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Feedback

> Consists of returning part of the output of a system to the input

Negative Feedback: a portion of the output signal is returned to the input in
opposition to the original input signal

Positive Feedback: the feedback signal aids the original input signal
Negative Feedback Effects:

— Reduces gain

— Stabilizes gain

— Readuces non linear distortion

— Reduces certain types ofinoise

— (Controlsiinputand eutputimpedances

— Extendsihanawiain

Iiheldisadvantagelofireducing the gainican be overcome by adding few:more
stagesioifamplification



- A : “

Feedback amplifier. Note that the signals are denoted as x;, x;, X,, and so on.

The signals can be either currents or voltages

Negative feedback(Af<A)
Positive feedback (Af>A)

Positive feedback provides an easy way to obtain large gain.
It leads to poor gain stability , a slight shift in power supply
Or temp can change the magnitude of loop gain to unity &
cause the Amplifier to break into oscillation .

Af--- closed
loop gain

A---Open loop
gain

A----loop gain



Types of Feedback

There are 4 basic types of feedback that have different effects:
»>\Voltage series
»Current series

> Voltage shunt

> Current shunt
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The four basic feedback topologies: (a) voltage-sampling series-mixing (series-shunt) topology; (b) current-
sampling shunt-mixing (shunt-series) topology; (c) current-sampling series-mixing (series-series) topology; (d)
voltage-sampling shunt-mixing (shunt-shunt) topology.



Effects of various types of feedback on gain

Gain Stabilization

> If we design the amplifier so that Ap >> 1, then the
closed loop gain As is approximately 1/3

»Under this condition As depends only on the stable
passive components (resistor or capacitors) used in the
feedback network, instead of depending on the open loop
gain A which in turn depends on active device parameters
(gm) which tend to be highly variable with operating point
and temperature



Summary (Effects on feedback)

Table 9.1. Effects of Feedback?

Feedback Type x; x, GainStabilized Input Impedance Qutput Impedance  Ideal Amplifier

A, R,

Series voltage v. v, A= R{l +A B) Voltage
g s Yo uf 1+ Av 8 i v 1+ ﬁAm g
G
Series current ¢, i, Gpp= —2 R{1+G_.p R,(1+ G, ) Transconductance
1+G,p
R ; R
Parallel voltage i, 1, Rpr=—2 al — Transresistance
1+R,8 1+R,B 1+ PR,
o A R;
Parallel current iy i, A= R (1 + BA;) Current

1+ A 1+A;8
* Formulas given assume an ideal controlled source for the feedback network (as shown in
Figure 9.14), zero source impedance for series feedback, and infinite source impedance for

parallel feedback. Gains with subscripts sc and oc are for short-circuit and open-circuit loads,
respectively. The gains A,, G, R, and A, are for the actual load.




Analysis of feedback amplifiers

Steps
1.Identify the type of feedback
2.Redraw the amplifier circuit without the effect of feedback .

3.Use a thevenin's source at the input for series mixing and use a Norton's
source at the input for shunt mlxmg

,):1ume,ar3 ofi tne circuit using the:n ,)JrJrrleiar model:
9.[Determineitne feeaback ratio 3= X¢/ Xo fiom the:original circuit;
0. FnANe desensivity factor(D):

7-Knowing /A, Ri;and K5, FINd AT Rif, ROk




Nyquist criterion

Criterion Of Nyquist:

Gain margin

The amplifier is unstable
if this curve encloses the
point -1+j0 and the
amplifier is stable if the
curve does not enclose

this point %
Im(Ap) B
fn =
'§ Phase margin
AB 2 .
VA

-1+j0 Re (AB) Gain and
phase margins
1+ AB

These are a measure
of the stability of a
circuit

f2 ¢
1



unit -2
Oscillator




Oscillators are circuits that produce a continuous signal of
some type without the need o an input.

These signals serve a purpose for a variety of purposes.
Communications systems, digital systems (including
computers), and test equipment make use of oscillators.

