PN JUNCTION DIODE

PN Junction diode is a two terminal semiconductor device consisting of a PN junction, formed either
in germanium or silicon crystal.
It allows the electric current in only one direction.
WORKING OF DIODE
As diode is a two terminal device, the application of a voltage across its terminal leaves three
possibilities

i) No Bias (Vo= 0v)

ii) Forward Bias (Vo> 0v)

iii) Reverse Bias (Vp< 0v)
NO BIAS (Vp = 0v)
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» Inthis case, no external voltage is applied to the PN junction diode.

» Due to concentration gradient, the holes from P region diffuse to the N region where they
combine with the free electrons and the free electrons from the N region diffuse to the P
region where they combine with the holes.

» The negative immobile acceptor ions in P region and positive donor ions in N region are left
uncovered in the vicinity of junction.

» Now no further diffusion of holes and free electrons takes place across the junction because
the holes trying to diffuse to N region are repelled by immobile positive ions and the
electrons trying to diffuse in P region are repelled by immobile negative ions.

» The region contains immobile ions near the junction where charge carriers are depleted is
called Depletion layer.

FORWARD BIAS (Vp > 0v)

» When diode is connected in forward bias condition, the negative terminal of the battery is

connected to the N type material and positive terminal of the battery is connected to the P

type material.
PM-junction

MN-region 4‘ -region

4] 2

|
H 4] 4]+
U

—] -
wery small
depletion layer

- 1=
| |

> If the external voltage becomes greater than the value of the potential; barrier approx. 0.7
volts for silicon and 0.3 volts for germanium, the potential barrier opposition will overcome
and current will start to flow.

» This is because the negative voltage repels electronics towards the junction giving them the
energy to cross over and combine with the holes being pushed in opposite direction towards
the junction by the positive voltage.

> REVERSE BIAS (Vp < Ov)

> In reverse bias condition, the negative terminal of the battery is connected to the P type
material and positive terminal of the battery is connected to N type material.
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» The electrons of N type material attract towards the positive electrodes and move away
from the junction, while the holes in the P type material are also attracted away from the
junctions towards the negative electrodes.

» Due to which the depletion layer grows wider due to lack of electrons and holes. The result
is that a high potential barrier is created thus preventing current flowing through the
semiconductor material.

APPLICATION:

v Rectifier circuit

v Clipping and clamping circuit

v Voltage multiplier

v' AM detector

V-1 CHARACTERISTIC OF PN JUNCTION DIODE
The V-l characteristic of a diode is simply a curve or graph between the voltage applied across is
terminal and the current that flows through it.
The entire graph can be divided into two parts namely
i) Forward characteristic
i) Reverse characteristic
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P-N Junction Diode V-l Characteristics

> In forward characteristic, the positive terminal of the battery is connected to the P type
semiconductor and negative terminal of the battery is connected to the n type
semiconductor.

» The diode said to be in forward bias. In this graph Vi represent the forward voltage where as
I represents the forward current.

» If the external voltage is less than barrier potential, diode allows only small amount of
current which is considered as negligible.

» Once the applied voltage is slightly greater than the barrier potential, the diode current
increases rapidly and diode conducts heavily.

» The voltage at which current start increasing is called Knee voltage. Its value is 0.7v for
silicon and 0.3v for germanium.

> Inreverse characteristic, the negative terminal of the battery is connected to the P type
semiconductor and the positive terminal of the battery is connected to the N type
semiconductor.




» The diode is said to be in reverse bias. Here Vi represents the reverse voltage whereas Ig
represents the reverse current.

» When the applied reverse voltage is below the breakdown voltage, the diode current is small
and remains constant.

» Asthe reverse voltage is increased to a sufficiently large value, the diode reverse current
increases rapidly. The applied reverse voltage at which this occurs is called as Breakdown
voltage of a diode.

DC LOAD LINE
» DCload line is a graphical analysis which give precise relationship between forward voltage

and forward current.
» Consider a simple diode connected in series with a load resistance R, across a supply voltage

Vs Here the diode is forward biased.
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» Applying Kirchhoff’s voltage law to the circuit, we have
Vs -VD-|D R|_= 0
» Where Ipis forward diode current and Vp forward diode voltage
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» From the above equation, when Vp=0 then Ip =R—i and when Ip= 0 then Vs = Vp.

» Aline passing through the points ‘é—i and Vsis called a load line.
» The intersection of forward characteristic and DC load line of the diode is called Operating
point or Quiescent point or Q point of the device.

IDEAL DIODE
» Anideal diode is a two terminal device which has
i) perfect conductor with zero resistance when forward biased.
i) perfect insulator with infinite resistance when reverse biased.
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» The ideal diode acts like an automatic switch. The switch is closed when the diode is

forward bias and is open when it is reverse biased.

KNEE VOLTAGE
» The forward voltage at which the current through the junction starts increasing rapidly is
called Knee voltage.
» Knee voltage also called as Cut in voltage or threshold voltage.




» The knee voltage foe silicon is 0.7 volt whereas for germanium it is 0.3 volt.

JUNCTION BRAEKDOWN

» The reverse voltage at which PN junction breaks down with sudden rise in reverse current.
» The breakdown voltage depends upon the width of the depletion region.

The following two processes cause junction breakdown due to the increase in reverse voltage.
i) Zener breakdown

i) Avalanche breakdown

ZENER BREAKDOWN

» The zener breakdown takes place in junction which are heavily doped.

» When breakdown voltage is applied, a very strong electric field appears across narrow
depletion layer which breaks the covalent bonds. Now electrons-holes pairs are generated.

» A small further increase in reverse voltage causes shavrp increase the reverse current.
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(a) Zener breakdown

AVALANCHE BREAKDOWN

» The avalanche breakdown occurs in junction which are lightly doped.

» Asthe reverse voltage increase, minority carriers are accelerated due to which kinetic
energy is increases.

» While travelling, these carriers collide with stationary atoms within the crystal structure. Due
to this covalent bonds break and generate additional carriers.
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(b) Avalanche breakdown

» These additional carriers pick up energy from the applied voltage and generate more
carriers. As a result of this, the reverse current increases rapidly.

» This cumulative process of carrier generation (or multiplication) is known as Avalanche
breakdown.

PN DIODE CLIPPING CIRCUIT

» The circuit with which the waveform is shaped by removing (or clipping) a portion of the
applied wave without disturbing the remaining part of the input signal is known as Clipping
circuit.

» The basic components required for a clipping circuits are an ideal diode and a resistor.

» The clipping circuits are of the following types
Positive clipper
Negative clipper
Biased clipper
Combination clipper

POSITIVE CLIPPER

> In a positive clipper, the positive half cycles of the input voltage will be removed.
» The diode kept in series with the load. This is called positive series clipper circuit.




Positive Series Clipper and Positive Shunt Clipper
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» During the positive half cycle of the input waveform, the diode D is reverse biased which
maintains the output voltage at 0 volts. This causes the positive half cycle to be clipped off.

» During the negative half cycle of the input, the diode is forward biased so the negative half
cycle appears across the output.

» In case of positive shunt clipper circuit, the diode is kept in parallel with the load. In this
circuit the diode acts as closed switch when the input voltage is positive and as an open
switch when the input voltage is negative the output waveform is the same as that of a
series positive clipper circuit.

NEGATIVE CLIPPER
» In a negative clipper, the negative half cycle of the input signal will be removed.
» The diode is kept in series with the load. This is called negative series clipper circuit.
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» During the positive half cycle of the input signal the diode D is forward biased and act as a
closed switch. As a result, all the input voltage appears across the resistor.

» During the negative half cycle of the input voltage, the diode D is reverse biased, which
maintains the output voltage at 0 volt. This causes the negative half cycle to be clipped off.

> In case of negative shunt clipper circuit, the diode is kept in parallel with the load. In this

circuit, the diode acts as a closed switch for a negative input voltage and as open switch for a
positive input voltage. The output waveform of the circuit is the same as that of series
negative clipper.

APPLICATIONS

AN NN

Used in FM transmitter to reduce noise.
Used in Changing the shape of a wave
Used to limit the voltage input to a device
Used in Circuit transient protection

Used in television circuit




CLAMPER CIRCUIT
» A clamper circuit can be defined as the circuit that shift the waveform to a desired DC level
without changing the actual appearance of the applied signal.
» It comprises a capacitor, a resistor, an inductor and a dc battery if required.
> Basically clamping circuits are of three types
i Positive clamper
ii. Negative clamper
iii. Biased clamper
POSITIVE CLAMPER
» Positive clamper is a circuit which clamps the input signal waveform positively.
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» The value of C & R;so selected that the discharging time constant t= C. R, is very large. This
means that voltage across the capacitor will not discharge significantly during the interval
when the diode is non-conducting.

» The discharging time constant is also made much larger than the time period T of the input
signal.

» The charging time constant is quite small as compared to discharging time constant.

» During the negative half cycle of the input signal the diode is forward biased and behave as a
short circuit. Since the charging time constant is quite small, the capacitor is charged to V
volts very quickly. During this period, output voltage V, = 0.

» During positive half cycle, the diode is reverse biased and act as an open circuit. As the
discharging time constant (RC) is very large, the capacitor remains almost fully charged to V
volt during the off time of diode.

Applying Kirchhoff’s voltage law to the circuit, we have
Vi+Vce-Vo=0
Vo =Vi+Vc=V+V =2V
From the input and output waveform it can be observed that the output has been positively
clamped.
NEGATIVE CLAMPER
» Negative clamper is a circuit which clamps the input signal waveform negatively.
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» During the positive half cycle of the input signal, the diode is forward biased and so acts as a
short circuit. The capacitor charges to V volts very soon because the charging time constant
is very small. The output is obtained across the short circuit diode. Hence V=0

» During the negative half cycle, the diode is reverse biased and acts as an open circuit.
Because the discharging time constant is much greater than the time period of the input
signal, the capacitor remains almost fully charged to V volts during the OFF time of the
diode.

» Applying Kirchhoff’s voltage law to the circuit

S




-Vi - Vc— Vo =0

Vo=- (Vi + Vc)

As Vi=V.=V
So Vo=-2V
From input and output voltage waveform, it may be observed that output is negatively clamped
signal.
APPLICATIONS

v' Used as test equipment

v Used for protection of amplifier

v Used to remove distortions

v Used as voltage amplifier
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SPECIAL SEMICONDUCTOR DEVICES

THERMISTORS

= The word thermistor is a combination of thermal and resistor that means thermally sensitive
resistor.

= The electrical characteristic of thermistor is a function of its temperature. It depends on
both the ambient (surrounding) temperature and on internal power dissipation.

= Thermistor is a bulk semiconductor device which has negative temperature coefficient of
resistivity i.e. the resistance decreases exponentially with increasing temperature. When
temperature is increased the concentration of current carriers (free electrons & holes) also
increases which results a decrease in resistance.

=  Thermistors are made of mixtures of metallic oxide such as manganese, nickel, cobalt,
copper, iron and uranium.

= They are made in the shape of Rod, Bead and Disc.

= Resistance values of thermistor are available from 100 ohms to over 10 mega ohms at room
temperature depending upon type.

CHARACTERISTIC OF THERMISTOR
The resistance falls exponentially as the temperature is increased.

TEMPERATURE

APPLICATION
v" For measurement & control of temperature as in Ovens.
v" They are used as sensing elements in microwave power measuring equipment.
v" For regulating AC voltage.
v' As temperature sensor for electronic thermometry.
SENSISTOR
= |tis a heavily doped bulk semiconductor which has positive temperature coefficient of
resistance i.e. the resistance increases as temperature increases.
=  When the temperature of a sensistor is increased, the mobility of charge carriers is
decreased and hence the resistivity is increased.
= Atypical sensistor has temperature coefficient of resistance of 0.7 % per degree C over the
temperature range of -60 to +150°C.
APPLICATION
v' They are used as thermal relay.
v" They are used as temperature sensor for electronic thermometry.

BARRETTER
= Barretter have a positive temperature coefficient i.e. the resistance increases as
temperature increases.
= |tis formed by appropriately mounted piece of Wollaston platinum wire having diameter
approximately 1.25 um.




* |tis capable of yielding power information over the range of 10° mw to 20 mw.

ZENER DIODE

= Zener diode is a reversed biased heavily doped PN junction diode which is operated in the

breakdown region.

= Due to higher temperature and current capability, Silicon is preferred in comparison to

Germanium.

= When a zener diode is forward biased its characteristic are just as those of ordinary diode.
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= Asthe reverse voltage applied to PN junction is increased, a value is reached at which the
current increases greatly from its normal cut off value. This voltage is called Zener voltage
(Vz) or breakdown voltage. So when a zener diode is reversed biased it has sharp

breakdown.

= The regulating ability of zener diode is an important feature that it maintains a constant
voltage across its terminals over a specified range of zener current values.

APPLICATION
v" Voltage regulator
v" Meter protection
v' As areference element
v' Switching operation

TUNNEL DIODE

= Tunnel diode is a high conductivity two terminal PN junction diode doped heavily about
1000 times higher than conventional junction diode. It is also known as Esaki Diode.

Symbol:

Anode |> | Cathode

=  Asthe concentration of impurity atoms is greatly increased in a PN junction then the
depletion layer width reduces and the device characteristics are completely changed.

= Under such condition, the charge carriers will penetrate through the junction at the speed of
light, even though they do not have enough energy to overcome the potential barrier.

= Asaresult of this, a large forward current is produced even if the applied forward voltage is

much less than 0.3 V.

= The phenomenon of penetrating the charge carriers directly through the potential barrier
instead of climbing over it is called Tunneling. That is why it is called Tunnel diode.




= These diodes are usually made of Germanium (Ge) or Gallium Arsenide (GaAs).
WORKING PRINCIPLE
Unbiased Tunnel diode:

Ec P-Type N-Type

Current (T)

>

Voltage (V)
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= |nan unbiased tunnel diode, no voltage will be applied to the tunnel diode. Here due to
heavy doing conduction band of N-type semiconductor overlaps with valance band of P-type
material.

= Electrons from N side and holes from P side overlap with each other and they will be at same
energy level.

=  When temperature increases, some electrons tunnel from the conduction band of N region
to the valance band of P region. Similarly, holes will move from valance band of P region to
the conduction band of N region.

=  Finally, the net current will be zero since equal numbers of electrons and holes flows in

opposite direction.
Small voltage applied to the Tunnel diode
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&— A small tunnel current
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=  When a small voltage, that has lesser value than the built in voltage (barrier potential) of the
depletion layer is applied to the tunnel diode, there is no flow of forward current through
the junction.

= Nevertheless, minimal number of electrons from conduction band of N region will start
tunneling to valance band in P region.

=  Therefore, this movement creates a small forward biased tunnel current.




Increased voltage applied to the Tunnel diode

P-Type N-Type
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= When the amount of voltage applied is increased, overlapping between the bands are also
increased.
=  Maximum tunnel current flows when the energy level of N side conduction band and the
energy level of P side valance band becomes equal.
Further increased voltage applied to the Tunnel diode

P-Type N-Type
Ec E s

Current (I)

&

Tunnel Current
starts decreasing

Voltage (V)
= A further increase in applied voltage will cause misalignment of the conduction band and
valance band.
= Still there will be an overlap between conduction band and valance band.
= The electrons move from conduction band to valance band of P region. Therefore, this
causes small current to flow. Hence tunnel current starts decreasing.

= Here current decreases when the voltage increases and this is the negative resistance of
Tunnel diode

Largely increased voltage applied to the Tunnel diode
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The tunneling current will be zero when applied voltage is increased more to the maximum. At this
voltage level, the valance band and conduction band does not overlap. This makes tunnel diode to
operate same as a PN junction diode.

V-1 CHARACTERISTIC OF TUNNEL DIODE
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As the applied forward voltage is increased from zero, the current increases very rapidly, till
it reaches its maximum value known as peak current and the corresponding voltage is
known as Peak voltage.

