ANALOG ELECTRONICS

AIM & OBJECTIVES:

e To acquaint the students with construction, theory and characteristics of P-N junction
diode

e Analyze the different application of diodes

e To familiarize the student with the analysis and modelling of diode.

e Understand the characteristics of transistors.

e Design and analyze various rectifier and amplifier circuits. Design sinusoidal and non-
sinusoidal oscillators.

e Understand the functioning of OP-AMP and design OP-AMP based circuits.

PRE TEST

1. What is the barrier potential of a Silicon diode and Germanium Diode at room temperature?

a) Si=0.3, Ge=0.7
b) Si=0.7, Ge=1
c) Si=1, Ge=0.3
d) Si=0.7, Ge=0.3

2. Which is the most widely used semiconductor?

a) Copper

b) Germanium

c) Silicon

d) None of the above

3. The depletion region or space charge region or transition region in a semiconductor p-n
junction diode has

a) Electrons and holes.

b) Positive ions and electrons.
c) Positive and negative ions.
d) Negative ions and holes

4. In a P-N junction the positive voltage at which the diode starts to conduct consequently is
called.

a) Cut off voltage

b) Saturation voltage
¢) Knee voltage

d) Breakdown voltage



. A diode

a) Is the simplest of the semiconductor devices

b) Has a characteristic that closely follows that of a switch
c) Is two terminal device

d) All of the mentioned

. The emitter current Ie in a transistor is 3mA. If the leakage current IcBO is SpA and a=0.98,
calculate the collector and base current.

a) 3.64mA and 35pA

b) 2.945mA and 55pA

c) 3.64mA and 33pA

d) 5.89mA and 65pA

. In CB configuration, the value of 0=0.98A. A voltage drop of 4.9V is obtained across the
resistor of 5KQ when connected in collector circuit. Find the base current.

a) 0.01mA

b) 0.07mA

c) 0.02mA

d) 0.05mA

. For a MOSFET Vgs=3V, ldss=5A, and Id=2A. Find the pinch of voltage Vp
a) 4.08

b) 8.16

c) 16.32

d) oV

. The approximate input impedance of the opamp circuit which has Ri = 10k, Rf = 100k, RL =
10k

a)oo

b) 120k
€)110k
d) 10k

Calculate the frequency of oscillation for RC phase shift oscillator having the value of R
and C as 5Q and 7uF respectively.
a) 1230 Hz
b) 1857 Hz
¢) 502Hz
d) 673 Hz



PREREQUISITE

e Knowledge about PN junction, biasing
e Should know about circuit analysis.

MODULE | - DIODE CIRCUITS

INTRODUCTION

Based on the electrical conductivity all the materials in nature are classified as insulators,
Semiconductors, and conductors

materials

L~

Insulator Semiconductor Conductor

INSULATOR

An insulatorisamaterialthatoffersaverylow level (or negligible) of conductivity when voltage is
applied.

. Eg:Paper,Mica,glass,quartz.
. Typical resistivity level of an insulator is of the order of 1010 to 1012 Q-cm.
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CONDUCTOR

. A conductor isamaterialwhichsupportsa generousflow of
chargewhenavoltageis applied across terminals.i.e.it hasvery high conductivity.

. Eg:Copper,Aluminum,Silver, Gold.

. Theresistivityofaconductorisintheorderof 10 and 108Q-cm.

o

Conduction Band

P, overlap of bands

Valence Band

Band Energy

Energy bands in Conductors

SEMICONDUCTOR
. Asemiconductorisamaterialthathasits conductivity somewhere between the insulator
andconductor.
. The resistivity level is in the range of 10and104 Q-cm.
. Two of the most commonly used are Silicon (Si=14 atomic no.) and germanium (Ge=32
atomicno.).

o

Conduction Band

Small Forbidden Energy band

Band Energy

Valence Band

Energy bands in Semiconductors



Semiconductor

JK J/
Intrinsic extr('nsic

l V

P-Type N-Type

INTRINSIC SEMICONDUCTOR

. Apureformofsemiconductorsiscalledas intrinsic semiconductor. Conduction in
intrinsic semiconductor is either due to thermalexcitationorcrystaldefects.

. Si and Ge are the two most important semiconductors used.Other examples
include Gallium arsenide GaAs, Indium Antimonide (InSb) etc.

EXTRINSIC SEMICONDUCTOR

. Intrinsic semiconductor hasverylimitedapplicationsas theyconductverysmallamounts
ofcurrentatroom temperature.

. The current conduction capability of intrinsic semiconductorcanbeincreased
significantlybyadding a small amounts impurity to the intrinsic semiconductor.

. Byadding impuritiesitbecomesimpure orextrinsic semiconductor. This
process of adding impuritiesis called as doping.

. The amountof impurity added is1part in10%toms.

N-TYPE SEMICONDUCTOR

. If the added impurity is a pentavalent atom thentheresultantsemiconductoriscalled
N- type semiconductor.

. Examples of pentavalent impurities are Phosphorus, Arsenic, Bismuth, Antimony etc
P-TYPE SEMICONDUCTOR
« If the added impurity is a trivalent atom then the resultant semiconductor is called P-type
semiconductor.
e  Examplesof trivalent impuritiesareBoron, Gallium , indiumetc.

PN JUNCTION

¢ In a piece of semiconductor, if one half is dopedby ptypeimpurityand theother halfis doped
by n type impurity, a PN junction is formed.

e The plane dividing the twohalves or zones is called PNjunction.



+ At the junction thereisa tendency of free electrons to diffuse over tothePside and the holes
tothe N side. Thisprocessiscalleddiffusion.

« Asthe free electrons move across the junction from N typetoP type, the donor atoms become
positively charged.

e Hence a positive chargeisbuilton the N-side ofthe junction. Thefreeelectronsthatcrossthe
junction uncover the negative acceptor ions by filing the holes. Therefore a negative charge is
developedonthep- side of thejunction.

space
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This net negative charge on the p side preventsfurtherdiffusionofelectronsintothe pside.
SimilarlythenetpositivechargeontheNside repelstheholecrossingfrompsidetoNside.

Thusabarriersissetupnearthejunction whichpreventsthe furthermovementof chargecarriersi.e.
electronsandholes.

An electrostatic potential difference is established between P and N regions, which are called the
potential barrier, junction barrier, diffusion potential or contact potential, VVo.

The magnitude of the contact potential Vo varieswithdopinglevelsandtemperature. Vois0.3V for
Geand0.72VforSi.

Thejunctionregionisdepleted ofmobile charge carriers.Henceitiscalleddepletionlayer,space region,
and transitionregion.

The depletion region is of the order of 0.5um thick.Therearenomobilecarriersinthisnarrow
depletionregion.

Hencenocurrentflowsacrossthejunctionand thesystemisinequilibrium.

Tothe left of this depletion layer, the carrier concentrationisp=NAandtoitsrightitisn=ND.



e'a’
oac
ea

e.
e’
S}

OO0,

DD
OD
oD

D @D D
DD
RN

l)

Fig

N

@ Donor atom
-

@ Acceptor atom

+ Holes

- Electrons

P N Junction diode

FORWARD BIASED JUNTION

Whenadiode is connected inaForward Bias condition, a negative voltage is applied to the Ntype
materialandapositivevoltageisapplied to the P-typematerial.

If this external voltage becomes greaterthanthe valueofthepotentialbarrier,approx.0.7voltsfor
siliconand 0.3 volts forgermanium, the potential barriersoppositionwill be overcomeand current

will start to flow.

This is because the negative voltagepushesorrepelselectronstowardsthe junction givingthemthe
energy to cross over and combine with the holes being pushed in the opposite direction towards

the junction by the positive voltage.

oo oo & &
S'oooiosieas & &
oo o oiosicoa & o
P - - ~N
| .
+|
Fig Fornuvard biased PN

Junction diode



A

\."l- (volt) m—

(a) Diode circuit=Forward bias (b) Forward characteristics

Fig Forward bias characteristics of a diode

Forward Characteristics Curve for a
Junction Diode

This results in a characteristics curve of zero current flowing up to this voltage point, called the "knee" on
the static curves and then a high current flow through the diode with little increase in the external

voltage.

FORWARD BIASED JUNCTION DIODE
» The application of a forward biasing voltage on the junction diode results in the depletion

layer becoming very thin and narrow which represents a low impedance path through the

junction thereby allowing high currents to flow.
« The point at which this sudden increase in current takes place is represented on the static

I-V characteristics curve above as the "knee" point.

Silicon
Diode

Forward
Bias
Region
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REVERSEBIASED JUNCTION

When a diode is connected in a Reverse Bias condition, a positive voltage is applied to the N-
type material and a negative voltage is applied to the P-type material.

The positive voltage applied to the N-type material attracts electrons towards the positive
electrode and away from the junction, while the holes in the P-type end are also attracted
away from the junction towards the negative electrode.

The net result is that the depletion layer grows wider due to a lack of electrons and holes and
presents a high impedance path, almost an insulator. The result is that a high potential barrier
is created thus preventing current from flowing through the semiconductor material.
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Junction diode.

This condition represents a high resistance value to the PN junction and practically zero
current flows through the junction diode with an increase in bias voltage. However, a
very small leakage current does flow through the junction which can be measured in
microamperes, (LA).

One final point, if the reverse bias voltage Vr applied to the diode is increased to a
sufficiently high enough value, it will cause the PN junction to overheat and fail due to
the avalanche effect around the junction. This may cause the diode to become shorted
and will result in the flow of maximum circuit current, and this shown as a step
downward slope in the reverse static characteristics curve.
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DIODE CURRENT EQUATION
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Where

| — Diode Current

lo- Diode reverse saturation current at room temperature
V- External Voltage applied to the diode

n — A constant, 2- Silicon and 1- Germanium

k — Boltzmann’s constant, 1.38066x 10"22J/K

g- charge of an electron, 1.60219x 10°*°C

T- temperature of the diode junction



V-1 CHARACTERISTICS
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RESISTANCE LEVELS:

DC or Static Resistance:
The application of a dc voltage to a circuit containing a semiconductor diode will result
in an operating point on the characteristic curve that will not change with time. The
resistance of the diode at the operating point can be found simply by finding the
corresponding levels of VD and ID.
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AC or DYNAMIC RESISTANCE:

» If a sinusoidal input is applied, the situation will change completely. The varying input
will move the instantaneous operating point up and down a region of the characteristics
and thus defines a specific change in current and voltage.

» A straight-line drawn tangent to the curve through the Q-point will define a particular
change in voltage and current that can be used to determine the ac or dynamic resistance.



Current

< A A

ALy

AV

Voltage

BREAK DOWN MECHANISMS:

Avalanche breakdown

The minority carriers, under reverse biased conditions, flowing through the junction
acquire a kinetic energy which increases with the increase in reverse voltage. At a
sufficiently high reverse voltage (say 5 V or more), the kinetic energy of minority
carriers becomes so large that they knock out electrons from the covalent bonds of the
semiconductor material. As a result of collision, the liberated electrons in turn liberate
more electrons and the current becomes very large leading to the breakdown of the
crystal structure itself. This phenomenon is called the avalanche breakdown. The
breakdown region is the knee of the characteristic curve. Now the current is not
controlled by the junction voltage but rather by the external circuit.

Zener breakdown

Under a very high reverse voltage, the depletion region expands and the potential barrier
increases leading to a very high electric field across the junction. The electric field will
break some of the covalent bonds of the semiconductor atoms leading to a large number
of free minority carriers, which suddenly increase the reverse current. This is called the
Zener effect.

The breakdown occurs at a particular and constant value of reverse voltage called the
breakdown voltage, it is found that Zener breakdown occurs at electric field intensity of
about 3 x 107 V/m.
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the depletion region.

BREAK DOWN MECHANISMS

breaks electrons or holes off their covalent bonds.
Avalanche breakdown is a result of electrons or holes colliding with the fixed ions inside

F N
+ 7

Zener breakdown is a result of the large electric field inside the depletion region that
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RECTIFIERS:

Block Diagram of Regulated power Supply

DC Power Adapter

AC Voltagec

Rectifier Filter Voltage
Source

Regulator

Rectification:

» Rectification is a process of converting the alternating quantity (voltage or current) into a
corresponding direct quantity(voltage or current).

A ‘
Vm

0
_Vm

» The input to a rectifier is AC whereas its output is unidirectional or DC.
Need of Rectification
» Every electronic circuit such as amplifiers, needs a DC power source for its operation.

» This DC voltage has to be obtained from AC supply.



Half wave Rectifier

For this the AC supply has to be reduced Stepped down first using a Step down
transformer and then converted to dc by using rectifier.

Rectifierl Circuits

1

Full wave Rectifier

(HWR) 1. FIWiR with centre

tapped xmer

2. Full wave bridge
rectifier

Half Wave Rectifier:

Operation:

A Half-wave rectifier circuit rectifies only positive half cycles of the input supply .

The AC signal is given through an input transformer which steps up or down according
to the usage. Mostly a step down transformer is used in rectifier circuits, so as to reduce
the input voltage.

The input signal given to the transformer is passed through a PN junction diode which
acts as a rectifier. This diode converts the AC voltage into pulsating dc for only the
positive half cycles of the input. A load resistor is connected at the end of the circuit.

This diode gets ON conducts for positive half cycles of input signal. Hence a current
flows in the circuit and there will be a voltage drop across the load resistor. This output
will be pulsating DC which is taken across the load resistor.

The diode gets OFF doesn't conduct for negative half cycles and hence the output for negative
half cycles will be, iD=0 and Vo=0
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Analysis of Half-Wave Rectifier:
To analyze a half-wawve rectifier circuit, let us consider the equation of input voltage.

;= W, sinwit

Vi is the maximum value of supply voltage.

Let us assume that the diode is ideal.
The resistance in the forward direction, i.e_, in the OMN state is

Ry

=

“ The resistance in the reverse direction, i.e., Iin the OFF state is =

in the diode or the load resistor FRyr is given by

The current i
i — [I,,, sin wi For 0 = i == 2T
i = 0 JTor < et << 2a9r
WWhere
Vi

DC Output Current:
The average current lqc is given by

Arec wunder the cwrye owver the Ffuwll cyocle

Sasa

Idc =

|
= 21
Average value of the half-wave rectified signal.



DC Output Current

1 2
Lo — & f i d (wt)
2 Jo
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Substituting the value of I, ., we get
1
s e
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If Ry == Ry ,then
|7
T, = = — 0.318 >
de il .
DC Output Voltage:
The DO output voltage is given by
Tira
Vi —= g >~ Ry — = Ry
Vi = R r o ) T
T ow( Ry + Rr) wA{l + (R Re)G
I Ry = R_f . then
| R E — 0.318Vv,,
T

RMS Current and Voltage:



The value of RMS current is given by

e = [ fo T o]

1
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RvlS voltage across thhae load is

T prae == Fpgpaee = Ry — T
=2 I Iy D

=2 {1 & (FE o FE 5 ) ¥

1T IRy = I . , then

Rectifier Efficiency:

Any circuit needs to be efficient in its working for a better output. To calculate the efficiency
of a half wawve rectifier, the ratio of the cutput power to the input power has to be considered.

The rectifier efficiency is defined as

d. c. power delivered to the load P,
7= - =
a. c.input power from transformer secondary Py
MNoww
I R
Py = (Ta.)? < Rp = mTZL
Further
Foe = Po + P,
Where

P, = power dissipated at the junction of diode

= I2 xR:—Iﬂ%xR
s ’ i A Fi



And

P, = power dissipated in the load resistance

Iz

P, s R L5, " L7 R R
ac — a > F+ —a > rL = a ( Ff+ )

From both the expressions of FP,. and Py. .we can write

. I2Rp /=2 4 Rr
I2Z(R;+ Rp) /4 w2 (Ry+ Rr)

4 1 o 0.406
w2 {1+ (Ryp/R)}Y {1+ (Rs/Rr)}

Percentage rectifier efficiency

_ 40.6
{1+ (Rg/Rr)}

77

Ripple Factor:

» The rectified output contains some amount of AC component present in it, in the form of
ripples. This is understood by observing the output waveform of the half wave rectifier.
To get a pure dc, we need to have an idea on this component.

» The ripple factor gives the waviness of the rectified output. It is denoted by y. This can
be defined as the ratio of the effective value of ac component of voltage or current to the
direct value or average value.



ripple voltage rms value of a. c. component (Vi) rmes
- = = =

d. c voltage d. c. value of wave Ve

Here,

Therefore,

/ 2 2 f
‘I‘.fvr"rns — Vde /(V 2
o — _ = bk —1
Ve V U va

MNMow,

1 2 é
Vipne = [_ V.2sin?wt d (m)]
2‘.?1.’ (1]

g

:Vm[i'/.gw(l—cos2wt)d(wt)]% e

1 E 2
Vie = Vgo = — [f Vi sinwt d (wit) + f 0.d (wt]]
29T 0 1]

Vv, 2 [ 2
= ( 111.?;2) — 1] = ."{(E) _]_} = 1.21
(Vi /) VLh2
The ripple facter is also defined as

L (If‘]rms
Y=g

As the value of ripple factor present in a half wawve rectifier is 1.21, it means that the amount

of a.c. presentin the outputis 121% of the d.c_ voltage

Regulation:

» The current through the load may vary depending upon the load resistance. But even at
such condition, we expect our output voltage which is taken across that load resistor, to
be constant. So, our voltage needs to be regulated even under different load conditions.

« The variation of D.C. output voltage with change in D.C. load current is defined as
the Regulation.



The lower the percentage regulation, the better would be the power supply. An ideal
power supply will have a zero percentage regulation.

The percentage regulation is calculated as follows.

Viotoad = Viullload

Percentage requlation = x 100%

Vil load
Transformer Utilization Factor:

The D.C. power to be delivered to the load, in a rectifier circuit decides the rating of the
transformer used in a circuit.

So, the transformer utilization factor is defined as

TUF — d. c. power to be delivered to the load
T a.c.rating of the trans former secondary

Pd_c
Pa_c(rafed}

According to the theory of transformer, the rated voltage of the secondary will be
Vin /2
The actual R.M_S_ voltage flowing through it will be
I /2

Therefore

2

But

Z, . (I 5y + 2 1)
Therefore

R (Looo /7007 = FRr
{Zora (FRy + Rz /~V=F < (Tora /2)

2= 2 7
2= (2, + FZz)
> =
=X o.2s27

Peak Inverse Voltage:

A diode when connected in reverse bias, should be operated under a controlled level of

voltage. If that safe voltage is exceeded, the diode gets damaged. Hence it is very
important to know about that maximum voltage.



« The maximum inverse voltage that the diode can withstand without being destroyed is
called as Peak Inverse Voltage. In short, PIV.

* Here the PIV is nothing but Vm

Form Factor:

« This can be understood as the mathematical mean of absolute values of all points on the
waveform. The form factor is defined as the ratio of R.M.S. value to the average value.
It is denoted by F.

p__ms value I /2 0.51,,

average value I /m - 03181,

|

|
p=t
o
-1

Peak Factor:

» The value of peak in the ripple has to be considered to know how effective the
rectification is. The value of peak factor is also an important consideration. Peak
factor is defined as the ratio of peak value to the R.M.S. value.

* Therefore

P " k (& E T'r';‘;'f'b-
PeakFactor = car vatue — D

7. 1. 8 value Vin/2

Full-Wave Rectifier:

» A Rectifier circuit that rectifies both the positive and negative half cycles can be termed
as a full wave rectifier as it rectifies the complete cycle. The construction of a full wave
rectifier can be made in two types. They are

» Center-tapped Full wave rectifier
» Bridge full wave rectifier
Center-tapped Full-Wave Rectifier:

» A rectifier circuit whose transformer secondary is tapped to get the desired output
voltage, using two diodes alternatively, to rectify the complete cycle is called as
a Center-tapped Full wave rectifier circuit.



The features of a center-tapping transformer are —

The tapping is done by drawing a lead at the mid-point on the secondary winding. This
winding is split into two equal halves by doing so.

The voltage at the tapped mid-point is zero. This forms a neutral point.

The center tapping provides two separate output voltages which are equal in magnitude
but opposite in polarity to each other.

A number of tapings can be drawn out to obtain different levels of voltages.



|
<O =T ot
l 0a
T RLDad l Vioad
44— +— \

CENTRE - TAP FULL- WAVE RECTIFIER CIRCUIT

Working:
The working of a center-tapped full wave rectifier can be understood by the above figure.
When the positive half cycle of the input voltage is applied, the point M at the transformer

secondary becomes positive with respect to the point N. This makes the diode D forward

biased. Hence current i; flows through the load resistor from A to B. We now have the

positive half cycles in the output

|
I, L3 ’1 »-
M DJ_ J:II.
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N AC
( input e M B =
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N
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Waveforms of CT FWR:

The input and output waveforms of the center-tapped full wave rectifier are as follows.

Input Waveform

/\ A
0 \\/I \\// |
== V) "

Output Waveforms

4
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Qutput for Positive half cycles of the input Output for negative half cycles of the input Totel output scross the load ressicr

From the above figure it is evident that the output is obtained for both the positive and
negative half cycles. It is also observed that the output across the load resistor is in the
same direction for both the half cycles.

Peak Inverse Voltage:

» As the maximum voltage across half secondary winding is Vm, the whole of the
secondary voltage appears across the non-conducting diode. Hence the peak inverse
voltage is twice the maximum voltage across the half-secondary winding, i.e.

PIV =2V,

Disadvantages:
» There are few disadvantages for a center-tapped full wave rectifier such as —
» Location of center-tapping is difficult
* The dc output voltage is small
* PIV of the diodes should be high
Bridge Full-Wave Rectifier:

» It utilizes four diodes connected in bridge form so as not only to produce the output
during the full cycle of input, but also to eliminate the disadvantages of the center-tapped
full wave rectifier circuit.



« There is no need of any center-tapping of the transformer in this circuit. Four diodes
called Dy, D2, Dsand D4 are used in constructing a bridge type network so that two of the
diodes conduct for one half cycle and two conduct for the other half cycle of the input

supply.
P
AC
input
N
Q

Working:

The full wawve rectifier with four diodes connected in bridge circuit is employed to get a better
full wave output response. When the positive half cycle of the input supply is given, pecint P

becomes positive with respect to the point Q. This makes the dicde 17 and Dg

forward biased while Do and 1)y reverse biased. Thase two diodes will now be in

series with the load resistor.

The following figure indicates this along with the conventional current flow in the circuit.

i’i‘éu@ %

* Hence the diodes D2 and D4 conduct during the negative half cycle of the input supply
to produce the output along the load resistor. Here also two diodes work to produce the
output voltage. The current flows in the same direction as during the positive half cycle
of the input.




Waveforms:

The input and output waveforms of the center-tapped full wave rectifier are as follows.

Input Waveform

3

ANANS
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Output Waveforms
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Output for Positive half cydes of the input Output for negative half cycles of the input Total output acrass the load resistor

From the above figure, it is evident that the output is obtained for both the positive and
negative half cycles. It is also observed that the output across the load resistor is in the
same direction for both the half cycles.

Peak Inverse Voltage:

* Whenever two of the diodes are being in parallel to the secondary of the transformer, the
maximum secondary voltage across the transformer appears at the non-conducting diodes
which makes the P1V of the rectifier circuit. Hence the peak inverse voltage is the
maximum voltage across the secondary winding, i.e.

PIV =V,

Advantages:
* There are many advantages for a bridge full wave rectifier, such as —
* No need of center-tapping.
» The dc output voltage is twice that of the center-tapper FWR.
» PIV of the diodes is of the half value that of the center-tapper FWR.

» The design of the circuit is easier with better output.



Analysis:

In order to analyze a full wave rectifier circuit, let us assume the input voltage V; as,
V: =V, sinwt
The current %7 through the load resistor Ry is given by
i1 =Inpsinwt for 0<wt<m

ip= 0 for wm™<wt<2w
Where

L= "
Ry + Ry

R_f being the diode resistance in ON condition.

Similarly, the current 49 flowing through diode Dy and load resistor RL s given by.

ih= 0 for 0<wt<nm

iy = Ipsinwt for m<wt<2r

The total current flowing through Ry, is the sum of the two currents 4, and iy ie.

1=11 11



D.C. or Average Current:

The average value of output current that a D.C. ammeter will indicate is given by

1 2 1 2w
I ip d(wt) + Py [ is d (wt)

_211'[] T Jo

1
= —— I, sinwt d (wt) + 0 4 0+

2 [,
1 2w
Pl A I, sinwt d (wt)
2
IR
T T mw

This is double the value of a half wave rectifier.

D.C. Output Voltage:

The dc output voltage across load Is given by

U, Ry

T

Vd,: — Idc X RL = = 0.ﬁ3ﬁijL

Thus the dc output voltage 15 twice that of a half wave rectfier



RMS Current:
The RMS value of the current is given by

Iyms = E [zﬂd(m)l :

Since current is of the two same form in the two halves

= [% ]; ﬁsingwtd[wt)}

=i

2 =

V2
Rectifier Efficiency:
The rectifier efficiency is defined as
n= ..
MNow,
Py = (Vi)2 /R = (2V,, /)2
And,
Poc = (Vims)? /R = (Vi /v/2)°
Therefore,

Py  (2V,/m)? 8

77
PEC

(Vin/v2)? ™

= 0.812 = 81.2%



Ripple Factor:

The form factor of rectified output voltage of a full wave rectifier is given by

S

F= =
Ioe  2L./7

=111

The ripple factor 7 is defined as usingacecircuittheory

= [111)’ - 1]_; = 0.48

This is a great improvement over the half wave rectifier’s ripple factor which was 1.21

Regulation:

The dc output voltage is given by

LR WRs

v -
T T a(Ri+Ry)

s , R; W,
o _Rf-I-RL o

~ IR



Transformer Utilization Factor:

The TUF of a half wave rectifier is 0.287
There are two secondary windings in a center-tapped rectifier and hence the TUF of
centertapped full wave rectifier is

(TUF) b

9V — Arating of a transformer

(TUF), + (TUF), + (TUF),
3

~ 0.81240.287 + 0.287
B 3

=0.693

Terms Half Wave Rectifier

Center Tapped FWR Bridge FWR

Number of Dicdes 1

2 4
Transformer tapping No Yes No
Peak Inverse Voltage Vi, 2V, Vi
Maximum Efficiency 40.6% 81.29%, 81.29%;
Average / dc current I/« 21,/ 25,/
DC woltage Vi /o 2V, /[ 2V, /m
RMS current I./2 I./v2 1./ V2
Ripple Factor 1.21 0.48 0.48

Qutput frequency

fin 2fin Z.fin



ZENER DIODE :

The Zener diode is like a general-purpose signal diode consisting of a silicon PN
junction.

When biased in the forward direction it behaves just like a normal signal diode passing
the rated current, but as soon as a reverse voltage applied across the zener diode exceeds
the rated voltage of the device, the diodes breakdown voltage VB is reached at which
point a process called Avalanche Breakdown occurs in the semiconductor depletion layer
and a current starts to flow through the diode to limit this increase in voltage.

The current now flowing through the zener diode increases dramatically to the maximum
circuit value (which is usually limited by a series resistor) and once achieved this reverse
saturation current remains fairly constant over a wide range of applied voltages. This
breakdown voltage point, VB is called the "zener voltage™ for zener diodes and can range
from less than one volt to hundreds of volts.

Symbol and V-1 Characteristics:

A'F
Anode Cathode
Forward
bias region
V el
v R B - V F
Z min
Reverse 03 -0y
bias region Zener region
IZ max
Y
-l

The dynamic resistance of Zener diode is given by

r,=AVz/Alz

The point at which the zener voltage triggers the current to flow through the diode can be
very accurately controlled (to less than 1% tolerance) in the doping stage of the diodes
semiconductor construction giving the diode a specific zener breakdown voltage, (Vz) for
example, 4.3V or 7.5V.

This zener breakdown voltage on the I-V curve is almost a vertical straight line.

The Zener Diode is used in its "reverse bias" or reverse breakdown mode, i.e. the diodes
anode connects to the negative supply.



From the I-V characteristics curve above, we can see that the zener diode has a region in
its reverse bias characteristics of almost a constant negative voltage regardless of the
value of the current flowing through the diode and remains nearly constant even with
large changes in current as long as the zener diodes current remains between the
breakdown current 1Z(min) and the maximum current rating 1Z(max).

This ability to control itself can be used to great effect to regulate or stabilize a voltage
source against supply or load variations. The fact that the voltage across the diode in the
breakdown region is almost constant turns out to be an important application of the zener
diode as a voltage regulator.

