be adjusted by using a bias voltage.

This Vg as is connected in series with the diode as shown in below figure.
R,

0 ~ R0 [\
v @

The voltage should be equal to the Vgas+ 0.7 before it operates in forward bias.
The Vpgiasare voltage that will fulfill our requirement after adding in 0.7 volts.

After conducting diode all voltage at the input of diode will limit to the Vgas+ 0.7 and
the value of voltage above this voltage will be clipped off or limited.

o
N

|||—0—||

If we require to limit the negative portion of the input signal then the connection
arrangements of diode and battery should be according to given below figure.
R,

In this case, the voltage at point ‘A’ will be should go below to the -VBIAS — 0.7 to make
diode forward biased and limit the signal.
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If you change the direction of the diode than a positive limiter will provide an improvement

in its function and will limit the input signal to level as shown in the below figure.

R
I A

0 e Ry § o —f '-
o n\/ ty + to f

The negative limiter can also be modified and limit the input voltage below -VBIAS + 0.7
V shown in the below figure.

o

K,
Wy

In the circuit below combining a positive limiter with a negative limiter.

R, .
Wy ' ’ T i
oV 1.0 k&2 +3. V==
+10 p, b, .\
— 53V —— 5V
-10V \/ ~ n Sl V. %"
L ° "

— Diodes are INY14.

When the voltage at point A reaches +5.7V, diode D1 conducts and limits the waveform
to 5.7V. Diode d2 does not conduct until the voltage reaches -5.7.

Therefore, positive voltages above +5.7V and negative voltages below -5.7V are clipped
off.
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Diode Clamper Circuits

The clamper circuits are also known as dc resistors. The main function of these circuits is
to add Negative Clamper Circuits some dc level into the input ac signal.

There are 3 main categories of clamper circuits that are listed here.
1- Positive Clamper Circuits
2- Negative Clamper Circuits
3- Biased Clamper Circuits

Positive Clamper Circuits

In the below figure the circuit arrangements of positive clamper circuits. This circuit
consists of a voltage source V;capacitor C, diode and load resistance. The diode is linked
with the load resistor RL in parallel combination. Due to this arrangement, positive clamper
circuits will allow to pass input waveform when a diode is in reversed biased condition and
stops input signal to flow when diode is in forward biased condition. When a negative cycle
of input waveform comes across the diode it is in forward biased condition and it allows
current to flow through the load resistance. Due to this current capacitor get charged to the
Vmthat is the peak value of input waveform. The charging polarity of capacitor is opposite
to signal polarity across a diode. After reaching the extreme point -V, the capacitor retains
the stored charged remains till that point diode is in forward biased condition. When
positive half of the input signal passes through the diode it is in reverse biased condition
and no current flow through the diode. Due to that, zero current across diode input signal
flows towards the load resistance. During a positive cycle, a diode is not in an operating
condition so the capacitor releases its stored charge. So the voltage across the load
resistance will the addition of voltage across the capacitor Vy, due to the charge store and
voltage provided by the input source Vi (Vo= Vit V= 2Vy). The polarity of these 2
voltages is also similar. As a consequence, the signal moved to upward that happens in
positive clamper circuits.

| //\\ ) | \
0 \ / \ y § " 0 \
T, 0

g
+
=0
L
B
|
C
24
I
I
I
| ~y
| Y
g

0=
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Negative Clamper Circuits

If we vary the diode position then the negative dc voltage is added with the input signal to
generate output similar to shown in the below figure and this type of circuit arrangement
Is called negative clamper.

When a positive cycle is passed through the circuitry the diode is in forward biasing
condition due to that zero signal exits across the load resistance. Due forward biasing of
diode current passes through the load resistance. Due to this current capacitor gets charged
to the extreme value of input signal with the opposite polarity (-Vn) and this charge remains
till that point diode is in forward biased condition. When a negative cycle comes across
circuit diode is in reverse biasing condition so signal exits across load resistance. Due to
reverse biasing current does not flows through the diode. So the current coming from the
input source moves towards the load resistance. During the negative half, a diode is in a
non-operating state and the charge stored on diode will disappear. So the voltage across
the load resistance will be an addition of voltage across a capacitor -V, and voltage due to
input source -V, that is (-2V,). Due to that original signal moved below the x-axis.

