3 Amplifiers

Negative Feedback

Introduction to Negative Feedback

What you’ll learn in Module 3.

Section 3.0 Introduction to NFB.

» The use of negative feedback in amplifiers.

Section 3.1 NFB and Gain.

» Controlling amplifier gain using NFB.

-
2/ A ~

Section 3.2 NFB and Impedance.

» Using NFB to control Input and Output
Impedance.

Section 3.3 NFB, and Noise.

» Using NFB to Reduce Noise in amplifiers.

. - Negative Feedback
Section 3.4 NFB, and Distortion. . ] . .
_ - Negative feedback is the technique of sampling
* Using NFB to Reduce Distortion in some of the output of a device or system and
SETS: applying it back to the input. This makes the input
Section 3.5 NFB Ouiz. partly dependent on the output, and in doing so

makes it possible to exert very fine control over

» Test your knowledge & understanding of | \vhatever process is being carried out by the
negative feedback. system

NFB With Everything!

Negative feedback is almost as old as machinesisamgkd in just about every possible process
where some control over the output is necessarnys 6hbeans may be weighed as they come off a
production line and if there is any difference betw the weight measured and the ideal weight, the
number of beans per can will be automatically adpigurther back in the process to maintain a
constant weight.

Manufacturers launching a new product will testlpukeaction to a small sample of their product
by asking prospective buyers for their opinions] adjust the product design as a result of the
feedback. Anything from a builder repeatedly chegkhat the layers of bricks are level as he
builds the wall, to an aircraft landing safelyla torrect point on the airport runway is an exampl
of feedback in action.
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Positive and Negative Feedback

There are two types of feedback commonly usedaateinic circuits, positive (regenerative)
feedback and negative (degenerative) feedbacktiRotedback is primarily used in electronic
oscillators, it increases gain (and distortiondt properly controlled) and narrows bandwidth to
such a degree that it can be the primary reasoosftliators to work at a single frequency, rather
than a band of frequencies.

This module describes the application of negaeslback in amplifiers, where its use provides a
number of very useful attributes that improve teegfgrmance of the amplifier.
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Module 3.1
Negative Feedback and Gain

What you’ll learn in Module 3.1. Why NFB is needed in amplifiers

Transistors cannot be manufactured to have a
After studying this section, you should be | closely controlled value of current gaip therefore

able to: it should not be possible to build a number of
Understand the basic principles of NFB as examples of_the same amplifier c_ircuit, all haying
applied to amplifiers. the same gain. In addition the gain of a transistor
. varies with temperature, and even has different gai
* Open loop gain. at different frequencies. All of these factors wbul
« Closed loop gain. make transistor amplifiers totally unreliable and
impossible to make in large numbers. The main
* The relationship between [ and gain. reason that this situation does not exist, and

transistor amplifiers have become the mainstay of
the electronics industry is the introduction, very
early in the transistor’s history, of negative
feedback.

» Reasons for using Negative Feedback.

Principle of NFB

The principle of negative feedback is that a partdthe output signal is fed back to the input and
combined with the input signal in such a way asethuce it. This reduces the overall gain of the
amplifier but also introduces a number of bene§itssh as reducing distortion and noise, and
widening the amplifier's bandwidth.

Problems with NFB

Introducing feedback within a system can also ohie the possibility of instability; in amplifiers
the signal will normally undergo a phase rever$dl8® degrees between input and output but
reactive components such as capacitors and indetbether actual components or ‘stray’
capacitance and inductance, can introduce unwauhtase changes at particular (usually high)
frequencies. If these additional changes add @pftwther 180 degrees at any frequency where the
transistor has a gain of more than 1, the apptinatf negative feedback may become positive
feedback. Instead of reducing gain this will inae# to the point where the amplifier will become
an oscillator and produce unwanted signals. Negd#igdback must therefore be designed to
maximise the benefits mentioned above, withouttorgainwanted problems.