The function of a regulator is to provide a constant output voltage to a load connected in parallel
with it in spite of the ripples in the supply voltage or the variation in the load current and the
zener diode will continue to regulate the voltage until the diodes current falls below the
minimum IZ(min) value in the reverse breakdown region. Applications:

Zener diodes are used in Voltage stabilizers (or) shunt regulators

used in Surge suppression circuitry for device protection

used in Over voltage protection circuits.

Zener diodes are used in clipping and clamping circuits especially peak clippers .
They are used as Reference elements.

Used in switching applications.

Clamper Circuits:

A Clamper Circuit is a circuit that adds a DC level to an AC signal. Actually, the positive
and negative peaks of the signals can be placed at desired levels using the clamping
circuits. As the DC level gets shifted, a clamper circuit is called as a Level Shifter.

Clamper circuits consist of energy storage elements like capacitors. A simple clamper
circuit comprises of a capacitor, a diode, a resistor and a dc battery if required.

A Clamper circuit can be defined as the circuit that consists of a diode, a resistor and a
capacitor that shifts the waveform to a desired DC level without changing the actual
appearance of the applied signal.

A Clamper circuit can be defined as the circuit that consists of a diode, a resistor and a
capacitor that shifts the waveform to a desired DC level without changing the actual
appearance of the applied signal.

In order to maintain the time period of the wave form, the t must be greater than, half
the time period discharging time of the capacitor should be slow.



Where

r = R

R is the resistance of the resistor employed
C is the capacitance of the capacitor used

The time constant of charge and discharge of the capacitor determines the output of a
clamper circuit.

In a clamper circuit, a vertical shift of upward or downward takes place in the output
waveform with respect to the input signal.

The load resistor and the capacitor affect the waveform. So, the discharging time of the
capacitor should be large enough.

The DC component present in the input is rejected when a capacitor coupled network is
used as a capacitor blocks dc. Hence when dc needs to be restored, clamping circuit is
used.

Types of Clampers:

There are few types of clamper circuits, such as

Positive Clamper

Positive clamper with positive V;
Positive clamper with negativeV;
Negative Clamper

Negative clamper with positive V;

Negative clamper with negative V;

Positive Clamper Circuit:

A Clamping circuit restores the DC level. When a negative peak of the signal is raised
above to the zero level, then the signal is said to be positively clamped.

A Positive Clamper circuit is one that consists of a diode, a resistor and a capacitor and
that shifts the output signal to the positive portion of the input signal.
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Positive Clamper circuit

Initially when the input is given, the capacitor is not yet charged and the diode is reverse
biased. The output is not considered at this point of time.

During the negative half cycle, at the peak value, the capacitor gets charged with
negative on one plate and positive on the other. The capacitor is now charged to its peak
value Vi The diode is forward biased and conducts heavily.

During the next positive half cycle, the capacitor is charged to positive Vim while the
diode gets reverse biased and gets open circuited.

The output of the circuit at this moment will be
Vo=Vi+Vm

The output signal changes according to the changes in the input, but shifts the level
according to the charge on the capacitor, as it adds the input voltage.

Positive Clamper with Positive Vr

A Positive clamper circuit if biased with some positive reference voltage, that voltage
will be added to the output to raise the clamped level.

During the positive half cycle, the reference voltage is applied through the diode at the
output and as the input voltage increases, the cathode voltage of the diode increase with
respect to the anode voltage and hence it stops conducting.

During the negative half cycle, the diode gets forward biased and starts conducting. The
voltage across the capacitor and the reference voltage together maintain the output
voltage level.
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Positive Clamper with Negative Vr:

A Positive clamper circuit if biased with some negative reference voltage, that voltage
will be added to the output to raise the clamped level

During the positive half cycle, the voltage across the capacitor and the reference voltage
together maintain the output voltage level.

During the negative half-cycle, the diode conducts when the cathode voltage gets less
than the anode voltage.
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Negative Clamper:

A Negative Clamper circuit is one that consists of a diode, a resistor and a capacitor and
that shifts the output signal to the negative portion of the input signal.

e [ TR g
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Vm
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Input Waveform ot Output Waveform
Negative Clamper circuit

During the positive half cycle, the capacitor gets charged to its peak value Vm . The diode
is forward biased and conducts.

During the negative half cycle, the diode gets reverse biased and gets open circuited. The
output of the circuit at this moment will be



Vo= Vi+ Vm

» Hence the signal is negatively clamped as shown in the above figure. The output signal
changes according to the changes in the input, but shifts the level according to the charge
on the capacitor, as it adds the input voltage.

Negative clamper with positive Vr

* A Negative clamper circuit if biased with some positive reference voltage, that voltage
will be added to the output to raise the clamped level. Though the output voltage is
negatively clamped, a portion of the output waveform is raised to the positive level, as
the applied reference voltage is positive.

» During the positive half-cycle, the diode conducts, but the output equals the positive
reference voltage applied.

»  During the negative half cycle, the diode acts as open circuited and the voltage across
the capacitor forms the output.

|
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Negative Clamper with

positive reference V.
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Negative Clamper with Negative Vr

* A Negative clamper circuit if biased with some negative reference voltage, that voltage
will be added to the output to raise the clamped level.

» The cathode of the diode is connected with a negative reference voltage, which is less
than that of zero and the anode voltage. Hence the diode starts conducting during positive
half cycle, before the zero voltage level.

During the negative half cycle, the voltage across the capacitor appears at the output. Thus the
waveform is clamped towards the negative portion.
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Applications:
» Used as direct current restorers
* Used to remove distortions
» Used as voltage multipliers
» Used for the protection of amplifiers
» Used as test equipment

* Used as base-line stabilizer

CLIPPING CIRCUITS:

» A Clipper circuit is a circuit that rejects the part of the input wave specified
while allowing the remaining portion. The portion of the wave above or below the cut off
voltage determined is clipped off or cut off.

* The clipping circuits consist of linear and non-linear elements like resistors and diodes
but not energy storage elements like capacitors.

ADVANTAGES:
» To eliminate the unwanted noise present in the amplitudes.

« These can work as square wave converters, as they can convert sine waves into square
waves by clipping.

* The amplitude of the desired wave can be maintained at a constant level.



TYPES:

Diode Clippers are two main types
1. Positive clippers and
2. Negative clippers

Positive clippers: The Clipper circuit that is intended to attenuate positive portions of the input
signal

Among the positive diode clipper circuits, we have the following types —

* Positive Series Clipper

Positive Series Clipper with positive V;

Positive Series Clipper with negative V

Positive Shunt Clipper

Positive Shunt Clipper with positive V.

Positive Shunt Clipper with negative V;
POSITIVE SERIES CLIPPER

» A Clipper circuit in which the diode is connected in series to the input signal and that
attenuates the positive portions of the waveform, is termed as Positive Series Clipper
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Input Waveform 8

Practical Qutput
Positive Series Clipper Waveform

Positive Series Clipper with positive V
» A Clipper circuit in which the diode is connected in series to the input signal and biased

with positive reference voltage V: and that attenuates the positive portions of the
waveform, is termed as Positive Series Clipper with positive V

« During the positive cycle of the input the diode gets reverse biased and the reference
voltage appears at the output.



« During its negative cycle, the diode gets forward biased and conducts like a closed
switch.
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Positive Series Clipper Waveform
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Positive Series Clipper with negative Vr

» A Clipper circuit in which the diode is connected in series to the input signal and biased
with negative reference voltage V: and that attenuates the positive portions of the
waveform, is termed as Positive Series Clipper with negative V;

» During the positive cycle of the input the diode gets reverse biased and the reference
voltage appears at the output. As the reference voltage is negative, the same voltage with
constant amplitude is shown.

» During its negative cycle, the diode gets forward biased and conducts like a closed
switch. Hence the input signal that is greater than the reference voltage, appears at the
output.
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A Clipper circuit in which the diode is connected in shunt to the input signal and that

attenuates the positive portions of the waveform, is termed as Positive Shunt Clipper.
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A Clipper circuit in which the diode is connected in shunt to the input signal and biased

with positive reference voltage V, and that attenuates the positive portions of the

waveform, is termed as Positive Shunt Clipper with positive V;

reference voltage appears at the output.

The whole of the input appears at the output.

During the positive cycle of the input the diode gets forward biased and nothing but the

During its negative cycle, the diode gets reverse biased and behaves as an open switch.
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Positive Shunt Clipper with negative Vr

» A Clipper circuit in which the diode is connected in shunt to the input signal and biased
with negative reference voltage V: and that attenuates the positive portions of the
waveform, is termed as Positive Shunt Clipper with negative V,

» During the positive cycle of the input, the diode gets forward biased and the reference
voltage appears at the output. As the reference voltage is negative, the same voltage with
constant amplitude is shown.

» During its negative cycle, the diode gets reverse biased and behaves as an open switch.
Hence the input signal that is greater than the reference voltage, appears at the output.
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Negative Clipper:
The Clipper circuit that is intended to attenuate negative portions of the input signal can

be termed as a Negative Clipper.

Among the negative diode clipper circuits, we have the following types.

* Negative Series Clipper

Negative Series Clipper with positive V;
Negative Series Clipper with negative V;

* Negative Shunt Clipper

Negative Shunt Clipper with positive V,
Negative Shunt Clipper with negative V;

Negative Series Clipper
» A Clipper circuit in which the diode is connected in series to the input signal and that
attenuates the negative portions of the waveform, is termed as Negative Series Clipper
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Negative Series Clipper with positive Vr

* A Clipper circuit in which the diode is connected in series to the input signal and biased
with positive reference voltage V: and that attenuates the negative portions of the
waveform, is termed as Negative Series Clipper with positive V;

» During the positive cycle of the input, the diode starts conducting only when the anode
voltage value exceeds the cathode voltage value of the diode. As the cathode voltage
equals the reference voltage applied, the output will be as shown.
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Negative Series Clipper with negative Vr

» A Clipper circuit in which the diode is connected in series to the input signal and biased
with negative reference voltage Viand that attenuates the negative portions of the
waveform, is termed as Negative Series Clipper with negative V;

» During the positive cycle of the input the diode gets forward biased and the input signal
appears at the output.

« During its negative cycle, the diode gets reverse biased and hence will not conduct. But
the negative reference voltage being applied, appears at the output. Hence the negative
cycle of the output waveform gets clipped after this reference level.
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Negative Shunt Clipper:

» A Clipper circuit in which the diode is connected in shunt to the input signal and that
attenuates the negative portions of the waveform, is termed as Negative Shunt Clipper.
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Negati

ve Shunt Clipper with positive Vr

A Clipper circuit in which the diode is connected in shunt to the input signal and biased
with positive reference voltage Vr and that attenuates the negative portions of the
waveform, is termed as Negative Shunt Clipper with positive Vr

During the positive cycle of the input the diode gets reverse biased and behaves as an
open switch. So whole of the input voltage, which is greater than the reference voltage
applied, appears at the output. The signal below reference voltage level gets clipped off.
During the negative half cycle, as the diode gets forward biased and the loop gets
completed, no output is present.
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Negative Shunt Clipper with negative Vr

Vm

A Clipper circuit in which the diode is connected in shunt to the input signal and biased
with negative reference voltage Vr and that attenuates the negative portions of the
waveform, is termed as Negative Shunt Clipper with negative Vr

During the positive cycle of the input the diode gets reverse biased and behaves as an
open switch. So whole of the input voltage, appears at the output Vo

During the negative half cycle, the diode gets forward biased. The negative voltage up to
the reference voltage, gets at the output and the remaining signal gets clipped off.
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Two-way Clipper:

« This is a positive and negative clipper with a reference voltage V.. The input voltage is
clipped two-way both positive and negative portions of the input waveform with two
reference voltages. For this, two diodes Diand D> along with two reference voltages Vi1
and V. are connected in the circuit.

» This circuit is also called as a Combinational Clipper circuit.
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During the positive half of the input signal, the diode D1 conducts making the reference

voltage Vi1 appear at the output. During the negative half of the input signal, the

diode D. conducts making the reference voltage Vrappear at the output. Hence both the
diodes conduct alternatively to clip the output during both the cycles. The output is taken across
the load resistor.

Applications:

» Used for the generation and shaping of waveforms

Used for the protection of circuits from spikes
» Used for amplitude restorers

» Used as voltage limiters

» Used in television circuits

e Used in FM transmitters



MODELING AND ANALYSIS OF DIODE:
Equivalent Circuit:

» An Equivalent circuit is a combination of elements properly chosen to best represent the
actual characteristics of device in a particular operating region.

» Need of Equivalent circuit:

» To find the Parameters like current, voltage using circuit analysis methods.
Models:

* Piecewise linear model

» Assumptions : Linear even with small non linearity

» Constant voltage drop model

* Ideal diode model
Piecewise linear model:

The real diode is modelled as 3 components in series: an ideal diode, a voltage source and
a resistor

T e T T T O e e
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Ideal Diode Model:
» a) The voltage across the diode is zero for forward bias.
* b) The slope of the current voltage curve is infinite for forward bias.

» ¢) The current across the diode is zero for reverse bias.



https://en.wikipedia.org/wiki/Resistor

Constant Voltage Drop (CVD) Model:

a) The voltage across the diode is a non-zero value for forward bias. Normally this is
taken as 0.6 or 0.7 volts.

b) The slope of the current voltage curve is infinite for forward bias.

c) The current across the diode is zero for reverse bias.

[-V characteristics and equivalent circuit
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TUTORIAL PROBLEMS:

1. The depletion region or space charge region or transition region in a semiconductor
p-n junction diode has
a) electrons and holes.

b) positive ions and electrons.
C) positive and negative ions.

d) negative ions and holes

2. Which circuit has been represented in the associated circuit diagram?
a) Half wave rectifier
b) Full wave rectifier
c) NOT gate
d) AND gate

D1

+ H R1

D2

<

3. Which circuit has been represented in the associated circuit diagram?
a) Half wave rectifier

b) Full wave rectifier

c) NOT gate
d) AND gate
D1
+ H R1
D2

4. Which of the following is not a valid form of a diode equivalent circuit?
a) Piecewise Linear Model



b) Ideal Diode Model
c) Simplified Model
d) Differential Model

5. From the given I-V characteristics of a silicon diode, what is the approximate value
of ray between marked points?
a) 7 ohms
b) 11.2 ohms
¢) 8 ohms
d) 6 ohms

16maA,

6. Assuming the diode in the given circuit diagram to be a silicon p-n junction diode,
what is the current for the given circuit diagram?
a) 4.3 mA

b) 0
c) 43 mA
d) 5mA

!|'|'+ I




7. Assuming the diode in the given circuit diagram to be a silicon p-n junction diode,
what is the current for the given circuit diagram?
a)0
b) 5 mA
c) 4.3 mA
d) Can’t be determined

YW

1k

8. Which of the following equations is correct for a full wave rectified output?
a) [Vac| =0.318 V,
b) |Vdc| =0.636 Vp
C) [Vac| =0.477 Vp
d) [Va| =0.211 V,
9. Which of the following statements are true about the given circuit?

a) The circuit is that of a bridge rectifier

b) The PIV of the diode D1 must be greater than vO for the circuit to function as a
bridge rectifier

c) For silicon diodes, the value of vo=(vi-1.4) V

d) All of the mentioned



10. In the given circuit, what will be the nature of the output waveform?
a) Half rectified

b) Full rectified
¢) Sinusoidal
d)DC

i
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Transistor

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

* |f a P-type material or N-type material is
added to a single PN junction, another
junction will be formed. Such a formation is
simply called as a Transistor.



Constructional Details of a Transistor

* 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. Three terminals are drawn out of
the three semiconductor materials present in
it. This type of connection offers two types of
transistors. They are PNP and NPN which
means an N-type material between two
Ptypes and the other is a P-type material
between two N-types respectively.



Constructional Details of a Transistor

The three terminals drawn from the transistor
indicate Emitter, Base and Collector terminals.




Emitter

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

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.

As this emits electrons, it is called as an
Emitter.

This is simply indicated with the letter E.



Base

The middle material in the above figure is
the Base.

This is thin and lightly doped.

Its main function is to pass the majority
carriers from the emitter to the collector.

This is indicated by the letter B.



Collector

The right side material in the above figure can
be understood as a Collector.

Its name implies its function of collecting the
carriers.

This is a bit larger in size than emitter and
base. It is moderately doped.

This is indicated by the letter C



Symbol

The arrow-head in the figures indicated

the emitter of a transistor. As the collector of a
transistor has to dissipate much greater power, it is
made large. Due to the specific functions of
emitter and collector, they are not
interchangeable. Hence the terminals are always
to be kept in mind while using a transistor.
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Position of the terminals and symbol of

BJT.
"“‘r “’T
* Base is located at the middle b n
and more thin from the level P . Yo
of collector and emitter P n
e The emitter and collector
terminals are made of the l l
same type of semiconductor E =
material, while the base of the (2)
other type of material > >
12 12
L)

Fig. 4.1: (a) Position of teamoialks (b)) Type of BJT



Transistor currents

-The arrow is always drawn
on the emitter

-The arrow always point
toward the n-type

v -The arrow indicates the
direction of the emitter
current:

pnp:E> B

I-=the collector current npn: B> E

Iz= the base current
I.= the emitter current



By imaging the analogy of diode, transistor can be
construct like two diodes that connetecd together.
It can be conclude that the work of transistor is base on

work of diode.

E‘@lﬂiﬁ‘c
B
(a)
E'wl@'c
BE
(b)

Fig 4 2: (a) pnp transistor (h) npn transstor



Transistor Biasing

* 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.

* 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.



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.



Transistor Biasing
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P-N-P Transistor biasing N-P-N Transistor biasing

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

* The voltage V¢, 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 Ig. 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 Vi, is replaced by a hole by moving towards the
emitter junction. This constitutes emitter current I..




Operation of PNP Transistor

Emitter Base Collector
P N P
I
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Vee Vee

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

* The voltage V 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 I;. The remaining holes
cross the collector-base junction, to constitute the
collector current ..

 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 Vi, enters the emitter region. This flow slowly
increases and the electron current flows through the
transistor.



Operation of NPN Transistor

Emitter Base Collector
N P N
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The conduction in a NPN transistor takes place through
electrons.

The collector current is higher than the emitter current.
The increase or decrease in the emitter current affects
the collector current.



TRANSISTOR CURRENT
COMPONENTS

¢ Current Components in p—n—p Transistor
» Both biasing potentials have been applied to a p—n—p transistor, with the
resulting majority and minority carrier flow indicated.
» The width of the depletion region clearly indicates which junction is forward-
biased and which is reverse-biased.
» The magnitude of the base current is typically in the order of microamperes as
compared to mill amperes for the emitter and collector currents. The large
number of these majority carriers will diffuse across the reverse-biased junction
into the p-type material connected to the collector terminal
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Direction of flow of current in p—n—p transistor with the base—emitter junction
forward-biased and the collector—base junction reverse-biased



TRANSISTOR CURRENT
COMPONENTS

¢ Current Components in an n—p—n Transistor

» The operation of an n-p-n
transistor is the same as that of a p—
n—p transistor, but with the roles
played by the electrons and holes
interchanged.

» The polarities of the batteries and
also the directions of various currents
are to be reversed.

» Here the majority electrons from
the emitter are injected into the base
and the majority holes from the base
are injected into the emitter region.
These two constitute the emitter
current.
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Vee Ves

The majority and the minority carrier current flow in
a forward-biased n—p—n transistor



Advantages

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.

Very suitable to integrate with resistors and
diodes to produce ICs.



Disadvantages

* They cannot be used for high power
applications due to lower power dissipation.

 They have lower input impedance and they
are temperature dependent.



Transistor Configurations

* Any transistor has three terminals, the emitter,
the base, and the collector. Using these 3
terminals the transistor can be connected in a
circuit with one terminal common to both input
and output in three different possible
configurations.

* The three types of configurations are Common
Base, Common Emitter and Common
Collector configurations. In every configuration,
the emitter junction is forward biased and the
collector junction is reverse biased.



CB, CE AND CC CONFIGURATIONS

** Depending on the common terminal between the input and the output circuits of a
transistor, it may be operated in the common-base mode, or the common-emitter

mode, or the common-collector mode.
+* Common-base (CB) Mode

» In this mode, the base terminal is common to both the input and the output
circuits. This mode is also referred to as the ground—base configuration.
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B

Notation and symbols used for the common-
base configuration of a p—n—p transistor
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Common-base configuration
of an n—p—n transistor
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CB, CE AND CC CONFIGURATIONS

s* Common-emitter (CE) Mode
» When the emitter terminal is common to both the input and the output
circuits, the mode of operation is called the common-emitter (CE) mode or the
ground—emitter configuration of the transistor.
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Notation and symbols for common-emitter configuration (a) n—p—n transistor (b)
p—n—p transistor



CB, CE AND CC CONFIGURATIONS

+* Common-collector (CC) Mode

» When the collector £ E
terminal of the ‘=L B Ves|
transistor is common
to both the input and n — |
the output terminals,
the mode of
operation is known | | o o ¥,
as the common- c
collector (CC) mode

or the  ground- | E ! e
collector . s
configuration. - “ Ve — K Vee

Common-collector configuration



Transistor Characteristics

* Input Characteristics: These describe the changes
in input current with the variation in the values of
input voltage keeping the output voltage
constant.

* Output Characteristics: This is a plot of output
current versus output voltage with constant input
current.

* Current Transfer Characteristics: This
characteristic curve shows the variation of output
current in accordance with the input current,
keeping output voltage constant.



Common Base (CB) Configuration

The name itself implies that the Base terminal
is taken as common terminal for both input and
output of the transistor.




Input or driving point
characteristics.

* The input characteristics of a CB configuration
circuit which describes the variation of emitter
current, I with Base-Emitter voltage, Vg
keeping Collector-Base voltage, V; constant.



Input or driving point
characteristics.

This leads to the expression for the input resistance as

AVgg
Rin =
in Al

V':'B= constant



Output or collector characteristics

The output characteristics of CB configuration
(Figure 3) show the variation of collector current,

lc with V; when the emitter current, I is held
constant.




Output or collector
characteristics

* The output characteristics has 3 basic regions:

- Active region —defined by the biasing
arrangements

- Cutoff region — region where the collector current
1s OA

- Saturation region- region of the characteristics to
the left of V; = OV

* From the graph shown, the output resistance can be
obtained as:

AVeg
Rout = Al
C 'Ig=constant



Active Saturation Cut-off
region region region
*[E increased, Ic increased |+ BE and CB junction * Region below the
*BE junction forward bias |5 forward bias line of [e=0 A
and CB junction reverse * Small changes in'Vce | » BE and CB is

bias
sRefer to the graf, Ic = [E
*[c not depends on YWee

s Suitable region for the
transistor working as
amplifier

will cause big different
to Ic

*« The allocation for
this region is to the
left of Yop= 0V,

reverse bias

* No current flow
at collector, only
leakage current




Current Transfer Characteristics

* The current transfer characteristics for CB
configuration which illustrates the variation of
|- with the I keeping V; as a constant. The
resulting current gain has a value less than 1
and can be mathematically expressed as:

lc A

Al
Al

o
Vcp=constant Vg is Constant

}lE

Figure 4 Current Transfer Characteristics for CB Configuration



Characteristics of CB configuration

This configuration provides voltage gain but no current gain.

Being Vg constant, with a small increase in the Emitter-base voltage Vep, Emitter
current |g gets increased.

Emitter Current Ig is independent of Collector voltage Vg.

Collector Voltage Vg can affect the collector current | only at low voltages, when
Vg 15 kept constant.

The input resistance R; is the ratic of change in emitter-base voltage (AVgg) to the
change in emitter current (Alg) at constant collector base voltage Veg.

A
R; = SYe

Al at constant Vg

As the input resistance is of very low value, a small value of Vgg is enough to
produce a large current flow of emitter current |g.

The output resistance R, is the ratio of change in the collector base voltage (AVcg)
to the change in collector current (Al-) at constant emitter current |E.

AVg
R, = AT at constant Ig



Characteristics of CB configuration

* As the output resistance is of very high value,
a large change in V; produces a very little
change in collector current I..

* This Configuration provides good stability
against increase in temperature.

* The CB configuration is used for high
frequency applications.



Expression for Collector current

With the above idea. let us try to draw some expression for collector current.

Along with the emitter current flowing, there is some amount of base current lg which flows
through the base terminal due to electron hole recombination. As collector-base junction is
reverse biased, there is another current which is flown due to minority charge carriers. This
s the leakage current which can be understood as ligakage. ThiS IS due to minority charge
carriers and hence very small.

The emitter current that reaches the collector terminal is

EEIE

Total collector current

Ie = alp + Dieakage



If the emitter-base voltage Veg = 0, even then, there flows a small leakage current, which
can be termed as |lcpo (Collector-base current with output open).

The collector current therefore can be expressed as

Ic = alg + Icpo

Ig =1+ 1Ip

Ic = a(lc + Ip) + Icpo

Ic(1l — @) = aldp + Icpo

Cx 1
IGZ(I )IE+( )IC:BD
— 1 — o

The value of collector current depends on base current and
leakage current along with the current amplification factor of
that transistor in use.



Common-Emitter Configuration

It is called common-emitter configuration since :

- emitter is common or reference to both input and
output terminals.

- emitter is usually the terminal closest to or at
ground potential.

Almost amplifier design is using connection of CE due
to the high gain for current and voltage.

Two set of characteristics are necessary to describe
the behavior for CE ;input (base terminal) and output
(collector terminal) parameters.



Proper Biasing common-emitter configuration in active region

\

Ie=1c+1Is

(b prip transistor configuration

Fig 4.7 : Common-emitter configuration
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Input characteristics

* The input characteristics for the CE
configuration of transistor which illustrates

the variation in I; in accordance with V;; when
V¢ is kept constant.

* From the graph shown in Figure 10 above, the
input resistance of the transistor can be

obtained as

AVpe
Rin T

Alg Vep=constant
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Input characteristics for a
common-emitter NPN transistor

Iz is microamperes compared
to miliamperes of I..

Iz will flow when Vge > 0.7V

for silicon and 0.3V for
germanium

Before this value I is very
small and no I;.

Base-emitter junction is
forward bias

Increasing Ve will reduce Iy
for different values.



Output Characteristics

* The variation in | with the changes in V¢
when I; is held constant. From the graph

shown, the output resistance can be obtained

dsS.

AVeg
Rout = Al

Ig=constant
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Output characteristics for a
common-emitter npn
transistor

For small Vg (Vg < Veesan Ic increase linearly with
increasing of V¢
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Iz(uA) is very small compare to I (mA). Small increase in
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Ig=0 A > I Occur.

Noticing the value when I-=0A. There is still some value of
current flows.



Active
region

Saturation
region

Cut-off
region

* B-E junction is
forward bias
* C-B junction is
reverse bias

* can be employed
for voltage, current
and power
amplification

* B-E and C-B junction
is forward bias, thus
the values of I; and I-
is too big.

* The value of V. is
s0 small.

» Suitable region
when the transistor as
a logic switch.

* NOT and avoid this
region when the
transistor as an
amplifier.

* region below I,=0pA
is to be avoided if an
undistorted ofp signal
is required

* B-E junction and C-B
junction is reverse bias
* 1.=0, I- not zero,
during this condition
I-=I-~ where is this
current flow when B-E
is reverse bias.
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Current Transfer Characteristics

* This characteristic of CE configuration shows
the variation of |- with |; keeping V¢ as a
constant. This ratio is referred to as common-
emitter current gain and is always greater
than 1. This can be mathematically given by

lc A

Al
Al

p

Vg is Constant
Veg=constant

}lE

Figure 12 Transfer Characteristics for CE Configuration



Relation between B and a

Let us try to derive the relation between base current amplification factor and emitter current
amplification factor.

Ao
8= AT,

Al
*= Alg

I =1 + I

Alp = Alp + Alc

Alp = Al — Ale

Wie can write

AT
- Al — Ale




Relation between B and a

Dividing by Alg
5 Alc/Alg
) o ME' ﬂhIf_‘.'
Al Alg
We have
y — ﬂfg_fﬁfg
Therefore,
X
8=
' 1 — «

From the above equation, it 1s evident that, as a approaches 1, B reaches infinity.

Hence, the current gain in Common Emitter connection is very high. This is the reason
this circuit connection is mostly used in all transistor applications.