An oscillator is a circuit that produces a repetitive signal
from a dc voltage.

The feedback type oscillator which rely on a positive
feedback of the output to maintain the oscillations.

The relaxation oscillator makes use of an RC timing
circuit to generate a non-sinusoidal signal such as square
wave.




o The requirements for oscillation are described by the Baukhausen
criterion:

1.The magnitude of the loop gain Af must be 1

2.The phase shift of the loop gain A s must be 0° or 360° or
integer multiple of 2pi

In phase

Noninverting
amplifier




Amplitude stabilisation

»in both the oscillators above, the loop gain is set by component
values

»in practice the gain of the active components is very variable
»if the gain of the circuit is too high it will saturate
»>if the gain of the circuit is too low the oscillation will die

»real circuits need some means of stabilising the magnitude of the
oscillation to cope with variability in the gain of the circuit

Mechanism of start of oscillation:

»The starting voltage is provided by noise, which is produced due to
random motion of electrons in resistors used in the circuit.

»The noise voltage contains almost all the sinusoidal frequencies.
This low amplitude noise voltage gets amplified and appears at the
output terminals.

»The amplified noise drives the feedback network which is the phase
shift network. Because of this the feedback voltage is maximum at a
particular frequency, which in turn represents the frequency of
oscillation.



RC or phase-shift oscillator

— one way of producing a phase shift of 180° is to use an
RC |ladder network

— this gives a phase shifit off 180°

— at this firequency. the gain off the network Is



Wien-bridge oscillator
> uses a Wien-bridge network

> this produces a phase-shift
of 0° at a single freguency,
and Is used with an inverting
amplifier
> the selected frrequency. is
f.=1/2zRC

> When the gain'is 1/3




Twin T Oscillator

The twin-T utilizes a bandstop arrangement of RC circuits
to block all but the frequency of operation in the negative
feedback loop. The only frequency allowed to effectively
oscillate is the frequency of resonance.

(b) Twin-T filter’s frequency response curve




The Colpitts oscillator utilizes a tank circuit (LC) in the
feedback loop. Since the input impedance affects the Q, an
FET is a better choice for the active device.

f.=1/2zVLC; The Clapp is similar to the
Colpitts with exception to
the additional capacitor in
the tank circuit.




¢ The Hartley oscillator is similar to the Clapp and Colpitts. The
tank circuit has two inductors and one capacitor.

¢ Frequency of oscillation

Amplifier

Feedback
circuit




The Armstrong oscillator uses transformer coupling in the
feedback loop. For this reason the Armstrong is not as
popular.

Feedback circuit




Crystal oscillators

An oscillator in which the frequency is controlled by a
piezoelectric crystal. A crystal oscillator may require controlled

temperature because its operating frequency is a function of
temperature

— frrequency: stability is determined by the ability: of the circuit to
select a particular freguency.

— R tuned! circuits this is described by the quality: factor @

— pPlIezoelectric crystals act like resenant Circuitss withha Very high
@ — as high as 100,000

(a) Circuit symbol (b) Equivalent circuit


http://www.atis.org/tg2k/_oscillator.html
http://www.atis.org/tg2k/_frequency.html




Tuned Circuits

> Frequency selectivity of resonant circuits allows a radio to be
tuned to one of a set of transmitting stations.

> Tuning is usually undertaken by varying the capacitance of an
adjustable capacitor.

> Resonant circuits are also important for tuning and for
transmitting signals.

Tuned amplifiers

> To amplify the selective range of frequencies , the resistive load ,
Rc is replaced by a tuned circuit.

> Ihe tuned circuit is capable of amplifying a signal over a narrow
band of frequencies centered at fr.




Types Of tuned amplifiers

Single tuned amplifier
> one parallel tuned circuit is used as a load

>  Limitation: Smaller Bandwidth , smaller gain bandwidth product,
does not provide flatten response.

