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Diode Types & its Applications
EDC & Analog Electronics: Diode Types & its Applications
Clipper Circuits

Diode network that have the ability to clip of a portion of the input signal wit
distorting the remaining part of the alternating waveform is known as Cli

There are two general categories of clippers
1. Series clipper O

2. Parallel Clipper Q

The series configuration is defined as one where the di@n&eries with the

load, while the parallel configuration has the diode in a parallel to the
load.

(a) Series Clipper
(i) Unbiased Clipper &Q

The response of series configurati igre 1(a) to a variety of alternating
waveform is provided in figure

D +
w
Figure 1(a)
v, v,
&
t t :_.‘I
L ]
Figure 1(b)

From figure 1(a), Anode voltage of diode Va = Vi and Cathode voltage Vk =0

Therefore, for positive half cycle Va > Vk, which means diode is forward biased
and act as short circuit.

Page 2 of 54



4 www.jkchrome.com www.jkchrome.com www.jkchrome.com

For negative half cycle Va < Vk, which means diode is reverse biased and act as
open circuits.

(ii) Biased clipper

The addition of a dc supply that can have a pronounced effect on the output of a
clipper is shown in figure 2.

NOTE: Make a mental sketch of the response of the network based on
direction of the diode and the applied voltage levels. :

ol

Figure 2: Series clipper with a dc su

&suggest that the signal Vi must be
efrequires that the voltage Vi be greater
ive region of the input signal is pressuring
further by the dc supply.

For the given network, the direction
positive to turn it ON. The dc sup
than V to turn ON the diode. T

the diode into the OFF state, sdppo

NOTE: Determine the3$age (transition voltage) that will cause a change
in state for the diode.

For the ideal dio
where Vg =0
of figure 24wi
that th

tr?n lon between states will occur on the characteristics,
OA. Applying the condition ig= 0 at V4 = 0 to the network
in the configuration of figure 3(a), where it is recognized

i that will cause a transition in stateis Vi=V
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<

V=0V

|+
|
=1

+

Vi

Figure 3(a): Determining the transition leval for the circuit of figure 2,

For an input voltage greater than V volts the diode is in the short ci % ate,
while input voltage less than V volts it is in the open circuit or -

NOTE: Be continually aware of the defined terminals and polari 0.

4
When the diode is in the short circuit state, such as shc@igure 4, the output
voltage Vo can be determined by applying KVL in t se direction.

<

+0
+
|

Q

[+]

+ o

Figure 4
Vi-V-Vo=0 *
~Vo=Vi-
NOTE: e helpful to sketch the input signal above the output and determine
the t and determine the output at instantaneous values of the input.
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v, 1 v,

0 /2 T -

v° A vm_v

o O

Figure 5 Q

&
For an instantaneous value of Vi the input can be treat dc supply of that
value and corresponding dc value of the output de

Forinstant at Vi = Vi
For Vin >V, diode is short circuit and Vo

When diode change state, and V

ThenVo=0V < ’
And now complete the.c o that can be shown in figure 5.

(b) Parallel Clipper \
L 4

The network of fi is the simplest of parallel diode configuration with the
output for th input as discussed earlier. The analysis of parallel
configura very similar to that applied to series configurations.
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Summary of Series & Parallel Clipper

www.jkchrome.com

Figure 7: Response of parallel Clipper.

Positive

Simple series clippers (Ideal diode)

. K . v,
* +
Vv RE v
' 3 ©o i
- — -V,

Based series Clippers (Ideal Dio

A
................ R r .'iE W
Clampers
The clampif@ network is one that will clamp a signal to a different dc level. The
net nsist of a capacitor, a diode and a resistor element and an
in dent dc supply to introduce on additional shift.

The magnitude of R and C must be chosen such that the time constant t =RC is

large enough to ensure that the voltage across the capacitor does not discharge
significantly during the interval the diode is non conducting.

There are basically two type of clamper:

Page 6 of 54
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Clamper
Negative Clamper Positive Clamper
Adds Negative DC Adds Positive DC

(a) Negative Clamper

v
aal |
[}

+ @
e

Vv, CAv4

v
-0

vl &
Vi

0

-V,

+ \J

vu,“

0
-2V

Fi ): Waveform

When the input is positive, diode operates in forward bias and capacitor charge
through diode. If diode is ideal it behaves as short circuit and therefore capacitor
charge up to the peak input V.
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When input becomes negative, capacitor should discharge but discharge path is
not available so capacitor voltage will continue to remain V. Therefore, once
capacitor is fully charged its voltage Vi irrespective of the input being positive or
negative.

Applying KVL
-Vi+Vm+Vo=0
Vo=Vi—Vnm

O

=Vi+ (_ Vm)
Hence circuit adds dc voltage of —Vm. So, the output will be a sQwaveform
for given input whose value varies from 0 to — 2Vn. Q P
e

Positive peak of output waveform touches 0V leve peak gets
clamped to QV. Since a negative clamper is cla positive peak to OV so it is
called positive peak clamper.