[ .
— S

_‘ | ; ‘ ‘U // .
0 ﬁ @ Y . 3 \\J

Q-

=

Diode Biased Clamper

In certain circuits, there is a need of an additional shift in DC level of the input signal. For
these purposes, diode biased clampers are used. The operation of biased clampers is alike
to the unbiased clamper circuits that we have discussed above with the detailed. The
difference between biased and unbiased circuits is that in biased circuits additional DC
source is used for DC element.

Positive Clamper with Positive Biased

The biased clamper called positive clamper with positive biased if it has positive biasing
in the circuitry. The circuitry has a dc source or dc supply, load resistance, capacitor, and
diode.


https://www.theengineeringknowledge.com/how-to-make-dc-power-supply-using-proteus/
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Positive Clamper with Negative Bias
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input waveform

" QOutput waveform

+|||
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e—
Y

Output waveform

Negative Clamper with Positive Bias

o T

Input waveform

Output waveform
Negative Clamper with Negative Bias

by | él

== I l
input waveform ¥

Output waveform


https://www.theengineeringknowledge.com/wp-content/uploads/2020/01/Positive-Clamper-with-Positive-Biased.jpg
https://www.theengineeringknowledge.com/wp-content/uploads/2020/01/Positive-Clamper-with-Negative-Bias.jpg
https://www.theengineeringknowledge.com/wp-content/uploads/2020/01/Negative-clamper-with-positive-bias.jpg
https://www.theengineeringknowledge.com/wp-content/uploads/2020/01/Negative-Clamper-with-Negative-Bias.jpg
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Voltage doubler
Half-wave voltage doubler

A half-wave voltage doubler is a voltage multiplier circuit whose output voltage
amplitude is twice that of the input voltage amplitude. During positive half cycle:

The circuit diagram of the half-wave voltage doubler is shown in the below figure.
During the positive half cycle, diode D, is forward biased. So it allows electric

current through it. This current will flows to the capacitor C; and charges it to the peak
value of input voltage l.e. V.. However, current does not flow to the capacitor

C, because the diode D is reverse biased. So the diode D, blocks the electric current
flowing towards the capacitor C,. Therefore, during the positive half cycle, capacitor
C, is charged whereas capacitor C; is uncharged.

Vin
NN
\/ \/ v;:v“@ VW ez vo= 2vm

Input waveform

1 D2
l |
| I"" [ 9

o=
=

2V W

0
Vi

o]

Output waveform

Half-wave voltage doubler

During the negative half cycle, diode D is reverse biased. So the diode D; will not allow
electric current through it. Therefore, during the negative half cycle, the capacitor C; will
not be charged. However, the charge (V) stored in the capacitor C; is discharged
(released). The diode D, is forward biased during the negative half cycle. So the diode
D, allows electric current through it. This current will flows to the capacitor C;, and
charges it. The capacitor C, charges to a value 2V, because the input voltage Vand
capacitor C; voltage Vy, is added to the capacitor C,. Hence, during the negative half
cycle, the capacitor C; is charged by both input supply voltage V, and capacitor

C, voltage V. Therefore, the capacitor C; is charged to 2V,

If a load is connected to the circuit at the output side, the charge (2Vn) stored in the
capacitor C; is discharged and flows to the output.


http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/semiconductor-diodes/forwardbiasedpnjunctionsemiconductordiode.html
http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/electriccurrent-howelectriccurrentproduced.html
http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/introduction/electriccurrent-howelectriccurrentproduced.html
http://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/electric-charge.html
http://www.physics-and-radio-electronics.com/electronic-devices-and-circuits/semiconductor-diodes/reversebiaseddiode.html
http://www.physics-and-radio-electronics.com/electromagnetics/electrostatics/electric-charge.html
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Full-wave voltage doubler

The full-wave voltage doubler consists of two diodes, two capacitors, and input AC
voltage source.

During the positive half cycle of the input AC signal, diode D; is forward biased. So the
diode D; allows electric current through it. This current will flows to the capacitor C; and
charges it to the peak value of input voltage V.. Diode D, is reverse biased during the
positive half cycle. So the diode D, does not allow electric current through it. Therefore,
the capacitor C; is uncharged.