Double tuned amplifier
» It provides high gain, high selectivity and required bandwidth.
> Used in IF in radio and TV receivers.

» It gives greater 3db bandwidth having steep sides and flat top .
But alignment of double tuned amplifier is difficult

Stagger tuned amplifier
> Iwo single tuned amplifier are connected in cascaded form.
> Resonant frequency are displaced.

> 1o have better flat , wideband charcteristics with a very sharp
rejective, narrow! band chalracteristics.



Synchronously tuned amplifier

> To obtain a high over all gain , several identical stages of tuned
amplifiers can be used in cascade.

> All amplifiers stages are assumed to be identical and to be tuned
to the same frequency wO.

Q factor:

> Ratio of reactance to resistance.

» Measure of efficiency with which inductor can store the energy.
Unloaded @ of tuned circuit

> Ratio off stored energy. to dissipated energy. infa  reactor or
FEsonator

Loaded @

> It s determined by hew: tightly, the resenater Is' coutpled torits
terminations.



Instability of tuned circuits

> Transistor are used at the frequencies nearer to their unity gain
BW to amplify narrow band of high freguencies.

= At this RF freqguencies , inter capacitance between base and
collector becomes dominant.

= Some feedback signal manages to reach the input from output ,
SO CIrCuUIt becomes unstable and generating the oscillation and
can stop working as amplifier.

Stabilization techniques:

i Hazeltine neutralization

2 Neutredyne neutralization
3. Neutralization using coll

| Rice neutralization



Class C amplifiers

> Class C amplifiers cannot be used in audio circuitry because of
their high distortion.

» Class C amplifiers can be used as tuned rf amplifiers where the
undesired harmonic frequencies can be filtered out.

> A class C amplifier is more efficient than either a class A or class B
amplifier; its efficiency approaches 100%.

»The input coupling capacitor, base
resistor, and base-emitter junction
form a negative clamper.
»Because of the clamping action,
only the positive peaks of the input
signal drive the transistor, Q,, into
conduction.

» The RgC time constant is made
long with respect to the period of
the input waveform to provide the
proper clamping action.

r=12.56

Coul

R, = 100 kQ)




Equivalent input circuit of class ¢ TUNED AMPLIFIER

(Base) +0.7V

% -0.8V

-23V

Base-emitter diode

*At the resonant frequency, f,
the impedance of the tuned
LC circuit is maximum.

= The tank impedance, Z,,,, is
purely resistive at f..
Application: used in radio
receivers ad mixer circuits.







Linear wave shaping :Process by which the shape of a non
sinusoidal signal is changed by passing the signal through
the network consisting of linear elements

ron;, an be used in wave shaping circuits.

Eith
lJmJ I Clip: Signall portion=== clipper
mfr. the de voltage level of the sSignal === Clampers

of mon sinuseoidal input
step, pulser, squarke, Ramp input




RC circuits (Step Response)

High-Pass Low-Pass

Vin I i Vout Vin g* Vout

Vout Vout
Voltage on capacitor cannot change \oltage on capacitor cannot change

instantaneously. So Vout = Vin initially. instantaneously. So Vout = 0 initially.



RL circuit

RL circuit is used for small time constants.

To get a large time constant the inductance value has to be
chosen high

Higher inductance value are provided by iron core inductors
which are bigger in size, heavy and costly.




Fall Time & Time Constant

Relationship Between Time Constant T &
Rise-Time or Fall-Time
T=RCorL/R

Rise-Time (Fall-Time) =T X In9 = 2.2T

time




Clippers

> Clipping removes part of the
positive or negative peaks of a
signal or both. Silicon diodes
do not conduct until the applied
voltage exceeds about 0.6 volts
and only when the anode is
positive with respect to the
cathode.
The circuit is like a potential
divider with the diede part
PEING Nigh resistance for
Voltages below 0.6 velts and

lOW, FESIStanCe aboVveE.