NOTE: If diode has cut in voltage V, the t@i be replaced with series

connection of ideal diode and batter &

I
+:'; N 1 +
2

V; Vo

A 4 A 4
— a —

ure 9(a)

Wheéminput is +Ve, capacitor changes through diode upto a maximum voltage of

2 Vo=Vi=(Vm—Vy)
VO = Vi + (_Vm + Vy)

Hence circuit add dc voltage equal to = (Vm = Vy)
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S22V + VL

L J

Figure 9(b): Waveform O

(b) Positive Clamper

through diode up to peak input Vi
« When input becomes positive capacitor will
discharge path is not present. Therefore,
remains Vn irrespective of input being +

O
v,
.-

« When input is negative diode gets forward biasec@:agacitor charges

to discharge as
e aeross the capacitor

Figure 10(a): Positife damper circuit

Applying
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° O
r

Figure 10(b): Waveform 14

Negative peak output gets clamped to 0 volts thegeforefpositive clamper is also
called negative clamper.

NOTE: It diode has cut in voltage V, then r changes to a voltage (Vm —
V) (

o VO = Vi + (Vm - Vy)

Hence added dc voltage is Vin §.Vy
vo &

zvm' V L

Figure 1 tput waveform when diode has cut in voltage.

REGULATOR

« The most important property for an ideal power supply is to maintain a
constant voltage at the output terminals for all operating conditions.
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« But practically there is a drop-in output terminal voltage of the power
supply as the load current increases, so we require to regulate the power at
optimum level using a voltage regulator.

Performance Parameters of a Good Voltage Regulator
« Load Regulation Factor
It is the change in the load voltage from no load to full load.
« Line Regulation Factor

It is the effect of variations in the supply voltage causing varia@‘r e output
voltage of the regulator.

, L 4
f z Y I
% Line Regulation = <"ange in Eat\-ﬁmm t0Vimsx |, 10 @] 100
\ FL s Wi ndmin al)

Vo1 is the output voltage at the maximum in age while Vo2 is the output
voltage at the minimum input voltage.

Zener Diode
« Zener diode is a special Q}de designed to operate under reverse

bias in the breakdown, ragion:
o AZener diode hashigher ng than conventional diodes

. Ina Zener diod® ion layer is very thin and electric field strength at
the junction is very*higi*even for a small reverse voltage.
Application of Digde s a Voltage Regulator

« At the iRstant'when the applied reverse biased voltage on the Zener diode
i the Zener breakdown voltage, further increase in reverse
I makes the electric field at the p-n junction significantly high.
. electric field is high enough to pull the electrons that are beyond the
nction on the n-side towards the p-side, significantly increasing the

current.

« Theincreased current allows a wide range of current to flow through the
diode in the breakdown region such that the reverse voltage has no
significant change.
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Forward
bias

v
I(pA)

— V(in volts)

Figure 7: i-v Characteristics of Zener Diode

Equivalent Circuit of Zener Diode

Forward HBiased Zener Diode
(Va> V)

1den)

Practical

+AA

vt‘-

Reverse Hlased Zener Diode
(Ve< V)

oK
*IA
1den!

+9K

A

-4A

Breakdown Region Zener Diode
(Ve > Vi)

+9K

— KO

Flgure 8

acks of Zener Voltage Regulators

« The Zener diode can be operated as a voltage regulator within a limited

range of reverse current.

Power dissipation for the Zener diode is practically large enough to affect

the efficiency of the device.

Page 12 of 54
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« The output resistance of a Zener voltage regulator is practically not as low
as desired for the cascading operation.

Diode Rectifiers

Recrfier
low voltage rectifier high voltage rectifier
(provide low dc output (provide large dc output)

voltage and output) l

!

Formed by using diodes Formed by using SCO
v ! o
half wave rectifier full wave rectifier

v
centre tapped
full wave rectifier @
1.1. Half wave Rectifier K
Half wave rectifier will rectify o %ition of input either positive or
negative. The basic circuit for fialf e rectification is shown in figure 1.

N N @
+eo Ay ————e 4

AC ¢ >4 v
input :: R °

ig 1(a): Half Wave Rectifier
A age across the secondary winding AB changes polarity after every cycle
during the positive half cycle of input ac voltage, end a becomes positive w.r.t
end B. This makes the diode forward biased and hence it conducts current.