If the forward voltage is further increased, the current decreases till it reaches its minimum
value known as Valley current. In this region tunnel diode possess a negative resistance.

As the voltage is further increased, the current increases in a usual manner as in a normal PN
junction diode.

If the Tunnel diode is reversed biased, the reverse current increases with the increase in
reverse voltage.

APPLICATIONS OF TUNNEL DIODE

v
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Microwave oscillator

Ultra high speed switching device
Logic memory storage device
Relaxation oscillator

PIN DIODE

A PIN diode is a special type of diode that contains an undoped intrinsic semiconductor
between heavily doped P type and N type semiconductor regions.
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The intrinsic region offers high resistance to the current flowing through it.

When PIN diode is unbiased, there is a diffusion of electrons and holes across the junction
due to the different concentration of atoms in the P, I, and N regions.




The diffusion of electrons and holes produce a depletion layer across the Pl and IN junctions.
The depletion layers penetrate to a little distance in the P type and N type semiconductor
regions but to a larger distance in the | region. Under such condition the device has a high
value of resistance.

WORKING PRINCIPLE

When the PIN diode is forward biased, the width of depletion layer decreases. As a result of
this more carriers are injected into the I region. This reduces the resistance of the I region.
Thus when a PIN diode is forward biased, it acts like a variable resistance. The forward
resistance of an intrinsic region decreases with increasing current.

When the PIN diode is reverse biased, the depletion layers becomes thicker. As the reverse
bias is increased the thickness of the depletion layer increases till the | region becomes free
of mobile carriers. The reverse bias at which this happens is called Swept out voltage. At this
stage, the PIN diode acts like a constant capacitance.

APPLICATIONS OF PIN DIODE

v

KX

It can be used as attenuator

It can be used as constant impedance device

It can be used as phase shifter

It can be used as T-R switch in Radar applications.
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RECTIFIER CIRCUITS & FILTERS

RECTIFIER
A rectifier is a circuit which use one or more diodes to converts ac voltage into pulsating dc voltage.
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HALF WAVE RECTIFIER

= A half wave rectifier is one which converts ac voltage into a pulsating dc voltage using only
one half cycle of the applied ac voltage.

> ! [
" ‘ + V (Pulsating)
e . Diode L DC Qutput
( ; ( ‘ s
1

‘ Load =

{

||

- /

Primary_— ~Secondary
Transformer
Figure - 3

= The ac voltage to be rectified is applied to a single diode connected in series with a load
resistor R..
=  Whenitis required to step up or step down the input voltage, a power transformer is used.
WORKING PRINCIPLE:

=  During positive half cycle of input ac voltage, the diode D is forward biased and hence it
conducts. Now a current flow in the circuit and there is a voltage drop across R.. The voltage
produced across the load resistor has the same shape as that of the positive input half cycle
of the ac voltage.

= During negative half cycle, the diode D is reversed biased and hence it does not conduct.
Now no current flows in the circuiti.e. ip=0 & Vo= 0.

= The net result is that only the positive half cycle of the ac input voltage appear across R. It
means that only the positive half cycle of the ac input voltage is utilized for delivering AC
power.

= Asthe circuit uses only half cycle of the ac input voltage, therefore it is popularly known as
Half wave rectifier.




ANALYSIS OF HALF WAVE RECTIFIER:
The following are under the head of analysis of a half wave rectifier.

i D.C output current & voltage
ii. RMS output current & voltage
iii. Rectifier efficiency
iv. Ripple factor
V. Voltage Regulation
vi.  Transformer Utilization Factor (TUF)
vii. Peak Inverse Voltage (PIV)

AVERAGE OR DC VALUE OF OUTPUT VOLTAGE AND LOAD CURRENT

Mathematically, the output voltage of a Half wave rectifier may be given as
v,= V sinot for0<ot<z
_— =10 forn<ot<2n
e have to find the d.c or average value of output voltage which is expressed as

i Vavg T Area under the curve over the fill cyele
C
Base
2n n 27
But Area = J‘ v d(ot) = fvo.d(UJt)+ f v,.d(wt)
0 0 :

Using the equation (4.2), we get ’

n 2n
Area = IVm sinot.d(ot) + f 0.d(wt)
0
n
Area = V_ [—cosmt]g t0 or Area=V | .

—cosR—{— &

Area = V_.[1+ 1]=2V_
From equation we get

2V, v,
Vi = 5 = 2 =0318Y,

Hence, the d.c. value of output voltage is 31.8 percent of the maximum a.c. input voltage
Similarly, average or d.c. value of load current may be found as follows:

R
Iavg Idc - RL
. . Vm
But, V. is given as Vi = =
Ve o B
Therefore, Iy, = E = ]

Scanned with CamScanner Idc =(.318 Im




RMS CURRENT AND VOLTAGE
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RMS value of output voltage is

Irms
Vrms = RL_

Im
)

RL

Vm
Vims = >

RECTIFIER EFFICIENCY

Efficiency of a rectifier is defined as the ratio of DC power delivered to the load to the AC input
power from the secondary winding of the transformer.

N = ————SC power delivered to the load Pac
a.c. mput power from transformer secondary TP
ac
2
I, R,

= ]
Now Py = (I4)" X R = '"n2

Further P, = P, + P,

where P, = Power dissipated at the junction of diode

__12 InZl
= xR,:—fo

m™ms 4
and P, = Power dissipated in the load resistance
I2
2
= Lo X R = ' x Ry

2 2 2
m

I 1) I
Pac=fof+—foL=z(Rf+R,_)
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Percentage rectifier efficiency
i 40-6
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_ Theoretically the maximum value of rectifier efficiency of a half wave recti
1540-6% when (RI/ R) =0
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RIPPLE FACTOR

= |tisthe ratio of RMS value of AC component of output voltage and the DC component of
output voltage.
= Smaller the ripple more effective is the rectifier
= Ripple factor is a measure of purity of the output of a rectifier.
The r.m.s. value of a.c. component of output voltage
The d.c. component of output voltage

. V., (rms) _ I, (rms)
Here Vdc Idc
V. (rms) = The r.m.s. value of the a.c. component of the output voltage
Vi = The average or d.c. value of the output voltage
L (rrr;s) = $l}:e r.m.s. value of the a.c. component of current
dc = 1he average or d.c. value o
But, the r.m.s. value of the rectified output load curfetnhteiioziisz 1;; rtl}tle expression

Ripple factor, r =

L= I +1, (rms)?

Dividing both sides by I,

Lrms 134 I (rms)®
-_—
Tac Ig
C

Simplifying the above equation, we get

L(ms) _ fr1 ¥
Idc Idc =
) f 2
or ripple factor, r= Irms)
' Idc
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m Im
e & |dc: —
T 2
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For half wave rectifier lms=
So r=1.21




VOLTAGE REGULATION

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

Voltage regulation is generally expressed as a percentage i.e.
Vno-load-Vfull-load
Vfull-load

% voltage regulation =

TRANSFORMER UTILIZATION FACTOR(TUF)

The DC power to be delivered to the load in a rectifier circuit decides the AC rating of the
transformer used in the circuit.

So transformer utilization factor is defined as
TUF = DC power to be delivered to the load
T AC rating of the transformer secondary

PEAK INVERSE VOLTAGE (PIV)

= The maximum voltage across the diode in the reverse direction is called peak inverse
voltage.
= Hence for a half wave rectifier, peak inverse voltage (PIV) is V.
DRAWBACK OF HALF WAVE RECTIFIER

v The ripple factor is quite high. The output contains lots of varying components.

v The rectification efficiency is 40%. This indicates that half wave rectifier circuit is quite
inefficient.

v The circuit has low transformer utilization factor that means transformer is not fully utilized.

FULLWAVE RECTIFIER

Full wave rectifier is that type of rectifier which utilizes both the half cycle of AC input voltage.
Hence in a full wave rectifier a unidirectional current flows through the load during the entire cycle
of the input voltage.
There are two types of full wave rectifier

i.  Center tap full wave rectifier

ii. Bride type full wave rectifier

CENTER TAP FULL WAVE RECTIFIER
= |ncenter tapped full wave rectifier, the rectification is done by the usage of the center tapped
transformer.
= The circuit uses two diodes, which are connected to the center tapped secondary winding of
the transformer.
= The input signal is applied to the primary winding of the transformer.

During positive
D4 half cycle

Input AC signal * Output DC signal

A T-c— «—RL<— <—J( N\
: s MWW

Centre tap During negative

half cycle




= The center-tap on the secondary winding of a transformer is usually taken as the ground or
zero voltage reference point.
= The voltage between the center-tap and either end of the secondary winding is half of the
secondary voltage.
WORKING PRINCIPLE:
=  During positive half cycle of the input voltage, the diode D, is forward biased and the diode D,
is reverse biased. Hence diode D; conducts and diode D, is cut off for positive cycle.

= Acurrent i, flows through the load resistor R, producing an output voltage Vo .

* The direction of the current i, and polarity of the output voltage Vo developed across the load
resistor R, shown in the figure.

= During negative half cycle of the input voltage the diode D, is reverse biased and the diode D,
is forward biased. Hence diode Dais cut off and D, is conduct for negative cycle.

* Thus a current i flows through the load resistor Ry in the direction shown in figure.

* This current i, produces an output voltage Vo across the load resistor Ry.

= |tis clear from above that for positive half cycle one diode is conducts and for negative half
cycle another diode is conducts.
= Hence a unidirectional current flows continuously in a full wave rectifier.
ANALYSIS OF CENTER TAP FULL WAVE RECTIFIER:
The following are under the head of analysis of a center tap full wave rectifier.
i D.C output current & voltage
ii. RMS output current & voltage
iii. Rectifier efficiency
iv. Ripple factor
v.  Voltage Regulation
vi. Transformer Utilization Factor (TUF)
vii. Peak Inverse Voltage (PIV)
D.C OUTPUT CURRENT & VOLTAGE

Vg (Output voltage)

> ot

ol T 2n 3n 4n 5n
Fig. 4.20. Average or d.c. value of output voltage

Mathematically, the output voltage may be expressed as
Vo = { V,, sin ot for O<ots<n
-V, sinwt for n<ot <2n
Here minus sign indicates that during the second-half cycle, the sine wave is inverted.
We know that average or d.c. value of voltage is given as

v il O e Area under the curve over the fuli cycle
avg = VdeT Base




2n

T 9
Area = IV  sinotd(ot)+ I -V_ sinotd(ot) = [-V,, cos wt]g +[V,, cos cot]:r
0 T
Area = V_[ - cos m+ cos 0] + [cos 2m —cos n V=V [1+1+1+1] or Area=4V
m
g Aven:2a.Vg,: 2V, ;
Vae = Base . 2n 0m 0'63_6 Vin

- ~ . an e

Dot 2V 2y Since,z’"—=ImJ
Therefore, I;. =0.636 L

In all above calculations, the diodes have been assumed ideals for simplicity.

RMS OUTPUT CURRENT & VOLTAGE

11 s n s 5587 A O
L= = :J irdiwt) = -:J m Sinwit d{wt)
N LS c _\, L C
12, [ (1 — cos2wit) .
I = TJ = a{wt)
N T 2
12, 1wt sin 2 wi]™
Lems = |— 15 —"—F
T T 2 wit o
7
Ions = —
ms = 75
Vm
So Vims= —=
rms \/2
RECTIFIER EFFICIENCY
‘ n = Pac
Now Pae = (Va?/R, = V,, /1?2 /R,
and P, = (V. )*/R, = (V,, /N2)? /R,

n =E‘E = (2V,"/11:)2 t 8
P, V., /N2 w2

m
= 0-812 = 81-2%
The rectifier efficiency may be calculated in the following way :
2
The d.c. output power Py = I2 R, = ™ ¢ Ry

n?

12
The a.c. Input power P, = I Ry + Ry) = f(Rf + Rp)

rms

412 R, /m? 8 R,
M"“1Z®R +RpR2 ~ » ® + RpD
s 0-812
=T + (R/Rp)
81.2

Percentage efficiency = —1~:-(R._f/7il__)

= 812% if R, = 0
Thus fullwave rectifier has efficiency twice that of halfwave rectifier.




RIPPLE FACTOR
= |tisthe ratio of RMS value of AC component of output voltage and the DC component of
output voltage.
= Smaller the ripple more effective is the rectifier
= Ripple factor is a measure of purity of the output of a rectifier.

RMS value of AC component of output voltage

r= DC component of output voltage
_ vr(rms) _ Ir(rms)
~ vde  Idc
=0.482
PEAK INVERSE VOLTAGE (PIV)
= The maximum voltage across the diode in the reverse direction is called peak inverse

voltage.
= Hence for a half wave rectifier, peak inverse voltage (PIV) is 2Vn.
ADVANTAGES

v' The DC output voltage and load current values are twice than those of half wave rectifier.
v The ripple factor is much less than that of half wave rectifier.
v The efficiency is twice that of half wave rectifier.
DISADVANTAGES
v' The output voltage is half of the secondary voltage.
v' The peak inverse voltage is twice that of the diode used in half wave rectifier.
v lItis expensive to manufacture a center tapped transformer which produces equal voltages
on each half of the secondary winding.

BRIDGE TYPE FULL WAVE RECTIFIER
= |tis a circuit which converts alternating current into pulsating direct current using the diodes
arranged in a bridge circuit configuration.
= [tuses four diodes connected across the main supply.

t
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Input Voltage Waveform

WORKING PRINCIPLE:
=  During positive half cycle, diode D; and diode Ds are forward biased i.e. they conduct
whereas diode D; and diode D4 are reverse biased i.e. they do not conduct. Therefore, the
current flow in arrow direction shown in figure.
= The output voltage Vo is developed across the load resistor R..




= During negative half cycle, diode D; and diode Ds are reverse biased i.e. they do not conduct
whereas diode D, and diode D4 are forward biased i.e. they conduct. The current flow
direction shown in figure.

= The output voltage Vois developed across the load resistor Ry

= The polarity of output voltage is same as that of positive half cycle.

= Hence a unidirectional current flows continuously in full wave rectifier.

ADVANTAGES

v" No center tap is required on transformer.

v' The peak inverse voltage across each diode is one half of the center tap circuit of the diode.

v The transformer is less costly as it is required to provide only half the voltage of an
equivalent center tapped transformer used in full wave rectifier circuit.

FILTER
=  Filter is a circuit which removes the unwanted AC components of the rectifier output and
allows only the DC component to reach the load.
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FILTER CIRGUIT
= A filter circuit consists of passive circuit elements i.e. Inductor, Capacitor, Resistor and their
combinations.
Some of the important filter circuits are
i Inductor filter
ii. Inductor-capacitor(LC) filter
iii.  Capacitor filter
iv. M filter

INDUCTOR FILTER
= Asaninductor allows DC and blocks AC, a filter called Inductor filter. It is also called Choke

filter.

Series inductor filter X
Rectified output Filtered output

= |t can be constructed by connecting the inductor in series between the rectifier and the load.

=  When the rectified output passes through an inductor, it offers a high resistance to the AC
components and no resistance to DC components.

= Therefore, AC component of the rectified output is blocked and only DC components
reaches at the load.




CAPACITORFILTER
= Asa capacitor allows AC through it and blocks DC, a filter is called capacitor filter.

A
V O 0
TYVVA S

e 1

Rectified output Shunt Capacitor filter

v

Filtered output

= |t can be constructed using a capacitor connected in shunt across load resistor.

= The rectified output when passed through this filter, the AC components present in the
signal are grounded through the capacitor which allows AC components.

= The remaining DC components present in the signal are collected at the ground.

M FILTER
= Here two capacitors and one inductor are connected in the form of N shaped network.

? Input e Output

Of —¢ L 0| —> ¢
lo——+—s000

RECTIFIER Ci—— C,—= LOAD
OUTPUT > ! 2

20

= |tisalso called as capacitor input filter or CLC filter.