Expression for Collector Current

In the Common Emitter configuration, lg is the input current and - is the output current.

We know

IE — IB + I{_':
And
Iec = alg + Icpo

— a(lp + Ic) + Iopo

Ic(l — a) = alp + Icpo

I = ——Ip+ ——Icpo
cx

IT base circuit is open, L.e. if lg = 0,
The collector emitter current with base open is lcgo

1

IGEQ — I—IGBG
— ¥



Expression for Collector Current

Substituting the value of this In the previous equation, we get

Ic = LIE"‘I{?ED
]l —

L;.' — ﬁfg T IE-‘E[}

Hence the equation for collector current is obtained.



Knee Voltage

* |n CE configuration, by keeping the base
current |y constant, if V is varied, | increases
nearly to 1v of V- and stays constant
thereafter. This value of V; up to which
collector current I. changes with V is called
the Knee Voltage. The transistors while
operating in CE configuration, they are
operated above this knee voltage.



Characteristics of CE Configuration

This configuration provides good current gain and voltage gain.

Keeping Veop constant, with a small increase in Vgg the base current lg increases
rapidly than in CB configurations.

For any value of Vg above knee voltage, |- is approximately equal to Blg.
The input resistance R; is the ratio of change in base emitter voltage (AVgg) to the

change in base current (Alg) at constant collector emitter voltage Veg.

AV,
R; = &Y=

Al at constant Vg

As the input resistance i1s of very low value, a small value of Vgg I1s enough to
produce a large current flow of base current Ig.

The output resistance Ry is the ratio of change in collector emitter voltage (AVe-g) to
the change in collector current (Alg) at constant |g.

AV
Rﬂ — CE

AL at constant Ig

As the output resistance of CE circuit is less than that of CB circuit.

This configuration is usually used for bias stabilization methods and audio frequency
applications.



Common - Collector Configuration

Also called emitter-follower (EF).
It is called common-emitter configuration since both the

signal source and the load share the collector terminal
as a common connection point.

The output voltage is obtained at emitter terminal.

The input characteristic of common-collector
configuration is similar with common-emitter.
configuration.

Common-collector circuit configuration is provided with
the load resistor connected from emitter to ground.

It is used primarily for impedance-matching purpose
since it has high input impedance and low output
impedance.



= Ve - Ve

Ve = Ve —

(a) (b)

Notation and symbols used with the common-collector configuration:
(a) pnp transistor ; (b) npn transistor.



Common Collector (CC) Configuration
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Input Characteristics

* the input characteristics for CC configuration
which describes the variation in I; in
accordance with Vg, for a constant value of
Collector-Emitter voltage, V.

2 A

Veer Ve

Veez = Vg

> Veg

Figure 6 Input Characteristics for CC Configuration



Output Characteristics

* the output characteristics for the CC
configuration which exhibit the variations in I
against the changes in V. for constant values
of I;.

le A

lgz = lgz = Iy

*Vee

Figure 7 Output Characteristics for CC Configuration



Current Transfer Characteristics

* This characteristic of CC configuration (Figure
8) shows the variation of Ic with I; keeping V
as a constant.

lgz = lgz = Iy

Figu Ve ation

Figure 7 Output Characteristics for CC Configuration



Current Amplification Factor (y)

The ratio of change In emitter current (Alg) to the change In base current (Alg) Is known as
Current Amplification factor in common collector (CC) configuration. [t s denoted by y.

Al
Y

3 The current gain in GG configuration 1s same as in CE configuration.
3 The voltage gan in CC configuration I always less than 1.



Relation between y and a

Let us try to draw some relation between v and a

. AIg
YT Algp

Al
= ATg

ITg = Ip + I

Al = Alp + Al

Alp = Al — Al

Substituting the value of |lg, we get

Alp
- ATy — Ale




Relation between y and a

Dividing by Alg

Alg/Alp

- Alg _ Ale
Alp Alg




Expression for collector current

Ve know

Ic = alg + Icpo
Ip=Ip+1Ic=1Ip+ (alg + Icpo)
Ip(l —a) =Ip+ Icpo

T I
Ip — B n CBO
1l — 1l —«

Ioe=Ip = (B+ I}IE + {S—I— 1) Iopo

The above i1s the expression for collector current.



Characteristics of CC Configuration

This configuration provides current gain but no voltage
gain.

In CC configuration, the input resistance is high and the
output resistance is low.

The voltage gain provided by this circuit is less than 1.

The sum of collector current and base current equals
emitter current.

The input and output signals are in phase.
This configuration works as non-inverting amplifier output.

This circuit is mostly used for impedance matching. That
means, to drive a low impedance load from a high
impedance source.



Transistor Regions of Operation

* The DC supply is provided for the operation of a
transistor. This DC supply is given to the two PN
junctions of a transistor which influences the
actions of majority carriers in these emitter and
collector junctions.

* The junctions are forward biased and reverse
biased based on our requirement. Forward
biased is the condition where a positive voltage is
applied to the p-type and negative voltage is
applied to the n-type material. Reverse biased is
the condition where a positive voltage is applied
to the n-type and negative voltage is applied to
the p-type material.



Transistor Regions of Operation

These biasing methods make the transistor circuit to work in four kinds of regions such as
Active region, Saturation region, Cutoff region and Inverse active region (seldom
used). This is understood by having a look at the following table.

Emitter Junction Collector Junction Region of Operation
Forward biased Forward biased Saturation region
Forward biased Reverse biased Active region
Reverse biased Forward biased nverse active region

Reverse biased Reverse biased Cut off region



Active Region

This Is the region in which transistors have many applications. This i1s also called as linear
region. A transistor while in this region, acts better as an Amplifier.

The following circuit diagram shows a transistor working in active region.

JE

: Ic = Blg
Bo—=)
°E

This region lies between saturation and cutoff. The transistor operates in active region when
the emitter junction is forward biased and collector junction is reverse biased.

In the active state, collector current is B times the base current, i.e.

Ic = Bip

Where |- = collector current, B = current amplification factor, and |g = base current.



Saturation Region

This is the region in which transistor tends to behave as a closed switch. The transistor has
the effect of its collector and emitter being shorted. The collector and emitter currents are
maximum in this mode of operation.

The following figure shows a transistor working in saturation region.

oC
& Ie = Iy
B o Collector
and emitter
are shorted
oE

The transistor operates in saturation region when both the emitter and collector junctions are
forward biased.

In saturation mode,

e
S

As in the saturation region the transistor tends to behave as a closed switch,

Wihere |- = collector current and Ig = emitter current.



Cut off Region

This i1s the region in which transistor tends to behave as an open switch. The transistor has

the effect of its collector and base being opened. The collector, emitter and base currents
are all zero in this mode of operation.

The figure below shows a transistor working in cutoff region.

L
VI. =0

S Open between
Bo emitter and
Ip collector

J'IE={:|
F

The transistor operates in cutoff region when both the emitter and collector junctions are
reverse biased.

|
O

As in cutoff region, the collector current, emitter current and base currents are nil, we can
write as

WWhere |- = collector current, lg = emitter current, and lg = base current.



Transistor Load Line Analysis

* Among all these regions, we have found that
the transistor operates well in active region
and hence it is also called as linear region. The
outputs of the transistor are the collector
current and collector voltages.



Transistor Load Line Analysis

* The output characteristics are drawn between
collector current I. and collector
voltage V for different values of base
current I;.

IC (mA) A

» Vep(volts)



Load Line

* When a value for the maximum possible collector
current is considered, that point will be present
on the Y-axis, which is nothing but the Saturation
point. As well, when a value for the maximum
possible collector emitter voltage is considered,
that point will be present on the X-axis, which is
the Cutoff point.

* When a line is drawn joining these two points,
such a line can be called as Load line. This is
called so as it symbolizes the output at the load.
This line, when drawn over the output
characteristic curve, makes contact at a point
called as Operating point or quiescent point or

simply Q-point.



Load Line

The load line is drawn by joining the saturation and cut off
points. The region that lies between these two is the linear
region. A transistor acts as a good amplifier in this linear region.
If this load line is drawn only when DC biasing is given to the
transistor, but no input signal is applied, then such a load line is
called as DC load line. Whereas the load line drawn under the
conditions when an input sighal along with the DC voltages are

applied, such a line is called as an AC load line.

Ic(mA) .

Al 2
Saturation / Load line
point =

//;___,-_ _ =0
J—
|
O B

Ve (volts)



DC Load Line

VWhen the transistor is given the bias and no signal is applied at its input, the load line drawn
under such conditions, can be understood as DC condition. Here there will be no
amplification as the signal is absent. The circuit will be as shown below.

Ic
yy ~>-
B PN
<
‘ = Ver ‘ S
— 5 Re =
o Signal I- 4 5 =
. L - l
1 * |
] 1NNl
VeE Vee

The value of collector emitter voltage at any given time will be

Ver = Voo — IcRe

As Ve and Be are fixed values, the abowve one i1s a first degree equation and hence will be a
straight line on the output characteristics. This line is called as D.C. Load line.



DC Load Line

Vee | A
Re Ip1
[p;
\ Ip3
\\ 3 134
0 Vee — *Vep (volts)

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



DC Load Line

To obtain A

When collector emitter voltage Vg = 0, the collector current is maximum and is equal to
Vee/Re. This gives the maximum value of Veg. This is shown as

Vee = Voo — IcRe
0=Vee—IcRe

Ie =Vee/Re

This gives the point A (OA = Vqc/Re) on collector current axis, shown in the above figure.



DC Load Line

To obtain B

When the collector current | = 0, then collector emitter voltage i1s maximum and will be
equal to the V. This gives the maximum value of |-. This is shown as

Vee = Vee — IcRe
= Vee

(ASI-=10)

This gives the point B, which means (OB = Vz¢) on the collector emitter voltage axis shown
in the above figure.

Hence we got both the saturation and cutoff point determined and learnt that the load line is
a straight line. 50, a DC load line can be drawn.



AC Load Line

The DC load line discussed previously, analyzes the variation of collector currents and
voltages, when no AC voltage is applied. Whereas the AC load line gives the peak-to-peak
voltage, or the maximum possible output swing for a given amplifier.

We shall consider an AC equivalent circuit of a CE amplifier for our understanding.

Vin
= VcE %"c




AC Load Line

From the above figure,

VGE — (Rg}f,‘fﬂl) by L‘j

re = Reg//Ry

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,

Vmu: — VGEQ and me — _VC"EQ

Where Vegqn is the emitter-collector voltage at quiescent point



AC Load Line

The following graph represents the AC load line which is drawn between saturation and cut
off points.

A AC Load line
Saturation /
point
\\
O Cu? g » Veg(volts)
point

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

Ic(sat)y = Icqo + (Veeq /Tc)

The voltage Ve at the cutoff point i1s

Veewpsr) = Veeq + Icorce



AC and DC Load Line

When AC and DC Load lines are represented in a graph, it can be undersiood 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.

AC loadline
I T
g = 15mA
Ig = 10mMA
Ig = TmMA
Ig = SMA
\\./ DC loadline
—_—

From the abowve figure, it is understood that the guiescent point {the dark dot) is obtained
when the value of base current IB i1s 10mA. This is the point where both the AC and DC load
lines intersect.



Operating Point

* When aline is drawn |

cut off points, such a

oining the saturation and
ine can be called as Load

line. This line, when o

rawn over the output

characteristic curve, makes contact at a point
called as Operating point.

* This operating point is also called as quiescent
point or simply Q-point. There can be many such
intersecting points, but the Q-point is selected in
such a way that irrespective of AC signal swing,
the transistor remains in the active region.



Operating Point

The following graph shows how to represent the operating point.

JET
Quiescent Point
Saturation
point
/ad -
0] Cutoff —> Ve

point

The operating point should not get disturbed as it should remain stable to achieve faithful
amplification. Hence the quiescent point or Q-point is the value where the Faithful
Amplification is achieved.



Faithful Amplification

The process of increasing the signal strength is called as Amplification. This amplification
when done without any loss in the components of the signal, 1s called as Faithful
amplification.

Faithful amplification is the process of obtaining complete portions of input signal by
increasing the signal strength. This is done when AC signal is applied at its input.

Quiescant Paint

I

e
Input waveform

P Load line
e
e e
. -l

—» VcE

Output waveform

In the above graph, the input signal applied is completely amplified and reproduced without
any losses. This can be understood as Faithful Amplification.

The operating peoint is so chosen such that it lies in the active region and it helps in the
reproduction of complete signal without any loss.



Faithful Amplification

If the operating point is considered near saturation point, then the amplification will be as
under.

Quiescent Point

|
In waveform :
RULWavelof Saturation

_______ Load line

PE R R R TR N

Output waveform

D e
D I I IS



Faithful Amplification

If the operation point is considered near cut off point, then the amplification will be as under.

Quiescent Point

+
Ie
Input waveform
Load line
//
\N/ v
0 e - o

[P T

Output waveform



Methods of Transistor Biasing

The biasing in transistor circuits is done by using two DC
sources Vgg and V.. It is economical to minimize the DC
source to one supply instead of two which also makes the
circuit simple.

The commonly used methods of transistor biasing are
Base Resistor method

Collector to Base bias

Biasing with Collector feedback resistor
Voltage-divider bias

All of these methods have the same basic principle of
obtaining the required value of I; and I. from V. in the zero
signal conditions.



Base Resistor Method

* |n this method, a resistor Ry of high resistance is
connected in base, as the name implies. The
required zero sighal base current is provided by
V.c which flows through R;. The base emitter
junction is forward biased, as base is positive with
respect to emitter.

* The required value of zero sighal base current
and hence the collector current (as I. = Bl;) can
oe made to flow by selecting the proper value of
pase resistor RB. Hence the value of Ry is to be

Known.




Base Resistor Method

Lt |- e theae reguired mero signal collector current. Thaeraefors,

ZConsidering the closed circuit from “Wecs, base, emitter amnd grooumna,

HKirchhoff's wvwoltage law, wwe get,

Voo = IipRe + Viee
O
TR — Viooe — Ve
T herefore
B2 — = ‘:;VBE

wwhile applwimnag the

Since “Wees is=s gencerally guite small as compared to “Weo, the former canmn be nmneglected wwith

little error. T haemn,

e Ve
Is =
l <
Reg e
i 5
s . >
I % LY S
I
Vee =
|
l -




Collector to Base Bias

* The collector to base bias circuit is same as base
bias circuit except that the base resistor Ry is
returned to collector, rather than to V.. supply

* This circuit helps in improving the stability
considerably. If the value of I. increases, the
voltage across R, increases and hence the V also
increases. This in turn reduces the base current
lg. This action somewhat compensates the
original increase.



Collector to Base Bias

“Voltage drop across Hp will be

RHr = {Ig —+ IB}RL ~ J~HRr

From the figure,

IRy + TR+ Ve — Voo

Or
IpRp = Voo — Vpe — IcHRE
Therefore
P Vee — Ver — Ic R
B p—
I
Or
B (Voo — Vee — IcRL) S
B p—




Collector to Base Bias

Applying KVL we have
(Ip+1Ic)Rp +IpRp+ Vg = Vec
Qr

Ip(Rr+ Rp)+ IR+ Ve = Vee

Therefore

_ Vec — Ve — IcBy
R+ Rp




Biasing with Collector Feedback
resistor

* In this method, the base resistor R; has its one
end connected to base and the other to the
collector as its name implies. In this circuit,
the zero signal base current is determined by
Vg but not by V..

* Itis clear that V; forward biases the base-
emitter junction and hence base current
|5 flows through R;. This causes the zero signal
collector current to flow in the circuit.



Biasing with Collector Feedback resistor

The reqguired walue of Rg neceded to give the zero signal curregnt lo can be determined as
follows

Voo = IR + ITpRe + Ves
O

F2 e Voo — Vieer — ToRo
B p—

Ty
. Voo — Vier — BipRo
T

Since o — Sig
Adternatively,

Veoer — Viee +— Voe
O

Ve = Veor — Viee

Voo

e+ I




Biasing with Collector Feedback

resistor
Since
RB:@: Voe — Ve
Ip Ip
Where
e



Voltage Divider Bias Method

 Among all the methods of providing biasing and
stabilization, the voltage divider bias method is the
most prominent one. Here, two resistors R; and R, are
employed, which are connected to V.. and provide
biasing. The resistor R 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.



Voltage Divider Bias Method

l =
Ve

Collector Current,
it is ewvident that
&y 4+ o

Fraom the circuit
Ve
T haeraefore | thhe vwoltage across resistance Ros is
-r_—)'-r:'
| —_— F=
= R, + Feo ) =
SAopplwing Kirchhoffs voltage law o the base circuit
Ve — Vige +— W
Ve — VWigpe +— M= Ry
N e T =¥ =
= =
FE p
Since g = I~
T e T =¥ =
«r —
FE p
Vcc
Iy
Re

—

Ro
Rge
-




Voltage Divider Bias Method

Collector-Emitter Voltage, Ve

Applying Kirchhoff's voltage law to the collector side,
Vee = IcRe + Veg + IERE
Since lg = e

= IcRc+ Vo + IcRE

Therefore,
Vee = Vee — Ic(Re + RE)

Re provides excellent stabilization in this circuit.

Vo = Vpe + IcRE



Voltage Divider Bias Method

* Itis evident that I. doesn’t depend upon B. Vg is
very small that |. doesn’t get affected by V, at
all. Thus I in this circuit is almost independent of
transistor parameters and hence good
stabilization is achieved.

* Suppose there is a rise in temperature, then the
collector current | decreases, which causes the
voltage drop across R; to increase. As the voltage
drop across R, is V,, which is independent of |,
the value of Vi, decreases. The reduced value of
|5 tends to restore I to the original value.



Amplifiers Classification

Based on number of stages

Depending upon the number of stages of
Amplification, there are Single-stage amplifiers
and Multi-stage amplifiers.

Single-stage Amplifiers — This has only one
transistor circuit, which is a singlestage
amplification.

Multi-stage Amplifiers — This has multiple
transistor circuit, which provides multi-stage
amplification.



Based on its output

* Depending upon the parameter that is
amplified at the output, there are voltage and
power amplifiers.

* Voltage Amplifiers — The amplifier circuit that
increases the voltage level of the input signal,
is called as Voltage ampilifier.

 Power Amplifiers — The amplifier circuit that
increases the power level of the input signal,
is called as Power amplifier.



Based on the input signals

 Depending upon the magnitude of the input
signal applied, they can be categorized as Small
signal and large signal ampilifiers.

* Small signal Amplifiers - When the input signal is
so weak so as to produce small fluctuations in the
collector current compared to its quiescent value,
the amplifier is known as Small signal amplifier.

* Large signal amplifiers - When the fluctuations in
collector current are large i.e. beyond the linear
portion of the characteristics, the amplifier is
known as large signal amplifier.



Based on the frequency range

 Depending upon the frequency range of the
signals being used, there are audio and radio
amplifiers.

* Audio Amplifiers — The amplifier circuit that
amplifies the signals that lie in the audio
frequency range i.e. from 20Hz to 20 KHz
frequency range, is called as audio amplifier.

* Power Amplifiers — The amplifier circuit that
amplifies the signals that lie in a very high
frequency range, is called as Power amplifier.



Based on Biasing Conditions

Depending upon their mode of operation, there are class A, class B
and class C amplifiers.

Class A amplifier — The biasing conditions in class A power amplifier
are such that the collector current flows for the entire AC signal
applied.

Class B amplifier — The biasing conditions in class B power amplifier
are such that the collector current flows for half-cycle of input AC
signal applied.

Class C amplifier — The biasing conditions in class C power amplifier
are such that the collector current flows for less than half cycle of
input AC signal applied.

Class AB amplifier — The class AB power amplifier is one which is
created by combining both class A and class B in order to have all
the advantages of both the classes and to minimize the problems
they have.



Based on the Coupling method

Depending upon the method of coupling one stage to the
other, there are RC coupled, Transformer coupled and
direct coupled amplifier.

RC Coupled amplifier — A Multi-stage amplifier circuit that
is coupled to the next stage using resistor and capacitor
(RC) combination can be called as a RC coupled amplifier.

Transformer Coupled amplifier - A Multi-stage amplifier
circuit that is coupled to the next stage, with the help of a
transformer, can be called as a Transformer coupled
amplifier.

Direct Coupled amplifier — A Multi-stage amplifier circuit
that is coupled to the next stage directly, can be called as a
direct coupled amplifier.



Based on the Transistor Configuration

Depending upon the type of transistor
configuration, there are CE CB and CC amplifiers.

CE amplifier - The amplifier circuit that is formed
using a CE configured transistor combination is
called as CE amplifier.

CB amplifier — The amplifier circuit that is formed
using a CB configured transistor combination is
called as CB amplifier.

CC amplifier - The amplifier circuit that is formed
using a CC configured transistor combination is
called as CC amplifier.



Transistor as an Amplifier

* A transistor acts as an amplifier by raising the
strength of a weak signal. The DC bias voltage
applied to the emitter base junction, makes it
remain in forward biased condition. This
forward bias is maintained regardless of the
polarity of the signal.



Input Resistance

As the Input circut 1s forward Diased, the Input resistance wil be low. The Input resistance s
the opposttion offered by the base-emitter junction to the signal flow,

By definttion. 1t 15 the ratio of small change n base-emitier voltage (AVgg) to the resulting
change in base current (Alg) &t constant collector-emitter voltage

. AV,
nput resistance. R = ——

Alp

Where R; = Input resistance, Vg = base-emitier voltage, and lg = hase current



Output Resistance

The output resistance of a fransistor amplifier 1s very high. The collector current changes
very slightly with the change In collector-emitter voltage.

By definition. 1t 15 the ratio of change In collector-emitier voltage (AVeg) fo the resuiting
change In collector current (Al) at constant base current

Output resistance = B, = %ﬁ

Where R, = Qutput resistance, Veg = Collector-emitter voliage, and |o = Collector-emiter
Voltage.



Effective Collector Load

The load is connected at the collector of a transistor and for a single-stage amplifier, the
output voltage i1s taken from the collector of the transistor and for a multi-stage amplifier, the
same Is collected from a cascaded stages of transistor circuit.

By definition, it is the total locad as seen by the a.c. collector current. In case of single stage
amplifiers, the effective collector load is a parallel combination of R and R;.

Effective Collector Load, R c = Re// R,

o RG’ bt Rﬂ-

~ Rc+R, Rac

Hence for a single stage amplifier, effective load i1s equal to collector load Re.

In a multi-stage amplifier (i.e. having more than one amplification stage), the input resistance
R; of the next stage also comes into picture.

Effective collector load becomes parallel combination of R, R; and Rj1.e,

Effective Collector Load, Rac = Re//R,//R;

ReoR;

Re//B: = RoTR,

As input resistance R; is quite small, therefore effective load is reduced.



Current Gain

The gain In terms of current when the changes In Input and output curents are observed, 1s
called as Current gain. By definition, 1t is the ratio of change in collector cument (Al) to the
change n base current (Alp).

Curent gain, ﬁ M
B

The value of  ranges from 2010 200. The current gain Indicates that Input current becomes
5 times In the collector current



Voltage Gain

The gain in terms of voltage when the changes in input and output currents are observed, Is

called as Voltage gain. By definition, it is the ratio of change in output voltage (AVcg) to the
change in input voltage (AVeg).

AVer

Voltage gain, Ay = N
BE

_ Change in output current x e f fective load
~ Change in input current x input resistance

_ Ale x Rac  Ale Rac_ﬁ R ac
~ "Alp x R. Alz R, PTTR,

For a single stage, Rac = Re.

However, for Multistage,

Where R; is the input resistance of the next stage.



Power Gain

The gain in terms of power when the changes in input and output currents are observed, Is
called as Power gain.

By definition, 1t is the ratio of output signal power to the input signal power.

(Al xRyg

Power gain, Ap = AR
B) Ly

B Al N Ale x Ryc
- ﬁIE ﬁfg X R?;

= Current gain x Voltage gain



CE Amplifier




CE Amplifier

Biasing Circuit

The resistors R4, Rz and Rg form the biasing and stabilization circuit, which helps in
establishing a proper operating point.

Input Capacitor Cj,

This capacitor couples the input signal to the base of the transistor. The input capacitor Cig
allows AC signal, but isolates the signal source from Rz, If this capacitor is not present, the
input signal gets directly applied, which changes the bias at R

Coupling Capacitor Cc

This capacitor is present at the end of one stage and connects it to the other stage. As it
couples two stages it is called as coupling capacitor. This capacitor blocks DC of one

stage to enter the other but allows AC to pass. Hence it is also called as blocking
capacitor.

Due to the presence of coupling capacitor Cq, the output across the resistor R is free from
the collector's DC voltage. If this is not present, the bias conditions of the next stage will be

drastically changed due to the shunting effect of R, as it would come in parallel io Ry of the
next stage.

Emitter by-pass capacitor Cg

This capacitor is employed in parallel to the emitter resistor Re. The amplified AC signal is by
passed through this. If this is not present, that signal will pass through Rg which produces a
valtage drop across He that will feedback the input signal reducing the output voltage.



CE Amplifier

The Load resistor R

The resistance Ry connected at the output is known as Load resistor. \WWhen a number of
stages are used, then R represents the input resistance of the next stage.

Various Circuit currents

Let us go through various circuit currents in the complete amplifier circuit. These are already
mentioned in the above figure.

Base Current

When no signal is applied in the base circuit, DC base current Ig flows due to biasing circuit.
When AC signal is applied, AC base current iy also flows. Therefore, with the application of
signal, total base current ig Is given by

ip=1Ip+1i



Collector Current

When no signal 1s applied, a DC collector current [ flows due to biasing circutt. When AC
signal 15 applied, AC collector current I, also flows. Therefore, the total collector current Ic 15
given by

ic=1Ic 41,

Where

I = BIp =zerosignal collecor current

i, = Py =collecor current due fo signal



Emitter Current

When no signal is applied, a DC emitter current |g flows. With the application of signal, total
emitter current ig is given by

ig=Ig+i.
It should be remembered that
IE — Ip+ I{;
ie — I.b + E.c

As base current is usually small. it 1s to be noted that

Ig=1s and i, 21,



Operation

* When no input is applied, the quiescent
conditions are formed and no output is
present. When positive half of the signal is
being applied, the voltage between base and
emitter V,_ is increased because it is already
positive with respect to ground.

* As forward bias increases, the base current
too increases accordingly. Since I = Bl;, the
collector current increases as well.



Operation

The collector current when flows through R, the voltage drop increases.

Ve =IcRe

As a consequence of this, the voltage between collector and emitter decreases. Because,

Vep=Vec — IcRe

Thus, the amplified voltage appears across Re.

Therefore, In a CE amplifier, as the positive going signal appears as a negative going signal,
it is understood that there is a phase shift of 180° between input and output.

CE amplifier has a high input impedance and lower output impedance than CB amplifier. The
voltage gain and power gain are also high in CE amplifier and hence this 1s mostly used in
Audio amplifiers.



CB Amplifier

The input signal being applied at emitter base junction
and the output signal being taken from collector base
junction. The emitter base junction is forward biased
by V¢ and collector base junction is reverse biased by
V... The operating point is adjusted with the help of
resistors Re and R.. Thus the values of I, I, and |, are
decided by V., Vg, R, and R..

i |
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T
T =4

«— g r|':l'-
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T
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Operation

* When no input is applied, the quiescent
conditions are formed and no output is
present. As V,_ is at negative with respect to
ground, the forward bias is decreased, for the
positive half of the input signal. As a result of
this, the base current I; also gets decreased.



Operation

As we know that,

T =1 = ,BIB

Both the collector current and emitter current get decreased.

The voltage drop across Re is

Vo = IcRe

This V¢ also gets decreased.

As |cRp decreases, Vg increases. It is because,

Vep = Voo — Ic R

Thus, a positive half cycle output is produced.

In CB configuration, a positive input produces a positive output and hence input and output
are in phase. So, there 1s no phase reversal between input and cutput in a CB amplifier.

It CB configuration is considered for amplification, it has low input impedance and high
output iImpedance. The voltage gain is also low compared to CE configuration. Hence CB
configured amplifiers are used at high frequency applications.



CC Amplifier

* The common collector amplifier circuit using NPN
transistor is as shown below, the input signal
being applied at base collector junction and the
output sighal being taken from emitter collector
junction. The emitter base junction is forward
biased by V. and collector base junction is
reverse biased by V... The Q-values of I, and
|, are adjusted by R, and R..
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Operation

* When no input is applied, the quiescent conditions are
formed and no output is present. When positive half of
the signal is being applied, the forward bias is
increased because V,, is positive with respect to
collector or ground. With this, the base current |; and
the collector current I are increased. Consequently,
the voltage drop across R, i.e. the output voltage is
increased. As a result, positive half cycle is obtained. As
the input and output are in phase, there is no phase
reversal.