During the negative half cycle end A is negative w.r.t end B. Under this condition,
the diode is reverse biased and it conduct no current.
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Figure 1 (b): Input and Output waveform .
Parameter of output waveform @
A. output DC voltage or current

B. output RMS voltage or current O
C. Ripple factor K

D. Peak inverse voltage

E. Efficiency .

TE—
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A. Output DC vultage or current

V, (DC) =V, (Avg) = j V, (

%j’vmsinmtdmt+£j'o dot
0

Vm

> [-cos mt]E

S [cos - cos0] = S (~1-1]
T (-2) OO
VO(DC)=VTF” *
or [V, (DC) = 0.318V,, @
©_

1

m

1, (0) = 2.2

R R‘."I: T O
I, (DC) I =0.3181, K

T

y . Q0
N
R
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|B. Output RMS voltage or current

v, (rms) = {1_1: zj:vg (t) dot
Q

1% 1 i
.Jz_xi[vmsmmt]’dmnz_l ! o dot

V2 %1 - cos2ot
Ny 2

VAT gn2et]
f — Djt—
dn | 2
2 r
- J“_m-[; ~0)- Xsin2: —s‘nnp]
4z | 2

VA 1
\‘Ft" 2" ”-']

dat

2 Qs
L
Im
l ms| = —
U‘ ] 2
L 4
W
Iy =
R
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. _ rmsvalue of alternatingcomponents of wave
: Average valueof wave

. V, (rms) : I, (rms) .
- vc.(DCJ]'1= L,0) |

Which is sometime approximated as,

B Vy {rrns) I, {rms]
V(00 " 1,(00)

Ripple factor of half wave rectifier

D. Peak inverse voltage (PIV)

The maximum reverse voltagethe diode can with stand without breakdown.

L 2
PIV = V,
E. Current handl ability of a diode
It is maxi urrént, that should not exceed otherwise breakdown occurs.
F. Effi

I sure of the ability of a rectifier to convert AC power into dc power.
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P, (dc)

_ ©

P (ac)

_ output dc power y
input ac power
P, (DC) = V.I = V(DC) - I4(DC)
Pin (AC) = Vims * Ims
Vo (PC) -1, (BC)

- «100
=y

rmS'Irms
=Mx100
Vin /2 I,/
n=iz><100 Q

’IIZ

= 0.405 x 100 @ &

x 100

100

Conclusion
« It rectifies one half of the input AC signal O
vV,

v, (do) -

-] ‘3
Il
o
w
'—l.
9]
<

Y

Disadvantage of half wave rectifier
(i) Vo (DC) = 0.318 Vm

Output DC voltage is only 31.8% of peak input voltage Vm
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(i) n = 40.5%

Efficiency is only 40.5%, that is only 40.5% is converted into DC remaining will
be lost.

1.2. Full Wave Rectifier

In full wave rectification, current flows through the load in the same directi
both half cycles of input ac voltage. This can be achieved with two dio

working alternatively. For the positive half cycle of input voltage, onedio
supplies current to load and for the negative half cycle, the other di @ Des so;
current being always in the same direction through the load. Q

The following two circuits are used for full wave rectifier

*
(a) Centre- tap full wave rectifier @

(b) Full wave bridge rectifier

1.2.1 Centre-Tapped Full-wave Rectifier Q
The circuit of a centre-tapped fuII-wave% is shown in Figure 2(a). This
circuit is seen to comprise two cuits which are so connected that

conduction takes places throu diode during one half of the power cycle
and through other diode during(the nd half of the power cycle.

)

Page 19 of 54
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v.
v, v, v, v, O
&
(b)
Figure 2: (a) Centre tap rectifier t, (b)waveform

In this rectifier center$ down transformer has been used, in which
secondary winding is div to two halves, each half having equal number of
turns. In N1 : N2 cen r-tagp transformer, primary winding has N+ turns and
each half of sec winding has N2 turns.

minal of secondary winding is grounded, voltage at nodes a and
magnitude but opposite sign;

When cen
b will

|f Va = Vm SinCl
then Vb = — Vm sina

Operation

Page 20 of 54
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e« WhenO<a<m
Then Vi is positive so diode D1 is forward biased and in this case Vs is negative
so diode D is reverse biased. As diode D1 is in conduction mode so node ‘a’ gets
shorted to R, therefore Vo= Va

« Whenm<a<2n
Then Vi is negative so diode D1 is reverse biased and Vy is positive so

forward biased. As diode D2 is in conduction mode so node ‘b’ gets
Rc therefore Vo= Vb

Parameter of full wave rectifier Q
A. output DC component TS

B. output RMS value @

C. Ripple factor

D. Peak Inverse voltage O
E. Efficiency K
A. Output DC voltage ‘ l

V, (DC) = V, (Avg) = ) d

Page 21 of 54
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B. Output RMS value

1 TfZ 2
4]

Il
-
b
I
= E{
P
I
| |
Ml
|
L=
—
I
»
|5
|
o,
=3
ot
b= |
|
n,
=
=]
[ ——

Similarly,
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3. Ripple factor

) I, (rms) g V, (rms) §
f \I[ Io(dc)] o d(vo(nt:)] o
[, /)
! 21m;n] -1
, /ﬁ_
3
[r=0.483]
(%) =48.3% Q
4, Efficiency @ ¢

_ qutput DC power <100
input AC power

_Y%(DC)T,(DC) oo
VrmSIrmS
D /1 2 /T 0 K
Vip /32 1, /2 Q
=4xz=%x100=0.81x100 O

oy

[y

!:

=
[
~
co
%)

TIZ2 T

- 81% 2

=

5. Peak inverse voltage

PV =2]