Diode :- Clamper
Positive Clamper

»During the negative half cycle of the
input signal, the diode conducts and

acts like a short circuit. P t | __11 o
»The output voltage V, = 0 volts . osifive Clampet

The capacitor is charged to the peak Co 1 1100nF
value of input voltage V... and it
behaves like a battery.

»During the positive half of the input ! <R
signal, the diode does not conduct '=f-:-:=j 0kOhms
and acts as an open circuit. )

»Hence the output voltage

V,=V.,+ V., This gives a positively
clamped voltage.

V.oV +V_=2V_



Negative Clamper

»During the positive half cycle the
diode conducts and acts like a
short circuit. The capacitor charges
to peak value of input voltage V..

»During this interval the output Vo
which is taken across the short
circuit will be zero

»During the negative half cycle,
the diode is open. The output
voltage can be found by applying
KVL.

Neg

ative Clamper




Bistable Multivibrator
Bistable (Flip - Flop) Multivibrator

'VCC

OUTPUT C3 C4 OUTPUT




Physical Description
> Multivibrator that functions in one of two stable states as
synchronized by an input trigger pulse.
Operational Characteristics
> Circuit is turned on.

> One of the two transistors will conduct harder and thereby
reach saturation first. (Assume Q2)

> The 0V at the collector of Q2 is coupled to the base of Q1
which drives Q1 into cutoff.

> Ihe -V at the collector off Q1 is coupled to the base off @2
holding Q2 in saturation.

> An input trigger pulse is applied to the bases off both Q1 and
Q2 simultaneously. Since Q2 Iis already: in saturation, there is
no effect on Q2.

> Ihe trigger pulse turns on Q1 and drives the transistor Into
Saturation.

> Ihe 0V on the collector off @1 IS coupled tor the base off @2
driving @2 inter cutofi:

> ihe -V-- on the collector ol @2 s coupled torthe base o @i
helding @i in saturation.

> Ihis processiwillfcontinuerasiiong as there are trigder pulses
applied ter the Circuit:

> heroutput fredUEenCy, off therwavefiorms Willsberdetermined by
the freguency’ of the Input thigger pulses:



Astable Multivibrator

c .) Astable (Free - Running) Multivibrator

OUTPUT = = = = y OUTPUT




Physical Description
> Circuit has two outputs but no inputs.
> R1 =R4, R2 = R3, Cl1 = C2, Q1 & Q2 are as close as is possible
in their operating characteristics.
Operational Characteristics
> Circuit is turned on.
> Assume that Q2 conducts harder than Q1 and goes into
saturation first.

> The 0V at the collector of Q2 is coupled to the base of Q1 which
drives Q1 into cutoff.

> C2 begins to charge. C1 is at -Vc and this voltage is applied to
the base of @2 to hold Q2 in saturation.

> After a finite period of time, (as set by the RC time constant of;
C2 and R3), €2 reaches a voltage value sufficient to snap Q1 on.

> @1 quickly:goes' into) saturation. fhe change in voltage from -V
to) OV causes €1 to discharge.

> [hisiveltage is coupled torthe base off @2 Placing)/ holding @2 in
cutofi:

> €1 begins torcharge andiwillisnap @2 on When a  sufificient
voltage value s reached.

» IR Summary, WhEReVer a  transistor saturates, its V- will'chanage
irom =\ tor OV nisiveltageswilifthentbercotpledr tortherbaserof
ther other transistorwhichrwillSdrive the other transistor into
cUtofiz ThefreqUERCY, off theroutput-waverorm Will depend on the
REtIme constants;established at E1RZ2 and C2RS.



Astable Multivibrator

e .) After a finite period of time, (as set by the RC

time constant of C2 and R3), C2 reaches a voltage
value sufficient to snap Q1 on.

f .) Q1 quickly goes into saturation. The change in

voltage from -V .. to OVcauses C1 to discharge.

g .) This voltage is coupled to the base of Q2 Placing

/ holding Q2 in cutoff.

h .) C1 begins to charge and will snap Q2 on when a

sufficient voltage value is reached.