* |f CC configuration is considered for amplification,
though CC amplifier has better input impedance and
lower output impedance than CE amplifier, the voltage
gain of CC is very less which limits its applications to
impedance matching only.



Comparison between CB CE CC
Amplifiers

Characteristic CE CB CcC

Input resistance Low (1K to 2K) Very low (30-150 Q) High (20-500 KQ)

Output resistance Large (= 50 K) High (= 500 K) Low (20-1000 KQ)
Current gain B high a<1 High (1 + )
Voltage gain High (= 1500) High (= 1500) Less than one
Power gain High (= 10.000) High (= 7500) Low (250-500)

Phase between

| reversed same same
input and output

Due to the compatibility and characteristic features, the common-emitter configuration is
mostly used in amplifier circuits.



e Dl e
* Anarrangement of transistors which allows

the difference between two signals source to
be amplified.

 The outputis proportional to the difference
between these two inputs,




Modes of operation of Differential
Amplifier (DA)

* There are two modes of operations of DA
— Differential mode
—Common mode

 Differential mode:

* Two input signals are of same magnitude but
opposite polarity are used (180° out of phase)

e Common mode

* Two input signals are of equal in magnitude
and same phase are used
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Differential mode

* Assume sine wave on base of Q1 is +ve going
signal while on the base of Q2 —ve going signal

129



Differential mode

An amplified —ve going signal will appear at collector
of Q1

An amplified +ve going signal will appear at collector

of Q2

Due to +ve going signal of base of Q1, current

increases in R & hence a +ve going wave is developed

across R¢

Due to -ve going signal of base of Q2, -ve going wave
is developed across R because of emitter follower
action of Q2

130



Differential mode

So, signal voltages across R, due to effect of Q1
Q2 are equal in magnitude &180° out of phase-

due to matched transistors

Hence the two signals cancel each other & there is

no signal across Rg
No AC signal flows thro it
V_= +10-(-10)= 20

V, is difference voltage in two signals
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Common Mode

 Two input signals are of equal in magnitude and
same phase are used

In phase signal develops in phase signal voltages
across R

Ing— | , AN __,( |
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Common Mode

* Hence Rgcarries a signal current & provides -ve
feedback

 This —ve f/b decreases AC

* In signal voltages of equal magnitude will appear
across two collectors of Q1 &Q2

* Vo= 10-10=0 Negligibly small

* ldeally it should be zero

133



CMRR

* The ability of a differential amplifier to reject a
common mode signal is expressed by its
common mode rejection ratio (CMRR)

* Ahig
signa
POSSI

n CMRR is required when a differential
must be amplified in the presence of a
oly large common-mode input




CMRR

~Gominion MOnE REJEGION R0

The ratio of the magnitude of its dlfferential gain, A, to
the magnitude of its common mode gain, Acm.

A
CMRR =
A cul
The value of the CMRR is often given in dB,

CMRR = IA—dI
(dB) = 20 log ,,

I CMl
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Power Amplifier

e After the audio signal is converted into
electrical signal, it has several voltage
amplifications done, after which the power
amplification of the amplified signal is done
just before the loud speaker stage. This is
clearly shown in the below figure.

O Voltagg : Voltagg : Powe‘r' > :[q
Amplifier Amplifier Amplifier

Microphone Loudspeaker




Power Amplifier

* While the voltage amplifier raises the voltage
level of the signal, the power amplifier raises the
power level of the signal. Besides raising the
power level, it can also be said that a power
amplifier is a device which converts DC power to
AC power and whose action is controlled by the
input signal.

 The DC power is distributed according to the
relation,

* DC power input = AC power output + losses



Power Transistor

For such Power amplification, a normal transistor would not do. A
transistor that is manufactured to suit the purpose of power
amplification is called as a Power transistor.

A Power transistor differs from the other transistors, in the
following factors.

It is larger in size, in order to handle large powers.

The collector region of the transistor is made large and a heat sink
is placed at the collector-base junction in order to minimize heat
generated.

The emitter and base regions of a power transistor are heavily
doped.

Due to the low input resistance, it requires low input power.

Hence there is a lot of difference in voltage amplification and power
amplification. So, let us now try to get into the details to
understand the differences between a voltage amplifier and a
power amplifier.



Classification of Power Amplifiers

 The Power amplifiers amplify the power level of the
signal. This amplification is done in the last stage in
audio applications. The applications related to radio
frequencies employ radio power amplifiers. But
the operating point of a transistor, plays a very
important role in determining the efficiency of the

amplifier. 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.

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 Ampilifiers 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.



Classitication Based on IViode ot
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.

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.

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.

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.

Before going into the details of these amplifiers, let us have a
look at the important terms that have to be considered to
determine the efficiency of an amplifier.



Collector Efficiency

* This explains how well an amplifier converts DC power to
AC power. When the DC supply is given by the battery
but no AC signal input is given, the collector output at
such a condition is observed as collector efficiency.

* For example, if the battery supplies 15W and AC output
power is 3W. Then the transistor efficiency will be 20%.

* The main aim of a power amplifier is to obtain maximum
collector efficiency. Hence the higher the value of
collector efficiency, the efficient the amplifier will be.

The collector efficiency is defined as

average a.c power output

average d. c power input to transistor



Power Dissipation Capacity

* Every transistor gets heated up during its operation. As a
power transistor handles large currents, it gets more
heated up. This heat increases the temperature of the
transistor, which alters the operating point of the transistor.

* So, in order to maintain the operating point stability, the
temperature of the transistor has to be kept in permissible
limits. For this, the heat produced has to be dissipated.
Such a capacity is called as Power dissipation capability.

* Power dissipation capability can be defined as the ability
of a power transistor to dissipate the heat developed in it.
Metal cases called heat sinks are used in order to dissipate
the heat produced in power transistors.



Distortion

* A transistor is a non-linear device. When compared
with the input, there occur few variations in the
output. In voltage ampilifiers, this problem is not pre-
dominant as small currents are used. But in power
amplifiers, as large currents are in use, the problem of
distortion certainly arises.

* Distortion is defined as the change of output wave
shape from the input wave shape of the amplifier. An
amplifier that has lesser distortion, produces a better
output and hence considered efficient.



Power Amplifier
Amplifier Types

Class A
The amplifier conducts through the full 360° of the input. The Q-point is
set near the middle of the load line.

Class B
The amplifier conducts through 180° of the input. The Q-point is set at
the cutoff point.

Class AB
This is a compromise between the class A and B amplifiers. The
amplifier conducts somewhere between 180° and 360° . The Q-point is
located between the mid-point and cutoff.

Class C
The amplifier conducts less than 180 of the input. The Q-point is located
below the cutoff level.
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Class A Amplifier

The output of a class A amplifier
conducts for the full 360° of the
cycle.

The Q-point is set at the middle of
the load line so that the AC signal
can swing a full cycle.

Remember that the DC load line
indicates the maximum and minimum
limits set by the DC power supply.
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Class B Amplifier

‘

A class B amplifier output
only conducts for 180° or
one-half of the AC input
signal.

The Q-point is at 0V on the
load line, so that the AC
signal can only swing for
one-half cycle.
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The output of the class C
conducts for less than 180° of the
AC cycle. The Q-point is below
cutofl,
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Class AB Amplifier

This amplifier is a compromise between the Ic
class A and class B amplifier—the Q-point

is above that of the Class B but below the
class A.

The output conducts between 180° and
360° of the AC input signal.
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Direct coupled class A amplifier

Series-Fed Class A Amplifier

This is similar to the /L°°d
small-signal amplifier
except that it will handle Rs
: roltn o C
higher voltages. The - D

transistor used is a high-
power transistor.

transistor
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Power Considerations

* The power drawn from the supply is

* Qutput Power

Pﬁ[ﬂﬂ} = Vle {rms) f,:‘{ rms)

P (ac) = [+(rms)Rc

Ve(rms)
Re

P.lac) =

*  Maximum Efficiency

maximum Veg(p-p) = Ve

maximum /Ap-p) = R‘_:
maximum P (ac) = Vee W;"r /R¢)
N.B.: - 'IE'{"
Vims = j—% 8R

Pr'{dl:} — Vrrf{"ﬂ

* Efficiency
% = P,(ac) % 100%
1 Pide)

maximum P{dc) = Vee(maximum I) = Ve

Vee

2R

Vee/Re
2

The maximum power input can
be calculated using the dc bias
current set to one-half the

maximum P,(ac)

maximum % n = - X 100%
maximum P;(dc)
Vee/8Re
= ———— X 100%
cc/2R¢
= 25%
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Transformer-Coupled Class A Amplifier

This circuit uses a
transformer to couple to
the load. This improves
the efficiency of the Class
Ato50%.




Class B Amplifier

In class B, the transistor is
biased just off. The AC signal
turns the transistor on.

The transistor only conducts
when it is turned on by one-
half of the AC cycle.

In order to get a full AC cycle
out of a class B amplifier, you
need two transistors:

* Annpn transistor that provides the
negative half of the AC cycle

*  Apnp transistor that provides the
positive half.
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Class B Push-Pull Operation

» To amplify the entire cycle, it is necessary to add a second class B amplifier
that operates on the negative half of the cycle.

» The combination of two class B amplifiers working together is called push-pull
operation

» There are two common approaches for using push-pull amplifiers to
reproduce the entire waveform.

1. Transformer Coupling Inpu e Output
transformer \}:—\3 e transformer
o
v The input transformer thus | /\/ H o | H [\/
converts the input signal to two - ) é :
out-of-phase signals for the two AN 0,
npn transistors. \BP”P“

v The output transformer combines the signals by permitting current in both
directions, even though one transistor is always cut off.
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Maximum Output Power

f-r}h'.f{f'm.'i] - ﬂ-?l]Tf:mr[pﬂuk] - ﬂ'-.-"'l]?fr{.mr]
I"Ffrrrrlimr.ﬂ = {]-Tﬂ?vﬂrrriﬂmk} = 0.707 VCEI!:I

PI’H”

" CHET (s ) l"’rum' [ FIIES)

Fur.rr — [}“ISI{'I:.THHVCEQ

Substituting Ve /2 for Viegg, the maximum average output power is

Poue = 0251 Vo

DC Input Power The de input power comes from the Ve supply and 1s

Ppc = IecVee

Since each transistor draws current for a hall-cycle, the current 1s a half-wave signal with

an average value of Legsan)
e =
fala p
‘fr 1.t'f:r]F('.'[f
Ppc = ——
Efficiency p
n = el . N | N 0.250 . 5an Viee — 0.95m
FDC - Ppe Jrﬁm”]_;cm.fw |

NMmax = 0.79 155



2. Complementary Symmetry Transistors

v’ The figure shows one of the most popular types of push-pull class B amplifiers
using two emitter-followers and both positive and negative power supplies.

v’ This is a complementary amplifier because one emitter-follower uses an npn
transistor and the other a pnp, which conduct on opposite alternations of the
input cycle.

+Vir

+Vier

)
conducting

o,

conducting Ry
-

—Vee =Vee

(a) During a positive half-cycle (b} During a negative half-cycle
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Class B Amplifier

Crossover Distortion

If the transistors Q, and Q, do
not turn on and off at exactly

distortion
the same time, then there is a /
gap in the output voltage.

Crossover
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Crossover Distortion

When the dc base voltage is zero, both transistors are off and the input signal
voltage must exceed VBE before a transistor conducts.

Because of this, there is a time interval between the positive and negative
alternations of the input when neither transistor is conducting, as shown in
Figure.

The resulting distortion in the output waveform is called crossover distortion.

O conducting

- off -HH-T“L

/N

Both @ and Q5 off

(crossover distortion) 1, conducting
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Multistage Amplifier

M ULTISTAGE TRANSISTOR AMPLIFIER

A transistor circuit containing more than one stage of
amplification 1s known as multistage transistor amplifier.

SECOND|
STAGE

— o s

COUPL- | _ | TwRp |OUTPUT
ING STAGE

SR
WPUT | pisT

sy I COUPL~ |

ING

Fig. Block diagram of a 3 -stage amplifier

In @ multistage amplifier, a number of single
amplifiers are connected.
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Multi-Stage Transistor 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.

Input 9 1st stage Coupling device 2nd stage Output

V, o— AV, AV, E—SVA

The fOIIUVVIII5 HEUIT J11UVVD a LVvwWwuUu  LagT allipIniIct LvliicuLcyu i bGDbO\Je-

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

Voo o Wy
AV:AVKAVE:—X—:—
! Vi v W

Where A, = Overall gain, A, = Voltage gain of 1% stage, and A, = Voltage gain of
2"d 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

* To transfer the AC from the output of one
stage to the input of next stage.

* 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.



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.




Impedance Coupling

 The coupling network that
uses inductance and capacitance as coupling

elements can be called as Impedance coupling
network.

* |n this impedance coupling method, the
impedance of coupling coil depends on its
inductance and signal frequency which is jwL.

This method is not so popular and is seldom
employed.



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.



Direct Coupling

* |f 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.



Direct Coupled Amplifier

As shown n the Delow diagram, the drect coupled amplier (DC) s consistoftwo transistors (s and (& voRage
cvider base bias resistor network (R Ry which i provided on the ransistor () base

0 colector resisors Reand Res, te ransistor Q15 el biased, We also Use fow emier bypass resistors Reand

ey, The rect-coupled ampifr 15 operated wihout (e using of freguency sensiive component ke capacior

Inductor and Transfomer eft. The drect coupled ampltier ampliy the A.C signal with frequency s ow a fiacton of
Hertz ().
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Direct Coupled Amplifier

Direct Coupled Amplifier



Direct Coupled Amplifier

First of all when we applied a +ve half cycle at the /P of Q4 transistor, which is already biased through the divider
bias network. The +ve half cycle forwarded bias the transistor 4 which start fne conduction and give an inverted

and amplified O/P at the collector . As we know that
vCE: VEE - |ERE

This amplified -ve signed is provided to the base of Q; transistor, which is self-bias (because they are connected in
cascade condition). The base of Q transistor is a reversed and did not conduct, the O/P of transistor Q5 is
amplified signal (inverting to /P of Qy) when the (, did not conduct and the voltage drop across collector emitter

will be zero, therefore the Ve Is equal to | R,
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Direct Coupled Amplifier

* The transistor in the first stage will be an NPN
transistor, while the transistor in the next
stage will be a PNP transistor and so on. This is
because, the variations in one transistor tend
to cancel the variations in the other. The rise
in the collector current and the variation in B
of one transistor gets cancelled by the
decrease in the other.



Direct Coupled Amplifier

Operation

* The input sighal when applied at the base of
transistor T,, it gets amplified due to the
transistor action and the amplified output
appears at the collector resistor R_ of
transistor T,. This output is applied to the base
of transistor T,which further amplifies the
signal. In this way, a sighal is amplified in a
direct coupled amplifier circuit.



Direct Coupled Amplifier

4-1 calculation of Voltage Gain of Direct Coupled Amplifier:

Consider Fig.(1-9).
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Direct Coupled Amplifier

It is evident from the figure shown above that the input resistance of the first stage,

R,I = ':.R| Il R]}ll ﬁ|1ﬂ.‘: + R_;]
and input resistance of the second stage,

'R:: = 132":"'.-’: + Rb}
Similarly, the output resistance of the first stage,

R, = R,I R;
and output resistance of the second stage,
R, = R,
Voltage gain of the first stage,
R, R
’ = o — = =
A = Bx =

and voltage gain of the second stage,

ﬁ R-l""u
— P - = =
A = PaXp r’ + Ry

Iy f_'h
Now the overall voltage gain is given by the relation,

A, = d"l - "4"':

172



Field-Effect Transiétor

. MODULE Il - MOSFET AND AMPLIFIER CIRCUITS
18'12. MOSFETs

349

field. e'Iﬂ'-l:Je LL{OSEET is an abbreviation for metal-oxide semiconduetor
306, el transistor. Like JFET, it has a covrce, gate and drain.

However, unlike JFET. {
) , the gate of a MOSFET it insulated from
the channel. Because of this, the MOSFET is sometimes known zs

an IGFET which stands for insulated-gate field effect transistor.

Basically, the MOFET’s are of t ;
" 4 4 : 1 8
MOSFET and Enhance-type.Nﬁ)SFEg‘. ypes namely depletion type

18:13. Depletion.type MOSFET

(j-[:‘?‘om

7
oo, S
Gote N P —_0
Mg Subhstrate
' Si02 /

Layer

e

54

Scurce

Fig.18 11. Basic structure of an N-channel
dspletion-type MOSFET.

Fig. 18:11 shows the basic structure of an N-channel depletion
type MOSFET. It consists of a conducting bar of N-type material
with an insulated gate on the left and P-region on the right. Free
electrons can flow from source to drain through the N-type mate-
rial. The P-region is called substrate (or body). It physically
reduces the conducting path toa narrow channel. A thin layer of
silicon diozide is deposited on the left side of the channel. This
layer insulates the gate from the channel. Because of this, a
negligible gate current flows even when the gate voltage is positive.
it will be interesting to know that a PN juction, which exists in &
JTRT, has been eliminated in the MOSFET.

The basic construction of a depletion-type P-channel
MOSFET is similer to that of N-channel except that the conducting
bar is of P-type material and the substrate is of N-type material.

18-14. Working of a Depletion-type MOSFET

The depletion-type MOSFET can be operated in two different
modes as given below : |

1. Depletion mode. The device operates in this mode, when
the gate voltage is negative.
—5

2. Enhancement mode. The device operates in this mode, when
the gate voltage is positive.

v—\
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& e opemted in either /

d thereforc this device 18 commonlj/
e

: , yemont mode, . SFET. The Work‘i,;rig
depletion or eil,lt]fl()’::-enhmoemonb (DE) type 'I\f/'Ige visulise the enfire
KEOWIL B2 dﬁ% i by explained easily, 1% acitor. One of the
kg o f Hllrtlaay;lev‘ice as a parallel Platchd]_zhe centigandustor
s““Ct‘u.ref(:;mcld by the gate aud the Otl(’i"jr lg,c%,!‘ic (SiO, layer;. We
plates 1ls The plates are_ separated by a 18..d negative, it induces
chanoel. 1 te of a capacitor 18 10ade e
know that if one plate ol a cap This princi

i jce versa.
a positive charge on the cpposite plate an(lszll]cf’o\; e SFETs in the
plg is used below in explaining the werking ’

' des. ,
depletion and enhancement mo o '
1. Depletion mode. Fig. 1812 (a) shows a MOSKFET with a

-y i,
negative gate-to-source voltage. Thga negative voltage, e.01; fttt.lheis gfme
induces a positive charge in the channel. Because 118,

iti ' ‘ ay in the
electrons in the vicinity of positive charge are repelled away

channel. As a result of this, the channel isi@&g_gl_of free qlectrc;x}:]s.
This reduces the number of free electrons (which constitute ] e
drain -current) passing through the channel. Thus as] thef x;a ue
of negative gate-to-source voltage is increased, the value of drain
current decreases. At a sufficlent negative value of gate-to-source
voltage, called Vgs (off), the channel is totally depleted of free
electrons and therefore the drain current reduces to zero. Thus with
‘the negative gate voltage, the operation of MOSFET is similar to
that of a JFET,

It is evident from the above discussion that negative gate
- voltage depletes the channel of free electrons. It isdue to this
fact that the working of a MOSFET, with a negative gate voltage,
is called depletion mode.

Tcan b
Since the depletion-type MOSFET c

el
Ve |
v v s -
(a) Depletion mode, ‘A
Fig. -18~l2. Working of g de

2. Enhanbemens mode.,

a positive gate-to-source voltagf lg;l'lllgta lzo(bi{-shows a MOSFET with
~ 8es the numl::artof free eleotrong passingptls)rou h th

greater the gate voltage, grepte, ; n gb e channel. The
passing through the channel, Ty, ; Jumber of free electrons
ting of the channel. Becauge of this fo

called enhancement mode.

(b) Enhancement mode,
pletion-type \10g FET,



Field-Effect Transistor
351

It will be inter ;
’ eresting to know t] i
can ¢ . g hat depletion-t,
of thi(:snd";c't e‘ven if the gate-to-source voltage r()Vc;s) is gell)‘f) M]?SFET
3, 1t 18 commonly known as Normally.ON MOSFET - because

Ve

/

18'15. Drain Characteristic of Depletion-type MOSFET

Fig. 18:13 shows the draj isti

5 S8 drain characteristics for the N-ch /
epletion-type MOSFET in the common source c()nﬁgura,t-iol(:. '?‘Iﬁz:é /

" .

sg;‘;:: :'I(‘)?t p(}ott;d for both negative and positive values of gate-to-

hove o Os-ia;?e (Vgs). The curves shown above the curve for Vgs=0

of Voo p o hlve %}ero ‘whereas those below it have a negative value

the do. loti en ¥ Gs 1s zero and negative, the MOSFET operates in

the M([))SF]é)n-mode. Qn the other hand, if Vgs is zero and positive,
T operates in the enhancement-mode.

{

- Vos = +2V Enhancement
7, mode
g Vos | +1V
O E 0
o —
(‘5 Vgs = -1V
Vgs = -2V Depletion
: mode
/VGS(om
0 =
— Drain-to-source —=

voltage (Vps)

Fig. 18-13. Drain characteristics of N.channel
depletion-type MOSFET.

It may be noted that the drain characteristics of depletion-
type MOSFET’s are similar to that of JFET. The only difference is
that JFET does not operate for positive values of gate-to-source

voltage (Vas).
1816. Transfer Characteristic of Depletion-type MOSFET

Fig. 1814 shows the transfer characteristic (also called trans-
conductince curve) for an N-channel depletion-type MOSFET. It
may be noted from this curve that the region AB of the character-
istic is similar to that of JFET. But here, this curve extends lfor
the positive values of gate-to-source voltage (Vas) also. TheO vz}r Eg
Ipss represents the current from drain-to-source with Ves = S She
drain current at any point along the transfer characteristio (+-€.

curve ABOC) is given by the relation,

Vas .)’
Ip = Ipss ( == Vas(os)
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Fig. 18-14. Traonsfer characteristics of & N-channel
depletion-type MOSFET.

i Jevice bkas a drain
It may be noted that even if Vgs = 0, tbe d'evme : )
current equa! to /pss. Due to this fact, it is called normally-ON

M OSFET.

1317. Gircuit Symbol for Depletion-type MOSFET

Pig. 18°15 (¢) and (b) shows the circuit sy mbols for thea N-
channel depletion-type MOSFET. In these figures, a thin vertical
line (just right to the gate) represents the channel. The drain and
source terminals are connected to the top and bottom of the channei
as shown. The arrow, on the P-type substrate, points towards the
channel. This indicates that the channel iz N-type. In soms
MOSFET’s, a connection from the substrate is also tuken out. Such
MOSFET's have 4-terminals as indicated in the Fig. 18:15 (a). But
in most of the MOSFET's the substrate is internally oonnected to
the source. This results in a three terminal deviece, whose sirenit
gymbol is as shown in Fig. 18:15 (b).

D
¢ Drain
“hannety | 0 D
i! : ]
| !
>afte | I '»i oSub fo lL"'J
ot | ubstraio " _j"“"“f ; Y
; G — o i
! G |
, |
1*'§r,)urc\=~ : 08 |
57 oS

(@) IN-channel (b) Nechannel (¢) P-channel
depletion type MOSFET’s,

Fig. 1815 (o) shows the asjronit
depietior typo MOSFET. 1t way he uoted that ghe symbol is

gimilar to that of N.chenne], exoept the direct;
@ubstmte.1 its dl?ectmn I8 away from the c}f:;:-:; IOf th}?’ ?grqw on the
ihat the channel is of P-type materia) » Which indicates

Fig. 18:16.  Circuis symbols for

symbol for 3 P.channel
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18'18. Enhancement-type MOSFET

. The enhancement-type MOSFET has no deplet; i
go(ge:ﬁ,tesd only. i enhancement mode. It diﬁ'(}t)'s ixllo:orrg(t);‘t)c:izi
om. le heplat.lon-type MOSFET in the sense that it has no
II:I -ylslloa. lc annel. TFig. 1816 (a) shows the basic structure of the
: channel enhancement-type MOSFET. It may be noted, that the
-type substrate extends the silicon dioxide layer complet’e!y. I

Fig. 1816 (b) shows the normal biasin olarities §
g;::a’?hn'e' 1Menhancem'ent-type MOSFET. It %nuft be remexx?geg;
oy b 13 MOSFET is always operated with the positive gate-to-

rce voltage _(Vc;s). When the gate-to-source voltage is zero, the

. DD Supply tries to fprce free electrons from source.-to-drain. But
the Prf‘epce of P-region does not permit the electrons to pass
rough it. Thus there is no drain current for Vgs = 0. Due to

this fact, the enh Y
OFF MOSFET. emancemont type MOSFET is also called normally.

DIDroin D] S,

e .

l
luyer—\ N I N '
Gate N -
G e\ he
o N - -p o
5 N P VL N3 Voo
\
'S
) N — B
e T
t
. sdsource ‘LS—
{¢) Basic construction. (by Formation of invertion layer. -

Fig, 18-16. Enhancement tvpe MOSFET.

Now, if some positive voltage is applied at the gate, it induces
a pegative charge in the P-type substrate just adjacent to the
silicon dioxide layer. The induced negative charge is produced by
attracting the free electrons from the source. When the gate is
positive enough, it can attract a number of free electrons. This
forms a thin layer of electrons, which stretches from source to drain.
This effect is equivalent to producing a thin layer of N-type channel
in the P-type substrate. This layer of free electrons is called N-type
invertion layer.

The minimum gate-to-source voltage (Vos), which produces
invertion layer, is called threshold voltage and is designated by the
symbol Vgs(m). When the voltage Vgs is less than Vgs(m), no current
flows from drain to source. However, when the yoltage.Vcs 18
greater than Vgs(u), the inversion layer connects the drain and
gource and we get significant value of current.

18:19. Drain Characteristics for Enhancement-type

i i riaties N.-channel
Fig. 1817 (a) shows the drain characteristics for

enhance%xlent-type MOSFET. It may be noted from this f{gu:gitg.l;t
the gate-to-source voltage (Vgs) is less than thresnol ,

2310 119

MOSFET
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Vas(a), there is no drain current. However, 1D actual practice, an
extremely small value of drain current does flow through the
MOSFET. This current flow is due to the presence of thermally
generated electrons in the P-type substrate. thnﬂthe value of
Vs is kept above Vas(tr), & significant drain current flows.

The value of drain current increases with the increase in gate-
to-source voltage. It is because of the fact that the width of
inversion layer widens for increased value of VGs.a‘nd therefore
allows more number of free electrons to pass through it. The drain

current reaches its saturation value above a certain value of drain.

to-source voltage (Vps)-

1 - Vs =6Y T
* s
3~; o
C r— -
é v '%-—9 By,
5 & GS(th)
Ves =Vesim=3V l
OT o - 0 " Y
— Drain-to-source —> . —— Gate-to -source —=
voltage (Vps) . voltage (Vgs)

(b) Transfer characteristic.

(a) Drain characteristic. 7
N-channel enhancement-type MOSFET.

Fig. 1817, Characteristics for

18-20. Transfer Characteristic for Enhancement-type
MOSFET

Fig. 18:17 (b) shows the transfer characteristic for N-channel
enhancement type MOSFET. It may be noted from this figure that
there is no drain current when the gate-to-source voltage, Vs = 0.
However, if Vgs is increased above the threshold voltage, Vas(i),
the drain current increases rapidly as shown in figure. The drain
current at any point along the curve is given by the relation,

Ip = K [Ves—Vas(e)]?

where K is a constant, whose value depends on the type of
MOSFET. Its value can be determined frgm the dazlae shye%t }?y
taking specified value of drain current called Ip(on) at the given
value of Vs and then substituting these values in the above equa-
tion. Incidently, it may be noted that enhancement-type MOSFET
does not have an Ipss perameter like JFET and depletion-type

MOSFET.
1821. Circuit Symbol for Enhancement-type MOSFET

Fig. 1818 (a) shows the circuit symbol for N-channel
ment-type MOSFET. In this figure, th% broken line indicates
that there 18 no conducting channel between drain and source, when
" Due to this fact, this device is also known as “Normally-
OFF MOSFET”. The drain and source terminals are shown at the

enhance

Vos = 0

e
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tczﬁ 1?:::% t:io;.botlﬁ end of the broken line. The substrate is internally
ed to the source as shown. The arrow points in the direction

. of channel (or invertion layer ich i i 4
' ¢ ] Wh h S v
ed above VGs(i). yer), which is created when Vgs is increas-

N-type D P.iype,.. 70
channel WJ chogne! J T

g | 6 |k
1

(a) N-channel, (b) P-channel.