2V, 4

i
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Conclusion

v, (DC) = 2¥m _ 0 636V,

. T

1,(DC) = 2m _0.6361,

. T
s v=0.483

n==81%

Vi
. rms '\45
. rms ﬁ ‘:
e Time period, T=T/2=n @

1.2.2. Bridge Rectifier

The full wave rectifier circuit requires a ce @ pped transformer where only
one half of the total ac voltage of the trafisfegmeér secondary winding is utilized
to convert into dc output. Now cgnsij ifferent configuration of full wave
rectifier circuit, called bridge rectifigr, ré entire AC voltage of the transformer

secondary is used to convert irg oltage.
Figure 3 shows a brid ctifiereifCcuit. There are four diodes D+, D2, D3 and

Dswhich form the fou? e bridge. AC from transformer secondary is fed
to two corners and the lo istance R. is connected to other two corners.

FYTYN

Figure 3: Bride Rectifier

During positive half-cycle of input, point A is positive, diodes D1 and D3 are
forward biased and diodes D2, D4 are reverse biased then, the current flows
through diodes D, the load R. and through diode D3 back to the negative polarity

Page 24 of 54
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of the transformer secondary. During negative half cycle of input point B is more
positive than point A, thus diode D2, D4 are forward biased and diode D1 and

Ds are reversed biased, then the direction of current flow will be through diode
D2 load R and diode Da. In both case the current flowing through resistor R is in
same direction, thus it is unidirectional current and we obtain full wave
rectification.

BJT & FET: Biasing & Operation

Junction Transistor
« Both the electrons and holes take part in the conduction Qr

c
bipolar devices. Q
« BJT consists of two p-n junctions manufactured in a spec ay and
connected in series, back to back. 4
« The transistor is generally a 3-terminal devicewi ter, base and
collector terminals.
« From the physical structure, BJTs can beyivided into 2 groups: NPN and

PNP transistors. Q
- W, mw W, oEa W -HﬂHmK contact

a| stvpe  netype ptype
Emitter pase Collector .
region  rogion  region lector (C)

- —' = —
Emitter-base |
junction (EB) !‘ Base(B)
(a (b}

m-tYpe | petype | n-type
: Emitter pase cuuunr i
Emitter| £} ""'“"“"' region | Emitter(E)

oC

B B
(c) (d)

Figure: Simplified block diagram of (a) n-p-n (b) p-n-p and circuit symbaol of

(c) n-p-n and (d) p-n-p bipolar transistors

« Modes of operation:
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The transistor consists of two p-n junctions, the emitter-base junction (EBJ)
and the collector-base junction (CBJ). Depending on the bias condition (forward
or reverse) of each of these junctions, different modes of operation of BJT are
obtained, as shown in below table.

S. No. | Mode EB) cB8l) Properties Applicat
1. Cut-off Reverze Reverse Very high internal OFF sy
bias blas resistance

2. Active Forward Reverse Excellent transistor @er

bias bias action ¢
r- % Saturation Forward Forward Very lo % ON switch

bias bias rest
4. Reverse Reverse Forward r transistor | Attenuator
active bias bias (Practically

not used)

grr modes of operation

J L 2 _
\. Active Mode:

ade jehction of the transistor is forward biased and the
collector-bas is reverse biased, the transistor operates in active region.
In this mo or is used as amplifier. This bias configuration is shown in
below figu -p-n and p-n-p transistors.

When the e

Page 26 of 54
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)

T hd?
T ] T ]

B B
(a) npn (b) pnp

|
AT
a

Figure: Transistors Biased in forward Active mode (a) n-p-n (b) p-n-p

« Saturation Region O

When both the emitter-base junction and collector-base janction are

forward biased, the transistor operates in saturation regign. Transistor has a
large current in saturation mode. In the saturation mod ransistor is used
as closed switch.

EI ~~ Ic E
u-}— v, Vu Ve

] I

o
(a) npn Q (b) pnp

Figure. Transistor Biaie

n mode (a) n-p-n (b) p-n-p

transistor (ideally). In this case the transistor is operated as an open

switc -p-n and p-n-p transistor are biased in cut-off mode as shown in
bel ure

. Cut off regi
When bo |tter base and collector-base junctions are reverse biased,
transistor opEa cut-off region. In cut-off mode the current through the
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)

i
)
s

(a) npn (b) pnp
Figure: Transistor Biased in cut off mode (a) n-p-n (b) p-n-p

« Reverse Active Region or Inverse Region QO
When the emitter-base junction of the transistor is reverseiaSed and the
collector-base junction is forward biased, the transistor@i  be in reverse

active mode. This mode of operation is not often used. elow figure,
transistors are biased in reverse active mode.

E
Vi = Ve
B
(a) npn (b) pnp
L 2
Figure: Transist ed in Reverse Active Mode

(a) ’n n (b) p-n-p

4. CurrentR i in BJT
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If Bipolar transistor Is treated as single node, then by Kirchhoff's current law
e =1 +Tg]
This relation is applicable |n all three configurations of BIT.