T h: ’ r 3
D1

VizV -
VmV\ /\ Q) €1 g Vi 2V
0 \/ \/ {4 Vo=2Vm
0}

Input waveform C ==y Output waveform
m— VT

“Vim

D2 A
<

Full-wave voltage doubler

During the negative half cycle of the input AC signal, the diode D, is forward biased. So
the diode D, allows electric current through it. This current will flows to the capacitor
C, and charges it to the peak value of the input voltage V.. Diode D; is reverse biased
during the negative half cycle. So the diode D, does not allow electric current through it.

Thus, the capacitor C; and capacitor C, are charged during alternate half cycles.
The output voltage is taken across the two series connected capacitors C; and Ca.

If no load is connected, the output voltage is equal to the sum of capacitor C; voltage and
capacitor C; voltage. C; + C; = Vi, + Vi = 2V When a load is connected to the output
terminals, the output voltage V, will be somewhat less than 2Vy,.
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Special-Purpose Diodes

The Zener Diode
A major application for Zener diodes is as a type of voltage regulator for providing stable
reference voltages for use in power supplies, voltmeters, and other instruments. The
symbol for a zener diode is shown in Figure below. A zener diode is a silicon pn junction
device that is designed for operation in the reverse-breakdown region. When a diode
reaches reverse breakdown, its voltage remains almost constant even though the current
changes drastically, and this is key to the zener diode operation.

zener diode V-I characteristic ~ IF

A l
Cathode (K)
Breakdownl
r v, -
VR -+ L . VF
Reverse-
breakdown
region is
normal
operating
AnOde (A) region for

Zener Diode Symbol zener v

diode Iy

There are two types of reverse break down which happen in reverse bias.
1- Avalanche break down: happens when the VVz >5V and the doping level is low.
2- Zener break down: happens when the Vz < 5V and the doping level is high.
Both types, however, are called zener diodes. Zeners are available with breakdown
voltages from less than 1V to more than 250V.

As the reverse voltage (VRr) increases, the reverse current (Ir) remains extremely small up
to the knee of the curve. Reverse current is also called zener current (Iz). At knee point
the breakdown effect begins, the internal zener resistance (Zz) begins to decrease. The
reverse current increase rapidly. The zener breakdown (Vz) voltage remains nearly
constant.
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I7x (zener knee current)

I7 (zener test current)

I7\p (zener maximum current)

J

Ir

Reverse characteristic of a zener diode. Vz is usually specified at a value of the zener current known as the test
current.

The zener impedance, rz, is the ratio of a change in voltage in the breakdown region to
the corresponding change in current:

AVz

"2 = Az

Vi - 0
_________________ ;?'E

] ] i

+ 1

]

> 20 I S )
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a) Practical model .
(a) Fraclical mode (b} Characieristic curve.
The slope is exaggerated for illustration [,
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Example 1: What is the zener impedance if the zener diode voltage changes from 4.79 V
to 4.94 V when the current changes from 5.00 mA to 10.0 mA? Answer: 300

Equivalent Circuit of a Zener Diode

Ideal Zener Diode

The equivalent circuit diagram is shown below:

[ ] ©
+
E
‘A = L V;
@ [}

In a circuit, an ideal Zener diode can be replaced by a voltage source V, when the Zener
diode is operating in the breakdown region.

Actual Zener Diode

The figure below shows that the Zener diode has some resistance R, connected in series
with the battery of voltage V..

The voltage across the Zener diode will be:
V=Vz+Izrz


https://circuitglobe.com/wp-content/uploads/2015/12/ZENER-AND-AVALANCHE-BREAKDOWN-FIG-2-compressor.jpg
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Ex: A (6.8V) zener diode has a resistance (5€2), what the actual voltage across its
terminals when the current is (20mA)

V=Vz+Izrz=68+20+10"3%5=6.9V

Temperature Coefficient:
The temperature coefficient specifies the percent change in Zener voltage for each degree
Celsius change in temperature. The formula for calculating the change in Zener voltage for

a given junction temperature change, for a specified temperature coefficient, is
AVz =VzXTcXAT

Where
Vz . is the nominal Zener voltage at the reference temperature of 25 °C.
Tc : is the temperature coefficient.
AT: is the change in temperature from the reference temperature.

A positive TC means that the Zener voltage increases with an increase in temperature.
A negative TC means that the Zener voltage decreases with an increase in temperature.

Ex: An 8.2V zener diode (8.2V at 25°C) has a positive temperature coefficient of
0.05%/°C. What is the zener voltage at 60°C?