The Amplifier in Open Loop Mode
Fig. 3.1.1 shows a phase reversing v

feedback, which can be called 6ampl of
1mV is applied, then the output will b 'x
Ao = A(mV). Via=

1(mV) VinAomV)

”;7 Fig. 3.1.1 Open Loop Mode
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The Negative Feedback Amplifier in Closed Loop Mode

A basic negative feedback arrangement is
shown in Fig. 3.1.2 where the phase Vi =
reversing amplifier has a fraction of its TmV
output (Vs fed back and added to the

input (Vin) so as to reduce the amplitude

of the input signal. The arrows show the

relative polarity of the signals and it can

be seen that the output and the feedbacl vV =
signals are in anti-phase to the input 1+hoﬁ{r|:\\fll

signal. The fraction of the output signal t R input
be fed back is controlled by the potential A = _R1_ =A, (mV)
divider ) and this fraction is added to th Pl IR | BT

effect, subtracted from the input signal
(Vin) to give a combined signal {/that is
reduced in amplitude before being fed to
the actual input of the amplifier.

input signal in anti-phase so that it is, in ;

Fig. 3.1.2 Closed Loop Mode

The gain of the amplifier, excluding any feedbaski, so that, for example, every 1mV applied
across the circuit’s input terminals, the amplifiell produce a phase-reversed signal gixALmV
across the output terminals.

The feedback circuit comprising R1 and R2 will fdxeatk a fractionff) of output Vg which = A,
so that A x pmV (AP) will be added in anti-phase to the 1mV signgbtoduce a reduced input
signal of \,.

The signal source;ydriving the amplifier must therefore deliver non\t but 1+ApmV to produce
the same amplitude of output. Therefore the ovegaih of the amplifier with negative feedback is
reduced now called the closed loop gaig)(A

Negative Feedback Formula
The voltage gain of any amplifier can be describwethe formula:
AL I“III’-IZMJII
AF N

an

Because, in the closed loop negative feedback &ergFig. 3.1.2):
Vout = Ao
and
Vin = 1+AB

the closed loop gain (A can also be described by the standard NFB formula

Closed Loop Gamn A= %{3
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Negative feedback amplifiers are designed so Hebpen loop gain Awithout feedback applied)
of the amplifier is much greater than 1, and soltiethe formula becomes insignificant. The
closed loop gain (A can therefore be approximated to:

Ao 1
A p

The effect of NFB on amplifier Gain

This is of great significance because it means trate negative feedback is applied, the closed
loop gain A depends almost exclusively fnwhich in turn depends on the ratio of the potnti
divider R1, R2.

Example:

The amplifier in Fig 3.1.2 uses the following feadk resistors:

R1 = 1K)

R2 =10IQ
Therefore:

B=R1/(R1+R2)=0.0909=1/11
and as the closed loop gaig A1 then,
Ac1/0.0909 =11

Testing this approximate result against the fulrfola for the closed loop gain:
Assuming an open loop gain of 1000 dvd 1/ 11 The closed loop gain 8hould be 11

Compare this result with the full formula for closeop gain by entering the following data into
your calculator:

1000 / (1+ 1000* 11") = 10.88

So the closed loop gain of the amplifier is actu&d.88, but a gain of 11 is close enough to this
figure for any practical purposes.

How would a change in tt@pen loop gainof the amplifier affect thelosed loop gainwith the
same negative feedback applied?

To see the effect of large changes in open loop, gai the same calculation but this time make the
open loop gain A= 5000

Enter this data into your calculat&000 / (1+ 5000* 11" = 10.97
So for a 400% increase in the open loop gain, théosed loop gain has changed by only 0.8%

This means that the gain no longer relies on thiabke, temperature dependent and non-linear gain
characteristics of the transistor, but on a minitmal resistor network that has a linear temperature
coefficient and an easily predictpdialue.
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Module 3.2
Negative Feedback & Impedance

What you’ll learn in Module 3.2 Ry
> > o

After studying this section, you should be able A
to:
Ry

Give reasons for using DC and AC negative
feedback in ampilifiers.

Describe the effects of implementing Negative 1
Feedback (NFB) on the input and output impedance o_l
of amplifiers:

Emitter
Stabilising
L=

« Voltage Derived, Series Fed.

R[] Rr[]E
2 4 | =mC
b

» Current Derived, Series Fed.

» Voltage Derived, Parallel Fed.

Fig 3.2.1 Emitter Stabilising Components.
* Current Derived, Parallel Fed.

Understand how DC and AC negative feedback may
be applied in ampilifiers.