Relation between current gain
For dc mode, common emitter current gain

And common base current gain

_k

I

Applying these expressions in above equation,

L_, .k
s = ﬁ
P @0

bt

Relation between leakage current
For commaon emitter configuration, O
Ic = ale + Ieoo
=lc=a (Ic + la) + Icso (Ie = i
=2(1=-a)lc= als + Ieso
s lts - a 0
, @
=Plg + T—Icno
Since the current uaﬂ% the common base configuration is as
Ie= pla + Ic
th equations,
=1+ p)lceo

Transistor Configuration

The transistors can be connected in the following three different configurations,
Depending upon the terminals which are used as a common terminal to the input
and output terminals.

Page 29 of 54
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« Common Base Configuration
« Common Emitter Configuration
« Common Collector Configuration

a) Common Base Configuration

« Inthis configuration base terminal is connected to a common termin
« Theinput signal is applied between the emitter and base terminals.
« The output signal is taken between the collector and base termi

Base
Emitter Collector
ni|p

|+v(c -

I
Emitter m R,

L TN~ 1,
4O

g
(b)

Figur common base configuration

Properties’of CB configuration

owest input resistance (Ri < 100 Q)
« Highest output resistance (Ro > 1 Q)
« Lowest current gain (a< 1)
« Highest voltage gain
« Medium power gain (Typical value 68)
« Output and input voltages are in phase i.e. phase shift is 0°.
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« In CB amplifier current gain is less and therefore bandwidth is large and
hence CB amplifier is widely used as high frequency amplifier.

Applications

« As anon-inverting voltage amplifier

« As a high frequency amplifier

« As animpedance matching device between low resistance to high
resistances.

b) Common Emitter Configuration

« In this configuration, emitter terminal is connected to a @n terminal
« Theinput signal is applied between the emitter and base inals.

« The output signal is taken between the collector @soterminals

Fig mmon-Emitter Configuration.

Propert

derate input resistance (around 1 kQ).
. erate output resistance (50 kQ to 500 kQ).
oderate current gain (Typical value 49).
Moderate voltage gain.
Highest power gain (Typical value 4226).
Output and input voltages are out of phase i.e. phase shift = 180°.

Application
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33 www.jkchrome.com

www.jkchrome.com

It is the most common and frequently used amplifier circuit.

¢) Common Collector Configuration

In this configuration, collector terminal is connected to a common
terminal.

The input is applied between the base and collector terminals.
The output is taken between the emitter and collector terminals.

> =V
' @ ’
Figure: Common Collector Config &

Properties
Highest input resigta eQQ to 500 kQ).

Lowest output resis <100 Q).
Highest current ga
Lowest volta ga'w.
isdess than 1 or very close to 1.

ain (Typical value 48).

d input voltages are in phase i.e. phase shift is 0°.
ollector configuration is also known as emitter follower.

ications

As an audio frequency power amplifier.

As a butter (impedance matching device between high resistance to low
resistance).

In designing of voltage sweep circuits.

As a high input resistance device.

Page 32 of 54
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« As a“Boot strap emitter follower”.
Operational Amplifiers
1. Introduction
An operational amplifier (Op-Amp) is an integrated circuit that amplifies the .

difference between two input voltages and produces a single output. Fro
point of view, the Op-Amp has two input terminals and one output termij

shown in figure below. O
>0 2o | O
@— ® @— © ¢

Small Signal

Circuit Symbol of biased

Circuit Symbol of Op-Amp

2. Characteristics of ldeal Op-Amp: &O

The ideal Op-Amp senses the di ween two input signals and amplifies
this difference to produce an out |. The output terminal voltage is the
voltage at the output terminal with respect to ground.

The ideal Op Amp equiv is shown in figure below.

® \
v, L 4

®

oV,

Aou.(v:-vl)

Here,

AoL = open loop gain

1. It has infinite input impedance and zero output impedance.
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The common mode gain is zero (or) equivalently, common mode rejection
ratio is infinite.

The open loop gain of ideal op-amp is infinite

The ideal op-amp has infinite bandwidth and infinite slew-rate.

We stated that if the open loop gain (Aov) is very high, then the two input
V1 and V2 must be nearly equal. Since, if V2 is at ground potential, voltage
V1 must also be approximately zero volts as shown below.

3. Feedback in Op Amp: O
3.1. Negative Feedback: K

losed loop gain =

Conclusion: When the Op-Amp relates to negative feedback, the voltage gain will

reduce.

AEL:_H__
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So, for any input Vi in the range of “mV” or OV, output Vo will be very close to 0.

3.2. Positive Feedback:

+10V

+ —e V =%V _ =+10V

-10V

AAAA
yYyYvwvy

“‘ O
Figure: Positive Feedback Amplifier O

Note: Multivibrator works in open or closed loop of po@e@back.