.) In Summary, whenever a transistor saturates,
its V. will change from -V .. to OV. This voltage will
then be coupled to the base of the other transistor
which will drive the other transistor into cutoff.
The frequency of the output waveform will

depend on the RC time constants established at
C1R2 and C2R3.



Multivibrators

Monostable (One Shot) Multivibrator




Uses
> Used for pulse stretching

> Used in computer logic systems and Communication /
Navigation systems.

Operational Characteristics

> \/gp IS connected to the base of Q1 which places Q1 in
CUtoft.

> @2 Is saturated by -V applied to its base through R2.

> C1 is fully: charged maintaining approximately: -\V.- on
the base of Q2.

> A nedative gate signallis applied to the base off transistor
@1 whichrturns @1 on and drVes It INte saturation.

> Iihe voltage at the collector off @1 IS then attached to the
Pase off @2 Which turns @2 ofif:

> Cl Isfdischarged to attempt tor kKeeprV e at @2 constant:
TSt maintains @2 ofif:



> When C1 is discharged, it can no longer keep Q2 off.

> Q2 turns on and saturates which causes its V. to go to
approximately OV.

> This OV is applied to the base of Q1 which turns Q1 off.
> Q1's V- goes to -V- and C1 charges to -V .

> The multivibrator will remain in this original state until
another gate “triggering” pulse is received.

> Output from the circuit is taken frrom Q2's collector.

> Only one trigger pulse is required to generate a complete
cycle of eutput.

Schmitt Trigger:

Used for Wave shaping Circuit.

Used! to generate square Wave firom: al sine wave I/p.
IIfIgger IS not pulse  transferm: but slewly: Varyingl ac

Signal

SWitchesrat twortriggerievel s upper st lower trigger
level
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Pulse transformer

> A transformer which couples a source of pulses of electrical
energy to the load.

> Keeping the shape and other properties of pulses unchanged.
Characteristics:

Leakage inductance is minimum

Iron cored and small in size

Inter winding capacitance is low

High permeability

Highrmagnetizing inductance

sed in Blocking Oscillator, pulse signaliand digital signal
RASMISSIon), Polarty InVErRSIon, couplingrand ter provide  DEiselation:




Constant current charging
> A capacitor is charged with constant current source.
> As it charged with constant current, it is charged linearly.

Miller circuit:

> Integrator is used to convert a step waveform to ramp
waveform.

Bootstrap circuits

> A constant current source is obtained by maintaining nearly
constant voltage across the fixed resistor in series with
CapPaCItor

Compensating netwoerk is Used to Improve the linearity, of
bootstrap and miller time base generator



¢ Relaxation oscillators make use of an RC timing and a device that
changes states to generate a periodic waveform.

¢ This triangular-wave oscillator makes use of a comparator and
integrator to actually produce both a triangle-wave and square-
wave.

> Output levels are set by the ratio of R2 and R3 times the
maximum output of the comparator. The frequency of output can
be determined by the formula fr = 1/4R1C(R2/R3)

+ VIN(IX
Comparator
output
_vmu.r




> The voltage-controlled sawtooth oscillator’s frequency can be
changed by a varied by a given dc control voltage. One possible
type uses a programmable unijunction transistor.

> A scware wave oscillator relaxation oscillator use the charging and
discharging of the capacitor to cause the op-amp to switch states

rapidly and produce a square wave. The RC time constant
determines the frequency.




Relaxation Oscillators

The forward
voltage of the
PUT (V¢)
determines the
frequency of the
output. The

Vin :T
fo r m u | a be I OW (@) ;l:;i?‘:le}'.;:l;rci:p:fcrft; charges, the output ramp begins,
shows the
relationship.

f = Vin/RC(1/V,-VE)