= A capacitor in parallel then an inductor in series followed by another capacitor in parallel
makes this circuit.

o Capacitor Cy: This filter capacitor offers high reactance to DC and low reactance to AC signal.
After grounding the AC components present in the signal, the signal passes to the inductor
for further filtration.

o Inductor L: This inductor offers low reactance to DC components while blocking the AC
components if any got managed to pass through the capacitor C;.

o Capacitor C2: Now the signal is further smoothened using this capacitor so that it allows any
AC component present in the signal, which the inductor has failed to block.
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TRANSISTORS

A Transistor is a three terminal semiconductor device that regulates current or voltage flow and acts
as a switch or gate for signals.
Uses of a transistor

» A transistor acts as an Amplifier, where the signal strength has to be increased.

» A transistor also acts as a switch to choose between available options.

» It also regulates the incoming current and voltage of the signals.
Construction
The Transistor is a three terminal solid state device which is formed by connecting two diodes back
to back. Hence it has got two PN junctions.

N N P P

The three terminals drawn from the transistor indicate Emitter, Base and Collector terminals. They
have their functionality as discussed below.
Emitter

e The left-hand side of the above shown structure can be understood as Emitter.

e This has a moderate size and is heavily doped as its main function is to supply a number

of majority carriers, i.e. either electrons or holes.
e As this emits electrons, it is called as an Emitter.
e This is simply indicated with the letter E.

e The middle material in the above figure is the Base.
e This is thin and lightly doped.
e Its main function is to pass the majority carriers from the emitter to the collector.
e Thisis indicated by the letter B.
Collector
e The right side material in the above figure can be understood as a Collector.
e Its name implies its function of collecting the carriers.
e This is a bit larger in size than emitter and base. It is moderately doped.
e Thisisindicated by the letter C.
The symbols of PNP and NPN transistors are as shown below.

C
B B
E E
NPN transistor PNP transistor

The arrow-head in the above figures indicated the emitter of a transistor.
Transistor Biasing
» A transistor is a combination of two diodes, we have two junctions here. As one junction is
between the emitter and base, that is called as Emitter-Base junction and likewise, the other
is Collector-Base junction.
» Biasing is controlling the operation of the circuit by providing power supply. The function of
both the PN junctions is controlled by providing bias to the circuit through some dc supply.
The figure below shows how a transistor is biased.
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P-N-P Transistor biasing N-P-N Transistor biasing

The N-type material is provided negative supply and P-type material is given positive supply
to make the circuit Forward bias.

The N-type material is provided positive supply and P-type material is given negative supply
to make the circuit Reverse bias.

By applying the power, the emitter base junction is always forward biased as the emitter
resistance is very small. The collector base junction is reverse biased and its resistance is a
bit higher. A small forward bias is sufficient at the emitter junction whereas a high reverse
bias has to be applied at the collector junction.

The direction of current indicated in the circuits above, also called as the Conventional
Current, is the movement of hole current which is opposite to the electron current.

Operation of PNP Transistor

>

Here emitter-base junction is forward biased and collector-base junction is reverse biased.

Emitter Base Collector
P N P
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The voltage Ve provides a positive potential at the emitter which repels the holes in the P-
type material and these holes cross the emitter-base junction, to reach the base region.
There a very low percent of holes re-combine with free electrons of N-region. This provides
very low current which constitutes the base current ls.

The remaining holes cross the collector-base junction, to constitute collector current I,
which is the hole current.

As a hole reaches the collector terminal, an electron from the battery negative terminal fills
the space in the collector. This flow slowly increases and the electron minority current flows
through the emitter, where each electron entering the positive terminal of Vg, is replaced
by a hole by moving towards the emitter junction. This constitutes emitter current Ie.

Hence we can understand that -

The conduction in a PNP transistor takes place through holes.
The collector current is slightly less than the emitter current.
The increase or decrease in the emitter current affects the collector current.




Operation of NPN Transistor

» Here emitter-base junction is forward biased and collector-base junction is reverse biased.
Emitter Base Collector
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» The voltage Ve provides a negative potential at the emitter which repels the electrons in the
N-type material and these electrons cross the emitter-base junction, to reach the base
region.

» There, a very low percent of electrons re-combine with free holes of P-region. This provides
very low current which constitutes the base current Is.

» The remaining holes cross the collector-base junction, to constitute the collector current Ic.

» As an electron reaches out of the collector terminal, and enters the positive terminal of the
battery, an electron from the negative terminal of the battery Vee enters the emitter region.
This flow slowly increases and the electron current flows through the transistor.

Hence we can understand that -

e The conduction in a NPN transistor takes place through electrons.

e The collector current is higher than the emitter current.

e Theincrease or decrease in the emitter current affects the collector current.

Advantages of Transistors
There are many advantages of using a transistor, such as -
v" High voltage gain.
Lower supply voltage is sufficient.
Most suitable for low power applications.
Smaller and lighter in weight.
Mechanically stronger than vacuum tubes.
No external heating required like vacuum tubes.
v' Very suitable to integrate with resistors and diodes to produce ICs.
There are few disadvantages such as they cannot be used for high power applications due to lower
power dissipation. They have lower input impedance and they are temperature dependent.
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DIFFERENT MODES OF OPERATION OF TRANSISTOR
The transistor can be operated in three modes:

e Cut-off mode

e Saturation mode

e Active mode
In order to operate transistor in one of these regions, supply dc voltage to the npn or pnp transistor.
Based on the polarity of the applied dc voltage, the transistor operates in any one of these regions.
Applying dc voltage to the transistor is nothing but the biasing of transistor.

CUT-OFF MODE
B

Vee " = Ve&c

Cutoff mode

» In the cutoff mode, both the junctions of the transistor (emitter to base and collector to
base) are reverse biased.




» Inother words, if two p-n junctions as two p-n junction diodes, both the diodes are reverse
biased in cutoff mode.

» Inreverse bias condition, no current flows through the device. Hence, no current flows
through the transistor. Therefore, the transistor is in off state and acts like an open switch.

» The cutoff mode of the transistor is used in switching operation for switch OFF application.

SATURATION MODE

» Inthe saturation mode, both the junctions of the transistor (emitter to base and collector to
base) are forward biased.

» In other words, if two p-n junctions as two p-n junction diodes, both the diodes are forward
biased in saturation mode. In forward bias condition, current flows through the device.
Hence, electric current flows through the transistor.
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Saturation mode

» In saturation mode, free electrons (charge carriers) flows from emitter to base as well as
from collector to base. As a result, a huge current will flow to the base of transistor.

» Therefore, the transistor in saturation mode will be in on state and acts like a closed switch.

» The saturation mode of the transistor is used in switching operation for switch ON
application.

» From the above discussion, by operating the transistor in saturation and cutoff region, we
can use the transistor as an ON/OFF switch.

ACTIVE MODE

» Inthe active mode, one junction (emitter to base) is forward biased and another junction
(collector to base) is reverse biased. In other words, if two p-n junctions as two p-n junction
diodes, one diode will be forward biased and another diode will be reverse biased.
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Active mode
» The active mode of operation is used for the amplification of current.
» From the above discussion, the transistor works as an ON/OFF switch in saturation and
cutoff modes whereas it works as an amplifier of current in active mode.

CURRENT COMPONENTS IN A TRANSISTOR
» The conduction of current in NPN transistor is owing to electrons and in PNP transistor, it is
owing to holes. The direction of current flow will be in opposite direction.
> Here the current components in a PNP transistor with common base configuration. The
emitter-base junction (Jg) is forward biased and the collector-base junction (J¢) is reversed
biased. All the current components related to the transistor are shown below.
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The current arrives the transistor through the emitter called emitter current (Ig¢). This current
consists of two constituents — Hole current (Ine) and Electron current (leg). lee is due to
passage of electrons from base to emitter and Ixe is due to passage of holes from emitter to
base.

Ig = Iyg + Ig

Normally, the emitter is heavily doped compared to base in transistor. So, the Electron
current is negligible compared to Hole current. Thus we can conclude that, the whole
emitter current in this transistor is due to the passage of holes from the emitter to the base.
Some of the holes which are crossing the junction Je (emitter junction) combines with the
electrons present in the base (N-type). Thus, every holes crossing Je will not arrive at Jc. The
remaining holes will reach the collector junction which produces the hole current
component, Inc.

There will be bulk recombination in the base and the current leaving the base will be

Ip = Iyg — Inc

The electrons in the base which are lost by the recombination with holes (injected into the
base across J¢) are refilled by the electrons that enter into the base region. The holes which
are arriving at the collector junction (Jc) will cross the junction and it will go into the collector
region.

When the emitter circuit is open circuited, then Ie = 0 and Inc = 0. In this condition, the base
and collector will perform as reverse biased diode. Here, the collector current, Ic will be
same as reverse saturation current (lco or lcso).

lco is in fact a small reverse current which passes through the PN junction diode. This is due
to thermally generated minority carriers which are pushed by barrier potential. This reverse
current increase; if the junction is reverse biased and it will have the same direction as the
collector current. This current attains a saturation value (lo) at moderate reverse biased
voltage.

When the emitter junction is at forward biased (in active operation region), then the
collector current will become

Ie = alp + Ico

The a is the large signal current gain which is a fraction of the emitter current which
comprises of Inc.

When the emitter is at closed condition, then Iz # 0 and collector current will be

Io = Ico + Inc

In a PNP transistor, the reverse saturation current (lcgo) will comprises of the current due to
the holes passing through the collector junction from the base to collector region (Inco) and
the current due to the electrons which are passing through the collector junction in the
opposite direction (leco).

There fore, Ico = Inco + L.co




The total current entering into the transistor will be equal to the total current leaving the
transistor (according to Kirchhoff’s current law).

SD; IE :IC+IB or IE = _{IC+IB:]

TRANSISTOR AS AN AMPLIFIER

» The transistor raises the strength of a weak signal and hence acts an amplifier. The transistor
amplifier circuit is shown in the figure below.

» The transistor has three terminals namely emitter, base and collector.

» The emitter and base of the transistor are connected in forward biased and the collector
base region is in reverse bias. The forward bias means the P-region of the transistor is
connected to the positive terminal of the supply and the negative region is connected to the
N-terminal and in reverse bias just opposite of it has occurred.
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» The input signal or weak signal is applied across the emitter base and the output is obtained
to the load resistor R¢c which is connected in the collector circuit.

» The DC voltage Ve is applied to the input circuit along with the input signal to achieve the
amplification. The DC voltage Vet keeps the emitter-base junction under the forward biased
condition regardless of the polarity of the input signal and is known as a bias voltage.

» When a weak signal is applied to the input, a small change in signal voltage causes a change
in emitter current because the input circuit has very low resistance. This change is almost
the same in collector current because of the transmitter action.

» Inthe collector circuit, a load resistor Rc of high value is connected. When collector current
flows through such a high resistance, it produces a large voltage drop across it. Thus, a weak
signal (0.1V) applied to the input circuit appears in the amplified form (10V) in the collector
circuit.

TRANSISTOR CIRCUIT CONFIGURATION

There are three different configurations of Transistors.
e Common Base (CB) Configuration: no current gain but voltage gain
e Common Collector (CC) Configuration: current gain but no voltage gain
e Common Emitter (CE) Configuration: current gain and voltage gain

Common Base Configuration

Emitter Base Collector

% N P N M . oc
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Input Output Input output

B O O BO OB

» In this configuration, base as common terminal for both input and output signals.

» Here the input is applied between the base and emitter terminals and the corresponding
output signal is taken between the base and collector terminals with the base terminal
grounded.

» The input parameters are Ves and I and the output parameters are Ve and Ic. The input
current flowing into the emitter terminal must be higher than the base current and collector




current to operate the transistor, therefore the output collector current is less than the
input emitter current.

» The current gain is generally equal or less than to unity for this type of configuration. The
input and output signals are in-phase in this configuration.

» Current gain in common base configuration is given as
_ output current

Input current

e
oL_IE

» The common base circuit is mainly used in single stage amplifier circuits, such as microphone
pre amplifier or radio frequency amplifiers because of their high frequency response. The
common base transistor circuit is given below.

Input Characteristics

» Input characteristics are obtained between input current and input voltage with constant
output voltage.

» The output voltage Vcs constant and vary the input voltage Ves for different points then at
each point record the input current Ie value. Repeat the same process at different output
voltage levels.

» Now with these values plot the graph between |t and Ves parameters. The below figure show
the input characteristics of common base configuration. The equation to calculate the input

resistance Rin value is given below.

Rin = VI% (when Vg is constant)
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Output Characteristics

» The output characteristics of common base configuration are obtained between output
current and output voltage with constant input current.

» The emitter current keeps constant and vary the V¢ value for different points, now record
the Ic values at each point. Repeat the same process at different e values.

» Finally, draw the plot between V¢ and Ic at constant Ie. The below figure show the output
characteristics of common base configuration. The equation to calculate the output

resistance value is given below.
VcB

Tc (when Ig is constant)

out =
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» In this configuration collector terminal as common for both input and output signals.

» This configuration is also known as emitter follower configuration because the emitter
voltage follows the base voltage. This configuration is mostly used as a buffer and
impedance matching applications because of their high input impedance.

» In this configuration the input signal is applied between the base-collector region and the
output is taken from the emitter-collector region. Here the input parameters are Vgc and Ig
and the output parameters are Vec and Ie.

» The common collector configuration has high input impedance and low output impedance.
The input and output signals are in phase. Here also the emitter current is equal to the sum
of collector current and the base current.

Now the current gain for this configuration.
_ output current
| = U cuTTen

- Input current

» The voltage gain for this circuit is less than unity but it has large current gain because the
load resistor in this circuit receives both the collector and base currents.




Input Characteristics
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» The input characteristics of a common collector configuration are quite different from the
common base and common emitter configurations because the input voltage Vigc is largely
determined by Vec level. Here,

Vec = Ves + Vac
Ves = Vec — Vac

» The input characteristics of a common-collector configuration are obtained between inputs
current Iz and the input voltage Ve at constant output voltage Vec. Keep the output voltage
Vecconstant at different levels and vary the input voltage Vac for different points and record
the g values for each point. Now using these values, draw a graph between the parameters
of Vec and |g at constant Vec.

Output Characteristics

» The operation of the common collector circuit is same as that of common emitter circuit.
The output characteristics of a common collector circuit are obtained between the output
voltage Vec and output current Ie at constant input current Ig.

» Inthe operation of common collector circuit if the base current is zero then the emitter
current also becomes zero. As a result, no current flows through the transistor

» If the base current increases, then the transistor operates in active region and finally reaches
to saturation region.

» To plot the graph, keep the Ig at constant value and vary the Vec value for various points,
now record the value of | for each point. Repeat the same process for different Is values.
Now using these values, plot the graph between the parameters of | and V¢ at constant
values of Is. The below figure show the output characteristics of common collector.
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Common Emitter Configuration
» In this configuration emitter as common terminal for both input and output. Here the input
is applied between base-emitter region and the output is taken between collector and
emitter terminals.
» Inthis configuration the input parameters are Vge and |g and the output parameters are
Ve and lc.
This type of configuration is mostly used in the applications of transistor based amplifiers.
» Here the emitter current is equal to the sum of small base current and the large collector

Y

current.i.e. I = Ic + Ig.
» The ratio between collector current and base current gives the current gain beta in common
emitter configuration.
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Now let us see the relationship between these two current gains.

Current gain (a) = I¢/le

Current gain (B) = I¢/ls

Collector current Ic =a le = Bl

» This configuration is mostly used one among all the three configurations. It has medium

input and output impedance values. It also has the medium current and voltage gains. But
the output signal has a phase shift of 1800 i.e. both the input and output are inverse to each
other.

Input Characteristics

» The input characteristics of common emitter configuration are obtained between input
current Iz and input voltage Vge with constant output voltage Vce.
» Keep the output voltage Ve constant and vary the input voltage Vge for different points,
now record the values of input current at each point.
» Now using these values draw a graph between the values of Ig and Vge at constant Vce. The
equation to calculate the input resistance Ri, is given below.
Rin = Vee/ls (When Ve is at constant)
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Output Characteristics

» The output characteristics of common emitter configuration are obtained between the
output current Ic and output voltage Ve with constant input current Ig.