DC Negative Feedback

DC neqative feedbacks used in stabilising the biasing of amplifiagainst drift due to thermal
effects etc. Because negative feedback amplifiees aise direct coupling and may have several
stages of amplification, stable bias conditionsem®ential. Very small changes in bias in an early
stage can become major problems as the error isfestipn following stages.

AC Negative Feedback

As described ilmplifiers Module 3.1AC negative feedback (NFB) in amplifiers feedskbac
fraction of the output signal to the input in sictvay that it subtracts from the input signal,
reducing overall gain.

In its simplest form NFB can be applied to a sirgilge amplifier by changing the arrangement of
emitter stabilising components shown in Fig. 3@ Xxplained ilmplifiers Module 2.4

Using multi stage amplifiers overall gain can beagly increased, as the overall gain is the product
of the individual amplifier stagegmplifiers Module 3.lexplained how it is possible to design an
amplifier with NFB that has an exact amount of gama can be simply set by the choice of two
resistor values.

Controlling Input & Output Impedance with NFB

The way that negative feedback is derived fromoilgput of the amplifier and applied to the input
can be used to modify the amplifier’s input andpoiimpedances so thatpedance matchinig
maximised. For example an ideal voltage amplifieuld have a very high input impedance and a
very low output impedance; this would ensure thatrhaximum voltage waveform is passed from
the previous circuit and transferred to the nesdust. By contrast, a current amplifier would need
very low output impedance to ensure the maximumeatiis passed to the following circuit or
output device.

The diagrams below show four basic methods of impleting NFB and how in each case, the
feedback is derived from the output and is appietthe input.
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Fig. 3.2.2 Voltage Derived, Series Fed NFB

In Fig. 3.2.2 the feedback is derived from the
collector voltage, which effectively reduces the
output impedance of the amplifier. Applying the r-~
feedback to the emitter circuit of the input stage, 'ul
which is in phase with the base signal, the feekiba
waveform on the emitter reduces the current ingo 1
base, so effectively increasing the input impedanc

Fig. 3.2.3 Current Derived, Series Fed NFB

Fig. 3.2.3 shows the feedback applied in serie
again, increasing the input impedance of the
amplifier as in Fig.3.2.2. In this circuit the
feedback is derived from a resistor)(R
connected in series with the amplifier load
current in order to maintain the correct phase
relationship with the emitter signal of the input
transistor; the extra resistance here will
effectively increase the output impedance.

Fig. 3.2.4 Voltage Derived, Parallel Fed NFB
With voltage derived parallel fed r] "
"

NFB both input and output

impedances are reduced. In Fig.3.2. I_.ﬂl
an intermediate stage has been

included maintaining the correct 180" ~ '“_
phase relationship between the outp!
collector voltage and the input voltag [I]

waveform.

Feedbach

" "
............................................. -

Fig. 3.2.5 Current Derived, Parallel Fed NFB

When this configuration is used, the input
impedance is reduced and the output impedanc
increased.

The choice of which of these four feedback
connections is used depends on a number of
factors, including the required effect on input an
output impedance, and the phase relationship
between the feedback source and the point of
application.
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Problems with negative feedback.

Designing a multi stage amplifier using negativedigack has the advantages of being able to
closely control the gain, independent of individstage gains, and in addition being able to control
the input and output impedances of the amplifiGer€ is however a practical limit to the amount
of NFB applied in any particular circuit.

There will inevitably be phase shifts generatedinithe feedback loop, especially where
capacitors are used in conjunction with resistasgs the case with the coupling capacitors ansl bia
resistors in each of the examples in Figures 3d232.5. Such combinations will form filter
networks that produce phase shifts at some paatiétdquency. If these unwanted phase shifts add
up to 180° at any frequency where the amplifierdgain of more then 1, then the circuit becomes
unstable and acts as an oscillator.

It is therefore usual for amplifier designs to avthe use of coupling and decoupling capacitors
where possible to avoid the problems of instabdityow and medium frequencies. Where such a
problem may still exist at high frequencies it n@ynecessary to include extra reactive components
(capacitors and/or inductors) to prevent oscillatio

DC coupled amplifier with NFB.