4. Virtual-Ground and Comparator:

« Virtual ground theory is applicable only i egative feedback”. It is not
applicable in positive feedback and ofemioap.
« Comparator theory is applicable f \Q bop and positive feedback.

Table: Comparison between Nedati &ack and Open-loop

Negative feedback Open-loop
[Comparator]

vll—m—-ﬁ_ =
L' >—q v,

HE‘I’E; vy = Wy HEI‘E, vy = Vi
vy # Vi III||||I'|.l ¥+ ‘Ur!:

5. Slew-Rate:

Slew rate is defined as the maximum rate at which amplifier output can change.
It is expressed in Volts per microsecond (V/us) i.e.
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AV
SR=—-"0V
T /us

Here, AVo = Small change in output voltage in a small interval At.

In terms of input voltage, slew rate can be expressed as:

Here, AcL = closed loop gain, O

AV; = Small change in input voltage in a small interval At Q

6. Differential and Common Mode operation: @ ¢

6.1. Differential Inputs:

When separate inputs are applied to the op-Anfp,thetesulting difference signal

is the difference between the two inputs O
ie. K
V4 = Vi1 = Vi2 Q

Here, Vi, Vi2 = mputs to the gp
6.2. Common Inputs

If there is no differeRce bgtween the input signals, a common signal element due
to the two input can be defined as the average of the sum of the two
signals.

Here,Wh, Vi2 are the inputs to the Op-Amp.
6.3. Output-Voltage:

Since, any signal applied to an Op-Amp is generally have both in phase and out of
phase components, the resulting output can be expressed as:
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Vo = AdVa + AcVe

Here,

Aq = differential voltage
V¢ = Common voltage

Aq = Differential gain of the amplifier

Ac = common mode gain of the amplifier O

6.4. Common Mode Rejection Ratio: (CMRR) Q
CMRR is defined as the ratio of differential voltage gain e ggmmon mode
gain.

le.  CMRR-“¢

In decibels, we may express O
CMRR(dB) = 20|oglu K
7. Applications of Operatlona@:

« Inverting Amplifie
o Non-inverting A

« Differentiato
« Differenti

« Voltag
o Selecti sion circuit
o Cur -voltage converter
grator
parator
o Filters

« Voltage comparator
« Signal Amplifier

7.1. Inverting-Amplifier:
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The voltage gain for the inverting Amplifier is given by:

= 'Rv

AV
R

1

Below figure shows the inverting amplifier.

R,
——MW——
R,
V, o——AMA
—0 vo
e CO
7.2. Non-Inverting Amplifier ¢

The voltage gain for the non-inverting amplifier is

vV, N &
A, = V. =1 R,
R,
R,
‘ vu
T e
re: Non-Inverting Amplifier
7.3. Volt der:
g Adder:
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AAAA
vyyw

—>1,

R, ™
V. —WWW\—
ViAW —
Rq‘l,
I=1
Li+L=1
Vi Vs 0=V
R R R
-(Vi+V2)=Vo

Vy =V, + Vs)

7.3.2. Non-Inverting Adder:

> Lo
+

7.4; ge Subtractor Circuit
A Vo

amplifier. Output of the inverting amplifier is given by:
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‘Rl

V= —Ly,

So, the output voltage of the summing amplifier is obtained as:

R R
Yan [RLVJ‘E'VZJ

L.
Rs
RE = R

Thus, V, -—!—V— e R,V
VIRR, * Ryt

R, Y. R
s \f, — V.
R, ‘J R ’J

lnvertlng
? Amplifier

Figurés vV ggnctor Circuit
L 4

7.7. Integrator circuit:
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C
| 1
I
R
V.o—MWW————1-

V=0 _ov.

P—

V'=0

Applying KCL at Inverting terminal, we hava O

0-V 'o-v,,_o
R 1/sC

Vo .1 o

V, sRC

Since, the transfer function shows a pole at the origin, the ItQperates as an Integrator
(low-pass filter)

Input-output relation In time domain is — O
-1
V, = e [vdt K
Timers & Oscillators O:

1. The 555 Timer Cireuit®

* _?_| +V
- | 7] Discharge
5
: _?_I Threshold
5] Control voltage
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Th a5 Comparator 1
Vo R Q > Output

¥
$R.=5K0 Flip-Flop
E

)
Trigger 2 Comparator 2

QO

the& 555-IC timer

FYTey

Block diagram representation of the internal cir,

A block diagram representation of the 555 uit is shown in figure . The
circuit consist of two comparators, an K and a transistor Qq that
C

operates as a switch. One power su is required for operation. A resistive
voltage divider, consisting of the valued resistor Ry which is equal to

5kQ is connected across Vcc a stablishes the reference or threshold voltages
for the two comparators.

V., = %‘U’cc for ator 1
1
and Vg = §U coffipafator 2

SR flip-flo s as a bi-stable circuit having the complementary outputs,

at is ‘low’ (approximately equal to 0 V).In reset state, the output Q is low

Q

and is high.