Fig. 18-18. Circuit symbols for
ethancment-type MOSFET.

Fig. 18'18 (b) shows the circuit symbol for the P-channel
enhancement-type MOSFET. This symbol is similar to N-channel
except that the arrow points outwards. This indicates that the
channel (or invertion layer) created in the substrate is of P-type. In
actual practice, the N-channel and P-channel enhancement-type
MOSFET’s are known as NMOS and PMOS field-effect transistors
respectively. =

Example 18:3. The data sheet for a certain enhancemant-type.

MOSFET reveals that Ip(os) = 10mA at Vgs = —12V and
Vas(m) = —3 V. Is this device P-channel or N -channel * Find the

value of Ip, when Vgs = —6 V. (Ozford University)

Solution. Git?en 2 ID(on) — 10 mA : Vgs = —12 volts and
| Vos(tn) = ~3 volts. ' ~ 4 .

Since the value of Vs is negative for the enhancement-type
MOSFET, this indicates that the device is P-channel. We know that.
“the drain current, | B
Ip = K [Ves—Vasim)]? 8
 ID(on) = K [(Ves—Ves()]® |

10 = K [-12—(-3) = 81 K

K = 10/81 = 012 mA/V

or

Substituting this value of K and Vos
equation (3), '

(equal to —8) in the

Ip = 012 [—6—(—3) = 108 mA Ans.

18:22. The MOSFET as a Resistor

The MOSFETs have an important property that they ¢ ",
used as a resistor, capacitor, amplifier and a switch. Tl;ls make
the design of electronic oircuits very simple, because

circuit consists of only MOSFETs and no other 00mP = pory
roprocessors an

examples of such circuits are mic
circuits.
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ato m er
lar than transistor amplifier. The ficld-effect 'm";“"":lr ,;fhrui_:hi‘: o
is suitable as an input amplifier for low-level S’W’_.'pr‘.
extensively used in hi-fi frequency modulated (FM) receivers.
We shall first discuss the biasmng of field-

In this chapter. _
d FET’s) and then the FET amplifiers.

effect transistors (i.e.
31'2. Biasing the FET

The purpose of biasing a transistor is to select the proper ope-
rating point and maintain it, even if there are variations in term-
perature or among individual devices of the same type. It is done
by selecting the suitable values of gate-to-source voltage (Vas) lm,d
drain current (Ip). It will be interesting to kmow that the FET’s
are used mainly as small-signal amplifiers. It is because of the fact
that the transfer characteristic of FET's i.e. parabolic in shape and it
introduces amplitude distortion, if the signals are large. Therefore
if the excursions along the load line are small, the biasing require-
ments are not critical. In order to make the study more convenient,
we shall discuss separately the biasing concept of the junction field-
effect transistors (JFET’s) and metal-oxide semicondutor field-effect
transistor (MOSFET’s).

32:3. Biasing the JFET

Although the JFET can be biased in a number of ways, like
bipolar transistor, yet the following ways are important from the
subject point of view :

1. Gate bias. 2. Self bias. 3. Voltage divider bias. 4. Source
bias. 5. Current source hias.

32'4. Gate Bias

(a) ()
Fig. 32-1. Gate bias for N-channel JFET.

. TFig. 321 (a) shows the gate bias circuit for the N-channel
J‘l_-l‘.'l‘. A more simpler way to draw this circuit is as shown in
Fig, $2:1(b). We know that the JFET is operated in such a way

W gate-rource junction is always reverse binsed. This condition
3‘}?{#3{"“ A negative gate-to-source voltage (Ves) for N-channel

b and positive gate-to- source voltage for P-channel JFET.

Oper The gate bais is the worst possible method to set up the d.c.
Ming currents and voltages for the JIET, because it gives a

. Scanned with Camdcanner
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It is due to this reason that

large variation in its drain current. -
al practice.

the gate.bias methed is rarely wed ractu
32-5. Self Bias

Fig. 322 (a) shows the self hias circuit t:or an N-chanue}
junction field-effect transistor (JFET. Tn this cremt, there iy
only one drain supply and no gate supply. Che gate termnal i
connected through s resistor (Rg) to the ground. The source ter
minal is connected through a resistor (Rs) to the ground. When the
drain voltage is applied, a drain current flows even if there is ng
gate voltage (Fg). The dmin current produces a vuoltage drop
across resistor Rs (equal to Ip.Rs). This voltage drop produces the
gate-to-source reverse veltage required for an FET operation.  The
resistor Rs is called a feedback resistor. lts functionis to preven
anv variation in the FET drain current, which may be understood

from the following discussion.

+Voo Vs
3
|
|
In| INs
)
\D
‘,
Vv ‘L }_4
G aa
Ils
Rs% -1
\'S:QS
+]
5
b —

(@) For N-chanoel JFET. () For P-channel JFE L.

Fiz. 32-2. Self bias.

First of all, consider an increase in drain current, which will
increase the voltage drop across the resistor (Rs). The incre;‘a::o:i
voltage drop increases the reverse gate-to-.source voltage, whicd
decreases the effective width of the channel. It reduces the value
of drain current. NOW, if the drain current decreases, then the
reverse action takes place, i.e. the reduced drain current decreases
the cate-to-source voltage, which inturn increases tle effective
width of channel, thereby increasing the of value of drain current.

Fig. 32:2 (3) shows the self-bias circuit for P-channel J'Fh'l’._
It is similar to N-channel JFET circuit, except that the polarnty ©
drain supply voltage (i.e. Fpp) is reversed. We know that mi
JFET, no current flows through the gate terminal to the m\uﬂf
becaused the gate-source junction is reverse biased. Inactud prat
tice, a small current called reverse leakage current (/Gss) does k;xd
through the gate terminal. Usually, its value is very small 3
can be neglected. Therefore we shall assume that the gate term! -
is at zero voltage. In other words, the gate voltage with respect

Scéfned with CamScanner
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& y
cound. ©.e. Vo

: 7
0. Wo know that the gource voltage with respect

(o grmuul.

VS : II)-HS

and the drain voliage,

petween the drain

The drain-to-source voltage (

Vp = Voo~ Ip.flp

Vps) is equal to tho difference
voltage (Vp) and the source voltage (V)

VDS = VD-—-VB == (VD[)—*']D.RD)--—]D-RS

.6,
== V])D——ID(RD%—Rs)
The gate-to-source voltage
(Vgs) 18 equal to the difference Self-bias .c!
between the gate voltage (Vo) » line &~
and the source voltage (Vs). 3E
. & @
1.€., Vas = Vo—Vs g
[ as”
o= ()-—-]'D.Rs
— —1Ip.Rs ..o(2) —~—Gate-to-source — |7
. . voltage (V,
It is ovident from the (Vas)
Tig. 32-3. Self bias lino.

above relation that the gate-to-
source voltage 1s equa

negativ
obvious that greater the value o
be the gate-to-source voltage.

Now it we plot a araph
obtained from equation
against the gate-t
Fig. 32-3. This st

Example 32'1.
and the gate-to-source V0

] to the
¢ across the source
f drain current, more ne

Rearranging equation (%),

resistor. It is thus

¢ of the voltag
gative will

Vas ’

Ip = — 2 ol

D Rs (v4)
using the values of drain current
(¢1) for a constrant value of resistor (Rs)
o-source voltage we get a straight-line as shown in
raight-line is called a self-bias line.

Find the values of drain-to-source voltage (Vps)
ltage (Vgs) for the circuit shown in Fig. 32-4.

Given Ip = 9 mA.

<oV

Rp
kQ
0

(Calcutia Universsty, 1987)
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Solution, Given : Ip = b mA = 6% 10°* A ; Vpp = 10 volts ;
Rp = 1 kQ = 1x10* Qand Rg = 500 Q2

Drayn-to-source vollage
Wo know that the source voltage,
Vs = Ip.Rs = (5 x1078) X500 = 25 V

and the drain voltage,
Vp = Vpp— Ip.Rp = 10—(5x10?) X (1x10°) V
=10-56=56YV
.~ Drain-to-source voltage,

Vops = Vp—Vs = 5—25V = 28 V Ans.
Gate-to-source voltage, '

We know that gate-to-source voltage.
Vgs = —Vs = —25V  Ans.

32:6. Sectting a Q-point

We know that the Q-point (quiescent operating point or bias
point) for a self-biased JFET is estabilised by determing the value
of drain current (Ip) for a desired value of gate-to-source voltage
(Vgs) or vice versa. However, if the data sheet of a JIET includes
a transfer characteristic curve (also called transconductance curve),
then we can find the: Q-point by using the procedure as given

below :

1. TFirst of all, select a convenientvalueof drain current.
Usually, its value is taken half of the maximum possible
value of drain current (i.e. Ipss). Then find the voltage
drop across source resistor (Rs) by the relation,

VS —— ID.RS
and the gate-to-source voltage from the relation,
Ves = —Vs

2. Now plot the assumed value of drain current (Ip) and the
corresponding gate-to-source voltage (Vas) on the transter
characteristic curve.

3. Draw a line through the plotted point and the origin.
The point of intesection of the line and the curve gives
the desired Q-point. Read the coordinates of @-pomt.

As a matter of fact, it is desireable to set the Q-point near the
mid-point of the transfer characteristic curve of a JFET. Under
signal conditions, the mid-point bias allows a maximum amount of
drain current swing between the values of Ipss and O.

Now if we want to dgsigu a pelf-bias current, then any one of
the following two methods is used for this purpose :
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Analytical method

1.

In this “101:'(&(1» we 1'191>0 down the values of maximum drain
ourl'c"t' (Inss) m;t Figig‘;utc—b()-.u()ul-(;(a cut-off voltage (Vas (ap)) from
tho dat® sheets of JII suppllcd_ by the manufacturer. Now the
calue of drain current 18 obtained by the relation

’

Ve 72
| Vas (ofr)

For example, if we select the gate to source voltage (Vos)
equsl tO Veslo)/4, then the value of drain current,

I == Ipss[1—025]% = Ipss(0-75)
= (56 IDSS

It indicates that the drain current is slighty more than one-

half of Ipss. But it will bias the JFET close to the mid-point of
The value of drain resistor (Rp) is selected in such a
1al to half the drain supply

the curve. v . C
way that the drain voltage (Vp) 18 eqt
f gate resistor (Ra)is chosen orbitrarily

voltage (Vpp)- The value of g L
large, so that it prevents loading on the driving stages.

9. Graphical method
If-bias line in such a way that it
e curve near its mid-point. The
line and the transfer characte-
Then read the coordina-

d, we draw a se
fer characteristi
of the self bias
the required @-point.
The value of source

In this metho
intersects the tran
point of intersection
ristic curve gives us

tes of the @-point.
resistance (Rs) is given by the ratio of 7
gate-to-source voltage -(Vgs) to the drain ) _5_9"1':‘;‘_“’_“___ !
current (/p)- Mathematically, the source <
resistance, £ &
Vas e
= - o
R TS ﬁ

. However, a more accurate method

is to draw a self-bias line through the Yostd), to-source —
coordinates of Ipss and Vgs (off) as shown voltage (Veg)

in Fig. 32'6 Then the point of intersec- _. _ .
tion of self-bias line and the transfer Fig. 32:5. Setting a Q-point.
characteristic curve locates the Q-point. Sl

The value of source resistor is given by the relation,
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Example 322, Fig. 32:6. (a) shows that circuit  of o self-
biased J FET amplifier and Fig. 32:6G(b) indicates the transfer charar-
etristic curve of the J FET.

+1)v
AR
Ry I
18k <
£3
D 35
p G 3G
o
S - ‘
Re T T 1 W 0
noMn Re
voltage (Vase)
o
(a) ) (b)
Fig. 32:6

Find the quiescent values of Ip and Ves. Calculate the values of
d.c. voltage between the drain and ground.  (Birmingham University)

Solution. Given : Bp = 1'8 kQ = 1'8x10* Q ; Rs = 270 O ;
Rg = 10 MQ and Ipss (from transfer characteristic curve) = 12 mA,
(@) Quiescent values of Ip and Vs

1. Tirst of all, assume the drain current (Ip) equal to the
half of Ipss (i.e., 6 mA or 6102 A). Using this value
of drain current, the voltage drop across resistor (Is),
Vs = Ip.Rs = (6%x10-3) %270 = 162 V
and the gate-to-source voltage,
Vgs = —Vs = —1'62 V
Now plot the values of drain current (Ip = 6 mA) and

the corresponding value of voltage Vgs (i.e. —1:62 V) on

the graph of transfer characteristic curve as shown in Fig.
32-7.

Draw a line through the plotted point (P) and the origin

as shown in the figure and read the coordinates of
Q-point.

It is evident from this graph

Lo

that the coordinates of Q-point are s ‘
Ip = 5 mA n E:Q
Vos =— 1'4 V Ans, 0 35
g"‘
P llavietg 8
(b) D.C. voltage between drain and > L S ol
ground DY
i B ..
We know that the d.o. vol- <V -3V T, \;W 0
tege between drain and ground, «—— Gate-to-source ~—

: ltage (Vgs)
Vp = Vop—Ip.Rp wI«‘ig. 3.7
15—~(5Xx10-%)x (1'8x 10%) V

16—9 = 6V Ans,

it

i
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Exam l(?. 32'3. /1 /H),/:/- ,I’:’I/,’l‘/l I"/‘/’//' y ,/ I 111701 p
’l : ( ' [_ l/ , / I ) Junaied, ., lf l’/ / /I,I/;; 1, (/"’A//‘.’}l/,
().[f Vo ”‘(/: P) ¢ e D58 /J 7”)/] o I/'/I,l’ /:’IL]}’/I//I/ ’I'I//’/II/I o) )
. : , g W volbasge upy,
lable 18 12 V. Determine the valies of rewistors Ry und Ity 1o tht
Ip = 5 mdA and Vos -~ GV, (Loellic 1] ninernity, 1947)

Solution. Given : Vpide. Vas (o) B voll 5 Tpsg - 12 mA
— 12x10°3A; Vpp = 12 volt, I 4 mA 4210°* A and
VDS = 6 VO“J.

We know that the drain current (/p),

41073 = Ips [J--_—.EQ?_~ ’
P LT Vas (o)
4
- 12x10~8[ 1 /98
)
L_ I_Zci>2
3 ( 5
_1__ o= e Ves ...{Taking zquare root
V3 5
1
= —_—— KH = 1- 0568 x5V
Vas ( L 73 )Y ( )
=21V
We also know that the source voltage,
Vs =Vgs =21V
and voltage drop across the source resistor (Vs),
2'1 = Ip.Rs = (4x107?)Rs
2:1
Rs=-(4—><l—0_—3)‘=5259 Ans.

and drain-to source voltage (Vps),
6 = VDS"ID-RD = 12—(4x10-3) X Rp
= 1500 Q = 1'6kQ Ans.

32'7. Setting a Q-point Using D.C. Load Line

The @-point for the self-biased JFET circuit may also be
obtained graphically by using d.c. load line. The d.c. load line may
be drawn easily on the drain characteristics as shown in Fig 32-8(a)
the values of drain current (Ip) and drain-to-source voltage (Vps) at
the upper and lower ends of the d.c. load line may be obtained by
using the relation,

Vps = VDD-—ID(RD-{—RS) .oe(9)

At the upper end (i.e., point 4), the value of fimi"'w'iogr’c;
voltage (Vps) is equal to zero. Therefore substituting Vps =
€Quation (1),

— ’VDD—-—ID.(RD-f'RS)
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l'l)l)
|‘~ II' U "
(Wi | Hy)
Stdlarelly, ot the lower ond (Do, point B the vidoe of deaiy,

ourrent (Ip) ia equal to zero, Therefore subatituting, o 0in
equation (1),
Vs Vop Ol | Ig) Vi

Thus the upper and lower endu ol the die. Tond Tine arve giver,
by the points,

Ip = Von/(Rp--Tts) and Vps ~0
,.,(Um»l;r el
ll) < 0 and Vg Vb .. Lower wnd

- -
re'e: TU

rrer?! —e-
I,{mA)
] i 5°<
- D
7>
T’&
/ |
]
]
]
4 §
<
.
=3
1 1] 3
< - o
!
i
— Orem current
IpimAj
= z} <
3 = g
S

—p
f,
e

-

N A .SVB_. ; .

Orcin-to- source ___ 00 0 ‘:DS?. X Vo
voltage (Vos) rain- t0-50urce ——e

voltage (Vps)
(a) Drawing d.c. load line.
Fig. 32.8
The @-point is set at the mid-point of the d.c. load line as

gshown in Kig. 34'8(b). In that case, the value of drain current at
@-point,

(b) Setting a Q-point.

_Vop
%7 2(EptRs)
and the drain-to-source voltage at the Q-point,

Vop

Example. 32'4. Cdlculate the self-bias operation point for the
FET circuit shown in Fig. 32'9,

+20V

Rp

~ Fig. 32.9
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Also caleulate the valueg

. » , of resiste
h\j ¢ ) ra
bias condition.  (iven the o Ry and p

Imam value
(ITHI V 18 % — 2.0 e o
GS PP V al ID = ) '"lA. f

Solution. Given

e to ohitain this
armn current oz 10 mA
(Andhra, Universitty, 1987)

 Ipss = 10 mA and Vobn == 20 volt,
(@) Operating point

We know that the value of drain current at Q.point,

Ips 10
and the value of drain-to-source voltage,
Vob 20
Vpsq = S S
DSQ 5 ) =10V
Operating point,

Ip =5mA and Vps = 10V Ans.
(b) Values of Rp and Rs
Here Vgs = —2'2 volt and Ip = 6 mA = 5 x10-? A

We know that the drain-to-source voltage (Vps),
10 = VDD——ID.RD = 20—(5)(10'3) RD

20—10

Lo B = e

I

=2x102 Q = 2 kQ Ans.

We also know that the source voltage,
Vs = —Vgs = —(—22) =22V
and the value of voltage drop across the source resistor (Vs),
2:2 = Ip.Rs = (6Xx10-¥) X Rs
Rs =22/(6x10%)= 440 Q Aus.

32'8. Biasing Against Device Parameter Variation

We have already discussed that for a self-biased JIET, the
Q-point is set at the mid point of the transfer charactevististic curve.
However, it has been found that the JIET parameters like maxl-
mum drain current (Ipss) and the gate-to.source cm.(_wﬁ‘(l‘cs ,(°fl’:))
vary with the temperature. In that case, the Q-point “,"” allfllii; z:.iey: |
with the temperature and hence will not remam. stable. |
grades the performance of the FET amplifier cirouit.
device par
fer charac

ameter

In order to provide compensation for the eristio

variation, the manufacturers provide two trans
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curves as shown in Fig, 32°10. The firet curve correaponds to the

maximum valnes ol Jpss anl

Vas . In cuch a enae, we draw Ings mae) 1

a s line through both the ~ | E
curves, which 1= near the mid- . o/ ‘ LA
point of either curve. Then read loes (o § P
the wvaluer of gate-to-source D

voltage (Vgg) and the drain cur- 7 Q2 J

' 1 y A 1 " . :——‘—"‘—f_' e
rent (/p) for either @-point. .'Ihq [.—~—-¢v - (Vaxrtonn 10
optimum value of source resistor SBoh L

(Rg) is given by the ratio of gate- -'-"G":;l'{:;(’?;;:)'
to-source voltage (V'gs) and drain

current (Ip). Fig. 32-10. Use of two transfer charac-

teristic curves for setting a Q-point.
Sometimes, the manufac-

turers do not supply the transfer characteristic curves,
the maximum and minimum values of the Ipss and Vas(ogr). In that
eate, we calculate the maximum and minimum values of source
resistor (Rs) and then take the average of theso two values. This
average value will provide a Q-point near the mid-point of the
either tranefer characteristic curve.

but provide

32'9. Voltage Divider Bias

i
?
|
)
!
i
i
|
| Fig. 32-11. Voltage divider bias.
A
i Fig. 32'11 shows the voltage divider bias circuit. The name
‘voltage divider’ is derived from the fact that resistors R, and R,
i are connected on the gate side (between the Vpp supply and ground)

form a voltage divider. Assuming the current to be zero, the voltage

18 given by the relation,

Ry .
Vo = [ ~—a— )1}
v ( 1‘]"* Il'. ) e
and the voltage from gource to ground,
Vs = VQ—~"03

: S, Value of drain current,
‘ VS Va- -V
: Ip= g = it d 8 coo(9)

Scanned with CamScanner



23
and the d.c. voltage

from drain to ground,
Vp = Vop—1Ip.Rp

Now, if the gate voltage is ve
source voltage, then the
for any JFET. It
divider bias is Je
is becau=ec of th
voltage (Vgg)

ry large,
drain current s
as been found that in a
ss effective with JFET’s ¢
te fact that in bipolar transistors the base-to-cmitter
13 approximately 07 V with only minor varations
from one transistor to next. However, in a JFET, the gate-to-source
voltage (I"gs) can vary several volts from one JFET to another.
As a result of this, it is difficult to make gate voltage (1'G) large
enough than the gate-to-source voltage (Vgs).

as compared 16 gate.to,.
approximately constant
ctual practice the volts ge
han bipolar transistors, [t

32:10. Sowurce Bias

Fig. 32:12 shows the circuit of a source bias for JFET. I
may be noted that this circuit _—
13 similar to the emitter bias +¥o
circuit used for biasing bipolar
transistors.

-
L

The value of drain current is
given by the relation,

_ Vss—Vas
=——

Since Vss>>Vgs, therefore
drain current,

Ip

T Vss

o= Es Fig. 32-12. Source hias.

32'11. Current Source Bias
+Voo =,
I
Inl Rp §R, Dl Rp

| Re ble

o JF >

2Rs |

Ra
- ~Vee -

- .t'
- b) One suppl_\.r circut
(a) TwoFi;pgerl%l.r c%ltlsrr. entfsz)urce bies circuit.

FET.
. svorit for @ J .
bias circulf sative),
. . 90. s the current-source & itive and nega= -
Th g it:? ?)fl ?F)‘igShg‘y% (a) uses two supplics (pPos! ;)osiu'vc) supply
e circu . 9=

1.€.,
while that of Fig. 3213 (b) employs only on¢ (

- o
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First. of all, consider the two supply current-gource hing cirenj
Hero the bipolar transistor is emitter binged. Therefore ity c:nll.-,,.“”'.
current is given by the relation,

Tor o Vee-—Vee Ve
il = Itn oIV 25 Vs

The drain current of the JIIT is equal to the collector current
becausc the bipolar transistor acts like a d.c. current-yource, i.e.

Ip = Ic

Now consider the one supply current-gource hias circuit,
Here the bipolar transistor is voltage divider biased. Its collector
current is given by the relation,

Ve—Vpg

le = e

and the drain current,
Ip = I¢

The current-source bias circuit provides a solid -point with
JFET. Hence this circuit is very useful in actual practice.

32'12. Biasing the Enhancement Type MOSFET’s

We have already discussed in the chapter on field-effect
transistors that the operation of an enchancement type MOSFET
requires a gate-to-source voltage greater than its threshold value
(t.e., Vas > Vas wy). This eliminates the use of sclf-bias because it
makes the gate voltage negative with respect to source. There are
two methods for biasing the enhancement type MOSFET’s namecly
the voltage divider bias and the drain feedback bias. The voltage
divider bias has been alrecady discussed in Art 32'9. The drain
feedback bias is similar to the collector fecdback bias of bipolar

transistors and is discussed as below :
Fig. 32'14 shows the circuit of a drain feedback bias. It may
be noted that this type of bias is used only for enhancement type

MOSFET’s. Since the value of gate current .
in FET’s is approximately zero, therefore oo
there is no voltage drop across gate resistor

(Rg). This makes the gate-to-source voltage t“l Ro
equal to the drain-to-source voltage, z.e., R R
Vas = Vps +\
The value of drain current is given by
. [.. Vn
relation, _ G 8
Ip = V-—-—————DD_VDS ) :\v ) /
D = Rp | ¢s -:J;
The drain feedback bias provides a e
stable Q-point, because it tends to compen- Fig. 32-14. Drain feedback
sate for any changes in device parameter bias.

variation.
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32:13. Biasing the Depletion Type MOSFET’
s

We have already di
. y discussed in th
t{‘?IX]ISlthl:}tt;hat the depletion type MOSF(?E ,fhggrtleg on field-effect
%i;&gge g;e or negative values of gate'to-som-c: OP(I?tl::ted with
ual to LS snpeek method is to set the gate-to-zg o (o)
MOSFET at a p -8‘2"‘,‘“ In ig. 3215 (a). This will biss the
‘ .3t a pomt lying on th T he
characteristic curve as shoén in Fieg, ;gffg?i(ig) axllf gfl ;31‘(1:8 :E;]:]fiz

applied at the gate, it wi
and below the %-P?)’irlltt’.. will vary the gate-to-source voltage above

+ vbb

Ry b
D I Eég - — =
0SS £530
\ 5.8 -
| ot =
1
e Vol
- 1 T -+
<—Gate-to-source — [ )
1. voltege (Vgs) 'C X
= AC. Signal

a) Bias circuit for depletion () Location of @-point on the
type MOSFET. transfer characteristic curve.

Fig. 32-15

d that the biasing circuit of a depletion type
gate or source voltage. Therefore the gate-
[to zero and the drain current is equal to ;
The drain-to-source voltage is

It may be note
MOSFET has no applied
to-source voltage is equa
its maximum value (2.e., Ip = Ipss).
given by the relation,

Vps = Vpp—Ip.Bp = Vop—Ipss-Bp

be noted that the zero bias is possible only with
MOSFET. It cannot be used for biasing the JFET

However, all the biasing methods, discussed
MOSFET in the

It may

depletion type
or bipolar transistor. _
for the JFET, can be used for depletion type

depletion mode but not in enhancement mode.

32:14. Small-Signal FET Models |
lid both for JFET and §

*
The small-signal FET e FET current and voltages

MOSFET) is used to relate small changes in b o Ferent ot t
. i t operatin int. The model 1s :
about the quigscel’ Tlglerl();i)'ore wo shall study thgdsg;:h.

low-and high-frequencies.
Somal ; : the low-frequency FET model 2 o

i ately as = 3
signal handen EleParIn b%él\ these models, the FET will be con

frequency model. :
in common source configuration. /
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3215  Small Signal Low Frequency FET Model
Fig, 3216 shows the small-gignal low frequency model of 4

field.cflcet transistor.  In this model, the gate-tosonrce  junction |,

represented by an opon cireuit and no

eurrent is drawn by the input terminal

of the tGeld-effeet transistor, It i1z be. (,.T s il

cause of the fact, that the input resis.

tance (i.e., the resistance of gate-source 1 i
junction) is very large. Its value at d.c. Vgs ) .2

or zero frequency is typieally 107 to , ImY3s (

1009 0 for JFET’s and 100 to 101 () [0 SN W S—
for MOSFET's. For all practical pur- ‘ '
potes, these values can be considered I 3210 Low froquoncy

to be 50 large that the input of FET
®an be concidered a8 an open circuit,

It will be interesting to know that although the gate-source
junction appears as an open cireuit, yet the gate-to source voltage
affects the value of drain current. It is indicated by a voltage-
controlled current source (gm.vg) whose value is proportional to  the
gate-to-source voltage. The FET transconductance (gm) is measured
in millinmperes per volt (mA/V), milli siemens (mS) or milli mhos
(mgy). Typical values of transconductance are from 05 mA/V to
10 mA/V for JEET’s and 05 mA/V to 20 mA/V for MOSFET.

The FET drain resistance (also called FET output resistance)
is represented by the resistance (rg). Typical values of drain
resistance are from 100 kQ to 1 MQ for JFEI"s and 1 kQ to 50 kQ
for MOSKFET’s.