Solution:
AVz =VzXTcXAT
(8.2V)(0.05%/°C)(60°C - 25°C) = ( 8.2V )(0.0005/°C )( 60°C - 25°C )= 144mV.
Zener voltage at 60°C= AVz + Vz=0.144+8.2=8.344
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Zener power dissipation

The zener power dissipation is accounted by this equation:
P, = V.1,

Formax I, = Pmax = Vilymax

Formin I, = P,,in = V, 1,

EX: determine the maximum power dissipation of a zener diode has V, = 20V and I,
changes at (2mA to 20mA).

Pomax = Volymax = 20 * 20 = 400mW
Output voltage regulation with a varying input voltage

The zener diode can be used as a type of voltage regulator for providing stable reference
voltages as in Figure below. The ability to keep reverse voltage constant across its
terminal is the key feature of the zener diode. It maintains constant voltage over a range
of reverse current values. A minimum reverse current Izx must be maintained in order
to keep diode in regulation mode. VVoltage decreases drastically if the current is reduced
below the knee of the curve. Above Izv, max current, the zener may get damaged
permanently.
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(b) As the input voltage decreases, the output voltage remains nearly constant (Fpy < Iy < ).

To illustrate regulation, let us use the ideal model of the 1IN4740A zener diode (ignoring
the zener resistance) in the circuit of the following Figure.
* Ideal model of IN4047A l,, = 025mA <P, = 1W *VZ=10V

Zmax
R

A - 0

22012

+

1MN4T740A v

For the minimum zener current, the voltage across the 220€ resistor is
Vr =1, R = (0.25mA)(2200) = 55mV,

Since

Vin =Vg +V; = 55mV + 10V = 10.055V,

For the maximum zener current, the voltage across the 220Q resistor is
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1
Limax = =5 = 75 = 100 mA
VA

10
Ve =1, R = (100 mA)(220Q2) = 22mV
Therefore,
Vintmaxy = Vg +Vz = 22mV + 10V = 32V,
This shows that this zener diode can ideally regulate an input voltage from 10.055 to 32V

and maintain an approximate 10V output.
EX: Voltage regulation as shown in fig below determine:

-1, , I

Zmax

2- Maximum power dissipation for the resistance R P, . and for the zener P,

Rmax Zmax

24V - 30V wqwj

1% 20V
I =2=22=0.14
R,  200Q

The total voltage for the resistance R

Vin-V.

Vi Ve =Vz = Iy ==
Vinmin-Vz _ 24— 20

emin == = —o— = 024
Vin max-Vz _ 30— 20

lemax = — g — = —-— =054

L=L+1, > L=1—-1
Lix = lemin — I, = 0.2 —0.1 = 0.14
Limax = ltmax — 1, = 0.5 — 0.1 = 0.44
Prmax = Utmax)? * R = 0.25 x 20 = 5W
Prmax = Lzmax *Vz = 0.4 x 20 = 8W
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Voltage regulation with a varying load

Figure below shows a zener voltage regulator with a variable load resistor across the
terminals. The zener diode maintains a nearly constant voltage across Rc as long as the
zener current is greater than Iz« and less than Izm.

R
A * <

When RiL=c0 (0pen circuit)

Load current IL is zero and all of the current pass through zener diode.

When Rvis connected, current is divided between zener diode and Rv.

The total current through R remains constant as long as the zener is regulating.

As Ridecreases, ILincrease and Iz decreases. The zener continues to regulate the voltage
until Izreaches its minimum value. Now, the load current is maximum, and a full-load
condition exists.

Ex: Determine the minimum and the maximum load currents for which the zener diode in
Figure below will maintain regulation. What is the minimum value of Rc that can be
used? Vz=12V, lzk=1mA, and Izv =50mA. Assume an ideal zener diode where rz=0Q
and Vzremains a constant 12V over the range of current values.