» Keep the base current ls constant and vary the value of output voltage V¢ for different
points, now note down the value of collector Icfor each point.

» Plot the graph between the parameters Ic and V¢ in order to get the output characteristics
of common emitter configuration.

» The equation to calculate the output resistance from this graph is given below.

Rout = Vce/lc (when Ig is at constant)
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Configurations of Transistors Summary

Transistor Configuration Common Base |Common Collector (Emitter Follower)| Common Emitter
Voltage Gain High Low Medium
Current Gain Low High Medium
Power Gain Low Medium High
Input / Output Phase Relationship 0° 0° 180°
Input Resistance Low High Medium
Output Resistance High Low Medium
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TRANSISTOR CIRCUIT

TRANSISTOR BIASING

» The proper flow of zero signal collector current and the maintenance of proper collector
emitter voltage during the passage of signal is known as Transistor Biasing.
» The circuit which provides transistor biasing is called as Biasing Circuit.

Need for DC biasing

» If a signal of very small voltage is given to the input of BJT, it cannot be amplified. Because,
for a BJT, to amplify a signal, two conditions have to be met.

e The input voltage should exceed cut-in voltage for the transistor to be ON.
e The BJT should be in the active region, to be operated as an amplifier.

» If appropriate DC voltages and currents are given through BJT by external sources, so that
BJT operates in active region and superimpose the AC signals to be amplified, then this
problem can be avoided. The given DC voltage and currents are so chosen that the transistor
remains in active region for entire input AC cycle. Hence DC biasing is needed.

» The below figure shows a transistor amplifier that is provided with DC biasing on both input
and output circuits.

Ves

» For a transistor to be operated as a faithful amplifier, the operating point should be
stabilized.

Factors affecting the operating point

» The main factor that affect the operating point is the temperature. The operating point shifts
due to change in temperature.
» Astemperature increases, the values of I, B, Vae gets affected.

e lcso gets doubled (for every 10° rise)
e Vge decreases by 2.5mv (for every 1° rise)

» So the main problem which affects the operating point is temperature. Hence operating
point should be made independent of the temperature so as to achieve stability. To achieve
this, biasing circuits are introduced.

STABILIZATION

» The process of making the operating point independent of temperature changes or variations
in transistor parameters is known as Stabilization.

» Once the stabilization is achieved, the values of Icand V¢ become independent of
temperature variations or replacement of transistor. A good biasing circuit helps in the
stabilization of operating point.




Need for Stabilization
Stabilization of the operating point has to be achieved due to the following reasons.

e Temperature dependence of Ic

e Individual variations

e Thermal runaway
Temperature Dependence of Ic
As the expression for collector current Icis

|C=B|B+|CE
=B|B+(B+1) ICBO

The collector leakage current Icgo is greatly influenced by temperature variations. To come out of this,
the biasing conditions are set so that zero signal collector current Ic = 1 mA. Therefore, the operating
point needs to be stabilized i.e. it is necessary to keep Ic constant.

Individual Variations
As the value of B and the value of Vg are not same for every transistor, whenever a transistor is
replaced, the operating point tends to change. Hence it is necessary to stabilize the operating point.

Thermal Runaway

As the expression for collector current Icis
lc=Ble+lceo

=Bla+(B+1) lceo

The flow of collector current and also the collector leakage current causes heat dissipation. If the
operating point is not stabilized, there occurs a cumulative effect which increases this heat
dissipation.

The self-destruction of such an unstabilized transistor is known as Thermal run away.

In order to avoid thermal runaway and the destruction of transistor, it is necessary to stabilize the
operating point, i.e., to keep Ic constant.

STABILITY FACTOR

The rate of change of collector current Ic with respect to the collector leakage current Ico at constant
B and I is called Stability factor.

diC
S= Jico at constant lsand B

Any change in collector leakage current changes the collector current to a great extent. The stability
factor should be as low as possible so that the collector current doesn’t get affected. S=1 is the ideal
value.

The general expression of stability factor for a CE configuration can be obtained as under.
lc=Ble+(B+1) lco

Differentiating above expression with respect to Ic, we get




dIB dico

1=BR+(B+1) dic
Or
_pdlB  (B+1)
1= BdIC TS
. dico _ 1
Smcem— 5
or 5= B
1-Bc

Hence the stability factor S depends on B, Iz and Ic.
DIFFERENT METHOD OF TRANSISTOR BIASING

The commonly used methods of transistor biasing are

e Base Resistor method

e Collector to Base bias

e Biasing with Collector feedback resistor

e Voltage-divider bias
All of these methods have the same basic principle of obtaining the required value of Ig and Ic from
Vccin the zero signal conditions.

BASE RESISTOR METHOD

In this method, a resistor Rg of high resistance is connected in base, as the name implies. The required
zero signal base current is provided by Vcc which flows through Rs.

. Vee

Rg Ic

The base emitter junction is forward biased, as base is positive with respect to emitter.

The required value of zero signal base current and hence the collector current (as Ic = Blg) can be
made to flow by selecting the proper value of base resistor Rs. Hence the value of Rg is to be known.
Let Ic be the required zero signal collector current. Therefore,

IB:ICB
Considering the closed circuit from Vcc, base, emitter and ground, while applying the Kirchhoff’s
voltage law, we get,

Vec=1sRe+Vae

Or
I8Re=Vcc—Vae




Therefore
_ VCC-VBE

R
B 1B

Since Vg is generally quite small as compared to Vcc, the former can be neglected with little error.

Then,

VCC
Rg= —
IB

We know that Vccis a fixed known quantity and Ig is chosen at some suitable value. As Rg can be
found directly, this method is called as fixed bias method.

Stability factor

B+1

1G9

In fixed-bias method of biasing, s is independent of Ic so that,;uT]z =0

Substituting the above value in the previous equation,

Stability factor, S= f+1
Thus the stability factor in a fixed bias is (B+1) which means that Ic changes (B+1) times as much as
any change in lco.

ADVANTAGES

e Thecircuitis simple.

e Only one resistor Re is required.

e Biasing conditions are set easily.

¢ No loading effect as no resistor is present at base-emitter junction.

DISADVANTAGES
e The stabilization is poor as heat development can’t be stopped.

e The stability factor is very high. So, there are strong chances of thermal run away.

Hence, this method is rarely employed.
COLLECTOR TO BASE BIAS

The collector to base bias circuit is same as base bias circuit except that the base resistor Rgis
returned to collector, rather than to Vcc supply as shown in the figure below.

L Ve

Vee




This circuit helps in improving the stability considerably. If the value of Ic increases, the voltage across
Riincreases and hence the Ve also increases. This in turn reduces the base current Is.

The required value of Rg needed to give the zero signal collector current Ic can be calculated as
follows.

Voltage drop across R, will be
R|_=(|c+|3) Ri=IcRL

From the figure,
IcRi+18Re+Vae=Vcc

Or
I18Re = Ve —=Vae —IcRL
Therefore
VCC-VBE-ICRL
Rp= ————
IB
Or

(VCC-VBE-ICRL)
Rg=————"7—"—

BIC

Applying KVL we have
(Is+lc) Ru+lgRa+Vee=Vee

Or
ls(Ri+Re) +lcRi+Vee=Vcc

Therefore
_ VCC—VBE-ICRL

ls=—RL+rB

Since Vg is almost independent of collector current, we get
dIB RL

dIC~  RL+RB

We know that
_ 1+B
~ 1-B(dIB/dIC)

Therefore

1+

= RL
1+B(Ri+rs)

This value is smaller than (1+B) which is obtained for fixed bias circuit. Thus there is an improvement
in the stability.

This circuit provides a negative feedback which reduces the gain of the amplifier. So the increased
stability of the collector to base bias circuit is obtained at the cost of AC voltage gain.

ADVANTAGES

e Thecircuitis simple as it needs only one resistor.
e This circuit provides some stabilization, for lesser changes.

DISADVANTAGES

e The circuit doesn’t provide good stabilization.
e The circuit provides negative feedback.




VOLTAGE DIVIDER BIAS

Among all the methods of providing biasing and stabilization, the voltage divider bias method is the
most prominent one.

Here, two resistors Ry and R; are employed, which are connected to Vccand provide biasing. The
resistor Re employed in the emitter provides stabilization.

The name voltage divider comes from the voltage divider formed by R; and R,. The voltage drop
across R, forward biases the base-emitter junction. This causes the base current and hence collector
current flow in the zero signal conditions. The figure below shows the circuit of voltage divider bias
method.

Vee

Suppose that the current flowing through resistance R is l1. As base current Ig is very small, therefore,
it can be assumed with reasonable accuracy that current flowing through R; is also I;.

Now let us try to derive the expressions for collector current and collector voltage.

Collector Current, Ic

VCC

From the circuit, it is evident that, 11=
R1+R2

Therefore, the voltage across resistance R; is

VCC
R1+R2

Vao=( )R2

Applying Kirchhoff’s voltage law to the base circuit,
V2=Vee+Ve

V,=Vge+leRe

V2-VBE

=
£ RE

Since le = |,

V2-VBE

o=
¢ RE

From the above expression, itis evident that Ic doesn’t depend upon B. Ve is very small that Ic doesn’t
get affected by Vge at all. Thus Icin this circuit is almost independent of transistor parameters and
hence good stabilization is achieved.




Collector-Emitter Voltage, Vce
Applying Kirchhoff’s voltage law to the collector side,
Vee=IlcRc+VeetleRe
Since lg = Ic
=lcRc+Veet!cRe
=lc(Rc+Re) +Vee
Therefore,
Vee=Vee—lc(Rc+Re)
Re provides excellent stabilization in this circuit.
V2=Vaet+IcRe

Suppose there is a rise in temperature, then the collector current Ic decreases, which causes the
voltage drop across Re to increase. As the voltage drop across R; is V,, which is independent of I, the
value of Vge decreases. The reduced value of Is tends to restore Ic to the original value.

Stability Factor

The equation for Stability factor of this circuit is obtained as

(B+1)(RO+RE)

Stability Factor = S= RO+RE+[RE

RO
+_
=(B+1)x —B&5-

B+ltgg

. RO . RO .
If the ratio RE 1S very small, then =g can be neglected as compared to 1 and the stability factor
becomes

- 1
Stability Factor = S=(B+1)x e 1

This is the smallest possible value of S and leads to the maximum possible thermal stability.
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TRANSISTOR AMPLIFIER & OSCILLATOR

PRACTICAL CIRCUIT OF TRANSISTOR AMPLIFIER:
A practical circuit of transistor amplifier is common emitter configuration. The various circuit
elements and their functions of voltage divider biasing circuit are described below

i)Biasing circuit:

The resistors Ri, R; and Reform the biasing and stabilization circuit.

ii)The load Ry:

The resistance R connected at the output is known as load. When a number of stages are used then
R.represents the input resistance of the next stage.

iii)Coupling capacitor C.:

This capacitor couples the amplifier output to the load resistance or to the next stage of the
amplifier. It is used for blocking the dc part and passing only the ac part of the amplified signal to the
load.

iv) Input coupling capacitor Ci,:

The input capacitor is used for coupling the ac input voltage Vito the base of the transistor. As a
capacitor blocks dc, this capacitor helps to block any dc component present in Vi and couples the ac
component of the input signal.

v)Bypass capacitor Ce:

The capacitor connected in parallel with the emitter resistor Reis called as the emitter bypass
capacitor. This capacitor offers a low reactance to the amplified ac signal. Therefore, the emitter
resistor Re gets bypassed through Ce for only the ac signals. This will increase the voltage gain of the
amplifier. Moreover, as Ce acts as an open circuit for dc voltages, it does not bypass Re for dc
conditions. Thus, presence of Ce does not alter the dc biasing conditions.

DC LOAD LINE & DC EQUIVALENT CIRCUIT

When the transistor is given the bias and no signal is applied at its input, the load line drawn under

such conditions is known as DC load line. Here there will be no amplification as the signal is absent.
Simply dc load line is a line on the output characteristics of a transistor which gives the value of VCE
and IC corresponding to zero signal conditions.




above figure.

line.

Simply the AC load line is a line on the output characteristic of a transistor circuit which gives the
value of VCE and IC when signal is applied.

This gives the point B, which means (OB = Vcc) on the collector emitter voltage axis shown in the

Hence we got both the saturation and cutoff point determined and learnt that the load line is a
straight line. So, a DC load line can be drawn.

AC LOAD LINE AND AC EQUIVALENT CIRCUIT:

when an input signal along with the DC voltages are applied, the load line drawn is called AC load

Applying kirchhoff’s voltage law at the output section,we get
Vee=Vee—IcRce

Here Vcc, Rc are constant, therefore it represents a straight line known as load line.

Vee | A
R: Ip1
IBZ
Ip3
Ips
B
0 Vee

»Veg (volts)
points be A and B.

To obtain the load line, the two end points of the straight line are to be determined. Let those two
To obtain A

When collector emitter voltage Vce = 0, the collector current is maximum and is equal to Vcc/Rc. This
gives the maximum value of V. This is shown as

Vee= Vee-lcRe
Vee= IcRc
L vec

<~ R

This gives the point A (OA = Vcc/R¢) on collector current axis, shown in the above figure.
To obtain B

Vcc. This gives the maximum value of Ic. This is shown as
Vee= Ve IcRce

When the collector current Ic = 0, then collector emitter voltage is maximum and will be equal to the

Vee= Ve

Vin

|
@) VIE =rc




From the above figure,
VCE= (Rc ” Rl) X|c
rc =Rd||R1
For a transistor to operate as an amplifier, it should stay in active region. The quiescent point is so
chosen in such a way that the maximum input signal excursion is symmetrical on both negative and
positive half cycles.
Hence,
Vmax =Vceq and Vmin=-V¢eq
Where Vceq is the emitter-collector voltage at quiescent point
The following graph represents the AC load line which is drawn between saturation and cut off points.

‘\ (Vego + leaf.) VCE
AC LOAD LINE

From the graph above, the current IC at the saturation point is

VCEQ

letsat) = leat (——
C(sat) cQ ( rC

The voltage V(e at the cutoff point is

V(o) =Veeat lca. FC
Hence the maximum current for that corresponding Vcea = Veea / (Re || R1) is

lca=lca*(Rc|IR1)

Hence by adding quiescent currents the end points of AC load line are

l¢(sat) =lca+Veea/(Rel[R1)

Veg(of) =Veea+|ca* (Re||R1)
AC and DC Load Line
When AC and DC Load lines are represented in a graph, it can be understood that they are not
identical. Both of these lines intersect at the Q-point or quiescent point. The endpoints of AC load
line are saturation and cut off points. This is understood from the figure below.

(a) (b)




CALCULATION GAIN:
1)Graphical method
» The graphical method is used to calculate the current gain and voltage gain of the amplifier.
The quJtput characteristics are shown in figure

lc(mA)

d.c. line load
a.c. line load

© 2 4 6 g 10 12 14 16 20

Aoty .
T
(Vee)min ! x
¢ : (Veeo)max
2n

v

Y

The slope of dc load line is -RLDC while the slope of ac load line is - RLAC . Here Rac= Rac= R(||Rc

» The operating point is the intersection of DC load line and the output characteristic. As Q
point describes the zero signal condition and hence the acload line also passes through point
Q.

» When ac signal is applied, if there is variation in the base current. As a result, the operating
point moves on ac load line between points Qi and Q;.

» The corresponding variations in collector current IC and collector to emitter voltage VCE are
shown in figure.