It is possible to convert the voltage-controlled current souree
(gm.vg;) Into its equivalent voltage-controlled voltage source as

shown in Fig. 32:17 (a).
—T———OD ——AV—s Y Yy Y
r R . ° Gr ' N
@%"u g = {)KYs Ves <\ JHVse
+

! ’[
l b oS s s&_ | —oS

(b, Another form of low-{re-

(a) Voltage-controlled current source
‘ ¥ quency FET model.

with its equivalent voltage-
controlled voltage source.

Fig. 32:17.

The equivalent circnit consists of a \'nltz\g('-mnt‘mllcd voltage
BOUrce (p.vg) in series with the drain rcsi?mncv (ra). "The parameter
() is the amplification factor of the field effect transistor and its
value is equal to the product of transconductance (4m) and the

drain resistance (rg). Mathematically, the amplification factor,
F == (Jm.Td

Fig. 32:17 (b) shows another form of the low frequency quel
of a field effect transistor using the voltage source representation.
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32:16. Small-Signal High-Frequency FET Model

‘1- v 0. > - . . .
- ‘In!;«.l.l(, 18 shows 111(',. small-signal high-frequency  model of o
( l -elfect Aransistor, It iy identical to the Inw-l’rnq'ur:m;y maode]
except the addition of eapaci- h

tances between each pair of ter- G Co4 !
minals, T} ' ! i1 1 ~—

als. L'he capacitor, (eg) re- " “:
presents the barrier capacitance J
between the gate and source. Its  Vos

10 ‘pl_*‘ for both JFET’s and

MOSIFET’s The capacitor (Cpy & e sl
represents  the barrier capaci- |
tance between the gate and
drain. Tts typical value is also from 1 pF to 10 pI* for both JFETs
and MOSFE'!.‘_B. Similarly, the capacitor (Cas) represents the drain-to-
rource capacitance. The typical value of Cq, is from 0-1 pI to 1 pE.

typical value is from 1 pF to 1 G Sor\pe k _l'c«

Fig. 32.18. High-frequency I'ET model ©

32:17. Field-Effect Transistor Amplifier

The field-effected transistor (FET) has a capability to amplify
a.c. signals like a bipolar transistor. Depending open the configu-
ration, the I'ET amplifiers may be studied under the following
three heads :

1. Common source amplifier,
9. Common drain amplifier, and

3. Common gate amplifier.

32.18. Common Source Amplifier

F(g. 32-19. Common §oureo amplifior.

o : , qreuit of a common sourco N-chuum.\l

' \F‘g' ;21() Bli(t:\;/: H(lt::;lll‘ll rt(: a common emittor umphﬁ(‘FI- I{:;:xi
JEET f}ml’hﬁ(':' d ‘I? (called @ voltage divider) are uset mnse(‘l
tue r‘e};l;%w{rfict{;luIirztn:iﬁu)r. The capacitors (Cy “‘ﬁht(:;lfl R:rglmge
:1010 ({::)uu(plﬁ the a.c. input volteg s

o source and th -~ #

) 1 1¢ capacitor
: voly. these are known a8 coupling capacitors.
respectively,
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(Os) keeps the source of tho FET effectively at a.c. ground and jg

knowu as bypass capaocitor.

The operation of the circuit may be understood from the
assumption that when a small a.c. signal is applied to the gate, it
produces variations in the gate-to-source voltages. This produces
As the gate-to-source voltage

variations jn the drain Ourrent.' It of thi
increases, the drain current also Increases. As a result ot this, the

: ross the resistor (Rp) also increases. This causes the
voltage drop across the (Xip) that the positive half cycle of

drain voltage to decrease. It mecans thi o |
the input voltage produces the negalive half cycle of the ‘?“’“P“'g
voltage. In other words, the output voltage (at the drain) is 180

age (at the gate). This phenome-

out-of-phase with the input volt te)
-non of phasc inversion is similar to that exhibited by a common

emitter bypolar transistor amplifier.

32'19. Analysis of Common Source Amplifier |

G D ’
- N O—— -i+
] "
~ . v
R.IIRy vgs lg % T4 =Rp 9
L’;n Ir—o-]' —c-i m'gs "—l - J
/R R A S I A P
Rl RL B Rn RO

Fig. 32.20. A.C. equivalent circuit of a common source amplifier.

Fic. 32:20 shows the a.c. equivalent circuit of a common source
amplifier. 'This circuit has been obtained from the amplifier circuit
shown in Fig. 32:19 by short-circuiting t_he capacitors and the d.c.
voltage supplies. The ﬁeld-(}ffect transistor 1s also replaced by its
low-frequency model (or equivalent circuit). Now we shall use this
circuit to find the expressions for amplifier voltage gain, *input

resistance and output resistance.

1. Voltage gain. It is the ratio of the output voltage (v,) to
the input voltage (vin). Mathematically the voltage gain,
Ay =
Vin
It may be noted that the current from the current source splits
betwe en the resistors rz and Rp. The current through resistor Rp
(as per current divider rule) is given by the relation,

ra

Fotra )

td =
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and the output voltage,

U, =_‘. .R = e rd
0 d.Lip ( RD+rd ) (gm.l’,")RD

— re.R
"'—‘g"( — )l'ga

Rp+rg
=--0m(rq || Rp).vys
= —0m.TL.Up .o(* 1, = rg | Bp)
=-—0m.TL.UVin e Oyn = 9g,)

The minus sign indicates that the :
. A < ' output v 0 i
with the input voltage. put voltage is 180° out-of-phase

;. Voltage gain,

LAY

4"1‘- = ] _gﬂ°r1.

Uin
It may be.notcd that if the drain resistance (rg) is sufficiently
greater than resistor Rp, (i.e., r¢ > 10 Rp) then the equivalent resis-
tance of the resistors rg and Rp in parallel,

n. = Rp
and the voltage gain,
Ae = !]DhRD

Note ;: If the resistance REp is much larger than rg (i.e, Bp >> r4)

then a.c. load resistance (ry) is approximately equal to rg. In that case, the
amplifier gain 1s equal to the FFT amphfication factor (@), which is the
theoretical maximum voltage gain of the FET. Butin actual practice, we

r than rg because it makes the d.c. bias

can not select Rp to be much large
current in the range of microamy.eres. The FET transconductance (1.e.,9m)
is near zero at this low bias current value.

It is the ratio of the input voltage (ta)

9. Input resistance. I ) \
Mathematically, the input resistance,

to the input current (tin)-
R = ‘t_;:_:_
in
We know that input resistance (R;) of a ﬁelfl-eﬂ:ect ?ransistor
“is very high and hence can be considered to be infinity (s.c., 0peR-
circuit). However, the input resistance of the amplifier stage (B{) 13
equal to the parallel combination of resistors Ry and R, and the
input resistance (&i)- Thus
R = (R, 1 B 1 Bs
=Rl Rz

be noted that if we use 2 self-b
then the input resistan

... When R, is infinite)

. ias circuit (instead of a
a7 ce of the amplifier stage,

voltage divider bias),
R/ = Rag
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3. Output resistance. [t ig the ratio of the output vpllu;m (vo)
to the output current (iq). Muathematically, the output resistance, ‘
"

1\’0, e ".‘0—

d
We know that the output
But for the amplifier st
Rp and rg.t.e.,

resistance (o) of a field-effect
transistor 1s r4. age, the output resistance is
the parallel combination of resistors

Ro' = Rp |l 14

However, if rg > >RD, then the output resistance of amplifier

stage,
Ifo = RD

Example 32°5. A certain JFET has a gm of 4 mS With an
external drain resistance of 15 kS, find the value of ideal voltage

gain.
Solution. Given:
= 15 x10° Q.
We know that the voltage gain,
Ay = —gmRp =— (4X10-3) X (1:5X10°)

gm = 4 m§= 4x10-*Sand Rp = 1'd kQ

=—0 Ans.
Example 32.6. 4 JFET amplifier has gm = 2'9 mAlV and

rg = 500 kQ. The load resistor is 10 kQ. Find the value of voltage
(Grad. 1.E.T.E., Dec. 1987)

gain.
Solution. Given: gm = 25 mA[V = 2:5X 10-3 A/V;
rs = 500 kQ and Rp 10kQ.

We know that the a.c. equivalent resistance,
Rp X4 10 X 500
= Rprre = 101500 2
=98kQ =98x10°Q
Voltage gain,
Ao = —gmrL =—(20X 10-3) % (9-8 x 109)
= —24'5 Ans.
Example 32'7. The input and . output resistances of the FET
amplifier are shown in Fig. 32-21.

+V
»0D

Fig. 32-21.
Calculate the value of voltage gain, The FET amplifier has
gm = 2 mA[V and rg = 40 kQ. (Birmingham University)
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Solution. Qiven: gm == 2 mA[V = 2 10-% A/V ; ra = 40 kQ;
Rp = 20kQ and Rg = 100 MQ.

Voltage gain
We know that the a.c. equivalent resistance,
Rpxra _ 20x40 _ 154y
Rp+rd 20 +40
= 13-3x10* Q
Voltage gain,
Ay = —gmrL =—(2x10°%)x (13:3x10%
=— 26T Ans.

=

Input resistance
We know that the input resistance,
Ri{ = Rg = 100 MQ Ans.
Output resistance
We also know that the output resistance,
Ry = r. = 133 kQ Ans.
32:20. Effect of A.C. Load on Amplifier Parameters

Fig. 32-22. Common source amplifier
connected to a load resistor.

Consider a common source amplifier shown in Fig. 32:22. Here

a load resistance (RL) is connected to the amplifier’s output through

a coupling capacitor. In this case, the total or effective drain
resistance is the parallel combination of resistors Rp and Ru t.e.,

n. = Rpl RL
It may be noted that in the above expression, 1f we also

consider the FET drain resistance (rg), then the effective drain
resistance,

rL = (Rp || Rv) |l rd
The effect of load resistor (RL) is to reduce the voltage gain
as well as the output resistance. The value of voltage gain with
load resistance is given by the relation,

¢4D = - gm,n

Scanned with CamScanner



e Aa & WY ST T T T & T T EWVe b A 7 M |

Au =—gm (Bp | L) | 7a
= —gm(Rp || Bv) (If 74> >(Rp | Ry
and the output resistance, of the amplifier stage
R, = (Rp |l BL) Il ra
= RD ” _RL -..(Ir Td > >(RD ﬂ RL))

Example 32:8. Fig. 3223 shows the circuit of a common source
FET amplifier.

o

Vin "~ Rc
100mv 0oMn

Fig. 32.23.

Find the value of r.m.s. output voltage. The gm is 4500 1S and
Ip ts 2 mA. Neglect the FET drain resistance (rg).

(Jodhpur University, 1988)

Solution. Given: gm = 4500uS = 4500x10-58; Rp = 3 kQ
RL =5kQ; wvyu=100mV = 100x10-3V and Ip = 2 mA.

We know that the effective value of a.c. drain resistance,

Rp X RL 3xb
Bp+RL 345 kQ

= 1876 kQ = 1875 Q
Output voltage,

rL = Rp || RL=

Vo = —gm-fL-Uin
= —(4500x10-%) x (1875 )% (100x10-?)
= 0844V Ans.

32:21. EGg'Fct of External Source Resistance on Voltage
in

We have already discussed a field-effect transistor amplifier
in which the source resistor is completely bypassed for a.c. signals.
It means that for a.c. signals, the source is grounded. Now consi-
der the awmplifier circuit in which we include an external resistor
(rs) to the source resistance (Rs) as shown in Fig. 32:24. The source
is no longer at a.c. ground. The drain current through resistor (rs)
produces an a.c. voltage between the source and ground.

| .y
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It may be noted thet the total input voltage between the gate
and ground,

Vin = Vgs-|-14.7

Fig. 32.24. JFET amplifier with external
source resistance.

and the output voltage,
'vo = =— ’id.‘l’L

where 71 is the parallel combination of resistor Bp and the FET oy
put resistance (r4). Therefore voltage gain,

Ay = Yo o id.r!,
Uen Vgs+14.7¢
. Substituting the value of t¢ (equal to gm-Ugs) in the aboy
expression,
Ay = — gm-voc-TL__ ——___ m.Yga.rL

‘ vgg-l-gm.'vg..r, 'Ug'( | -I—gm.r,)
| = ._mL L
| ltgmre —
| m.Ts rot 1
‘ Im
| It is evident from the above

expression that the external

source resitance (r,) reduces the voltage

) gain, If the value of sist
rg.&}!; made sufficiently large as compared to 1/gm, then thoe sz)ltag:
Ao = Tk
Ts

It means that the volta in is ind:

< i 86 gain 1s independent of the changes

‘ lnezl;l.; trar{l‘scopducmnce value. It is known as the swamping effect.
. 86 o t.hlq fact the external source resistance (r,) is referred to

7 ampli%eiwamp Ing resistor and the FET amplifier as the swamped
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Example 1298 Vg 32025 shows the cirewit of 4 wamy,
FET ampisfier '

Fig. 32.25
Determine the vollage gain (a) when Ry = 0 and (b) when Ry s
100 I Neglect the PET oulpul resistance (rg) Take gum = 4méS.
(Bhopal Uneversity, 1955)

Solution. Given: gu - 4 mS. - 4x10°*8 ; Rp = 1'6kQ :
Eg ~ 10MQ and re = OO0,

(a) Voltage gain when Ry is zero
We known that the effective a.c. drain resistance,

n = Rp = 1'"6x 108 Q
and the voltage gain,

do= . I™NL
’ l‘*f Jm.Ta
. @x107Y (15108 )
o 14 x10°-% %500 ~— - Aze.

(4) Voltage gasn when Ry is 100 kQ
We know that the effective a.c. drain resistance,
_' Bpx R 15« 100

Ro+B ~ Tsi100 = V48K
= 148 x 10*°Q
snd the voltage gain,
p T __Gm.TL
l","g-."'

(4% 10°%) x (148 x 10)
Lo (4 x 1079 x 600
= 107 Ans.
2R Common Drain Amplifier

Fig. 3226 shows the cirenit of a common drein amplifier. It
is wimiler 10 commnon collector (or emitter tollower) amplifier. the
bissing is wsed in the circuit. The input signal is applied to
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gate through a coupling capacitor (Cy). And the output is taken from
the source terminal through the coupling capacitor (Cy).

+Vou

-

Fig. 32.26. Common drain amplifier.

The operation of the amplifier may be understood by assuming
that when a small a.c. Gignal is applied to the gate, it produces
variations in the gate-to-source voltage. This further produces the
variations in drain current (Ip). As the gate-to-source voltage in-
creases, the drain current also increases. As a result of this, the vol-
tage drop across the source resistor (Rs) also increases. Thus the
output voltage (o) increases. It may be noted that the output
voltage of a common drain amplifier is approximately equal to and
in phase with the input voltage. Because of this fact, the circuit is

known as source follower.

A common drain amplifier (
high value of input resistance. It is
a common drain amplifier is used at t
truments like electronic voltmeters an

or a source follower) has a very
because of this property that
he front end of measuring ins-
d cathode ray oscilloscopes.
32.23. Analysis of a2 Common Drain Amplifier

G D

st (i; dmVge

v (~) Re S‘{" ‘?
Vo

%71 ¥

A.C. equivalent circuit of a
common drain amplifier.

Rs
T RS

Fig. 32-27.

Fig. 32:27 shows the a.c. equivalent circuit of a common drain
amplifier. This circuit has been obtained from the amplifier circuit
shown in Fig. 32:26..by short circuiting the capacitors and d.c. lvol-
tage supply. The field-effect transistor 1s also_replaced by its low-
frequency model. Now we shall use this circuit to find the expres-

d output resistance.

sions for voltage gain, input resistance an
It is the ratio of output voltage (vo) to the

1. Voltage gain. :
input voltage (vin)- Mathmatically, the voltage gain,
Vo

Ao = —
o Vin
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For the common drain amplifier, the input voltage,
Vin == Ug"*‘l.d.R‘

and the output voltage,

vo — ta.018
Voltage gain,
Yo 1g. s
i vim vgr +14.- R

Substituting the value of d( —(m.vgs) 1IN the above expession

Ao = ___(g_m-Uan)Rc
T vt gmevge I
gm.t'p;-RI
vga(1 - gm. 1)

gm-Rn . R,

1 4-gm. 12 R,+ gl |

-

It may be noted that when Ry is much greater than 1/gm, the
value of voltage gain approaches unity.

9. Input resistance. We know that the input signal is applied

-

to the gate of the amplifier. As a result of this, the input resistance
seen by the input signal source is extremely high just as in the
common source configuration. The total input resistance (or the

input resistance of the amplifier),
R/ = Rg | R;

where R; is the input resistance of the field effect transistor.
Since the value of Riis extremely high, therefore the total input

resistance,

3. Qutput resistance. We know that voltage gain of the
common drain amplifier,

AQ == :0 —— —-——-}2;1-
in
lier
o+ gm
.. Output voltage,
R,
va [ — -———1—" X vl'-l
;OB L.
ot 7=
The above expression is a voltage-divider equation. It impl,ig
wi

that the input voltage (vis) drives two resistors R, and 1/ge
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ra

output voltugo taleen nevom verintor (1), 1 menns I.hu,l,ll,'lu-. m'”|“”:'
d ¢ ' A? Qi) 1 ( nt,

oo ol the amplitior appoars an shown in Wi, 32:28 (2), 1 is eviden
' ' 4 i v (e

from thin figure, that the wource resigtor is driven by an a.c. source

with an output resintance, 1.

l‘l) [ I/{[m

\
Om

('V>U n Re ’:
-
b - =

() ACooquivelant eirenit of
output nido of the nmplifier

(b) Thovenin’s equivalent circuit
ol tho niplifier,

iz, 32.28

It may be noted that output resistance

(1) 18 the value of

resistance looking back into the source terminal of the JFET. Now

let us thevenizo tho output cire
in g, 32:28 (b),

stage,

-1
0 =

Ry ||

If the value of source resistance
then the output resistance of the amplifier stage,

1

Jm

R,

Example 32:10. Fig. 32:29 shows the circat
wer, Determine the voltage gain of the amplifier,

Also determine the
Assume Im = 8000 w8, infinite
output reststance.
Solution. Given -

0108 Q and Ro

0

¥

\ Ui
0

tnpul and oulput resistances of the amplif:

100 M O)

uit. The resulting circuit is as shown

It s evident from thig figure, that the resistance
Ryis in parallel with 1gm and the out,

put resistance of the amplifier

§

—_—

Jm

(#4) is much larger than 1/gm,

of a source follo-

+VDD

wnput  vesislance and neolr et |
(Ceford s
8000 8 . 8000~ 1088 . R
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Voltage gain
Wo know that the reciprocal of transconductance,

L S Y, 3o
g 8000%10°¢

and the voltage gain,

R 10x10°
de = T = (10x10%)+125
Rl+ -
Jm
— 0-988 Ans.

“Input resistance

We know that the input resistance
R/ = Rg = 100 MQ Ans.

Qutput resistance
We also know that the output resistance,

] ] -
R’ = —- 8000 x 10-°

Example 32:11. Find the vollage gain for the source follower
-hown in Fig. 32:30.

Also find the input and output resistances. I f the input vollage

is 2 mV, find the value of the output vollage. Assume gm = 5500 pSs.
' (London Udiversity)

Solution. Given: vin = 2 mA ; gm = 55600 pS. = 5500
x10-¢8: R, =R, = 1MQ ;/Ry= 5 kQ = 5000 Q and R

= 2kQ = 2000 Q
Voltage gain
We know that the reciprocal of transconductance,
1 1

= Heoxioe 88

]}
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and the valtage gain,

Ay o B G965 Ams
I 50001 1818
B,

Im
Inpul resistance

We know that input resistance,
R,.R 1 x1
R{ = B D B e N
i ,!.]I.]R’ Rl—‘LRt l—-l [Q
= OHh MQ Ans.
Oulpul resislance
We know that the input resistance,
Ry = R, | -l- = 5000 || 1818
Im
= 754 Q Ans.
Output voltage
Let v, = Value of the output voltage,

Fig. &0 21, shows the a.c. equivalent circuit of the output side
of the source follower. It is evident from this

figure, that an a.c. source of voltage Ae.vin n;-a.“a‘.’.“
(equal to 0-965x 2 or 1'93 V) is in series with
an output resistance of 1754 Q. 17540 A
We know that the a.c. voltage across 7, 2R,
the load resistor, +33V P 2x0
RL )
Up &= e ] XA LU
s () et |
2000 " . 2.4
- : _ %193 mV Fig. 32.31
2000--175'4

= 1'7TT mV Ans.

3224. Common Gate Amplifier

~ Fig. 32:32 shows the circuit of a common gate amplificr. It s
similar to a common base amplifier. The input signal is applied at
the source through a coupling capacitor (Cy) and the output is
taken from the drain through the coupling capacitor (Cy). The gate
is effectively at a.c. ground because of the capacitor, (Co)

The operation of the common gate amplifier may be under
ttood from the assumption that when a small a.cwignalis applied
to the source, it produces variations in gate-lo-source voltage
(Vas). This in turn, produces the variations in drain current (/p!
fh the gate-to-source voltage increases, the drain current also
increases. As a result of this, the output voltage also mureases

|
3
a
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tRws outpatl  voltage of a common gate amphaher s in phase with

the draswass
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N
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.
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AR
Ba, £33 Common gate amphter.

A common gate amplifier has & low input resistance, high

~ P » ~ b - - ~
outpat resistance, high voltage gain and no phase reverssl.

3325 Analyvsis af 3 Common Gate Amplifier

W &33 shows an a.c. equivalent circuit of a common gate

wplifter.  This cireunit has been obtained from the amplifier circuit
hown in Fig 32X by short-circuiting  the capacitors and the d.e,

» ~ - N ~ A - .
capply. The Seld-effect-transistor is also replaced by its low-fre.
» »
¢ wney model.

P
1

\
~
Ny

b/

Y

‘{r
W
g
T
y
H
....../
5
YN

|
fL .

Fig. 33-88. Common gate amplitier,

Now we shall use this arenit to find the expressions {or
amplifier voltage gsin, Input resistance and ouput resistance.

1. Veoltage gasn. It is the ratio of a.c. output voltage (%)
to the a.c. input valtage (ta). Mathematically, the voltage gain,
' \ 9
de= 2\ M
Tia M
We know that the a.c. input voltage,
Cim = Upe
and the a.c. outpat voltage,
Co = !.J-J!?D
Voltage gain,

R
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f'l.(‘“ h‘(fﬂ“ Transistor A mph'ﬁcfr

741
Substituting the value of 44 (equal to gm.vgs) In the above
0_\1n-ossiun.
((hn-f‘ga).]?[) j
Ay = — "~ - dm.Rp
ps

am
istor

[t may be noted that the above expression for voltage ¢
is true ouly when there is no load vesistor. If there is a load res
(Ru) connected to the amplifier output, then the voltage gain.

xlp = (Im(RD “ Rl—)

2. Imput resistance.

It is the ratio of input voltage (i) to
the input current (ig).

Mathematically, the input resistance.
Ry = =2
lin
For a common gate amplifier, the input voltage (via) ix equal

to the gate-to-source voltage (rg) and the input current (7is) ix cqual '
to the drain current (13). Therefore the input resistance,

1'0‘ vg‘ _

Ri = g = : NP Jinygs)
le gm.Vgs
1
Im

It may be noted that the resistance (Ry) is the value of mput
resistance looking direclty into the source terminal of the JFET.
The input resistance of the amplificr,

1
Ri' = Rn i ===
Gm
However, if R, is much larger than the reciprocal of transcon-
ductance (1/gm), then the input resistance of the amplifier,
Ri' = R,

It is evident from the above rclation that a common gate
amplifier bas a low input resistance (equal to the value of external
source resistance only). It is in contrast to the common source

and common drain amplificr, which have extremely high input
resistances.

3. Output resistance. 1t is the ratio of a.c. output voltage

(vo) to the a.c. output current (i,). Mathematically, the output
resistance of the amplifier,

Vo 14.Rp . ;
R/= — = —— (= vy ~ !q.Rp and ¢, = 14j
lo id
= Rp

It means that the output resistance of the commeon gate
amplifier is equal to the external drain rcsi's‘tu'.n'c (Rp). 1If ”I‘“‘“‘ 18
a load registor (RL) connected to the amplifier vutput, then the out-
put resistace f the amplifier,

Ro = Rp |l Ro

with CamScanner



MODULE IV

OPERATIONAL
AMPLIFIERS AND
LINEAR
APPLICATIONS




Integrated Circults

~ . < * If multiple electronic components are
~~  interconnected on a single chip of
semiconductor material, then that
chip is called as an Integrated Circuit
(IC). It consists of both active and
passive components.




Advantages

« Compact size: For a given functionality, you can obtain a
circuit of smaller size using ICs, compared to that built
using a discrete circuit.

ey ¢ Lesser weight: A circuit built with ICs weighs lesser when
Z NN compared to the weight of a discrete circuit that is used for
| Implementing the same function of IC.

~ ¢ Low power consumption: ICs consume lower power than
L _ | atraditional circuit, because of their smaller size and
; construction.

'l « Reduced cost: ICs are available at much reduced cost
' than discrete circuits because of their fabrication
technologies and usage of lesser material than discrete
circuits.

* Increased reliability: Since they employ lesser
connections, ICs offer increased reliability compared to
digital circuits.

 Improved operating speeds: ICs operate at improved
_Georgia | || Speeds because of their switching speeds and lesser powetd,
- N consumption. >




Types

. <»*Analog Integrated Circuits and
- <Digital Integrated Circuits.




Analog Integrated Circuits

* Integrated circuits that operate over
an entire range of continuous values
of the signal amplitude are called as
Analog Integrated Circults.

N "+ These are further classified into the
Y ~ two types as discussed here:

"~ % Linear Integrated Circuits.

» * Radio Frequency Integrated

Circuits. 2
©

, Georgia | N
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Linear Integrated Circuits

~ =+ Ananalog IC is said to be Linear, if
| there exists a linear relation between
Its voltage and current. IC 741, an 8-
pin Dual In-line Package (DIP)op-
amp, I1s an example of Linear IC




Radio Frequency Integrated
Circuits

-« An analog IC is said to be Non-

| Linear, if there exists a non-linear
relation between its voltage and
current. A Non-Linear IC is also
called as Radio Frequency IC.




Digital Integrated Circuits

- . If the integrated circuits operate only
| at a few pre-defined levels instead of
= | operating for an entire range of
\\r . continuous values of the signal
~ ", amplitude, then those are called as
N Digital Integrated Circuit

. : Geérgia .A. B E
- =
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What is an Op-Amp

* An Operational Amplifier (Op-Amp) is an
Integrated circuit that uses external
voltage to amplify the input through a
very high gain.

* We recognize an Op-Amp as a mass-

produced component found in countless
electronics.

What an Op-Amp looks What an Op-Amp looks
like to a lay-person like to an engineer




Offset Null

Inverting (—)

Non-Inverting (+)

(Power) V —

Layout

P &
741 Op. Amp.

What is an Op-Amp? — The

Amp, like the 741 which iIs used In
many Instructional courses.

Not Connected (NC)

V+ (Power)

Output

Offset Null




What is an Op-Amp? — The

Inside

B :-  The actual count varies, but an Op-Amp

contains several Transistors, Resistors,
and a few Capacitors and Diodes.

* For simplicity, an Op-Amp is often
depicted as this:

Inverting
Input

Non-
Inverting
Input

Oi_

Oi

V+Positive
Power

Supply

Output
V - Negative

Power
Supply




Power supply connections

« The V* and V- Power supply terminals are connected to two DC
Voltage sources.

'« The V*pin is connected to the positive terminal of one source and
V- pin is connected to negative terminal of another source .

1 » The typical values of power supply voltage may range from about
+5V to + 22V-

« The common terminal of V* and V- source is connected to
reference point or Ground.

« The common point of the two supplies must be grounded,
otherwise twice the supply voltage will get applied and it damaged
the opamp.

I




ldeal Characteristics

N:  The schematic symbol of an op-amp is shown in Fig. 2.4 (a). It has two
. input terminals and one output terminal, Other terminals have not

| been shown for simplicity. The - and + symbols at the input refer to
inverting and non-inverting input terminals respectively, i.e if v, = 0,
output v, is 180° out of phase with input signal v, And, when
vy = 0, output v, will be in phase with the input signal applied at v,.
- This op-amp 15 said to be ideal if it has the following characteristics.

Open loop voltage gain, Ay = =
Input impedance, R = =
Qutput impedance R, = 0
Bandwidth BW = =

Zero offset, i.e. v, = 0 when v, = v, = 0.



ldeal Characteristics

(i) an ideal op-amp draws no current at both the input terminals
i.e., Iy = iy = 0. Because of infinite input impedance, any signal
source can drive it and there is no loading on the preceding
driver stage.