A o

1 470 12 I I
& g L

When IL = O,(RL = OO) 'IZ = IZmax = IT

Vi, V, 24—12
IZmax = IT = R = 470 = 25.5mA
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This value is less than 50mA, RL can be removed without disturbing regulation.
Iy (miny = 0
I, (max) Occurs when I is minimum (I; = Ix)
Iy max) = Ir—Izg = 25.5mA — 1mA = 24.5mA
Minimum value of RLis

R, . = Ve _ 12 = 4900
Lmin ILmax 24.5

Percent Regulation

e Line regulation : specifies how much change occurs in the output voltage for a
given change in the input voltage

VOU.t

Line Regulation = * 100%

in

e Load regulation : specifies how much change occurs in the output voltage over a
certain range of load current value

% +100%

FL

Load regulation =

Ex: a certain regulation has no load output voltage 12 volts and full load output voltage
10 volts. Determine the percent load regulation

ViV 12 -10
%*100%=1—*100%=20%

Load regulation =
FL 0
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Zener Limiter

Zener diodes can be used as limiters. Figure below shows three basic ways the limiting
action of a zener diode can be used. During the negative alternation, the zener acts as a
forward-biased diode and limits the negative voltage to-0.7V as in part (A). When the
zener is turned around, as in part (b), the negative peak is limited by zener action and the
positive voltage is limited to +0.7V. Two back-to-back zeners limit both peaks to the
zener voltage = 0.7V as shown in part (c).

Fis R
Wy +—o W —o
1‘_( — - s
1.||I u 'Ill T li"m [:::II :‘I - T
| —
N AY —
° I
{a) (b)
R
My ——o
D +¥g + 0TV
1 ; L1
1-||I D.-, u
_L 5 V=TV

il
Basic zener limiting action with a sinusoidal input voltage.

Additional examples

1) For the circuit shown in Fig below find: (i) Vou (ii) Vg (iii) Iz.

_
120V 50V glﬂ k2
. < - J

If you remove the zener diode, the voltage V across the open-circuit is given by:


https://electronicspost.com/wp-content/uploads/2019/07/73.png
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_ ViR, 10x120
" R+R, 5+10
Since voltage across zener diode is greater than VZ (= 50 V), the zener is in the “on”
state. It can,
therefore, be represented by a battery of 50 V as shown in Fig below.

= 80V

., R=5kQ | I,

10 kQ)

(i)

Output voltage = V,=50V

(i)

Voltage drop across R = Input voltage — V, = 120-50 = 70V
(iii)

Load current. I, = V/R; = 50 V/10kQ = 5mA
. _ 70V _
Current through R, I = = 14 mA
5kQ

Applying Kirchhoff’s first law, I = I, +1,

Zener cm‘rent.fz = I—IL = 14—-5 = OmA

2) For the circuit shown in Fig. below part A find the maximum and minimum values of
zener diode current.


https://electronicspost.com/wp-content/uploads/2019/07/75.png
https://electronicspost.com/wp-content/uploads/2019/07/76-1.png
https://electronicspost.com/wp-content/uploads/2019/07/77.png
https://electronicspost.com/wp-content/uploads/2019/07/78.png
https://electronicspost.com/wp-content/uploads/2019/07/79.png
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5kQ I I 5kQ g Iy
= =
vz
80-120V 10 kQ = 80-120V = 10kQ
_!__5-:1 \Y
A B

The first step is to determine the state of the zener diode. It is easy to see that for the
given range of voltages (80 — 120 V), the voltage across the zener is greater than VZ (=
50 V). Hence the zener diode will be in the “on” state for this range of applied voltages.
Consequently, it can be replaced by a battery of 50 V as shown in Fig. part B.

Maximum zener current: The zener will conduct maximum current when the input
voltage is maximum i.e. 120 V. Under such conditions :
Voltage across SkQ2 = 120-50=70V

70V
- . 5kQ. — —
Current through 5 kQ, 7 e 14 mA
Load current. I; = 0V 5 mA
10 kQ

Applying Kirchhoff's first law, I = I, + 1,
: Zenercurrent, [ = I-I; = 14-5 = OmA

Minimum Zener current: The zener will conduct minimum current when the input
voltage is minimum 80 V. Under such conditions, we have,
Voltage across 5k&2 = 80-50 = 30V
0V

Current through 5kQ. I = = = 6 mA
= 5 kQ

Load current. [, = 5mA
Zenercurrent. [ = I-I;, = 6 -5 = 1 mA

3) A 7.2V zener is used in the circuit shown in Fig. below and the load current is to
vary from 12 to 100 mA. Find the value of R to maintain a voltage of 7.2 V across


https://electronicspost.com/wp-content/uploads/2019/07/80.png
https://electronicspost.com/wp-content/uploads/2019/07/81.png
https://electronicspost.com/wp-content/uploads/2019/07/82.png

ELECTRONIC DEVICES

ELECTRONIC & CONTROL DEPT. 3RD YEAR

the load. The input voltage is constant at 12V and the minimum zener current is 10
mA.