> The collector current varies between (Ic)max and (Ic)min While the collector emitter voltage
varies between (Vce)maxand (Vee)min

» The current gain and voltage gain of the amplifier are given as
. _(Ic)max— (Ic)min
Current Gain = (Ibymax—(Ibymin

. _(VCE)max—(VCE)min
Voltage gain = (Vi)max—(Vi)min

PHASE REVERSAL
The phase difference of 180° between input voltage and output voltage in common emitter amplifier
is known as phase reversal.

h — Parameter Model
Let us consider transistor amplifier as a block box as shown in the Fig

Iinli I out
—_— “Is +
+ — .
) Transistor v
Vi amplifier 2
Here, |; :is the input current to the amplifier

Vi :is the input voltage to the amplifier

I, :is the output current to the amplifier and

V, : is the output voltage to the amplifier
As we know transistor is a current operated device, input current is an independent variable. The input
current, li and output voltage V, devices the input voltage Vi as well as the output current |l,. Hence




input voltage Viand output current |, are the dependent variables, whereas input current I; and output
voltage V, are independent variables. Thus we can write
Vi=f1(|i, Vo) (l)
|o:f2 (li, Vo) (2)
This can be written in the equation form as follows
Vi=hu li+h Vo
lo= ha1li+ha Vo
Definitions of h — parameter
The parameters in the above equation are defined as follows:

hi1 = I—i [vo=o = input resistance with output short — circuited, in ohms..

hi = V—; |[li-o = Fraction of output voltage at input with input open circuited.
This parameter is ratio of similar quantities, hence unitless
I . L
hy1 = I—(: |vo-o = Forward current transfer ratio or current gain with output

short circuited.
This parameter is a ratio of similar quantities, hence unitless.
has = Ivio [li-o = Output admittance with input open-circuited, in mhos.
From the above discussion, these four parameters are not same. They have different units. In other
words, they are mixture of different units and hence referred to as hybrid parameters. As small
letter for ac analysis, these are commonly known as h-parameters.
Thus h-parameters as follows.
a) With output short circuited:
hi11 = hi : Input resistance
h,1 = hs : Short circuit current gain
b) With input open circuited:
hi2 = h, : Reverse voltage transfer ratio
ha2 = ho : output admittance.

H- parameter equivalent circuit for transistor is shown in the following figure
hi
+  —WWW—— +

b¥o C> (J) BT 1/ho Vo

Benefits of h-parameters
1. Real numbers at audio frequencies.
Easy to measure.
Can be obtained from the transistor static characteristics curves.
Convenient to use in circuit analysis and design.
Most of the transistor manufacturers specify the h-parameters.
H - parameters equivalent circuit for CE configuration in the following figure

RO
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common emitter configuration
The variables Iy, I, Vb and V. represent total instantaneous currents and voltages.
Ib = input current
lc = output current
Ve = input voltage
Ve = output voltage.
The following figure shows the h-parameter equivalent circuit for the common emitter
configuration.

hie IE Ic

h-parameter equivalent circuit for the common emitter configuration
_’ ‘_
Vi C

| I
l l

E E

From the h-parameter equivalent circuit of the common emitter configuration we can write,
Vbe = hie lp + hre Vee
lc = hte Ib + hoe Vee

AVpr
Where he= Alp |V(CE constant) ...(9)

AVBE

hee = AVeg 11,(B constant) ... (10)
Al

he = A[g |V(CE constant) 13
Al

hee = AV |1(B constant) - (12)

The quantities AVge (Vbe), AVce (Vee), Ais (Ib) and A (Ic) represent the small change in base and
collector voltages and currents.

H-parameters for all three configurations

As mentioned earlier, transistor can be represented as a two port network by making any one terminal
common between input and output. Since there are three possible configurations in which a transistor
can be used, there is a change in terminal voltage and current for different transistor configurations.
For different configurations the relation between input parameters and output parameters also




differs. Therefore, one needs to define different set of h-parameters for different configurations. To
designate the type of configuration another subscript is added to the h-parameters.

For example :

hie = h11e = input resistance in common emitter configuration.

h# = ha1p = short-circuit current gain in common base configuration.

The following table summarizes the h-parameters for all the three configurations.

parameter CB CE cC
Input resistance hib hie hic
Reverse voltage gain hro hre hic
Forward transfer current gain hib hre htc
Output admittance hob hoe hoc

MULTISTAGE AMPLIFIER

In Multi-stage amplifiers, the output of first stage is coupled to the input of next stage using a
coupling device. These coupling devices can usually be a capacitor or a transformer. This process of
joining two amplifier stages using a coupling device can be called as Cascading.

The following figure shows a two-stage amplifier connected in cascade.

Input 2 1st stage Coupling device 2nd stage Output

V, o—— AV, AVZ —0 Vp

The overall gain is the product of voltage gain of individual stages.
V2 Vo

Av=AvixAv= 152
Where Ay = Overall gain, Ay; = Voltage gain of 1% stage, and Ay, = Voltage gain of 2" stage.
If there are n number of stages, the product of voltage gains of those n stages will be the overall gain
of that multistage amplifier circuit.
Purpose of coupling device
The basic purposes of a coupling device are
v' To transfer the AC from the output of one stage to the input of next stage.
v" To block the DC to pass from the output of one stage to the input of next stage, which means

to isolate the DC conditions.
TYPES OF COUPLING

There are four basic methods of coupling, using these coupling devices such as resistors, capacitors,
transformers etc.

l. RESISTANCE-CAPACITANCE COUPLING

This is the mostly used method of coupling, formed using simple resistor-capacitor combination. The
capacitor which allows AC and blocks DC is the main coupling element used here.




The coupling capacitor passes the AC from the output of one stage to the input of its next stage.
While blocking the DC components from DC bias voltages to effect the next stage.

1. IMPEDANCE COUPLING

The coupling network that uses inductance and capacitance as coupling elements can be called as
Impedance coupling network.
In this impedance coupling method, the impedance of coupling coil depends on its inductance and
signal frequency which is jwlL.

1. TRANSFORMER COUPLING

The coupling method that uses a transformer as the coupling device can be called as Transformer
coupling. There is no capacitor used in this method of coupling because the transformer itself conveys
the AC component directly to the base of second stage.

The secondary winding of the transformer provides a base return path and hence there is no need of
base resistance. This coupling is popular for its efficiency and its impedance matching and hence it is
mostly used.

Iv. DIRECT COUPLING
If the previous amplifier stage is connected to the next amplifier stage directly, it is called as direct
coupling. The individual amplifier stage bias conditions are so designed that the stages can be directly
connected without DC isolation.

The direct coupling method is mostly used when the load is connected in series, with the output
terminal of the active circuit element. For example, head-phones, loud speakers etc.

RC COUPLED AMPLIFIER

+» Theresistance-capacitance coupling is, in short termed as RC coupling. This is the mostly used
coupling technique in amplifiers.

+» The constructional details of a two-stage RC coupled transistor amplifier circuit are as
follows.

+» The two stage amplifier circuit has two transistors, connected in CE configuration and a
common power supply Vcc is used.

** The potential divider network R; and R; and the resistor Re form the biasing and stabilization
network. The emitter by-pass capacitor C. offers a low reactance path to the signal.

¢+ The resistor R, is used as a load impedance.

¢ The input capacitor Ci, present at the initial stage of the amplifier, couples AC signal to the
base of the transistor.

** The capacitor Ccis the coupling capacitor that connects two stages and prevents DC
interference between the stages and controls the shift of operating point.

2=
R R, =
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OPERATION OF RC COUPLED AMPLIFIER
+» Whenan ACinputsignal is applied to the base of first transistor, it gets amplified and appears
at the collector load R, which is then passed through the coupling capacitor Cc to the next
stage. This becomes the input of the next stage; whose amplified output again appears across
its collector load. Thus the signal is amplified in stage by stage action.

++ The important point that has to be noted here is that the total gain is less than the product
of the gains of individual stages. This is because when a second stage is made to follow the
first stage, the effective load resistance of the first stage is reduced due to the shunting effect
of the input resistance of the second stage. Hence, in a multistage amplifier, only the gain of
the last stage remains unchanged.

< As we consider a two stage amplifier here, the output phase is same as input. Because the
phase reversal is done two times by the two stage CE configured amplifier circuit.

Frequency Response of RC Coupled Amplifier

Frequency response curve is a graph that indicates the relationship between voltage gain and
function of frequency. The frequency response of a RC coupled amplifier is as shown in the following
graph.

Low frequency .
Roll off igl(glhoffrfequency

\ 51— Flat response  ——> /

«—— Band width —}

Voltage gain (dB) ——>

'
' '
'

g ' —>
50Hz 20kHz  Frequency (f)

From the above graph, it is understood that the frequency rolls off or decreases for the frequencies
below 50Hz and for the frequencies above 20 KHz. whereas the voltage gain for the range of
frequencies between 50Hz and 20 KHz is constant.
We know that,

Xc=1/2nfc
It means that the capacitive reactance is inversely proportional to the frequency.
At Low frequencies (i.e. below 50 Hz)
The capacitive reactance is inversely proportional to the frequency. At low frequencies, the reactance
is quite high. The reactance of input capacitor Ci, and the coupling capacitor Cc are so high that only
small part of the input signal is allowed. The reactance of the emitter by pass capacitor Ce is also very
high during low frequencies. Hence it cannot shunt the emitter resistance effectively. With all these
factors, the voltage gain rolls off at low frequencies.
At High frequencies (i.e. above 20 KHz)
Again considering the same point, we know that the capacitive reactance is low at high frequencies.
So, a capacitor behaves as a short circuit, at high frequencies. As a result of this, the loading effect of
the next stage increases, which reduces the voltage gain. Along with this, as the capacitance of
emitter diode decreases, it increases the base current of the transistor due to which the current gain
(B) reduces. Hence the voltage gain rolls off at high frequencies.
At Mid-frequencies (i.e. 50 Hz to 20 KHz)




The voltage gain of the capacitors is maintained constant in this range of frequencies, as shown in
figure. If the frequency increases, the reactance of the capacitor Cc decreases which tends to increase
the gain. But this lower capacitance reactive increases the loading effect of the next stage by which
there is a reduction in gain.

Due to these two factors, the gain is maintained constant.

ADVANTAGES OF RC COUPLED AMPLIFIER

e The frequency response of RC amplifier provides constant gain over a wide frequency range,
hence most suitable for audio applications.
e Thecircuitis simple and has lower cost because it employs resistors and capacitors which are

cheap.
e |t becomes more compact with the upgrading technology.

DISADVANTAGES OF RC COUPLED AMPLIFIER
e The voltage and power gain are low because of the effective load resistance.
e They become noisy with age.
e Due to poor impedance matching, power transfer will be low.
APPLICATIONS OF RC COUPLED AMPLIFIER
e They have excellent audio fidelity over a wide range of frequency.

e Widely used as Voltage amplifiers
e Due to poor impedance matching, RC coupling is rarely used in the final stages.

FEEDBACK AMPLIFIER

» Afeedback amplifier generally consists of two parts. They are the amplifier and the feedback
circuit. The feedback circuit usually consists of resistors. The concept of feedback amplifier
can be understood from the following figure.

+ -

+ O_V v Amplifier —_'L_‘O Vo
_CS ! . with gain A } <>Output

Feedback
Vf:ﬂ Vo Circuit ﬁ

» From the above figure, the gain of the amplifier is represented as A. The gain of the amplifier
is the ratio of output voltage V, to the input voltage V.. The feedback network extracts a
voltage Vi= B V., from the output V, of the amplifier. This voltage is added for positive
feedback and subtracted for negative feedback, from the signal voltage V..

> Now,

Vi=Vs+ Vf = Vs+BVo




Vi=Vs-Vf=Vs-BVo
» The quantity B = Vi/V, is called as feedback ratio or feedback fraction.
» Let us consider the case of negative feedback. The output V, must be equal to the input
voltage (Vs - BV,) multiplied by the gain A of the amplifier.

Hence,
(Vs-B Vo) A=Vo
AVs-ABVo=Vo
AVs=Vo(1+AB)
Vo _ A
Therefore, Vs - TiAp

Let Arbe the overall gain (gain with the feedback) of the amplifier. This is defined as the ratio of

output voltage V, to the applied signal voltage Vs, i.e.,
Outputvoltage Vo

Input signal voltage T s
So, from the above two equations, we can understand that,
The equation of gain of the feedback amplifier, with negative feedback is given by

A
A]C_1+AB

The equation of gain of the feedback amplifier, with positive feedback is given by

A
Af= ToAB

TYPES OF FEEDBACKS

» The process of injecting a fraction of output energy of some device back to the input is known
as Feedback. It has been found that feedback is very useful in reducing noise and making the
amplifier operation stable.

» Depending upon whether the feedback signal aids or opposes the input signal, there are two
types of feedbacks used.

A. POSITIVE FEEDBACK

v" The feedback in which the feedback energy i.e., either voltage or current is in phase with the
input signal and thus aids it is called as Positive feedback.

v" Both the input signal and feedback signal introduces a phase shift of 180° thus making a
360° resultant phase shift around the loop, to be finally in phase with the input signal.

v" Though the positive feedback increases the gain of the amplifier, it has the disadvantages

such as
e Increasing distortion
e Instability

v' It is because of these disadvantages the positive feedback is not recommended for the
amplifiers. If the positive feedback is sufficiently large, it leads to oscillations, by which
oscillator circuits are formed.

NEGATIVE FEEDBACK

v" The feedback in which the feedback energy i.e., either voltage or current is out of phase with
the input and thus opposes it, is called as negative feedback.

v"In negative feedback, the amplifier introduces a phase shift of 180° into the circuit while the
feedback network is so designed that it produces no phase shift or zero phase shift. Thus the
resultant feedback voltage V:is 180° out of phase with the input signal Vin.

v" Though the gain of negative feedback amplifier is reduced, there are many advantages of
negative feedback such as

e Stability of gain is improved
e Reduction in distortion




e Reduction in noise

e Increase ininput impedance

e Decrease in output impedance

e Increase in the range of uniform application

v lItis because of these advantages negative feedback is frequently employed in amplifiers.

POWER AMPLIFIER
» The Power amplifiers amplify the power level of the signal. This amplification is done in the
last stage in audio applications. The main classification is done based on this mode of
operation.
» The classification is done based on their frequencies and also based on their mode of
operation.

Classification Based on Frequencies

Power amplifiers are divided into two categories, based on the frequencies they handle. They are as
follows.

e Audio Power Amplifiers — The audio power amplifiers raise the power level of signals that
have audio frequency range (20 Hz to 20 KHz). They are also known as Small signal power
amplifiers.

¢ Radio Power Amplifiers — Radio Power Amplifiers or tuned power amplifiers raise the power
level of signals that have radio frequency range (3 KHz to 300 GHz). They are also known
as large signal power amplifiers.

Classification Based on Mode of Operation

On the basis of the mode of operation, i.e., the portion of the input cycle during which collector
current flows, the power amplifiers may be classified as follows.
e Class A Power amplifier - When the collector current flows at all times during the full cycle
of signal, the power amplifier is known as class A power amplifier.
e Class B Power amplifier — When the collector current flows only during the positive half cycle
of the input signal, the power amplifier is known as class B power amplifier.
e Class C Power amplifier - When the collector current flows for less than half cycle of the input
signal, the power amplifier is known as class C power amplifier.
There forms another amplifier called Class AB amplifier, if we combine the class A and class B
amplifiers so as to utilize the advantages of both.
DIFFERNCE BETWEEN VOLTAGE AMPLIFIER AND POWER AMPLIFIER

BASIS OF
COMPARISON VOLTAGE POWER AMPLIFIER

The voltag§ amplifier amplifies the The power amplifier amplifies the power
Use voltage or increases the voltage level .

- of a signal.
of a signal.
. . The voltage amplifier can work with The power amplifier can work with high

Functionality > . . .

low magnitude signal. magnitude signal.
Amplitude Of AC  In voltage amplifier, the amplitude of In power amplifier the amplitude of input
Signal input A.C signal is small. A.Csignal is large.

The transistor used in the voltage The transistor used in the power amplifier
Transistor amplifier has a thin base because it has a thick base because it handles the

does not handle large current. very large current.




Output
Impedance

Collector Current

Transistor Heat
Dissipation

Size Of Transistor

Collector Load

Coupling

Application

Current Gain

The output impedance of the voltage
amplifier is very high, about 12 kilo-
ohm.