Negative feedback can create

stability problems when the circuit o
contains capacitors in the signal or
feedback paths. The problem can be R5
reduced by using direct, instead of C2
capacitive coupling. howevddC R2 "
couplingnormally requires extra
feedback to maintain stable bias
conditions. C1 Tr2

O+Vcc

-

The circuit in Fig. 3.2.6 shows a two O_l
stage directly coupled class A A Tr1

amplifier using voltage derived, R1
R3 [T]
Input

R6 Qutput

series fed negative feedback and is
example of how the above problems
may be overcome in a practical
amplifier design.

+
 —
]

C

3

R7
The output signal at Tr2 collector is Y Y
fed back to the emitter of Trl viathe @ \ O gv
feedback network R4 R3. A portifn
of the output signal equal to the ratio
R3/(R4+R3) appears across the emitter, and assuman@r4 is 10K and R3 is 1K, f will be
1/11 and the closed loop amplification will b & 11.

Fig. 3.2.6 DC coupled amplifier with negative feedback.

Because the amplifier is DC coupled, the bias systlso uses DC negative feedback with Trl base
bias being derived from the emitter of Tr2. If theese voltage (¥) on Trl starts to increase for any
reason, Trl collector voltage {Ywill fall and so will the directly coupled baséTr2. This in turn

will make the collector emitter current of Tr2 falhd so the voltage at the junction of R6 and R7
will also reduce. Since this point in the circgitthe supply point (via R1) for Trl base bias, the
base voltage on Trl will also tend to fall, couatting the original rise in base voltage and
restoring the bias to the correct value. Any falllrl base voltage causing variations in the
opposite sense to those described above will betemacted in a similar manner.
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Module 3.3
Negative Feedback & Noise

What you’ll learn in Module 3.3

After studying this section, you should be able
to:

Describe common types of noise in electronic
circuits.

* From external sources.
* From internal sources.

Describe steps that may be taken to minimise
noise in amplifiers.

Fig. 3.3.1 CRO Displaying HF Noise

Noise

Noise is any random unwanted signal that is addéke signal being amplified, it is also known as
‘White Noise’ as it typically occurs across the whbandwidth or frequency spectrum of an
amplifier just as white light contains all of threduencies across the visible light spectrum.
Applying negative feedback has the useful effeatdiicing noise in amplifiers. However the
important word in that sentence is IN, negativelbesek does not greatly affect noise introduced
before the amplifier input.

Extemnally Generated Noise and Interference

Externally generated interference (non random pamdudes mains (line) born sources such as
spikes of interference caused by arcing contacenwieavy currents are switched. Thyristor and
Triac control of mains power can also generate smborn interference as well as interference
transmitted by electromagnetic radiation. While tadghis type of interference is low frequency,
around 50Hz to 120Hz, the widespread use of switcte power supplies that switch high voltages
on and off at high frequency, adds to the spectifrequencies where noise may be generated.

Noise may also come from entirely natural sources sstatic’ noise in the form of hissing and
crackling that is continually radiated from spaaed atmospheric noise generated by lightning
discharges in thunderclouds. Radio frequency amiinay also be subject to interference from
transmissions broadcasting at similar frequencieke required signal.

Minimising External Noise

All of this noise or interference can be preserthatamplifier input and/or the power supply input
in mains/line powered equipment. Because noisardadference occurs over a very wide
frequency range, any amplifier (audio, RF VHF etegy be affected. As Negative feedback will
not eliminate noise from external sources, othepstvill be taken in well designed systems to
minimise external noise, rather than relying sotalyNFB. External noise reduction will use
methods such as:

* Efficientscreeningo minimise electromagnetic and electrostaticrfetence.
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» Good low resistance connections to ground withe amplifier circuit to minimise
electromagnetic pickup into circuit wiring.

» Careful placement and electromagnetic shieldingpmponents that may be a cause of
noise, such agower transformerand supplies.

» Efficient decoupling and interference suppressibBC power supplies to the circuit to
limit mains/line noise and interference.

Extra HF decoupling for amplifier power supplies.
The decoupling circuit in Fig. 3.3.2 is designedamove DC Supply plus noise  Clean DC supply

any noise present on the power supply lines ofaitiand & '% to amplifiers
examples can typically be found wherever supplgdifeed R1 c1 |2
circuits that are particularly susceptible to npmech as — -~
amplifiers. Low and medium frequency noise will be

removed by the electrolytic capacitor (C1), whiels la F
much lower impedance at these frequencies thasetties Electrolytic capacitor C1 decouples low
resistance (R). At higher frequencies, althouglhactipe frequencies & polyester capacitor C2

reactance (¥) reduces, in electrolytic capacitors at high gives exira decoupling at HF

frequencies ¥ tends to increase once more, so for efficient  Fig- 3.3.2 Extra HF decoupling
high frequency decoupling a polyester capacitoth wi
typically a medium to high value, is added.