The flipflop is set by applying a high level (Vcc) to its set input terminal S and
reset by applying to the reset input terminal R. The outputs of comparator 1 and
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comparator 2 respectively are connected to the set and reset input terminals of
the flip flop.

The positive input terminal of the comparator 1 is connected to a external
terminal of the 555 IC is labelled as Threshold. Similarly, the negative input
terminal of comparator 2 is connected to an external terminal labelled as Trigger
and the collector of transistor Q1 is connected to a terminal labelled dischar
finally, the output of flip flop Q is connected to output terminal.

2. Implementation of Monostable Multivibrator using 555 Timer: O

+V,,
8 4
*vn Reset
7 L 2
Discharge

6
Threshold
+ 555 Output .3___:

e "_{O
O

AAAA
WA
x
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The external circuitry and waveform of 555 IC as monostable multivibrator is
shown in figure 2(a) & (b). Before applications of trigger pulse V1, The voltage at
trigger input is high which is equal to +Vcc. output and output voltage Vo is equal
to 1. With

Q =1

and output voltage Vo is equal to 1. When

O

the discharging transistor Q1 undergoes to saturation and acrc@ timing
capacitor the voltage will be zero i.e., V¢(t) = 0.

2
At t = 0, on the application of trigger V1 (negative goj % <Vcc/3 causes
output of comparator C2to be highi.e. S = 1. This will e flip flop with This

makes output voltage Vo = 0. Due to

O
the discharge transistor Q1 will g@f. After the termination of trigger

pulse, the flipflop will remain in

O

*
state, since S = 0 and R'0,'§0 no change in state. The timing capacitor charges
up exponentially toward fifal value of V* through resistor R.
2
The capacitor. given by

v(t) = v+ RC)

WhenWw(t) = 2/3 V*, the threshold comparator output goes high, resetting the flip
flop. Output

then goes high and the output of the 555 goes low. The high output at

Q
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turns on the discharge transistor, allowing the timing capacitor to discharge to
near zero volts. The circuit thus returns to its Quiescent state.

The width the output pulse is determined from equ. (i) by putting
v(t) =2/3 vtandt =T, then

2 s _agE T/RC
(E]v =V (1-e"'")

solving for T,
[T=RCIn (3)=1.1RC| O

The width of the output pulse is a function of only the external'qunstant RC,
it is independent of supply voltage V* and any internal gi abameters.

3.Implementation of Astable Multivibrator using

e ;
+V.
2! discharge
i
8| threshold 35
Trigger
2
. L 2
Vi) == ¢
X G
I J"o
Astable iilbrator 555 Circuit

Page 45 of 54



47 www.jkchrome.com www.jkchrome.com www.jkchrome.com

v,
4
......... v“
"""" v,
Va
+ t
v,
A

=T, ~>

Q

timing capacitor C charges through Ra = R reaches 2/3 V*. The
ing the flip flop output

In this the threshold and trigger input is con together. In astable mode, the
threshold comparator output then goe@
to go high. The discharge transisteftu , and the timing capacitor C

discharges through Rg and the gi e transistor.
The capacitor voltage décrease il it reaches (1/3)V*, at which point the
trigger comparator swit es and sends

? 2

low.
The disgha nsistor turns off, and the timing capacitor begins to recharge.
When hes the threshold level of (2/3) V*, the cycle repeat itself.
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v -tz
V() =V .+ [?.: - v,:c]e !

v Ve

« 3

L2 .
=1,H|r 1__E—t.-'.
oC ( 3 )

Att=T,

gt

2\
Ve(t) - 2

2V L2 _th)
oy 1-Ze
3 ':C[_ 3

= 1=2e'"

T=1In2

[Tc=0.693 (R, = Rg)C|

When the timing capacitor is disc
voltage is

NGS5 ¢

Therefore, charging time is given as O
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y ST
V(t)=Zvyret's
(t" 3V'e

Where 1z = ReC, att’' = Tp, the capacitor voltage reaches the trigger level and

1,,. 2 T
V(To) =5 Vo= Vrer™™ i)

solving equation (ii) for the timing capacitor discharge time To, yields,
[T=7In(2) = 0.693 RL]

Total time to given as
T=Tc+ To O
T=0.603 R, - R,) O

The frequency of oscillation,

pte the output is high during one

Duty cycle: It is defined as the percent
[ e Tc, the output is high and during

period of oscillation. during the gha

ectronic circuits that generate an output signal without

the neces f an input signal. It produces a periodic waveform on its

h only the DC supply voltage as an input.

ces a periodic waveform on its output with only the DC supply

tage as an input.

rent types of oscillators produce various types of outputs including
ine waves, square waves, triangular waves, and sawtooth waves.