The collector current of the voltage
amplifier is very low up to 1 mA.

The transistor used can dissipate less
heat produced during its operation.

The physical size of transistor used is
usually small and is known as low or
medium power transistor.

In power amplifier, the collector load
has low resistance, typically 5Q to
20Q.

RC coupling is used in voltage
amplifier.

Voltage amplifier is used for small
signal voltage.

The current gain of the power
amplifier is very high.

The output impedance of the power
amplifier is very low, up to 200 ohm, so
that it can deliver a high current.

The collector current of the power
amplifier is high greater than 100 mA.

The transistor used can dissipate more
heat produced as compared to voltage
amplifier during its operation.

The physical size of transistor used is
usually large and is known as power
transistor.

In voltage amplifier, the collector load has
high resistance, typically 4Q to 10kQ.

Transformer coupling is used in power
amplifier.

Power amplifier is used for high voltage
signals.

The current gain of the power amplifier is
very high.

TRANSFORMER COUPLED CLASS A POWER AMPLIFIER

>

The class A power amplifier is the circuit in which the output current flows for the entire cycle
of the AC input supply. It has low output power and efficiency. In order to minimize those
effects, the transformer coupled class A power amplifier has been introduced.

The construction of class A power amplifier can be understood with the help of below figure.
This is similar to the normal amplifier circuit but connected with a transformerin the collector
load.

o
+V,

Reflected ce
Load

14 1P

- E; < Load

Step down
c W transformer
n
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' <
Input = Rz
Signal Re

' Ce
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Here R; and R; provide potential divider arrangement. The resistor Re provides stabilization,
C. is the bypass capacitor and R. to prevent a.c. voltage. The transformer used here is a step-
down transformer.

The high impedance primary of the transformer is connected to the high impedance collector
circuit. The low impedance secondary is connected to the load (generally loud speaker).

il




Transformer Action

The transformer used in the collector circuit is for impedance matching. R, is the load connected in
the secondary of a transformer. R/ is the reflected load in the primary of the transformer.

The number of turns in the primary are n; and the secondary are n,. Let V; and V; be the primary and
secondary voltages and |; and | be the primary and secondary currents respectively. The below figure
shows the transformer clearly.

Reflected Load

o i R
A = g ] A
Input 1+ IR M §|§ Ny [:]and Output
*, L L v
Step down
transformer

1 _ni1 1 1
We know that Vi-Moand & =28

V2 - n2 12 n2
Or
nl nl
Vl=— .V2andl;=— .12
n2 n2
Vi_ mnlyp V2
Hence n- (n2) 12

V1 N .
But T R/ = effective input resistance

2 . .
And ‘11—2 = R, = effective output resistance
Therefore,
R'= (&) Ri= nR
L= n2 L= L

number of turns in primary _ nl

Where nN=

number of turns in secondary ~ n2
A power amplifier may be matched by taking proper turn ratio in step down transformer.

CIRCUIT OPERATION

» Ifthe peak value of the collector current due to signal is equal to zero signal collector current,
then the maximum a.c. power output is obtained.

» So, in order to achieve complete amplification, the operating point should lie at the center
of the load line.

» The operating point obviously varies when the signal is applied. The collector voltage varies
in opposite phase to the collector current.

» The variation of collector voltage appears across the primary of the transformer.

» The input power under dc condition will be

(Pin )dc = (Ptr)dc =V¢c. |CQ

Vcce .IC
Here (Po)ac= Yee 160
(P0)ac _ Vcc.ICQ _ 1_ o
(Pin)dc  2Vcc.ICQ 2 50%
» The efficiency of a class A power amplifier is nearly 30% where as it has got improved to 50%

by using the transformer coupled class A power amplifier.

Therefore collector efficiency,

ADVANTAGES




The advantages of transformer coupled class A power amplifier are as follows.

v

v
v
v

No loss of signal power in the base or collector resistors.
Excellent impedance matching is achieved.

Gain is high.

DC isolation is provided.

DISADVANTAGES

The disadvantages of transformer coupled class A power amplifier are as follows.

4
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Low frequency signals are less amplified comparatively.
Hum noise is introduced by transformers.
Transformers are bulky and costly.

Poor frequency response.

APPLICATIONS

The applications of transformer coupled class A power amplifier are as follows.

v
v

This circuit is where impedance matching is the main criterion.
These are used as driver amplifiers and sometimes as output amplifiers.

CLASS A PUSH PULL AMPLIFIER

>

In class A power amplifier the main problems that should be dealt with are low power output
and efficiency. It is possible to obtain greater power output and efficiency than that of the
Class A amplifier by using a combinational transistor pair called as Push-Pull configuration.
In this circuit, we use two complementary transistors in the output stage with one transistor
being an NPN or N-channel type while the other transistor is a PNP or P-channel (the
complement) type connected in order to operate them like PUSH a transistor to ON and PULL
another transistor to OFF at the same time. This push-pull configuration can be made in class
A, class B, class C or class AB amplifiers.

CONSTRUCTION OF PUSH-PULL CLASS A POWER AMPLIFIER

o I BN - B

—
Biasing
network

T e :-iJ

(Ie)
Input <2
transformer

—
Load

Push pull Output
circuit transformer

In Push-pull arrangement, the two identical transistors T; and T, have their emitter terminals
shorted.

The input signal is applied to the transistors through the transformer T, which provides
opposite polarity signals to both the transistor bases.

The collectors of both the transistors are connected to the primary of output transformer Tp..
Both the transformers are center tapped. The Vc supply is provided to the collectors of both
the transistors through the primary of the output transformer.
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The resistors R; and R; provide the biasing arrangement. The load is generally a loudspeaker
which is connected across the secondary of the output transformer. The turns ratio of the
output transformer is chosen in such a way that the load is well matched with the output
impedance of the transistor. So maximum power is delivered to the load by the amplifier.

CIRCUIT OPERATION

>

The output is collected from the output transformer Tra. The primary of this transformer

Tr2 has practically no dc component through it.
The transistors T1 and T, have their collectors connected to the primary of transformer T2 so
that their currents are equal in magnitude and flow in opposite directions through the
primary of transformer Ty».
When the a.c. input signal is applied, the base of transistor T; is more positive while the base
of transistor T is less positive. Hence the collector current ic1 of transistor T; increases while
the collector current ic2 of transistor T, decreases.
These currents flow in opposite directions in two halves of the primary of output
transformer. Moreover, the flux produced by these currents will also be in opposite
directions.
Hence, the voltage across the load will be induced voltage whose magnitude will be
proportional to the difference of collector currents i.e.
(icl_icz)
Similarly, for the negative input signal, the collector current i; will be more than ic. In this
case, the voltage developed across the load will again be due to the difference
(icl_icZ)
As ic2>ic1
The polarity of voltage induced across load will be reversed.
ic1—ic2= ic1+(=ic2)

(g

ic1 * (Hic2)

ic2

\ Addition
(o | \ >
/e *+ (Fie2) ’ \/
.

. A
~le2

e |

The overall operation results in an a.c. voltage induced in the secondary of output
transformer and hence a.c. power is delivered to that load.

Itis understood that, during any given half cycle of input signal, one transistor is being driven
(or pushed) deep into conduction while the other being non-conducting (pulled out). Hence
the name Push-pull amplifier. The harmonic distortion in Push-pull amplifier is minimized
such that all the even harmonics are eliminated.




ADVANTAGES

The advantages of class A Push-pull amplifier are as follows
e High a.c. output is obtained.
e The output is free from even harmonics.
e The effect of ripple voltages is balanced out. These are present in the power supply due to
inadequate filtering.

DISADVANTAGES

The disadvantages of class A Push-pull amplifier are as follows
e The transistors are to be identical, to produce equal amplification.
e Center-tapping is required for the transformers.
o The transformers are bulky and costly.

CLASS B OPERATION

» When the collector current flows only during the positive half cycle of the input signal, the
power amplifier is known as class B power amplifier.

» The biasing of the transistor in class B operation is in such a way that at zero signal condition,
there will be no collector current. The operating point is selected to be at collector cut off
voltage. So, when the signal is applied, only the positive half cycle is amplified at the output.

» The figure below shows the input and output waveforms during class B operation.

IC‘

A.C. Loadline

(IC) max

Vce

(Vee)a= Vee

» When the signal is applied, the circuit is forward biased for the positive half cycle of the input
and hence the collector current flows. But during the negative half cycle of the input, the
circuit is reverse biased and the collector current will be absent. Hence only the positive half
cycle is amplified at the output.

» As the negative half cycle is completely absent, the signal distortion will be high. Also, when
the applied signal increases, the power dissipation will be more. But when compared to class
A power amplifier, the output efficiency is increased.

» Well, in order to minimize the disadvantages and achieve low distortion, high efficiency and
high output power, the push-pull configuration is used in this class B amplifier.




CLASS B PUSH-PULL AMPLIFIER

Though the efficiency of class B power amplifier is higher than class A, as only one half cycle of the
input is used, the distortion is high. Also, the input power is not completely utilized. In order to
compensate these problems, the push-pull configuration is introduced in class B amplifier.

CONSTRUCTION

» The circuit of a push-pull class B power amplifier consists of two identical transistors T; and
T, whose bases are connected to the secondary of the center-tapped input transformer T;.
The emitters are shorted and the collectors are given the Vcc supply through the primary of
the output transformer T,.

» The circuit arrangement of class B push-pull amplifier, is same as that of class A push-pull
amplifier except that the transistors are biased at cut off, instead of using the biasing
resistors. The figure below gives the detailing of the construction of a push-pull class B power
amplifier.

.| |
i

Vec Load

VT@”—Q

Ic2 ,_,l
OPERATION

» The circuit of class B push-pull amplifier shown in the above figure clears that both the
transformers are center-tapped. When no signal is applied at the input, the transistors T; and
T, are in cut off condition and hence no collector currents flow. As no current is drawn from
Vce, no power is wasted.

» When input signal is given, it is applied to the input transformer T,1 which splits the signal
into two signals that are 180° out of phase with each other. These two signals are given to
the two identical transistors T; and T.

» For the positive half cycle, the base of the transistor T; becomes positive and collector current
flows. At the same time, the transistor T, has negative half cycle, which throws the transistor
T, into cutoff condition and hence no collector current flows. The waveform is produced as
shown in the following figure.
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» For the next half cycle, the transistor T; gets into cut off condition and the transistor T, gets
into conduction, to contribute the output.

» +Hence for both the cycles, each transistor conducts alternately. The output transformer
Tr2 serves to join the two currents producing an almost undistorted output waveform.

POWER EFFICIENCY OF CLASS B PUSH-PULL AMPLIFIER

The current in each transistor is the average value of half sine loop.

For half sine loop, l4c is given by
(IC)max
lge= ———

Therefore,

(pin)dc=2><[(lc)ﬂﬂxvcc]

Here factor 2 is introduced as there are two transistors in push-pull amplifier.
I
R.M.S. value of collector current = ¢ c‘)/’;‘ax

R.M.S. value of output voltage = %

Under ideal conditions of maximum power

Therefore,

_ (I0)max VCC _ (IC)max.VCC
(Po)ac= V2o N2 T 2

Now overall maximum efficiency
(PO)ac
(Pin)
_ (Imax.vCC T
- 2 "2.(IC)max.VCC

N overall =0.785=78.5%=mn4=0.785=78.5%
Hence the class B push-pull amplifier improves the efficiency than the class A push-pull amplifier.

N overall =

OSCILLATORS

» An oscillator is a device, which produces an output signal without any input signal of any
desired frequency.
» It keeps producing an output signal, so long as the dc power is supplied.
» It simply converts unidirectional current drawn from a dc source of supply into alternating
current of desired frequency. Therefore, sometimes called an inverter.
TYPES OF OSCILLATOR




The electronic oscillator can be broadly classified into the following two categories:
1.SINUSOIDAL OR HARMONIC OSCILLATORS

The oscillators which provide an output having a sine waveform known as sinusoidal or harmonic
oscillators

2.NON-SINUSOIDAL OR RELAXATIONOSCILLATORS

The oscillators which provides an output having a square, rectangular or saw tooth waveform are
known as non-sinusoidal or relaxation oscillator.

The sinusoidal oscillator can be further sub divided into the following types:

i)TUNED CIRCUIT OSCILLATOR

These oscillators use a tuned circuit consisting of inductors (L) and capacitors (C) and are used to
generate high frequency signals. Hence they are also known as radio frequency (R.F) oscillator.
Such oscillators are Hartley, Colpitt, clap oscillator.

ii)RC OSCILLATORS

These oscillators use resistors and capacitors .RC oscillators are used to generate low or audio
frequency signal. Thus they are also known as audio frequency (A.F) oscillators.

Such oscillators are Phase shift and Wien bridge oscillator.

iii)CRYSTAL OSCILLATOR

These oscillator use quartz crystals and are used to generate highly stabilized output signal with
frequency up to 10 MHz

The pierce oscillator is an example of crystal oscillator

iv)NEGATIVE RESISTANCE OSCILLATORS

These oscillators use negative resistance characteristic of the devices such as tunnel diodes.

A tunnel diode oscillator is an example of negative resistance oscillator.

ESSENTIAL OF TRANSISTOR OSCILLATOR

The transistor oscillator has following essential parts

i)TANK CIRCUIT

The tank circuit consists of an inductance L connected in parallel with capacitor C

Itis known as frequency determining network

The frequency of oscillation in the circuit depends upon the values of inductance and capacitance.
ii)TRANSISTOR AMPLIFIER

The function of the amplifier is to amplify the oscillations produced by LC circuit.

The amplifier receives dc power from battery and converts it into ac power for supplying to the tank
circuit.

The oscillation produced in tank circuit are applied to the input of the transistor.

The transistor increases the output of these oscillations.

iii)FEEDBACK CIRCUIT

The function of feedback circuit is to transfer a part of the output energy to LC circuit in proper
phase.

When the feedback is positive, the overall gain of the amplifier is
A
Ar= 1-AB
Where AB is feedback factor or loop gain.
If AB=1, A¢= co. Thus the gain becomes infinity i.e. there is output without any input. In another
words, the amplifier works as oscillator.

The condition AB=1 is known as Barkhausen criterion of oscillation.
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Tuned Collector Oscillator

TUNED COLLECTOR OSCILLATOR

>

The transformer and the capacitor is connected to the collector side of the transistor.
The oscillator here produces a sine wave.

Ri1and R, form the voltage divider bias for the transistor. Re refers to the emitter resistor
and is there to provide thermal stability.

Ce is used to bypass the amplified ac oscillations and is the emitter bypass capacitor. C; is
the bypass capacitor for resistor R.

The primary of the transformer, L; along with capacitor C; forms the tank circuit and it is
from these two elements, we will get the oscillations.

Transistor causes a phase shift of 180 degrees when it amplifies an input voltage.

The transformer helps in giving a positive feedback

WORKING PRINCIPLE

>

When the power supply is switched on, the capacitor C; starts charging. When it is fully
charged, it starts to discharge through the inductor L.

The energy stored in the capacitor in the form of electrostatic energy gets converted to
electromagnetic energy and gets stored in the inductor L;.

Once the capacitor discharges completely, the inductor starts charging the capacitor again.
This is because inductors do not the current through them change quickly and hence it will
change the polarity across itself and keep the current flowing in the same direction.

The capacitor starts charging again and the cycle continues in this manner. The polarity
across the inductor and capacitor changes periodically and hence we get an oscillating signal
as the output.

The Coil L, gets charged through electromagnetic induction and feeds this to the transistor.
The transistors amplify the signal, which is taken as the output. Part of the output is fed back
to the system in what is known as positive feedback.

The transformer introduces a phase shift of 180 degrees and the transistor also introduces a
phase shift of 180 degrees too. So in total, we get a 360-degree phase shift and this is fed
back to the tank circuit. Positive feedback is necessary for sustained oscillations.