Intemally Generated Noise

When all steps have been taken to minimise extgrgaherated noise, there is still the problem of
noise generated within the components that makeaipmplifier. Transistors, especially bipolar
types, will generate noise from a variety of causekiding Thermal noise due to molecular
agitation of the semiconductor material causeddat,rand ‘Shot noise’, which is caused by charge
carriers (electrons and holes) randomly diffusiogas the semiconductor junctions. All these
types of noise combine to produce a typical baakgudhiss that can be heard from an audio
amplifier in the absence of much louder signals.

The presence of internally generated noise is matsteable when it is generated in the earliest
stages of the amplifier, noise produced in the §itage of a series of amplifiers will receive the
greatest amplification as it passes through the stages. For this reason, in many amplifiers, the
input stage will use a FET, which produces lesstjon noise because the current path through the
transistor does not cross any PN junctions.

The Role of Negative Feedback

Noise at frequencies above and below the requiaedwidth of the amplifier can be reduced by the
use of high and low pass filters, but negative liee#t can play a part in improving the signal to
noise ratio within the bandwidth of an amplifiehel'feedback signal from the amplifier output
contains both an anti phase portion of output $ignd an anti phase sample of any noise generated
in the amplifier. When this anti-phase noise iseatlth the input signal, it subtracts from the noise
generated within the closed loop, reducing it bgcor of 1+A3 compared to what it would be
without NFB.

Using NFB to reduce noise will not, entirely elirate, but will reduce noise generated within the
amplifier; it will improve a well-designed amplifibut will not eliminate problems on one that is
poorly designed.
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Module 3.4
Negative Feedback & Distortion

What you’ll learn in Module 3.4

After studying this section, you should be able to:

Understand the causes of distortion in common
emitter amplifiers.

* Amplitude distortion.
* Frequency distortion.
* Phase distortion.
Understand methods of reducing distortion.
« Biasing.

» Negative feedback.

Distorted Sine Wave

Causes of Distortion

In any amplifier the output waveform is a less tparfect reproduction of the input waveform,
because the process of amplification introducesestistortion. The changes introduced can be due
to one or more of the following effects.

a.) Amplitude Distortion.

) Fr ncy Distortion.
b.) Frequency Distortio | Non-linear curve

c . .
c.) Phase Distortion. ::pfz;'}':f;f" s Nonlinear
Amplitude Distortion output wave
Amplitude distortion, also called Non-Linear
distortion, is caused by the effect of the nondine
characteristics of transistors reducing the angaltfon
applied to the positive and negative tips of the
waveform as shown in Fig. 3.4.1. Although the
sections of the wave either side of the waveform’s ] V.
centre are unaffected, the overall amplitude of the _ Linear C:>
waveform is reduced. The reduction in amplitude in input wave
audio signals is however, much less noticeablado t Fig. 3.4.1 Amplitude Distortion caused
ear than the associated change in shape of the by poor DC biasing.

waveform tips.

When the peaks of a sine wave become flattenediodiire non linearity of the amplifier’s
characteristics, as shown in Fig. 3.4.1, odd harosoof the original (fundamental) wave are
created. Fig. 3.4.2 shows what happens when ocdddmacs (the 3rd to 15th) are added to the
fundamental; the result is a squaring effect ofviage.
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In a practical situation, when the tips of a
sine wave become flattened, and the wave
consequently becomes more square, many
more odd number harmonics will be added,
shown in Fig.3.4.2. Each of these extra sine
waves, caused by the flattening of the
waveform peaks, will have a frequency that
an odd multiple of the fundamental, and the:

Resultant

“Square” wave
Fundamental

AR Dy e
e R

Odd Harmonics

frequencies will in turn, add and subtract
from other frequencies present in the wave
shape to produce many more waves at yet
more frequencies. Some of these new

frequencies will be outside the bandwidth of

(3rd to 15th)

Fig. 3.4.2 Adding odd harmonics
to a sine wave.

the amplifier, but some will be within the bandwidind be audible. The result of this ‘odd
harmonic distortion’ on the ear will be a note magva harsher sound than the original.