! R I

4 = |
| - . |

:

vi=12Vv ; V,=7.2V

T+
The voltage across R is to remain constant at 12 — 7.2 = 4.8 V as the load current changes

from 12 to 100 mA. The minimum zener current will occur when the load current is
maximum.

v, -V, 12V —7.2V 4.8V

"o R = = =
(L) min + UDmax (10 +100)mA ~ 110mA

= 43.5Q

If R =43.5 Q is inserted in the circuit, the output voltage will remain constant over the

regulating range. As the load current IL decreases, the zener current IZ will increase to
such a value that IZ + IL = 110 mA.

Note that if load resistance is open-circuited, then IL = 0 and zener current becomes
110 mA.

4) The zener diode shown in Fig. below has VZ = 18 V. The voltage across the load
stays at 18 V as long as IZ is maintained between 200 mA and 2 A. Find the value of
series resistance R so that V, remains 18 V while input voltage Vi is free to vary
between 22 V to 28V.

| > VWA g +
| Y I, T

22V1028V A7 K V,=18V Vo % R, =180

The zener current will be minimum (200 mA) when the input voltage is
minimum (22 V).



https://electronicspost.com/wp-content/uploads/2019/07/83.png
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The load current stays at constant value I, = ‘;i = % =14 = 1000mA
L
vV, -V 22V — 18V 4V
= 3.33Q)

(L) min + UD)max (200 +1000)mA ~ 1200mA

5) A 10-V zener diode is used to regulate the voltage across a variable load resistor. The
input voltage varies between 13 V and 16 V and the load current varies between 10
mA and 85 mA. The minimum zener current is 15 mA. Calculate the value of series

resistance R.

[z
V,=10V R,

3Viol6V_-7

il il
| . . |

The zener will conduct minimum current (15 mA) when input voltage is minimum (13
V).

R V,—V, _ 13V -—10V 3V _ 200
T W min + U max (15 +85)mA~ 100mA

6) The circuit in Fig. below uses two zener diodes, each rated at 15 V, 200 mA. If the
circuit is connected to a 45-volt unregulated supply, determine :(i) The regulated
output voltage (ii) The value of series resistance R.

+T—\/\W - /i/ Z] > T
R, % Vg

N

-l —_—

|

When the desired regulated output voltage is higher than the rated voltage of the
zener, two or more zeners are connected in series. However, in such circuits, care
must be taken to select those zeners that have the same current rating.


https://electronicspost.com/wp-content/uploads/2019/07/88.png
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Current rating of each zener. 7, = 200 mA

Voltage rating of each zener, V, = 15V
Input voltage. v, = 45V
() Regulated output voltage. Vy = 15+15 = 30V
Vi— Vo 45 — 30 15V
(i) Series resistance, R = — = = =750
I, 200 mA 200 mA

7) What value of series resistance is required when three 10-watt, 10-volt, 1000 mA
zener diodes are connected in series to obtain a 30-volt regulated output from a 45 volt
d.c. power source?

the desired circuit. The worst case is at no load because then zeners carry the
maximum current,

R
| T— AAAS > > T
Vi =45V Vo=30V
Voltage rating of each zener. ¥, = 10V

Current rating of each zener. I, = 1000mA
Input unregulated voltage. V; = 45V
Regulated output voltage. Vo = 10+10+10=30V
Vi- v, 15V

Voltage across B = = = 158
- I, 1000 mA
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8) What range of input voltage will the zener circuit shown in Fig. below maintain 30 V
across 2000 Q load, assuming that series resistance R = 200 Q and zener current
rating is 25 mA ?

R=2000Q

1 1. T

Vi 200002 VYo

) _,, T

The minimum input voltage required will be when 1Z = 0. Under this condition,

I =1= = 15mA
2000 €2
Minimum input voltage = 30+JR = 30+ 15mA x 200 Q
= 30+3 =33V

The maximum input voltage required will be when I, = 25 mA. Under this condition,
I =1I+I,=15+25 = 40mA
Max. input voltage = 30+IR
= 30+ 40 mA x 200 £
= 30+8 = 38V

Therefore. the input voltage range over which the circuit will maintain 30 V across the
load1s 33V to 38 V.