The frequency of oscillation depends on the value of the inductor and capacitor used in the
tank circuit and is given by:
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Where,

F = Frequency of the oscillation.

L, = value of the inductance of primary of the transformer L;.
C; = value of capacitance of capacitor C;.

HARTLEY OSCILLATOR

Hartley Oscillator is a type of harmonic oscillator. These are used to produce the waves in
the range of radio frequency and hence are also referred to as RF Oscillators.

Its frequency of oscillation is decided by its tank circuit which has a capacitors connected in
parallel with the two serially connected inductors.

Here the Rcis the collector resistor while the emitter resistor Re forms the stabilizing
network. Further the resistors R; and R; form the voltage divider bias network for the
transistor in common-emitter CE configuration.

The capacitors Ciand C, are the input and output decoupling capacitors while the emitter
capacitor Cg is the bypass capacitor used to bypass the amplified AC signals.

WORKING PRINCIPLE

>

On switching ON the power supply, the transistor starts to conduct, leading to an increase in
the collector current, Ic which charges the capacitor C. On acquiring the maximum charge
feasible, C starts to discharge via the inductors L; and L,.

This charging and discharging cycles result in the damped oscillations in the tank circuit.

The oscillation current in the tank circuit produces an AC voltage across the inductors L; and
L, which are out of phase by 180° as their point of contact is grounded.

The output of the amplifier is applied across the inductor L; while the feedback voltage
drawn across L; is applied to the base of the transistor.

The output of the amplifier is in-phase with the tank circuit’s voltage and supplies back the
energy lost by it while the energy fed back to amplifier circuit will be out-of-phase by 180°.
The feedback voltage which is already 180° out-of-phase with the transistor is provided by
an additional 180° phase-shift due to the transistor action.

Hence the signal which appears at the transistor’s output will be amplified and will have a
net phase-shift of 360°.

The frequency of such an oscillator is given as

1
P= e
QT"R-/ L.¢fC




Where,
L.ss is the ef fective series inductance which is expressed as

Less = Ly + La; if the coils are wound on di f ferent cores

Legs = Ly + Lo + 2M; if the coils are wound on the same core

COLPITT OSCILLATOR

Tank Circuit

Colpitt Oscillator is a type of LC oscillator. It consists of a tank circuit in which an inductor L
is connected in parallel to the serial combination of capacitors C; and C,.

Rcis the collector resistor, R is the emitter resistor which is used to stabilize the circuit and
the resistors Ry and R, form the voltage divider bias network.

The capacitors Ciand C, are the input and output decoupling capacitors while the emitter
capacitor Cg is the bypass capacitor used to bypass the amplified AC signals.

WORKING PRINCIPLE

>

As the power supply is switched ON, the transistor starts to conduct, increasing the collector
current Ic due to which the capacitors C; and C; get charged.

On acquiring the maximum charge feasible, they start to discharge via the inductor L.

During this process, the electrostatic energy stored in the capacitor gets converted into
magnetic flux which in turn is stored within the inductor in the form of electromagnetic
energy.

The inductor starts to discharge which charges the capacitors once again. Likewise, the cycle
continues which gives rise to the oscillations in the tank circuit.

The output of the amplifier appears across C; and thus is in-phase with the tank circuit’s
voltage.

On the other hand, the voltage feedback to the transistor is the one obtained across the
capacitor C;, which means the feedback signal is out-of-phase with the voltage at the
transistor by 180°.

This is due to the fact that the voltages developed across the capacitors C; and C; are
opposite in polarity as the point where they join is grounded.

Further, this signal is provided with an additional phase-shift of 180° by the transistor which
results in a net phase-shift of 360° around the loop, satisfying the phase-shift criterion of
Barkhausen principle.

At this state, the circuit can effectively act as an oscillator producing sustained oscillations by
carefully monitoring the feedback ratio given by (C; / C,). The frequency of such a Colpitts
Oscillator depends on the components in its tank circuit and is given by

o1
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Where, the Ce is the effective capacitance of the capacitors expressed as
T T
C,C,
Cy+ Cy

RC PHASE SHIFT OSCILLATOR
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» It uses resistor-capacitor (RC) network to provide the phase-shift required by the feedback
signal. They have excellent frequency stability and can yield a pure sine wave for a wide
range of loads.

» Ideally a simple RC network is expected to have an output which leads the input by 90°.

» However, in reality, the phase-difference will be less than this as the used in the
circuit cannot be ideal. Mathematically the phase angle of the RC network is expressed as

Where, Xc= 1/(2nfC) is the reactance of the capacitor C and R is the

» In oscillators these kind of RC phase-shift networks, each offering a definite phase-shift can
be cascaded so as to satisfy the phase-shift condition led by the Barkhausen Criterion.

» RC phase-shift oscillator is formed by cascading three RC phase-shift networks, each
offering a phase-shift of 60°.

» Here the collector resistor R¢ limits the collector current of the transistor, resistors Ry and R
form the voltage divider network while the emitter resistor Re improves the stability.

» The capacitors Ce and C, are the emitter by-pass capacitor and the output DC decoupling
capacitor, respectively.

» Further, the circuit also shows three RC networks employed in the feedback path.

> This arrangement causes the output waveform to shift by 180° during its course of
travel from output terminal to the base of the transistor.

> This signal will be shifted again by 180° by the transistor in the circuit due to the fact
that the phase-difference between the input and the output will be 180° in the case of
common emitter configuration.

> This makes the net phase-difference to be 360°, satisfying the phase-difference
condition.
The generalized expression for the frequency of oscillations produced by a RC phase-
shift oscillator is given by

1
f=
2rRCv/2N

Where, N is the number of RC stages formed by the resistors R and the capacitors C.




WEIN BRIDGE OSCILLATOR

»— Qutput

Wien-Bridge
Network

» A Wien-Bridge Oscillator is a type of phase-shift oscillator which is based upon a Wien-
Bridge network comprising of four arms connected in a bridge fashion.

» Here two arms are purely resistive while the other two arms are a combination of resistors
and capacitors.

» In particular, one arm has resistor and capacitor connected in series (R; and C;) while the
other has them in parallel (R2 and Cy).

» This indicates that these two arms of the network behave identical to that of high pass filter
or low pass filter.

High Pasi Filter

| R1 C1|

b

Input R, %j [ Qutput

N
Low Pass Filter

» At high frequencies, the reactance of the capacitors C; and C; will be much less due to which
the voltage Vo will become zero as R, will be shorted.

» Atlow frequencies, the reactance of the capacitors C; and C, will become very high due to
which the output voltage Vo will remain at zero only, as the capacitor C; would be acting as
an open circuit.

» Between these two high and low frequencies, there exists a particular frequency at which
the values of the resistance and the capacitive reactance will become equal to each other,
producing the maximum output voltage. This frequency is referred to as resonant frequency.
The resonant frequency for a Wein Bridge Oscillator is calculated using the following

formula:
1

fr - 2‘:‘1’\.«* RlC‘l RgCg

ifRi=Ry=Rand Cy, =Cy =C
L
2mRC

» Further, at this frequency, the phase-shift between the input and the output will become
zero and the magnitude of the output voltage will become equal to one-third of the input
value.

» In the case of Wien-Bridge oscillator, the Wien-Bridge network will be used in the feedback
path as shown in Figure.

then f, =
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In these oscillators, the amplifier section will comprise of two-stage amplifier formed by the
transistors, Q; and Qz, wherein the output of Q; is back-fed as an input to Qi via Wien-Bridge
network. Here, the noise inherent in the circuit will cause a change in the base of Qu
which will appear at its collector point after being amplified with a phase-shift of 180°.

This is fed as an input to Qz via C4 and gets further amplified and appears with an additional
phase-shift of 180°. This makes the net phase-difference of the signal fed back to the Wien-
Bridge network to be 360°, satisfying phase-shift criterion to obtain sustained oscillations.
However, this condition will be satisfied only in the case of resonant frequency, due to which
the Wien-Bridge oscillators will be highly selective in terms of frequency, leading to a
frequency-stabilized design.

3k 3k % %k %k %k %k




FIELD EFFECT TRANSISTOR

The field effect transistor is a three terminal unipolar semiconductor device in which current is
controlled by an electric field.
In a broad sense, there are two main types of field effect transistor as under

1. Junction field effect transistor (JFET)

2. Metal oxide semiconductor field effect transistor (MOSFET)

CLASSIFICATION

FET

JFET MOSFET

N-channel p-channel Depletion type Enhancement type

p-channel N-channel

p-channel N-channel

ADVANTAGE OF FET OVER BJT
< FET s a unipolar device,depending upon majority carriers.
< FET has high input resistance.
% FETis less noisy than BJT
% FETis relatively less affected by radiation
«* It has better thermal stability
% Inintegrated form,the fabrication of FET is simpler and it occupies less space.
< FET has smaller size,longer life and high efficiency.
¢ FET has very high power gain.

CONSTRUCTION

Drain
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CGate
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Source
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FET can be fabricated with either N channel or P channel.

For the fabrication of N channel JFET first a narrow bar of N type of semiconductor material
is taken and then two P type junction are defused on opposite sides of its middle part called
channel.

The two regions are internally connected to each other with a signal lead which is called
Gate terminal.which is heavily doped regions that form two PN junctions.

The terminal through which majority carriers are entered in the bar is called Source
terminal.

The terminal through which the majority carriers leadsthe bar is called Drain.

PRINCIPLE OF OPERATION OF FET

Drain Terminal (D)

Gate Terminal (G)

N Channel JFET i

The application of negative gate voltage or positive drain voltage with respect to source,
reverse biases the gate-source junction of N-channel JFET.

The effect of reverse bias voltage is to form the depletion regions within the channel.

When a voltage is applied between the drain and source with a dc supply voltage (Voo), the
electrons tends to flow from source to drain side through the narrow channel existing
between the depletion regions.

This constitute the drain current (l4) and its conventional direction is indicated from drain-to-
source.

The value of this drain current is maximum when no external voltage is applied between the
gate and the source and is designated by Ipss.

When the gate-to-source voltage (Ves) is applied by a dc supply (Vss) and increased above
zero, the reverse bias voltage across the gate-source junction is increased.

Drain Terminal (D)

Gate Terminal (G)

Ve 7;1

N Channel JFET "




e Because of this, the depletion regions are widened. This reduces the effective width of the
channel and hence controls the flow of drain current through the channel.

e When the gate-to-source voltage (Vas) is further increased, a stage is reached at which two
depletion regions touch each other.

e At this gate-to-source voltage, the channel is completely blocked or pinched off and drain
current is reduced to zero.

e The drain-to-source voltage (Vps) at which the drain current is zero (or completely cut off) is
known as pinch off voltage.

CHARACTERISTIC OF JFET
Io (ma) Breakdown
Region
15
Saturation Region
Ohmic Region Vas= OV
loss|- =71 — — =
10 l Vas= -1V
Vas= -2v
5 Vas= -3V
VaGs= -4V
Cutoff Region
5 10 15 20

Vos (V)

e The curve plotted between drain current Ip and drain-to-source voltage Vps considering
various value of gate-to-source voltage Vgs.

e When the positive voltage is applied to the drain to source terminal of JFET and when the
gate to source voltage is zero, the Drain current starts flowing and the device is said to be
in ohmic region.

e Asthe drain voltage is increased the channel of conductance tends to become narrower and
current at the drain terminal gets smaller

e Ata particular drain to source voltage called the pinch-off voltage the drain current reaches
the saturation level.

e Now if a negative voltage is applied to the gate terminal then, in that case, the channel
present at the gate is reverse biased and the saturation current starts decreasing further. At
a particular gate voltage, the device stops conduction this is called the cut-off-voltage.

e Butif the drain to source voltage is increased further then the device reaches the
breakdown region in which the drain current increases indefinitely.

FET PARAMETERS

1.DC drain resistance
It is also known as static or ohmic resistance of the channel and is given by the ratio of drain-to-
source voltage (Vps) to the drain current (Ip).

Mathematically, the dc drain resistance is expressed as
Roc= Y25
DS = D

2.AC drain resistance
It is also known as dynamic drain resistance and is the a.c resistance between the drain and the
source terminal when the JFET is operating in the pinch off or saturation region.




It is given by the ratio of small change in drain-to-source voltage (AVps) to the corresponding change
in drain current (Alp) for a constant gate-to-source voltage (Vas).
Mathematically, the ac drain resistance is expressed as

AVDS
frg= ——
AID

3.Trans-conductance
It is the ratio of small change in drain current (Alp) to the corresponding change in gate-to-source
voltage (AVes) for a constant drain-to-source voltage (Vops).

Mathematically, the Trans-conductance is expressed as

AID

8m=1vas

The value of trans-conductance (gm) is expressed in Siemens or mhos. The value of g varies
depending upon the location on the curve as set by the gate-to-source voltage. It has greater value
near the top of the curve than near the bottom.

BIASING OF FET

Biasing deals with setting a fixed level of current which should flow through the FET with a desired
fixed voltage drop across the FET junction.

The commonly used biasing circuits for FET are as under

1.Fixed bias circuit

2.Self bias circuit

3.Voltage divider bias circuit

Whatever be the biasing method, the gate-source junction of a JFET will always be reverse biased.
The general relationships which can be applied to the dc analysis of all FET amplifier are lc= 0 and Ip
= s.

1.FIXED BIAS

VGG:T

L

The fixed bias circuit is also known as gate bias circuit.

In the circuit, a battery Vg is used such that its negative terminal is connected to the gate through Rg
and positive terminal is earthed. This battery ensures that gate-source junction is reverse-biased.
Here, there is no gate current i.e. Ic=0. So there is no voltage drop across Re.

As zero voltage drop across Rg so it is short circuit in case of d.c analysis.

For d.c analysis lc=0




Applying Kirchhoff’s voltage law to the input circuit, we have
Ve + Vgs=0
i.e. Ves = - Vaa

The drain current is given by

VGS
lo=lpss[1 — W]Z

Applying Kirchhoff’s voltage law to output circuit,
Vps =Voo- Ip. Rp

Since Vg s fixed value of d.c supply and the magnitude of Vgs is also fixed, hence the circuit is
named as Fixed bias circuit.

2. SELF BIAS

In this circuit, there is only one drain supply and no gate supply.
The gate terminal is connected through a resistor (Rg) to the ground.
The source terminal is connected through (Rs) to the ground.
When the drain voltage is applied, a drain current flows even if there is no gate current.
The drain current produces a voltage drop across resistor Rs. The voltage drop produces the gate-to-
source reverse voltage required for an FET operation.
The resistor Rs is known as feedback or bias resistor. Its function is to prevent any variation in the
FET drain current.
Here we assume that the gate terminal is at zero voltage, the gate voltage with respect to ground, i.e
Ve =0
The source voltage with respect to ground is given by,

Vs =Ip.Rs
And the drain voltage is given by,

Vb= Vop- Io.Rp
The drain-to-source voltage (Vps) is equal to the difference between the drain voltage (Vp) and the
source voltage (Vs)

Vbs=Vp- Vs

Vs = (Voo - Ip.Ro)- Ip .Rs = Vop—Ip(Ro+Rs)

The gate-to-source voltage (Vas) is equal to the difference between the gate voltage(Vs) and the
source voltage (Vs)
i.e. Ves=Ve-Vs=0-1p.Rs=-1p.Rs




The gate-to-source voltage is equal to the negative of the voltage across the source resistor. Hence
greater the value of drain current, more negative will be the gate-to-source voltage.

3.VOLTAGE DIVIDER BIAS

The name voltage divider is derived from the fact that the resistor R; and R; are connected on the
gate side form a voltage divider across drain supply Vop.

The gate voltage Vgis given by
_VDD.R2
Vo= R1+R2
The source voltage Vs is given by

Vs= Vg - Vs
|D. Rs= VG- VGs
VGs = VG- |D- Rs
The circuit is so designed that Ip. Rs is larger than Vg so that Vgsis negative.