Correctbiasingprevents one peak of the waveform distorting leetbe other, as shown in Fig.
3.4.1 where the positive going peak of the inputeva driving the transistor into saturation and
causing the collector current waveform to be ‘cligp

Using negative feedback to control the gain ofaimplifier stages can also reduce amplitude
distortion by ensuring that a signal level is resiched where the output waveform of one stage
may drive a following stage into its saturation /@mdaut off regions.

Frequency Distortion (dB)

Frequency distortion describes the .
condition where different frequencies +2
within the amplifier's bandwidth are  +
amplified by different amounts. The 0-
gain over the bandwidth is no longer
flat. Under these conditions the
various frequency components of
complex waves are amplified by
different amounts and the wave

hodn b ol b L

Voltage Gain

-------------- Max. HF Gain
Too much
HF Gain

0.707 of
Max Gain

..B.707 of
Mid Band
Gain

! Bandwidth !

becomes distorted.

Frequency distortion can be caused L,
the frequency dependent effects of
reactive components (capacitances

and inductances) in the circuit. Figs. ygitage Gain

10 100

| ]
1000 10,000
Frequency (Hz)

Fig. 3.4.3 Too much HF gain.

Mid band

3.4.3 and 3.4.4 illustrate the effects o 4B} 4 Gain
frequency distortion on the response  &|----—---------- ~w-p=--es--=----- Max. Voltage Gain
curve of an amplifier. -1 Poar HF Gain

-2

0707 of

-3 ' - “max. gain

4 Bandwidth |

5 ! "l

6 I |

i T T T T
0 10 100 1000 10,000 100,000
Frequency (Hz)

Fig. 3.4.4 Insufficient HF gain.
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Testing for Frequency Distortion

Frequency distortion can be detected when prebgnt,
using a square wave as the amplifier input signdl a  a. Square wave input
monitoring the output waveforms. Fig. 3.4.5 shows/h

frequency distortion can affect the transient respoof 1, poor HE gain M
a square wave (waveform a.).

_ b {
Waveform b.) shows the effect poor (insufficienf L ¢ To0 much HF Qa'”J 7 J —‘
. . I —
gain on the reproduction of a square wave. The . v
amplifier is unable to respond to the fast rising a
falling edges of the input wave, the delaying dftbcs
causes is also likely to produce unwanted phasegesa

Fig. 3.4.5 Frequency distortion

Waveform c.) shows the effect of excessive HF rasp@amplifying the higher harmonics preset in
a square wave to such a degree that the fastdrdaagihe rising and falling edges of the wave) are
overshooting and even beginning to oscillate, capai‘ringing’ effect on the waveform.

Negative feedback has an important role in helpiyent frequency distortion. As tharked
examplein Module 3.1 illustrates, applying NFB keeps thesed loop gain at a constant level for
even large changes in open loop gain. This effeslF® helps produce a flat response curve.

Phase Distortion

A signal passing through the various stages ohapliier usually comprises of a complex wave
made up of many different frequencies and amplgudiee electrical components of the amplifier
circuit may well contain some reactive componenthsas capacitors and/or inductors as well as
resistors; where these combinations of componedds they may form LC, LR, CR and/or LCR
filter networks and change the amplitudes of irdlinal waves at different frequencies.

A further property of filters is that they also cige the phase of waves at different frequencies. An
individual frequency component of the complex wheaging it's phase is shifted by 180° would
convert a negative feedback amplifier into a pesiteedback amplifier at particular frequencies
and cause severe instability. Even if the phasagdeaffect is less than this, shifting the phase of
some of the component waves or harmonics of thet®asignal can have the effect of changing
the shape of the signal wave and so cause distortio