(i) Since gain is =, the voltage between the inverting and non-
inverting termlm!s, 1.e,, differential input voltage vy = (v, - vy)
is essentially zero for finite output voltage v,

- (iii) The output voltage v, is independent of the current drawn from

the output as R, = 0. The output thus can drive an infinite

number of other devices.

The above properties can never be realized in practice. However,
' the use of such an ‘Ideal op-amp’ model simplifies the mathematics
“'!| involved in op-amp circuits. There are practical op-amps that can be ]

§Ge9r2%'ﬂ@4 I made to approximate some of these characteristics.

V.



ldeal Characteristics

_ of an op-amp may be shown in Fig. 2.4 (b) whara AOL# w, R, # o and
R, # 0. It can be seen that op-amp is a voltage mntmllod voltage
. source and Ay v, 18 an equivalent Thevenin voltage source and R, is
the Thevenin equivalent resistance looking back into the output
terminal of an op-amp. The equivalent circuit is useful in analyzing
the basic operating principles of op-amp. For the circuit shown in Fig.
2.4 (b), the output voltage is

U, = Ao Ug
= Agy, (V) = vy 1)

The equation shows that the op-amp amplifies the diference between
the two input voltages.




|deal Characteristics
N

Ry

Fig. 2.4 () Ideal op-amp (b) Equivalent circuit of an op-amp (c) Open
loop circuit




|deal Characteristics
2.3.1 Open Loop Operation of Op-Amp

The simplest way to use an op-amp is in the open loop mode. Refer
to Fig. 2.4 (c) where signals v, and v, are applied at non-inverting and
inverting input terminals respectively. Since the gain is infinite, the
output voltage v, is either at its positive saturation voltage
(+ Vi, or negative saturation voltage (-V,,,) as v, > v, or vy > v, re-
spectively. The output assumes one of the two possible output states,
that is, +V,, or -V,,, and the amplifier acts as a switch only. This has
a limited number of applications such as voltage comparator, zero
crossing detector etc. which are discussed later.

2.3.2 Feedback in Ideal Op-Amp

The utility of an op-amp can be greatly increased by providing negative
feedback. The output in this case is not driven into saturation and the
circuit behaves in a linear manner.



+ Close loop configuration

[n close loop configuration , a feedback 1s introduced

Le. a part of output is fed back to the mput.

The feedback can be of the following two types:

| Positive feedback/regenerative feedback

2 Negative feedhack/degenerative feedback




Positive feedback

If the feedback signal and the input signal are in
phase with each other then it is called as the positive

feedback.

It is used in application such as oscillators and

schmitt trigger or regenerative comparators.

Negative feedback

If the signal fed back to the input and the original input

signal are 180° out of phase, then it is called as the
negative feedback.

In application of op amp as an amplifier, the negative a
feedback is used.

y - 4



Advantages of negative feedback

[t stabilizes gain

Reduces the distortion

* Increases the bandwidth

Reduces the effect of variations in temperature and supply

voltage on the output of op amp

The only disadvantage of negative feedback 1s low gain




Concept of virtual short

According to virtual short concept, the potential
difference between the two input terminals of an op

amp is almost zero.

In other words both the terminals are approximately

at the same potential.

The input impedance of an OP-AMP is ideally
infinite. Hence current flowing from one input

terminal to the other will be zero.

Thus the voltage drop across Ri will be zero and both

the terminals will be at the same potential.

* Means they are virtually shorted to each other



Virtual Ground

If one of the terminal of OP-AMP is connected to

ground then due to the virtual short existing between

the other nput terminal, the other terminal is said to

be at ground potential.




OP-AMP input modes

* Single ended mode
If the input signal 1s applied to only one of the inputs

and the other input terminal 1s connected to ground it

is said to be operating in single ended mode.




* Differential mode/double ended
In differential mode ,two opposite polarity signal are
applied to the two mputs of op amp. The difference
between the input signal is amplified appears at the

output.




* Common mode
In the common mode of operation, the same input
signal 1s applied to both the input terminals. Ideally a
zero voltage should be produced by the op amp.




Non-ldeal Characteristics
DC Characteristics

..+« Input bias current
| » Input offset current
* Input offset voltage

' AC Characteristics

* Frequency response

« Stabllity

1K Frequency compensation
« Slew rate




DC Characteristics

An ideal op-amp draws no current from the source and its response
is also independent of temperature, However, a real op-amp does not
work this way. Current is taken from the source into the op-amp
inputs. Also the two inputs respond differently to current and voltage
due to mismatch in transistors, A real op-amp also shifts its operation
with temperature. These non-ideal dc characteristi¢s that add error
components to the de output voltage




Input bias current

The op-amp's input is a differential amplifier, which may be made of BJT or FET. In either
" case, the input transistors must be biased into their linear region by supplying currents int

" the bases by the external circuit. In an ideal op-amp, we assumed that no current is draw
from the input terminals. However, practically, input terminals do conduct a small value o
dc current to bias the input transistors. The base currents entering into the inverting an
non-inverting terminals are shown as g and Iy respectively in Fig. 3.1 (a) Even though

both the transistors are identical, Iy and I{; are not exactly equal due to internal imbalancés
between the two inputs. Manufacturers specify input bias current Ip as the average value
of the base currents entering into the terminals of an op-amp.

(a) ®)

. } Fig. 3.1 (a) Input bias currents (b) inverting amplifier with bias currents
X Tech hﬂj i %
_— = So, IB — _IB-;_IB.




Input bias current

g For 741, 2 bipolar op-amp, the bias current is 500 nA or less. The FET input op-amp will
0  have bias currents as low as 50 pA at room temperature.

“ (onsider the basic inverting amplifier of Fig. 3.1 (b). If input voltage V; is set to zero volt,

the output voltage V, should also be zero volt. Instead, we find that the output voltage 18

Oﬁset by1

V0= (I-B)Rf (3.2)
For a 741 op-amp, with a 1 MQ feedback resistor, |
V.= 500 nA x I MQ = 500 mV

The output is driven to 500 mV with zero input because of the bias currents. In applications
where signal levels are measured in millivolts, this is totally unacceptable. This effect can
be compensated for as shown in Fig. 3.1 (¢) where a compensation resistor Ry has been

added between the noninverting input terminal and ground. Current Iy flowing through the
compensating resistor Reomp develops a voltage V; across it. Then, by KVL, we get,

o : : -V1+0+V2"Vo=0 __
I E V=% ik




Input bias current
R

) Bias current compensation in an inverting amplifier

Fig. 3.1 (C |
By se]eCtin oper value of R i V2 can be cancelled with Vl and the output VU will be
gpr comp’

10, The value of Rypp is derived as




Input bias current

RE_p, |8, i

—#
s

or, R

that is. to compensate for bias currents, the compen-
sating resistor Ry should be equal to the parallel
R,

combination of resistors tied to the inverting input
terminal. | —— WY
The effect of input bias current in a non-inverting * - \
- : :—\/‘./f/,——--'_l -
amplifier can also be compensated by placing a com- | ~_ ] —
pensating resistor, Ry, in series with the input signal r——l. ' P
V. as shown in Fig. 3.1(d). Y L v
The value of Ry 18 again equal to ‘¢ R
$ romy
’

Rcomp = Rl ” RI‘
as the circuits for inverting amplifier and non-in-
mplifier shown in Figs. 3.1(c) and (d) become
h input signal V. made equal to zero. *
F. 3.1() Bias current compens®””
a non-inverting

verting a
game Wit



Input offset current

input transistors cannot be made id

+
; and I, are equal. Since the
B! e enti : 8 . S
I; and Iy . This difference i call el rayad

ed the off ¢ some small difference between
¢ oliset current I, and can be written as

The absolute value sign indicate

(3.10)
will be larger. s that there ig

no way to predict which of the bias currents

“ET op-amp is 10 pA. Even with
s cur i ' :
oltage V. b were, Referring b rent will produce an output volt

g. 3.1 (o), age when the input

v = II; Rmmp
&osl L=%
Rl (3.12)

KCL at node ‘a’ gives,

1

Again
Vo=LR;-V, = LR, — I}4R

comp

_ R
=(IB—I§ ;lp]Rf—IﬁRcomp
Substituting Eq. (3.9) and after algebraic manipulation,

V, = Ry(I5 - I}) 3.13 f
So. Vo = Rros




Input offset current

] Sy oven with bias current compensation and with the feedback vesistor of 1 MQ 74!
BT oamp has an output offst volage
V0:1ng200nA=200mV

with a zero input voltage. It can be seen from Eq.
" (3.16) that the effect of offset current can be mini-
mized by keeping feedback resistance small.

W



Input offset voltage

Inspite of the use of the above compensating techniques, it is found that the output voltag:
may still not be zero with zero input voltage. This is due to unavoidable imbalances insid:
the op-amp and one may have to apply a small voltage at the mput terminals to make outpu

voltage zero. This voltage is called input offset voltage

V... This is the voltage required to be applied at the IS
input for making output voltage to zero volts as shown TR Vo0l
in Fig. 3.2. (a). ? >
Let us now examine the effect of V, ; on the output [__(- >_* +
of a non-inverting and inverting op-amp amplifier as .- v v
shown in Fig. 3.2 (b, ¢). If V; is set to zero, the circuits 2
of Fig. 3.2 (b and c) become the same as in Fig. 3.2 (d) Fi <
. / G : . 3.2
The voltage V, at the (=) input terminal is given by : (a())ﬁgzt-avn;phsgheowmg "

\2. ‘42&— Vo = ( 5 )V (320}

Vo = " R Ll

;Vz \’r?j |
or K K\>Vo=(R‘;Rr]Vg=[l+§-‘]Vg (a0

1

Since, Vlos " |V| = V2| and Vl =0,




Input offset voltage

R,

m\[ R,

5 ———— A
R,
—L__ AN .
+ Vn + \ —\—/(o)
. b )V, o
v.j? = l
Fig. 3.2 (b) Non-inverti
io Ng amplifier Fig. 3.2 (¢) Inverting amplifier
W

or,

W
\‘“>\ R,

Vo= (1+2V,

Fig. 3.2 (d) equivalent circuit for V=0

R
vV, = (1 + Fi)vios




Thermal drift

AN
R G ——
> s U, O curon g o

[ nuﬂed i 50 A [ voltage thange wi temperature, A ooy carefully
S (e, offet cument g SO When.the Emperure i b 5, Tis sl 4
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Slew rate

o= The rise time of an amplifier 1s defined as the time the output takes to change from 10 to
¢ 90 percent of the final value for a step input and i given as 0.35/BW, where BW is the
% bandwidth of the amplifier. ldeal response time should be zero second as BW s infinite for
ideal op-amp, that is, output voltage should respond mstantaneously to any change in the
input. Rise time is usually specified for small signals, usually when the peak output voltage
is less than one volt. However, for large signal output (i.e., Vin > 1 volt), the op-amp's speed
1s limited by slew rate, Manufacturers specify slew rate that gives the circuit desiener a good
| 1dea of how quickly a given op-amp responds to changes of input voltaze. An 0p-2mp’s slew
rate 1s related to its frequency response. Usually op-amps with wide bandwidth will have
higher (better) slew rates.

The slew rate is defined as the maximum rate of change of output voltage caused bv 2
mput voltage and is usually specified in Vlus. For example, a 1V/uz slew rate means that
the output rises or falls by 1V in one microsecond. An ideal slew rate is infinite which means

that op-amp’s output voltage should change Instantaneously in response to input step voltage.
Practical IC op-amps have specified slew rates from 0.1 Vius to well above 1000 Vius. Slew
j| rate listed in the data sheet is usually specified for unity gain and no load. The slew rate
improves with higher closed loop gain and de supply voltage. It is also a function to
termperature and generally decreases with an increase in temperature.

step

y -4



Slew rate

itor WILRIN O vuwsiue g .
What causes glow rate? Thete is usually a capaciior a

Py
. tput voltage fy
prevent oscillation, It is this capacitor which prevents the outp BE Irom y, m‘u

Popg "
| - € acro f
immediately t g fagt changing input. The rate at which the voltage across the capa%rx?

Increases i given by,

d, |

oiul A A-44 (3 It

dt )

Here, Iis the maximum current furnighed by op-amp ‘t" the cagacntor C. This Megng thy
for obtaining faster slow rate, op-amp should have either a hlgher curren.t 0r 4 Sma|;
compensating capcitor, For the 741 , the maximum internal capacitor charging Uty
limited to about 15 yA. So the slew rate (SR) of 741C 18, “

sk o= Q- L JORA 205 Vs
), C 30 pF

| Slelv rate limits the response speed of all large signal waveshapes. - j
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Internal Structure

Input stage provides most of the voltage gain of OP-AMP and decides

input resistance.

Intermediate stage is another differential amplifier which is driven by

the output of input stage.
Due to direct coupling between the first two stages, the input of level
shifting is an amplified signal with some non zero dc level Level

shifting stage is used to bring this dc level to zero volts with respect to

ground.

Output stage increase the current supplying capability of OP-AMP and

also provides low output resistance.



Internal Structure

.« MA741 Op-Amp

+Bias Circuit : o o G

.InPUt Stage "“"""‘TH",‘T"'!| :m ¥ 2:":%"'9 EE ::n -E‘;'. 015 |—
= .ﬂl:

m ]l WeF| e :Em

JIntermediate
Stage

*Qutput Stage Hoo K_ j .

VAR

05

.Short-grcmt “ m “ﬁ o)
Protection i s i ‘

QOFFSET HULL
HULL

R R} <RI R4
1K 50K 1K 3K

T 3
Internal Schematic from LM741 Datasheet
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Input Stage

]

Ivﬂ (+15V) JJ
134
IPLNG

o

e\,

852
o1

= Ouw

®
3%
._/'5;:]}?.!

:: Ry =
4; 50 k0

Input Stage

« Q1, Q2 are emitter followers.

« Q3, Q4 in common-base configuration serve as
differential amplifier, level shifters and protect Q1,
Q2 against emitter-base junction breakdown.

« Q5, Q6, Q7 and R1, R2, R3 provide the load (active
load) for the differential amplifier.




Intermediate stage




Level Shifting Stage




Intermediate Stage

IV,.{.HIS V) ’J
QI:M

e

O

Ry= <
39 kNS

® o
A
"JP-‘ 4 ::3'-1'- :E:‘-I‘I. - f:“;\—b

—Fyp (=15 v:I

Intermediate Stage

« Q16 is an emitter follower.

- Q17 is a common-emitter amplifier, loaded by Q13B.
- GAIN= (g,,-01/( r0-0138/

« Ccis the internal compensation cap used to
maintain stability when the op-amp is used in a
feedback configuration.



Output Stage

Q19
Q.L!.‘ IV“ (+15 V) Q.JQ“‘ QlSi \\ JJ
A » . ‘b {2
H ?ZEE Out
R,;-:‘l > Q:/l" ‘;’;—;EE
KNS J“%.
l/..,..
Qb— Qo
R,
' e
1 £ iwa
= (—15V)

' Output Stage

« Q23 is an emitter follower.

 Q14, Q20 are a complementary push-pull, or Class
AB amplifier.

« Q19, Q18 are a Darlington-pair, but act similar to
diodes. They maintain a Vg drop to smooth out the
crossover distortion of Q14, QZ20.




Short-circuit Protection

| Nz

=R =N

Y
:.-él.;
=1

Short-circuit Protection

« Q15, Q21 are normally off.

« If too much current is being output (~25mA), the
voltage drop across R6, R7 will turn Q15, Q21 on to
bleed off the current via Q22, Q24 current mirror.




Inverting AmplifieRr

inverting @ — = @ I T
tput 2
non-inverting () —* o R, L

i

Virtual ground

Op-amp as an inverting amplifier

Voltage at node 1 (inverting) = voltage at node 2 (non-
inverting ) KCL at node 1:

L-,-1,=0

(Vi-0) /Ry =(0-V,) /R,

Vi/Ri=-V, /R,

VO
V.

1

Vo _ R
Vi N Ry

=R, > Voltage gain, A, =
Rl

Input Resistance, R; = ? =Ry
1

: 1/
Output resistance, R, = 1_0 =R,
2




Inverting Amplifier Analysis
Ry




Non - Inverting Amplifier

(0-V) /R =(Vi-V,) /R,
-‘ -(Vi/RD=V;/R) -(V,/ Ry AR
Vo/ Ry =(Vi/Ry) + (V;/ R1)=Vi[1_+ 1_ v

gt
J AW ©
R, RJ | & @ v
|Vo/vi:R2 1+ 1 évl
RZ Rl =

% Noninverting amplifier

Voltage gain, A, =5=1+—




Non-Inverting Amplifier
Analysis




Mathematics of the Op-Amp

-+ The gain of the Op-Amp itself is calculated as:
G=V,/(V,—-V)

out

« The maximum output is the power supply voltage

'+ When used in a circuit, the gain of the circuit (as
opposed to the op-amp component) Is:

A, =V, V.

out




Op-Amp Saturation

out

earlier, the v
maximum output
value is the
supply voltage,
positive and
negative. V.
 The gain (G) is the
slope between
saturation points. I Vs

. « As mentioned V

v




Differentiator

When the inverting input terminal resistor of an op-amp inverter circuit is replaced by
a capacitor the circuit is worked as a differentiator circuit.

Applying KCL at node point G R,
‘IS_Iin_12=0 121

I, =0 since, R;, = © Is C I;

mn n > I G 11) B

Therefore, [, = I Fg | [P +

" Ve Vo
Since G pointis a virtual ground S -
: Virtual ground
| Voltage across the capacitor, == e
¢ Differentiator circuit
Vc:E =V ITferentiator circul

dQ  dve

Again, the output voltage,

dVs
! Therefore, V, = =CR, ’n




Op-Amp Differentiator
R

. I Vz)ut




Integrator

When the feedback resistor of an inverter circuit is replaced by a capacitor the
circuit is worked as an integrator circuit -cause the output to respond to changes in
the input voltage over time

. Applying KCL at node point G

1,5 - Iin - IC = 0
i, = 0 since, R, = o i T
c
Since G pointis a virtual ground Ig
V. T P

o =l =— AN
Again, the voltage across the capacitor, i _

Q Virtual ground
Ve ===-V, = =

C

) Integrator circuit
But the capacitor charge, ©

Vs at
Q —J.fsdt - R]_
RIC

If the capacitor has some initially voltage, V,

1
Vv, =V, — RchVSdt

Output voltage, v, = Vs dt




Op-Amp Integrator
C

out

G
I"'::l-u — = l dt I"';ni 1A
. L I2le + tial







Iintroduction

» Filters are circuits that are capable of passing signals
within a band of frequencies while rejecting or blocking
signals of frequencies outside this band. This property of
filters is also called “frequency selectivity”.

» Filter can be passive or active filter.

Passive filters: The circuits built using RC, RL, or RLC
circuits.

Active filters : The circuits that employ one or more
op-amps in the design an addition to
resistors and capacitors



Active Filters

* Active Filters contain active components such as
operational amplifiers, transistors or FET’s within their
circuit design. They draw their power from an external

power source and use it to boost or amplify the output
signal.

* Filter amplification can also be used to either shape or
alter the frequency response of the filter circuit by
producing a more selective output response, making
the output bandwidth of the filter more narrower or
even wider. Then the main difference between a
“passive filter” and an “active filter” is amplification.



Types of Filters

* There are two broad categories of filters:
~ An analog filter processes continuous-time signals

= A digital filter processes discrete-time signals.

* The analog or digital filters can be subdivided into
four categories:
- Low pass Filters
~ High pass Filters
= Band stop Filters

-~ Band pass Filters



Filter Response
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Passive Filters

Made up of passive components - resistors, capacitors and
inductors

No amplifying elements (transistors, op-amps, etc)

No signal gain

[*order - design is simple (just use standard equations to
find resonant frequency of the circuit)

2% order - complex equations

Require no power supplies

Buffer amplifiers might be required

Desirable to use inductors with high quality factors



Inductor - BIG PROBLEM!

Physical size, and large inductance values are required.
Tuning inductors to the required values 1s time-consuming
and expensive for larger quantities of filters.

Often prohibitively expensive.

Difficult to implement at frequencies below | kHz.

L0SSY



Active Filter

No inductors

Made up of op-amps, resistors and capacitors
Provides arbitrary gain

Generally easier to design

High input impedance prevents excessive loading of the driving
source

Low output impedance prevents the filter from being affected
by the load

Easy to adjust over a wide frequency range without altering the
desired response



Active Low Pass Filter

* This first-order low pass active filter, consists
simply of a passive RC filter stage providing a
low frequency path to the input of a non-
inverting operational amplifier. If an active
filter allows (passes) only low
frequency components and rejects (blocks) all
other high frequency components, then it is
called as an active low pass filter.



Active Low Pass Filter
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Gain of a first-order low pass filter

_ =
D gaimn — [‘1 ! = ]
1

A
Foftace Geain, (Av)y = Four il

FiF? 2
V(%)
Where:

A; = the pass band gain of the filter, (1 + R2/R1)
f = the frequency of the input signal in Hertz, (Hz)
fc = the cut-off frequency in Hertz, (Hz)




The operation of a low pass active filter can be
verified from the frequency gain equation

1. At very low frequencies, f < fc = Yout . 4

Vin
Vout

2. At the cut-off frequency, f=fc (' - 72 - orora,

Vout

3. At very high frequencies, f >fc v, “*

F
F

Thus, the Active Low Pass Filter has a constant
gain A; from OHz to the high frequency cut-off
point, .. At f. the gain is 0.707A; and after f it
decreases at a constant rate as the frequency
Increases



Magnitude of Voltage Gain in (dB)

The gain decreases 20dB (= 20*log(10)) each
time the frequency is increased by 10. When
dealing with filter circuits the magnitude of
the pass band gain of the circuit is generally
expressed in decibels or dB as a function of
the voltage gain

Av(dB) = 20log, [VC’”‘?]

W in

in

. -3dB = ZOIDQIU[O.?O’? unt}



Frequency Response Curve
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Active High Pass Filter

 |f an active filter allows (passes) only high
frequency components and rejects (blocks) all
other low frequency components, then it is
called an active high pass filter.

High Pass

Filter Stage high Amplification //‘\\
m > freguencies
U —
t Aoy ')




Gain for an Active High Pass Filter

F
Voltage Gain, (Av) = vout je

Vin :
(%
fc
Where:

A; = the Pass band Gain of the filter, (1 + R2/R1)
f = the Frequency of the Input Signal in Hertz, (Hz)
fc = the Cut-off Frequency in Hertz, (Hz)




The operation of a high pass active filter can be
verified from the frequency gain equation

1. At very low frequencies, f <fc Yoot . »

Vin -

2. At the cut-off frequency, f =fc Y - ji _ 0.707A,
3. At very high frequencies, f >fc = vout _ ,

\Vin :

K

Active High Pass Filter has a gain A; that increases
from OHz to the low frequency cut-off point, f. at

20dB/decade as the frequency increases. At f. the
gain is 0.707*A; and after f. all frequencies are pass
band frequencies so the filter has a constant
gain A with the highest frequency being determined
by the closed loop bandwidth of the op-amp



Voltage Gain (dB]
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Magnitude of Voltage Gain in (dB)

Av(dB) = 20|DQIG[\{?HJE]
111

. -3dB = 20|mgm[0.?0? ‘{ff'”tJ
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Active Band Pass Filter

* If an active filter allows (passes) only one band of
frequencies, then it is called as an active band
pass filter. In general, this frequency band lies
between low frequency range and high frequency
range. So, active band pass filter rejects (blocks)
both low and high frequency components.

* The principal characteristic of a Band Pass
Filter or any filter for that matter, is its ability to
pass frequencies relatively unattenuated over a
specified band or spread of frequencies called the
“Pass Band”.



Active Band Pass Filter

* Active Band Pass Filter is slightly different in that
it is a frequency selective filter circuit used in
electronic systems to separate a signal at one
particular frequency, or a range of signals that lie
within a certain “band” of frequencies from
signals at all other frequencies. This band or
range of frequencies is set between two cut-off
or corner frequency points labelled the “lower
frequency” ( f, ) and the “higher frequency” ( f,, )
while attenuating any signals outside of these
two points.



Active Band Pass Filter

* Active Band Pass Filter can be easily made by
cascading together a single Low Pass Filter
with a single High Pass Filter as shown.
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Active Band Pass Filter
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Active Band Pass Filter

* This cascading together of the individual low and high pass
passive filters produces a low “Q-factor” type filter circuit
which has a wide pass band. The first stage of the filter will be
the high pass stage that uses the capacitor to block any DC
biasing from the source. This design has the advantage of
producing a relatively flat asymmetrical pass band frequency
response with one half representing the low pass response
and the other half representing high pass response as shown.

High Pass Low Pass Band Pass
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|
|
|
|
|
£ £
JL JH JL JH




Active Band Pass Filter

* The higher corner point ( f, ) as well as the lower corner
frequency cut-off point ( f, ) are calculated the same as
before in the standard first-order low and high pass filter
circuits. Obviously, a reasonable separation is required
between the two cut-off points to prevent any interaction
between the low pass and high pass stages. The amplifier
also provides isolation between the two stages and defines
the overall voltage gain of the circuit.

* The bandwidth of the filter is therefore the difference
between these upper and lower -3dB points. For example,
suppose we have a band pass filter whose -3dB cut-off
points are set at 200Hz and 600Hz. Then the bandwidth of

the filter would be given as: Bandwidth (BW) = 600 — 200 =
400Hz.



Active Band Pass Frequency Response

Gain = Vin fc fc
[ Stop Band % Pass Band Stop Elam:lr':::
b I"- -. .- I."-
odB
-3dB -« -3dB (457%)
Frequency Response
- Slope =
B w -
= - andwidth - 20dB/Decade
)
‘_‘—\__\ SIDPE =
+20dB/Decade
-dB
JL Scenter Fu Frequency (Hz)
Phase (Logarithmic Scale)
+90*°

DD \ _
Freguency
FPhase
=hift

-90°



Resonant Frequency Point

The actual shape of the frequency response curve for any passive or active band
pass filter will depend upon the characteristics of the filter circuit with the curve
above being defined as an “ideal” band pass response. An active band pass filter is
a 2nd Order type filter because it has “two” reactive components (two capacitors)
within its circuit design.

As a result of these two reactive components, the filter will have a peak response
or Resonant Frequency ( fr) at its “center frequency”, fc. The center frequency is
generally calculated as being the geometric mean of the two -3dB frequencies
between the upper and the lower cut-off points with the resonant frequency
(point of oscillation) being given as:

fr:JfofH

Where:

f, is the resonant or Center Frequency

f_is the lower -3dB cut-off frequency point
fy is the upper -3db cut-off frequency point



The “Q” or Quality Factor

Band Pass Filter circuit, the overall width of the
actual pass band between the upper and lower -
3dB corner points of the filter determines

the Quality Factor or Q-point of the circuit.

This Q Factor is a measure of how “Selective” or
“Un-selective” the band pass filter is towards a
given spread of frequencies. The lower the value
of the Q factor the wider is the bandwidth of the
filter and consequently the higher the Q factor
the narrower and more “selective” is the filter.



The “Q” of a band pass filter is the ratio of the Resonant
Frequency, ( fr ) to the Bandwidth, ( BW ) between the
upper and lower -3dB frequencies and is given as:

Resonant Frequency. Fr

_4 e Q - Resonant Frequency

Wide Bandwidth

| e Bandwdth

-
Frequency



Active Band Stop Filter

* If an active filter rejects (blocks) a particular band
of frequencies, then it is called as an active band
stop filter. In general, this frequency band lies
between low frequency range and high frequency
range. So, active band stop filter allows (passes)
both low and high frequency components.

* A band Stop Filter known also as a Notch Filter,
blocks and rejects frequencies that lie between
its two cut-off frequency points passes all those
frequencies either side of this range




Active Band Stop Filter

* block diagram of an active band stop filter consists of
two blocks in its first stage: an active low pass filter and
an active high pass filter. The outputs of these two
blocks are applied as inputs to the block that is present
in the second stage. So, the summing
amplifier produces an output, which is the amplified
version of sum of the outputs of the active low pass

filter and the active high pass filter.