« The basic structure of a sinusoidal oscillator consists of an amplifier and a
frequency selective network connected in a positive feedback loop as
shown in figure 1.
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Summing junction

Amplifier -V | Amplifier W .V
A * A *
Output Output
=
Faadback | Faedback
circuit, p [Ty v, circuit, p [Ty

Figure 1: Oscillator Block Diagram

In the block diagram of figure 1, O
V4 = Vi + Vin Q

Vo = AVy4 *
Vi = BVo @

Using these relationships, the following equatidilis obtained:

(i)
Equation (i) & (ii)giv&s tWo réquirements for oscillation:
e« The ni of the loop gain AB must be at least 1, and
« The hase shift of the loop gain AB must be equal to 0° or 360°.
Th e conditions is known as Barkhausen criterion.
In fi 1, if the amplifier causes a phase shift of 180°, the feedback circuit must

provide an additional phase shift of 180° so that the total phase shift around the
loop is 360°. The type of waveform generated by an oscillator depends on the
components in the circuit hence may be sinusoidal, square or triangular. In
addition, the frequency of oscillation is determined by the components in the
feedback circuit.
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Oscillators can be of 2 types:
Feedback Oscillators:

« One type of oscillator is the feedback oscillator, which returns a fraction of
the output signal to the input with no net phase shift, resulting in a
reinforcement of the output signal.

« After oscillations are started, the loop gain is maintained at 1.0 to
oscillations.

. A feedback oscillator consists of an amplifier for gain (eithe

transistor or an op-amp) and a positive feedback circuit that @

phase shift and provides attenuation. Q
Relaxation Oscillators:

4
iming circuit to
or other non

itttrigger or other device that
jsCharge a capacitor through a

« Instead of feedback, a relaxation oscillator uses
generate a waveform that is generally a sq
sinusoidal waveform.

« Typically, a relaxation oscillator uses
changes states to alternately char
resistor.

Oscillation with RC Feedback Ci ts

@ ors that use RC circuits to produce
thet
;

. dback oscillators are used for frequencies up to about 1

o Three types of feedba
sinusoidal outpu

or this range of frequencies.
idge Oscillator

ecause of its simplicity and stability, one of the most commonly used
audio-frequency oscillators is the wein bridge. Figure 2 shows the wein
bridge oscillator in which the wein bridge circuit is connected between the
amplifier input terminals and the output terminal. The bridge has a series
RC network in one arm and a parallel RC network in adjoining arm. In the
remaining two arms of the bridge, resistors R1 and R2 are connected.
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The phase angle criterion for oscillation is that the total phase shift around
the circuit must be 0°. This condition occurs only when the bridge is
balanced, that is at resonance. the frequency of oscillation fo is exactly the
resonant frequency of the balanced wein bridge and is given by:

1 0.159

f = =
¢ 2aRC RC

R,

AAAA

vy
1
AAAAN
yyyw
l >—>-—-o V, c )
-
Ly

Figure 2: Wein- Bridge Oscil@
Assuming that the resistors az@ value, and capacitors are equal in value

in the reactive leg of thgweih bfidge’ At this frequency the gain required for
sustained oscillation i8

(@]

~

A
YWYy

That is 1+-2=3

P hift Oscillator

« A phase-shift oscillator relies upon an R-C phase shift network to provide
the necessary phase relationship between output and input to a CE

amplifier. The frequency of oscillation is given by and the phase shift is
180°.
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1 Phase-shift Oscillator using Op-Amp:

v,
l—a vu
-+

@0

The op-amp is used in the inverting mode; tk any signal that appears at
the inverting terminal is shifted by 180 put. An additional 180° phase

Figure 3: A Phase Shift Oscillator Using Op-a

sift required for oscillation is provided Bythe*€d@scaded RC networks. Thus, the
total phase shift around the loopti > (05,0°). At some specific frequency
when the phase shift of the cas RCnetworks is exactly 180° and the gain
of the amplifier is sufficiently l@rge, circuit will oscillate at the frequency. This
frequency is called the freqden scillation fo and is given by

- 1 . 0.065
° 2zJ6RC RC
L 4

At this frequency, in A must be at least 29.
That is,

R,

£ =29

Rl

or IR, = 29R,|

For the loop gain BA to be greater than unity, the gain of the amplifier stage must
be greater than 1/ or 29.

A>29
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2 Phase-shift Oscillator using FET:

Here an FET amplifier of conventional design is followed by three cascaded
arrangements of a capacitor C and a resistor R, the output of the last RC
combination being returned to the gate. If the loading of the phase-shift network
on the amplifier can be neglected, the amplifier shifts by 180° the phase of any
voltage which appears on the gate, and the network of resistors and capaci
shifts the phase by an additional amount. At some frequency the phase-
introduced by the RC network will be precisely 180° and at this frequen
total phase-shift from the gate around the circuit and back to the gateaw
exactly zero. This particular frequency will be the one at which the WI I
oscillate, provided that the magnitude of the amplification is s arge.

*
Voo

R,

D! }

2

re 4: An FET Phase Shift Oscillator

The frequency of oscillation for this circuit is given by
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fo 1
27RC\/6
At the frequency of oscillation,
| 1
= 4+ —
_B 29

In order that |BA| shall not be less than unity, it is required that |A| be at4€as
Hence and FET with p < 29 cannot be made to oscillate in such a cio

©
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