The value of drain current will be

Vs _VG-VGS
E ~  Rs
The drain-to-source voltage is

Vps = Vop - Io(Ro+Rs)

|D=
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OPERATIONAL AMPLIFIER

Operational amplifier is a DC coupled high gain differential amplifier with a single output.
Using op-amp it is possible to perform different mathematical operations (by connecting few
external capacitors and resistors) like addition, subtraction, integration, differentiation etc.
Op-amp consists of two inputs:

l.Inverting

2.Non-inverting

CIRCUIT SYMBOL:

+Vs
Inverting
Terminal o—H — Output
Non-Invertin® £
Terminal
-Vs

IC741 OP-AMP:

Op-amp IC comes in the following form factors:

e 8 Pin DIP Package
e TO5-8 Metal can package
e 8PinSOIC
PINOUT OF IC 741 & THEIR FUNCTION

N/C DIP-8
8 1\ )
Offset
V+
Null () 1 7 Offset
Null() ! 8 N/C
= Inverting 2 7 V+
Inverting 2 6 Out Ipput
Input Non-Inverting 3 6 Out
+ Input
- 5 Offset
5 s v 4 Null (+)

Offset
Non-Inverting Null (+)

Input

e Pin4 & Pin7 (Power Supply): Pin7 is the positive voltage supply terminal and Pin4 is the

negative voltage supply terminal. The 741 IC draws in power for its operation from these pins.
The voltage between these two pins can be anywhere between 5V and 18V.

Pin6 (Output): This is the output pin of IC 741. The voltage at this pin depends on the signals
at the input pins and the feedback mechanism used. If the output is said to be high, it means
that voltage at the output is equal to positive supply voltage. Similarly, if the output is said to
be low, it means that voltage at the output is equal to negative supply voltage.

Pin2 & Pin3 (Input): These are input pins for the IC. Pin2 is the inverting input and Pin3 is the
non-inverting input. If the voltage at Pin2 is greater than the voltage at Pin3, i.e., the voltage
at inverting input is higher, the output signal stays low. Similarly, if the voltage at Pin3 is
greater than the voltage at Pin2, i.e., the voltage at non-inverting input is high, the output
goes high.

Pin1 & Pin5 (Offset Null): Because of high gain provided by 741 Op-Amp, even slight
differences in voltages at the inverting and non-inverting inputs, caused due to irregularities




in manufacturing process or external disturbances, can influence the output. To nullify this
effect, an offset voltage can be applied at pinl and pin5, and is usually done using a
potentiometer.

e Pin8 (N/C): This pin is not connected to any circuit inside 741 IC. It’s just a dummy lead used
to fill the void space in standard 8 pin packages.

OPERATIONAL AMPLIFIER STAGES

Non-inverting input

Intermedi- Level
ate Stage Shifting Output

Inverting input

Dual-input Dual-input Emitter follower Complementary
balanced-output unbalanced-output with constant symmetry push-pull
Differential amplifier differential amplifier current source amplifier

A general purpose op-amp is a multi-stage circuit. In general, it consists of four stage. It has two
differential amplifier followed by level shifter and an output stage.
INPUT STAGE:
The input stage is a dual-input, balanced output differential amplifier. The function of differential
amplifier is to provide most of the voltage gain to op-amp. The differential amplifier in the input
stage rejects the common noise signals present at the input terminal and amplifies only the
difference between the input signals.
INTERMEDIATE STAGE:
The intermediate stage is a dual input, unbalanced output differential amplifier. This is driven by the
output of first stage and is used to provide some additional gain. There is direct coupling between
the first two stages. So the D.C level at the output of intermediate stage is well above the ground
level. This is undesirable.
LEVEL SHIFTING STAGE:
As direct coupling is used, the D.C at the output of the intermediate stage is well above the ground
potential. Therefore, level shifter circuit is used after intermediate stage. Usually this is an emitter
follower using constant current source. The function of level shifter is to shift the D.C level at the
output of intermediate stage downwards to zero volt with respect to ground.
OUTPUT STAGE:
The output stage is generally push pull or complementary symmetry push pull amplifier. Its function
is to increase large output voltage swing capability, large output swing capability of amplifier and to
provide low output resistance.

EQUIVALENT CIRCUIT OF OPERATIONAL AMPLIFIER

Non-inverting J V2
Terminal
Output
Via
Vo = AV,
Inverting >
Terminal Vi

The basic operating principles of an op-amp can be analyzed with the help of the equivalent circuit.
The output voltage is given by




Vo=A. Vig- A (V2- V1)

where

A = large signal voltage gain

Viq = differential input voltage

V; = voltage at Inverting terminal with respect to ground

V, = voltage at non-inverting terminal with respect to ground.

The output voltage is directly proportional to the algebraic difference between the inputs. The op-
amp amplifies this difference voltage, not the input voltages themselves. For this reason the polarity
of the output voltage depends on the polarity of the difference voltage.

An ideal op-amp is usually considered to have the following characteristics:
Infinite open-loop gain

Infinite input impedance

Zero input offset voltage.

Infinite output voltage range.

Infinite bandwidth with zero phase shift

Infinite slew rate.

Zero output impedance

Infinite CMRR.
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OPEN LOOP OP-AMP CONFIGURATION
In open-loop op-amp configuration, there is no connection between input and output and the op-
amp works as a very high gain amplifier. The three open loop op-amp configurations are

a) Differential amplifier

b) Non-inverting amplifier

c) Inverting amplifier

a. DIFFERNTIAL AMPLIFIER:

oo

Vo

\Vin

In open-loop differential amplifier, inputs are applied at both the inverting and non-inverting
terminals. Since the difference between the two input signals is amplified, the configuration is called
the differential amplifier.

We know that A=Vo / Vig

\AJZ#\.\hd ::/\(\/1-\/2)
Where Vi =voltage at the non-inverting terminal
V, = voltage at the inverting terminal

Here the output is A times of difference between two input voltages. The polarity of the output voltage
depends upon the polarity of input difference voltage.




b. NON-INVERTING AMPLIFIER:

+\Wce

In non-inverting configuration, input is applied at the non-inverting terminal of the op-amp and
inverting terminal is grounded. Also the output of non-inverting amplifier is in phase with the input.

We know that for an Open loop gain

A=Vo [/ Vig

Vo=A.Vig =A (V1 -V,)
Here V,=0
So Vo=A.Vi=A. Vi

The above equation shows that the output is A times larger than input and is in phase with the input.

c. INVERTING AMPLIFIER:

+Woo

Wi

In inverting configuration, the input is applied at the inverting terminal and the non-inverting terminal
is grounded. Also the output of inverting amplifier is out of phase with the input.
We know that Open loop gain
A=Vo / Vi
Vo =A. Vid = A (V1 - Vz)
HereV; =0
So Vo=-A.V2=A.Vin

The above equation shows that the output is A times larger than the input and is opposite in phase.

CLOSED LOOP OP-AMP CONFIGURATION
=  Anopen loop op-amp cannot be used in liner applications.

=  However, an op-amp can be effectively used in linear applications by introducing feedback
from the output to the input.

» |f the signal feedback is out of phase by 180° with respect to the input, then the feedback is
called negative feedback.

= Onthe other hand, if the signal feedback is in phase with that of the input then the feedback
is called positive feedback.

= An op-amp that uses feedback is called a closed loop amplifier.




The most widely used closed loop configuration are
a) Inverting amplifier
b) Non-inverting amplifier

a. INVERTING AMPLIFIER

741 —oy

)Vin ,
i ! + VEE

In closed loop inverting amplifier, the input is applied at the inverting amplifier. The output of
inverting amplifier is out of phase by 180° with respect to the input.

The current lin flowing through R is

I = Vin—V2
1= "R
But V, =0, due to virtual short circuit.
Vin
Therefore l1 = -
. V2-V0
Similarly, I, = R
-Vo
As Vz =0 |2 = R

Now apply KCL at the node V,, we get
lh=h+l;s

But here 13=0 because ideal op-amp has an infinite input impedance and hence draws zero current.

Therefore l1=1,
Vin -Vo
So — = —
R1 Rf
Vo _ -Rf
Vin Rl

The factor % is called the closed loop gain A

RE

Thus, Af = -
R1

b. NON- INVERTING AMPLIFIER

Re
AAAAY
|—> 12
11 R1 V2 -+ VCC
‘L AWW—— 2=
e
2 Via 741 2 Vout
» A\ =
Vin+ 3 + Ve

In a closed loop non-inverting amplifier, the external input signal is applied at the non-inverting
terminal and the inverting terminal Is grounded.




The output of non-inverting amplifier is in phase with the input.
Applying Kirchhoff’s law at V;,
li=1;

The value of currents I and I, are given as

=22 and I,= 2272
1T R1 Y
vz vo-v2
So — =
R1 Rf
Vo 11
— = Vo(=+—)
Rf R1 ' Rf

vo _ Rf
V2 _(1+R1
- Rf

Af—(l-l- o1

Here the output voltage is in phase with the input voltage. This circuit offers a high input impedance
and low output impedance.

VOLTAGE FOLLOWER/BUFFER AMPLIFIER

Voltage follower is simply a circuit in which output follows the input means output voltage remains
same as input voltage.

v, O— +

Itis also known as buffer amplifier or unity gain amplifier.

If Ry is infinite means open circuit and R¢is zero means short circuit, the circuit of non-inverting
amplifier becomes voltage follower.
The gain for a closed loop non-inverting amplifier is expressed as

Af=1+ E
R1

Now, if R¢=0 (short)

And R1=c° (open)

Substitute these two condition in the above equation
Ai=1+0=1

Vo
_.=1
Vi

Vo= Vi
This means that the op-amp does not provide any amplification to the signal.

The voltage follower circuit is required when a signal from high impedance source is to be amplified
and no signal current is to be drawn.




DIFFERNTIAL AMPLIFIER

I R3
I R1 A
Vi@ d — - V)
cut
L Vi
Vo +
‘ R4
Ov
@ . @

A differential amplifier is a circuit which amplifies the difference between two voltages.
Voltages are applied at both the input terminal of op-amp and their amplified difference appears at
the output terminal.

V1-Va V2-Vb Va-Vout
I1= , = , lf= ———
R1 R2 R3
Substituting Va= Vb
And Vb= V2 (R2+R4

If  V2=0, then vout(a,=-v1(§)

R1+R3
If V1=0, then Voup= V2 (R2+R4) - )
Vout = Vout (a)+Vout (b)
R1+R3
S0 Vour = -V1 (_) + V2 (R2+R4 ( R1 )

When resistors, R1 = R2 and R3 = R4 the above transfer function for the differential amplifier can be
R3
Vout - E (VZ - Vl)

ADDER OR SUMMING AMPLIFIER

Since the input impedance of an op-amp is extremely large, more than one input signal can be applied
to the inverting or non-inverting amplifier. Such circuit gives the addition of the applied signals at the
output. Hence it is called as Summer or Adder circuit.

Inverting Adder:
R
AV
I
R
Vi ——\ -
lh—
R:

Vi —I-'\,.ﬂ._.ﬁ,.— r + _‘\-:\l
: !

Applying KCL at inverting terminal, we get
| = i+ 1
Substituting for the currents
0-Vo _ Vi-0 Vz-0
Rf ~ R1 R1
Vo Vi vz
Rf Rl R1
RfV1 RfV2
Vo=—(—+—")
R1 R1




If, R1=R2=R

Then Vo=-T(V1+ V2)

Thus the addition of the two input signals obtained with gain [-R¢/R ]
If Ri=R,

Then Vo=-(V1l+ V2)

Thus the addition of two inputs obtained. The negative sign indicates that input and output are
having 180 phase shift.

Non-inverting Adder:

Ry
Lt
|
Ri \
Vi —"W—

h— P

L

_\_n
V2 ——AM—— J_

Applying KCL at non-inverting terminal, we get
|1+|2=0
Substituting for the current, we get

Vi-V V2-V _
R1 R2
Vi V2

11
+—=V(=—+—
rtre T ViR TR

R1+R2 ) = V2R1+ViR2
RiR2 '~ RIR2

V= V2R1+Vi1R2
" R1+R2

0

Vi

........(€quation 1)

The current 'l' from the feedback path is given as,

Vo-V _ V-0

"R TR

Solving the above equation for Vo, we get

Vo V_V

Rf Rf R

Vo Rf+R

Rf ~ V(RfR)

Vo =V(Rf+R
R

Substituting voltage 'V' from equation (1) in above Vo equation

V2R1+V1R2) (Rf+R)
R1+R2 R

o R2(RE+R)
Vo = Vl[(R1+R2)R2

Vo =

R1(Rf+R)
] +V2 [(R1+R2)R2 ]

If, R1=R2=R=R¢
~Vo=V1+V2




INTEGRATOR

The integrator circuit produces an output voltage which is proportional to the time integral of the
input voltage. Due to this reason this is known as Integrator.

The integrator is an inverting op-amp in which feedback resistor Rshas been replaced by a capacitor
Cs.

Applying Kirchhoff’s current law at node V»
|1 = |B+ IF
Due to high input impedance R; of the op-amp, Is will be negligible as compared to I¢
Therefore 1= If
The basic relation between the current and voltage across a capacitor is

dvce
Ic= Cf? (1)
Vin -V2
But l1 = -~
Al’ld Vc= VZ_ VO
Substitute these values in equation (1)
Vin—VZ_Ci(V ~ Vo) 2)
R1 = f'dt 2 (o) T
Using the concept of virtual ground, we can write
V1 = Vz =0
Substituting this value into equation (2)
Vin d
T Cf.a (— Vo)
The output voltage can be obtained by integrating the above equation as under
1t
Vo _-Fcf fO Vin dt+C

Where C is the integration constant and it is proportional to the output voltage V, at t=0 seconds.

DIFFERENTIATOR

The function of the differentiator is to give an output voltage which is proportional to the rate of
change of the input voltage.

The differentiator is an inverting op-amp in which input resistance R; is replaced by a capacitor C;.

C1 Vo’
I
1o
Vin
e v,
A
Ig=0 : Rcomp = Rg

il

Applying Kirchhoff’s current law at node V»
le=lg+l¢ . (1)
But, since Iz = 0 the equation(1) will be

|c: |F R ) |

dVc
Here le=Cy 9 )




The voltage across C; is given by
Ve=Vin- V2
Substituting this in equation (3), we get
d
lc=C1 E(Vin -Va)

V2-V0
Now IF— RF
So equation (2) becomes
V2-V0
(VIn V,) = )

Using the concept of virtual ground we can write that

V1=V,=0
So equation (4) becomes

d -Vo

Cl_(vin) =—

Therefore, Vo=-Rs C1 (V.n)

Thus, the output is - Rt.C; tlmes the derivative of the input voltage.

COMPARATOR

Comparator is a circuit which compare two voltages and provides an output  that indicates the
relationship between them.

Hence, comparator may be used to compare

i. two changing voltages like two sine waves

ii. a changing voltage with a set dc reference voltage.

= Vmax

{a) Circuit b) Input-output waveforms
In comparator circuit, op-amp is operated in open-loop configuration.
The input voltage is applied to the non-inverting input terminal and a set d.c reference voltage Viefis
applied to the inverting terminal of the op-amp.
As the open loop gain of op-amp is very high, it goes into saturation even with small input voltage.
Thus the two possible output levels of this comparator are +Vmaxand - Vmax.
The transition of Vo from Vmax to - Vmax OF vice versa takes place when the input voltage Vicrosses the
Vet level.

CMRR (Common mode rejection ratio)
The common mode rejection ration is defined as the ratio of the differential voltage gain Aq4 to the
common mode voltage gain A..
Ad
CMRR =| |
Where
Aq=gain of op-amp when two different voltages are applied at the two inputs.

A. =common mode voltage gains of op-amp when the two terminals of op-amp are applied with the
same voltage from the same source.

SLEW RATE
The slew rate may be defined as the maximum rate of change of output voltage with time.
The slew rate is specified in V/u sec. This means that

dVout
|max

Slew rate =S =