* Therefore, the output of the above block diagram will
be the output of an active band stop , when we
choose the cut-off frequency of low pass filter to be
smaller than cut-off frequency of a high pass filter.
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Active Band Stop Filter




Active Band Stop Filter

 Then the function of a band stop filter is too pass all
those frequencies from zero (DC) up to its first
(lower) cut-off frequency point f,, and pass all those
frequencies above its second (upper) cut-off
frequency f,,, but block or reject all those

frequencies in-between. Then the filters bandwidth,
BW is defined as: (f, —f,).



Band Stop Filter Response
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Active Band Stop Filter

The summing of the high pass and low pass filters means that their
frequency responses do not overlap, unlike the band-pass filter. This is due
to the fact that their start and ending frequencies are at different
frequency points. For example, suppose we have a first-order low-pass
filter with a cut-off frequency, f, of 200Hz connected in parallel with a
first-order high-pass filter with a cut-off frequency, f,, of 800Hz. As the two
filters are effectively connected in parallel, the input signal is applied to
both filters simultaneously as shown above.

All of the input frequencies below 200Hz would be passed unattenuated
to the output by the low-pass filter. Likewise, all input frequencies above
800Hz would be passed unattenuated to the output by the high-pass filter.
However, and input signal frequencies in-between these two frequency
cut-off points of 200Hz and 800Hz, that is f, to f,, would be rejected by
either filter forming a notch in the filters output response.

In other words a signal with a frequency of 200Hz or less and 800Hz and
above would pass unaffected but a signal frequency of say 500Hz would
be rejected as it is too high to be passed by the low-pass filter and too low
to be passed by the high-pass filter.



Sinusoidal Oscillators

* An oscillator generates output without any ac
input signal. An electronic oscillator is a circuit
which converts dc energy into ac at a very high

frequency. An amplifier with a positive

feedback can be understood as an oscillator.
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Amplifier vs. Oscillator

 An amplifier increases the signal strength of the input
signal applied, whereas an oscillator generates a signal
without that input signal, but it requires dc for its
operation. This is the main difference between an
amplifier and an oscillator.

* Take a look at the following illustration. It clearly shows
how an amplifier takes energy from d.c. power source
and converts it into a.c. energy at signal frequency. An
oscillator produces an oscillating a.c. signal on its own.

* The frequency, waveform, and magnitude of a.c. power
generated by an amplifier, is controlled by the a.c.
signal voltage applied at the input, whereas those for
an oscillator are controlled by the components in the
circuit itself, which means no external controlling
voltage is required.



Classification of Oscillators

* Electronic oscillators are classified mainly into the
following two categories -

* Sinusoidal Oscillators — The oscillators that
produce an output having a sine waveform are
called sinusoidal or harmonic oscillators. Such
oscillators can provide output at frequencies
ranging from 20 Hz to 1 GHz.

* Non-sinusoidal Oscillators — The oscillators that
produce an output having a square, rectangular
or saw-tooth waveform are called non-
sinusoidal or relaxation oscillators. Such
oscillators can provide output at frequencies
ranging from O Hz to 20 MHz.



Sinusoidal Oscillators

Sinusoidal oscillators can be classified in the following categories -

Tuned Circuit Oscillators — These oscillators use a tuned-circuit
consisting of inductors (L) and capacitors (C) and are used to
generate high-frequency signals. Thus they are also known as radio
frequency R.F. oscillators. Such oscillators are Hartley, Colpitts,
Clapp-oscillators etc.

RC Oscillators — There oscillators use resistors and capacitors and
are used to generate low or audio-frequency signals. Thus they are
also known as audio-frequency (A.F.) oscillators. Such oscillators are
Phase —shift and Wein-bridge oscillators.

Crystal Oscillators — These oscillators use quartz crystals and are
used to generate highly stabilized output signal with frequencies up
to 10 MHz. The Piezo oscillator is an example of a crystal oscillator.

Negative-resistance Oscillator — These oscillators use negative-
resistance characteristic of the devices such as tunnel devices. A
tuned diode oscillator is an example of a negative-resistance
oscillator.



Nature of Sinusoidal Oscillations

* The nature of oscillations in a sinusoidal wave
are generally of two types. They
are damped and undamped oscillations.



Damped Oscillations

* The electrical oscillations whose amplitude goes on decreasing with
time are called as Damped Oscillations. The frequency of the

damped oscillations may remain constant depending upon the
circuit parameters.

Damped oscillations are generally produced by the oscillatory

circuits that produce power losses and doesn’t compensate if
required.

Amplitude
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Damped Oscillations




Undamped Oscillations

* The electrical oscillations whose amplitude remains
constant with time are called as Undamped Oscillations.

The frequency of the Undamped oscillations remains
constant.

Undamped oscillations are generally produced by the
oscillatory circuits that produce no power losses and follow
compensation techniques if any power losses occur.

A
Amplitude
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Undamped Oscillations




The Barkhausen Criterion

+ -
+O Amplifier l Vs
) (\3/3 Vi with gain A I) = oOutput
+
Feedback
V= Vo Circuit I4

The block diagram of a sinusoidal oscillator shown above produces
sinusoidal oscillations, when the following two conditions are satisfied -
*The loop gain Avf of the above block diagram of sinusoidal oscillator
must be greater than or equal to unity. Here, Av and 3 are the gain of
amplifier and gain of the feedback network, respectively.
*The total phase shift around the loop of the above block diagram of a
sinusoidal oscillator must be either 0° or 360°.

AB=1,A; =00,
The above two conditions together are called as Barkhausen criteria.



RC phase shift oscillator

 The op-amp based oscillator, which produces
a sinusoidal voltage signhal at the output with
the help of an inverting amplifier and a
feedback network is known as a RC phase
shift oscillator. This feedback network consists
of three cascaded RC sections.



RC phase shift oscillator

—— ———————————————————————————————————

eeeeeeee




RC phase shift oscillator

* |n the above circuit, the op-amp is operating
in inverting mode. Hence, it provides a phase
shift of 180°. The feedback network present in
the above circuit also provides a phase shift of
1809, since each RC section provides a phase
shift of 60°. Therefore, the above circuit
provides a total phase shift of 360° at some
frequency.



RC phase shift oscillator

= The output frequency of a RC phase shift oscillator i1s —

1

! = 2QTIRC /6

The gain A, of an inverting amplifier should be greater than or equal to -29,

Br 59
i.e., R, -
Ry
Iy

So. we should consider the value of feaedback resistor R_f as minimum of 29 times the

value of resistor Hy . in order to produce sustained oscillations at the output of a RC

phase shift oscillator.



Wien Bridge Oscillator

 The op-amp based oscillator, which produces
a sinusoidal voltage signhal at the output with
the help of a non-inverting amplifier and a
feedback network is known as Wien bridge
oscillator.



Wien Bridge Oscillator
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Wien Bridge Oscillator

* |n the circuit shown above for Wein bridge
oscillator, the op-amp is operating in non
inverting mode. Hence, it provides a phase shift
of 00. So, the feedback network present in the
above circuit should not provide any phase shift.

* If the feedback network provides some phase
shift, then we have to balance the bridge in such
a way that there should not be any phase shift.
So, the above circuit provides a total phase shift
of 0° at some frequency.



Wien Bridge Oscillator

The output frequency of Wien bridge oscillator is

=l

1
= snirc

The gain A4, ofthe non-inverting amplifier should be greater than or equal to 3

—=> R; > 2R,

So, we should consider the wvalue of feedback resistor Rf at least twice the wvalue of

resistor, Ky in order to produce sustained oscillations at the output of Wien bridge

oscillator.



Comparators

* A comparator is an electronic circuit, which
compares the two inputs that are applied to it
and produces an output. The output value of
the comparator indicates which of the inputs
is greater or lesser.

 comparator falls under non-linear
applications of ICs.



Inverting Comparator

* An inverting comparator is an op-amp based
comparator for which a reference voltage is
applied to its non-inverting terminal and the
input voltage is applied to its inverting
terminal. This comparator is called
as inverting comparator because the input
voltage, which has to be compared is applied
to the inverting terminal of op-amp.



 The operation of an inverting comparator is very
simple. It produces one of the two
values, +Vsat and -Vsat at the output based on
the values of its input voltage Vi and the
reference voltage Vref.

* The output value of an inverting comparator will
be -Vsat, for which the input Vi voltage is greater
than the reference voltage Vref.

 The output value of an inverting comparator will
be +Vsat, for which the input Vi is less than the
reference voltage Vref.




During the positive half cycle of the sinusoidal input signal,
the voltage present at the inverting terminal of op-amp is
greater than zero volts. Hence, the output value of the
inverting comparator will be equal to —Vsat during positive
half cycle of the sinusoidal input signal.

Similarly, during the negative half cycle of the sinusoidal
input signal, the voltage present at the inverting terminal of
the op-amp is less than zero volts. Hence, the output value
of the inverting comparator will be equal to +Vsat during
negative half cycle of the sinusoidal input signal.

Sinusoidal Input Signal
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* In the figure shown above, we can observe that the
output transitions either from -Vsat to +Vsat or
from +Vsat to —Vsat whenever the sinusoidal input
signal is crossing zero volts. In other words, output
changes its value when the input is crossing zero
volts. Hence, the above circuit is also called
as inverting zero crossing detector.



Non-Inverting Comparator

* A non-inverting comparator is an op-amp
based comparator for which a reference
voltage is applied to its inverting terminal and
the input voltage is applied to its non-
inverting terminal. This op-amp based
comparator is called as non-
inverting comparator because the input
voltage, which has to be compared is applied
to the non-inverting terminal of the op-amp.



The operation of a non-inverting comparator is very simple. It
produces one of the two values, +Vsat and —Vsat at the output
based on the values of input voltage Vt and the reference
voltage +Vref.

*The output value of a non-inverting comparator will be +Vsat, for
which the input voltage Vi is greater than the reference

voltage +Vref.

*The output value of a non-inverting comparator will be —Vsat, for
which the input voltage Vi is less than the reference

voltage ++\Vref.

+Vce

Vo




During the positive half cycle of the sinusoidal input signal, the voltage
present at the non-inverting terminal of op-amp is greater than zero volts.
Hence, the output value of a non-inverting comparator will be equal

to +Vsat during the positive half cycle of the sinusoidal input signal.
Similarly, during the negative half cycle of the sinusoidal input signal, the
voltage present at the non-inverting terminal of op-amp is less than zero
volts. Hence, the output value of non-inverting comparator will be equal

to —-Vsat during the negative half cycle of the sinusoidal input signal.
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Non-Inverting Comparator

* From the figure shown above, we can observe
that the output transitions either
from +Vsat to —Vsat or
from —Vsat to +Vsat whenever the sinusoidal
input signal crosses zero volts. That means,
the output changes its value when the input is
crossing zero volts. Hence, the above circuit is
also called as non-inverting zero crossing
detector.



Schmitt trigger

e Schmitt trigger is a comparator circuit with
positive feedback ,as gain can be
increased greatly.

 The major application of this comparator is to
overcome the noise voltages which reduced
the problem with Zero crossing
detector circuit.

* |t converts the analog signal to digital signal.



Schmitt trigger

e consider a clean signal and with noise signal
crossing zero axis a number of times then the
normal zero crossing detector will not deliver
the same output even though both signals are
same but of course the noise is included in
other signal .But the trigger circuit reject the
interference with zero crossings and takes the
crossings of Vut and VLt only .



Schmitt trigger




Vﬂ'

Schmitt trigger

Vref =Reference voltage
Vo=Output voltage

The input voltage Vi triggers the
output Vo every time it exceeds certain
voltage levels .These voltage levels are called

upper threshold voltage and lower threshold
voltage.
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Schmitt trigger

* Va=VUT

* (upper threshold
voltage) for Vo=+Vsat then

4l B2
V=¥ W
T MR T RI+R2

As long as Vi is less than the Vut the output

remains +Vsat .When ever the input voltage exceeds

the Vut the output shifts to —Vsat and remains constant till
the input voltage is greater than VIt. When Vi become lesser
than VLt then the output switches from —Vsat to +Vsat .



Schmitt trigger

* Va=VLT (lower threshold voltage) for Vo=—

Vsat then
Al R2

V.. =V ¥
I mMer2 “R+R2

n
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. Vi< VLt Vo = +Vsat
; Vi >Vut , Vo = -Vsat
VLt < Vut




Transfer Characteristic of Schmitt
Trigger
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Schmitt trigger

* This circuit exhibits a interesting phenomenon called
hysteresis or backlash ,as the curve looking like the
hysteresis curve of magnetic materials . The difference
between the two voltages(Vut,VLt) is called hysteresis
voltage or hysteresis width. Because of hysteresis the
circuit triggers at a higher voltage for increasing signals
than for decreasing signals. if the peak-to-peak noise
voltage is within the hysteresis voltage ,there will be no
false triggering .Depending on the expected noise
voltage ,the hysteresis voltage can be designed by the
feedback resistors R1 and R2.

2R ¥
R, + R,

Vg =VFor —Ver =



Non-Inverting Schmitt Trigger Circuit
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Astable Multivibrator

 The astable multivibrator is also called as a
free-running multivibrator. It has two quasi-
stable states i.e. no stable state such. No
external signal is required to produce the

cha
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nges in state. The component values used
ecide the time for which circuit remains in
n state. Usually, as the astable

mu

tivibrator oscillates between two states, is

used to produce a square wave.



Astable Multivibrator

* The circuit looks like a Schmitt trigger except
that the input voltage is replaced by a
capacitor. As shown, the comparator and
positive feedback resistors and form an
inverting Schmitt trigger.




Circuit operation

r

(i). When power is turned ON, 1/, automatically swings either V, ; orto —V/, , since

-

these are the only stable states allowed by Schmitt trigger. Assume it swings to 4V ;.

r

(ii). Now capacitor starts charging towards 4V, ., through the feedback path provided
by the resistor R 1 tothe inverting input. As long as the capacitor voltage Vis less

than V7, the output voltage remains at V ,;

=,
 —— ]
—_ Ve - I ~Veco
1L ——
I L =R
_— - —
=V A EE R Vo = Vasar™

Fig. 6.16 (a) When V_ = +V__.. capacitor charges
towards V-



Circuit operation

(iii). As soon as 1/~ charges to a value slightly greater than V/;,-, the input goes positive

with respect to the input. This switches the output voltage from -V, ,to -V ,

st

(iv). As I/, switches to — V/,

st - Capacitor starts discharging via. The current |

discharges capacitor to 0V and recharges capacitor to 1/, When 1/~ becomes slightly

r

more negative than the feedback voltage 1/, output voltage switches back to -V .

Ry
A A A =
———
- Ve — I Ve
l T o +
I C
— -+ =: v
—Vee = =

Initially Ve = Vr ‘l
Finally Vo = Vv I -

Fig. 6.16 (b)) When V_, = — V_... capacitor charges
towards V,



Frequency of Oscillation

* The frequency of oscillation is determined by
the time it takes the capacitor to charge

* |nitial voltage ( at t=0 ) across Capacitor

= VC“(ZJ - _.m;;ﬂf My \ """" / & """ /;\/ "

e R HAVAIANVAN

Fig. 6.16 (c) Waveforms




Frequency of Oscillation

Here Role of supply Voltage will play, the output voltage
Lr.:,- — LIE] — _|_LI.:,-rH‘

Voltage across Capacitor at time ¢ is given by the eq
r - . i} s
Velt) = Vepe ®e + 1) (1 — € Rtﬂ)

Attimet = TF
Vo= —Viu
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Frequency of Oscillation
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Waveform Generators

* A waveform generator is an electronic circuit,
which generates a standard wave. There are
two types of op-amp based waveform
generators -

* Square wave generator
* Triangular wave generator



Square Wave Generator

* A square wave generator is an electronic
circuit which generates square wave
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Square Wave Generator

* The resistor R1 is connected between the
inverting input terminal of the op-amp and its
output of op-amp. So, the resistor R1 is used
in the negative feedback. Similarly, the
resistor R2 is connected between the
noninverting input terminal of the op-amp
and its output. So, the resistor R2 is used in
the positive feedback path.



Square Wave Generator

e A capacitor Cis connected between the
inverting input terminal of the op-amp and
ground. So, the voltage across capacitor C will
be the input voltage at this inverting terminal
of op-amp. Similarly, a resistor R3 is connected
between the non-inverting input terminal of
the op-amp and ground. So, the voltage
across resistor R3 will be the input voltage at
this non-inverting terminal of the op-amp.



Square Wave Generator

* Assume, there is no charge stored in the capacitor initially.
Then, the voltage present at the inverting terminal of the op-
amp is zero volts. But, there is some offset voltage at non-
inverting terminal of op-amp. Due to this, the value present at
the output of above circuit will be +Vsat.

* Now, the capacitor C starts charging through a resistor R1. The
value present at the output of the above circuit will change
to —Vsat, when the voltage across the capacitor C reaches just
greater than the voltage (positive value) across resistor R3.

* The capacitor C starts discharging through a resistor R1, when
the output of above circuit is —Vsat. The value present at the
output of above circuit will change to +Vsat,when the voltage
across capacitor C reaches just less than (more negative) the
voltage (negative value) across resistor R3



Square Wave Generator

The output of square wave generator will have
one of the two values: +Vsat and -Vsat. So, the
output remains at one value for some duration
and then transitions to another value and

remains there for some duration. In this way, it
continues.

Vo A Output Signal

+Vsat




Triangular Wave Generator

* Atriangular wave generator is an electronic
circuit, which generates a triangular wave.

Square Wave Triangular
Integrator —

Generator Wave

The block diagram of a triangular wave generator contains mainly two blocks:
a square wave generator and an integrator. These two blocks are cascaded.
That means, the output of square wave generator is applied as an input of
integrator. Note that the integration of a square wave is nothing but a
triangular wave.



Triangular Wave Generator
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Analog to Digital Converter

* An Analog to Digital Converter (ADC) converts
an analog signal into a digital signal. The
digital signal is represented with a binary
code, which is a combination of bits 0 and 1.

Analog

Analog to Digital
R —— < >
Input Digital Output

Converter




Analog to Digital Converter

* Analog to Digital Converter (ADC) consists of
a single analog input and many binary
outputs. In general, the number of binary
outputs of ADC will be a power of two.

* There are two types of ADCs: Direct type ADCs
and Indirect type ADC.



Direct type ADC.

The following are the examples of Direct type
ADCs -

Counter type ADC

Successive Approximation ADC
Flash type ADC



Counter type ADC

* A counter type ADC produces a digital output, which
is approximately equal to the analog input by using

counter operation internally.
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Counter type ADC

The counter type ADC mainly consists of 5 blocks: Clock signal
generator, Counter, DAC, Comparator and Control logic.

The working of a counter type ADC is as follows -

The control logic resets the counter and enables the clock
signal generator in order to send the clock pulses to the
counter, when it received the start commanding signal.

The counter gets incremented by one for every clock pulse
and its value will be in binary (digital) format. This output of
the counter is applied as an input of DAC.

DAC converts the received binary (digital) input, which is the
output of counter, into an analog output. Comparator
compares this analog value,Va with the external analog input
value Vi.



Counter type ADC

 The output of comparator will be ‘1’ aslong as Vi is
greater than Va. The operations mentioned in above
two steps will be continued as long as the control logic
receives ‘1’ from the output of comparator.

* The output of comparator will be ‘0’ when Vi is less
than or equal to Va. So, the control logic receives ‘0’
from the output of comparator. Then, the control logic
disables the clock signal generator so that it doesn’t
send any clock pulse to the counter.

e At this instant, the output of the counter will be
displayed as the digital output. It is almost equivalent
to the corresponding external analog input value Vi.



Successive Approximation ADC

* A successive approximation type ADC produces a digital output, which is
approximately equal to the analog input by using successive

approximation technique internally.
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Successive Approximation ADC

The successive approximation ADC mainly consists of 5 blocks— Clock
signal generator, Successive Approximation Register (SAR), DAC,
comparator and Control logic.

The working of a successive approximation ADC is as follows -

The control logic resets all the bits of SAR and enables the clock signal
generator in order to send the clock pulses to SAR, when it received the
start commanding signal.

The binary (digital) data present in SAR will be updated for every clock
pulse based on the output of comparator. The output of SAR is applied as
an input of DAC.



Successive Approximation ADC

DAC converts the received digital input, which is the
output of SAR, into an analog output. The comparator
compares this analog value Va with the external analog
input value Vi.

The output of a comparator will be ‘1’ as long as Vi is
greater than Va. Similarly, the output of comparator
will be ‘0’, when Vi is less than or equal to Va.

The operations mentioned in above steps will be
continued until the digital output is a valid one.

The digital output will be a valid one, when it is almost
equivalent to the corresponding external analog input
value Vi.



Flash type ADC

* A flash type ADC produces an equivalent
digital output for a corresponding analog
input in no time. Hence, flash type ADC is the
fastest ADC.

* The 3-bit flash type ADC consists of a
voltage divider network, 7 comparators
and a priority encoder
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The working of a 3-bit flash type ADC is as follows.

*The voltage divider network contains 8 equal resistors.
A reference voltage VR Is applied across that entire
network with respect to the ground. The voltage drop
across each resistor from bottom to top with respect to
ground will be the integer multiples (from 1 to 8) of VRS.
*The external input voltage Vi is applied to the non-
Inverting terminal of all comparators. The voltage drop
across each resistor from bottom to top with respect to
ground is applied to the inverting terminal of comparators
from bottom to top.

*At a time, all the comparators compare the external input
voltage with the voltage drops present at the respective
other input terminal. That means, the comparison
operations take place by each comparator parallel.



Flash type ADC

*The output of the comparator will be ‘1" as long as Vi is

greater than the voltage drop present at the respective other

input terminal. Similarly, the output of comparator will be ‘0’,

when, Vi is less than or equal to the voltage drop present at the

respective other input terminal.

All the outputs of comparators are connected as the inputs

of priority encoder.This priority encoder produces a binary code

(digital output), which is corresponding to the high priority input

that has “1'.

*Therefore, the output of priority encoder is nothing but the

binary equivalent (digital output) of external analog input

voltage, Vi

The flash type ADC is used in the applications where the

ﬁpnr:/ersion speed of analog input into digital data should be very
igh.



Indirect Type ADC

* |f an ADC performs the analog to digital
conversion by an indirect method, then it is
called an Indirect type ADC. In general, first it
converts the analog input into a linear
function of time (or frequency) and then it will
produce the digital (binary) output.



Dual Slope ADC

* As the name suggests, a dual slope
ADC produces an equivalent digital output for
a corresponding analog input by using two (d

* The dual slope ADC mainly consists of 5
blocks: Integrator, Comparator, Clock signal
generator, Control logic and Counter.ual) slope
technique.



Dual Slope ADC

The control logic resets the counter and enables the clock
signal generator in order to send the clock pulses to the
counter, when it is received the start commanding signal.

Control logic pushes the switch sw to connect to the external
analog input voltage ViVi, when it is received the start
commanding signal. This input voltage is applied to an
integrator.

The output of the integrator is connected to one of the two
inputs of the comparator and the other input of comparator is
connected to ground.

Comparator compares the output of the integrator with zero
volts (ground) and produces an output, which is applied to the
control logic.

The counter gets incremented by one for every clock pulse
and its value will be in binary (digital) format. It produces an
overflow signal to the control logic, when it is incremented
after reaching the maximum count value. At this instant, all
the bits of counter will be having zeros only.



Dual Slope ADC

* Now, the control logic pushes the switch sw to connect to
the negative reference voltage -Vref. This negative
reference voltage is applied to an integrator. It removes the
charge stored in the capacitor until it becomes zero.

e At this instant, both the inputs of a comparator are having
zero volts. So, comparator sends a signal to the control
logic. Now, the control logic disables the clock signal
generator and retains (holds) the counter value.

The counter value is proportional to the external analog
input voltage.

e At this instant, the output of the counter will be displayed
as the digital output. It is almost equivalent to the
corresponding external analog input value Vi.



POST TEST:
1. An ideal Si diode is used in a half wave rectifier circuit with peak input sinusoidal
signal amplitude of 5V (Vm =5V & VT =0.7V). The average dc voltage is

a)<1.27V
b)=1.37V
€)>1.87V

d) <2.54

2. Four ideal Si diodes [VT = 0.7V] are used in a bridge rectifier circuit which has a peak

input sinusoidal signal amplitude of 5V [Vm = 5V]. The average DC voltage is
a) <2.54

b)=2.74
C)>3.74
d)=1.37V

3. For silicon diode with 1 0=2.5pA at 300K, find the forward voltage at a forward current
of 10mA

a)0
b)5V
c)4.3V
d) 0.4V

4.1f peak voltage on a half wave rectifier circuit is 5V and diode cut-in voltage is 0.7, then
peak inverse voltage on diode will be
a) 3.6V
b) 4.3V
c) 5V
d) 5.7V

5. For a diode, at 10mA DC resistance is 70€2. The voltage corresponding to 10mA will be

a) 0.5V
b) 0.6V
c) 0.7V
d) 0.8V

6. A transistor has an Ic of 100mA and Iz of 0.5mA. What is the value of adc?
a) 0.787
b) 0.995
c) 0.543
d) 0.659



7. In an NPN silicon transistor, 0=0.995, [e=10mA and leakage current lcgo=0.5uA.
Determine Iceo.

a) 10pA

b) 100pA

c) 90pA

d) 500pA

8. If gm=0.5mS, Rs=2KQ, determine Zo for source follower?
a) 2KQ

b) IKQ

¢) 3KQ

d) 1.5KQ

9. The current flowing into one input of the op-amp is 10nA and it is 14 nA in the other.
Find the input offset current.

a) 1nA

b) -4nA

C) 4nA

d) 11nA

10. Calculate the cutoff frequency of a first-order low-pass filter for R1 =2.5kQ and C1 =
0.05pF

a)1.273kHz

b)12.73kHz

€)127.3 kHz

d)127.3 Hz

ASSIGNMENT:

1. For the given input waveform to the given circuit, what is the minimum value of the
output waveform?

a)4V

b) 16 V

c)l2v

dovVv
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2. For the given input waveform to the given circuit, what is the peak value of the
output waveform?

a0V
b) 16 V
c)l2vVv
doVv
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3. What is the circuit in the given diagram called?
a) Clipper
b) Clamper
c) Half wave rectifier
d) Full wave rectifier
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4. What is the circuit in the given diagram called?
a) Clipper
b) Clamper
c) Half wave rectifier
d) Full wave rectifier

L

|l
3 ]
I

= o

5. Figure shows an electronic voltage regulator. The Zener diode may be assumed to
require a minimum current of 25 mA for satisfactory operations. The value of R (in
ohms) required for satisfactory voltage regulation of the circuit is
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7. Which model of the diode equivalent circuit is represented by the given diagram?

a) Piecewise Linear Model
b) Ideal Diode Model

c) Simplified Model

d) Differential Model
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8. Which of the following models of diode equivalent circuit is represented by the given
I-V characteristic curve?
a) Piecewise Linear Model

b) Ideal Diode Model
c) Simplified Model
d) Hybrid model

9. As temperature is increased, the voltage across a diode carrying a constant current.
a) Increases

b)Decrease

c)Remains Constant

d)May increase or decrease depending upon the doping levels in the junctions

10. For small signal ac operation, a practical forward biased diode can be modeled as
a) Resistance and capacitance in series

b) Ideal diode and resistance in parallel
c) Resistance and ideal diode in series
d) Resistance

11. In CE configuration, if the voltage drop across 5kQ resistor connected in the collector
circuit is 5V. Find the value of Is when =50.
a) 0.01mA
b) 0.25mA
c) 0.03mA
d) 0.02mA

12. For a Class B amplifier, the utilized load power is 300W and the Dc power is 500W,
find efficiency.
a) 30%
b) 60%
c) 90%
d) 100%
13. A Self bias configuration contains Rp=3.3, Rs=1 KQ, Rc=1MQ and gm=1.5mS.
Determine A,?
a) -2
b) 3
c)-4



d)5
14. Find the input bias current if IB1 = 5mA ,IB2 =3mA

a) 8mA

b) 2mA

c) 4mA

d) None of the mentioned

15. Determine the period of oscillation for an astable multivibrator with component
values RC = 20x107 and feedback factor = 0.3.

a) 0.55s
b)0.9s

) 0.024 s
d) 0.7s

CONCLUSION:

1. Able to analyse and model diode based circuits.
2. Able to Design and analyze various rectifier, clipper and clamper circuits.

3. Able to Design and analyze various Amplifiers, Oscillators, Filters , Multivibrators

circuits.
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