Figs. 3.4.6 and 3.4.7 show what can happen wheplthse Original Sine Wave
relationship between the fundamental sine wave oot (Fundamental)

of a complex wave (shown in black) and its harmgisc Resultant
changed. Fig. 3.4.6 shows a sine wave (the fundtt)en {SRIRIC e
together with its 3rd and 5th harmonics. Addingsthe N
harmonics to the fundamental produces a resultaiew
(shown in red) that is beginning to look like a aguwave, in
fact adding an infinite number of odd harmonicshiis way
would produce a perfect square wave. Notice alabiththis

case the harmonics all have the same phase,ayealistart Fig. 3.4.6 The Effect of Adding
by going positive at the same time as the fundaaheand In-phase Odd Harmonics
end the cycle by returning to zero at the same &mthe

fundamental.
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Fig. 3.4.7 shows the same fundamental wave, ag#n v _Resultant

the same two odd harmonics, but this time the third (TR wave
harmonic has its phase shifted by 180 degreesthew O':g’;ﬂf::jﬂgﬁ"’e
resultant complex wave looks more like a triangular

wave.

Lo . hth Harmonic
Although this is an extreme case of phase distorito 3rd Harmonic

demonstrates that phase shifts in only a few haitaon
(i.e. phase changes taking place at just a fevea&it

frequencies) can significantly change the shagsgial Fig. 3.4.7 The Effect on Fig.3.4.6
waves. of inverting the 3rd Harmonic

Phase distortion in audio signals is less notieetibthe human ear than amplitude or frequency
distortion, but it is critical to avoid phase didton in video signals, where the distortion beceme
visible. Phase distortion can be limited by avaidine use of reactive components such as
capacitors and inductors in both the amplifier ang feedback loops where possible. For this
reason direct (DC) inter-stage coupling is thegmredd method in many amplifiers.
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Negative Feedback Module 3.5
Negative Feedback Quiz 3

Try our quiz, based on the information you can fimtNegative Feedback Module 3. You can
check your answers by going to:

http://www.learnabout-electronics.org/Amplifiers/amplifiers35.php

1.
Which of the following correctly lists the benefasusing NFB in an amplifier system?

a) More gain, wider bandwidth and reduced noise.
b) Wider bandwidth, better stability and less dison.
Cc) Less noise, less distortion and predictable.gain

d) Predictable gain, better reliability and widandwidth.
2.

If a voltage amplifier has an open loop gain)Af 150 and a feedback fact@) ©f 1/20, what will
be the approximate gain with negative feedbackiegpl

a) 18 b) 55 c) 36 d) 70

3.

What is the NFB method being used in Fig. 3.5.17? Fig. 3.5.1
a) Voltage derived, parallel fed. 'u;
b) Voltage derived, series fed.
c) Current derived, parallel fed.
d) Current derived, series fed.

4.

What is the main advantage of using direct couglngpulti stage NFB amplifiers?
a) It is more efficient than indirect coupling.

b) It increases the input impedance of the amplifie
c) It reduces phase shifts.

d) It allows more stages to be used.

5. o
Refer to Fig. 3.5.2: Which of the following statam®most accurately Fig. 3.5.2
describes the type of inter stage coupling and aweti feedback used? R2
a) Direct coupling with DC negative feedback. .
o
b) Resistive coupling with AC negative feedback. ] o
c) Capacitive coupling with AC and DC negative fleack. Input "
d) DC coupling with AC and DC negative feedback. l
O
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6.
Refer to Fig. 3.5.2: Assuming that the input sigealormal, what would be the probable effect on
the circuit if R4 became open circuit?

a) No output signal.
b) Normal output signal.
c) Large and distorted output signal.

d) Small and distorted output signal.

7.
To increase the input impedance, and reduce thpaibumpedance of a multi stage amplifier, which
of the following NFB methods should be used?

a) Voltage derived, parallel fed.
b) Current derived, parallel fed.
c) Voltage derived, series fed.

d) Current derived, series fed.

8.
In an audio amplifier using NFB which of the followg methods would be most effective in
reducing electro-magnetically induced noise frompbwer supply?

a) Using a low pass filter in the negative feedbsdtem.
b) Decoupling the DC power lines using both eldgtimand polyester capacitors.
c¢) Using a high pass filter in the negative fee#tlmstem.

d) Using electromagnetic screening on the poweplgugpmponents.

9.

Negative feedback loops avoid the use of reactiveponents where possible to minimise which of
the following effects?

a) Amplitude distortion.
b) Phase distortion.
c) Frequency distortion.

d) External noise.

10.

The audio amplifier response curve illustratedio B.5.3
shows which of the following problems?

Fig. 3.5.3

a) Frequency distortion.

Voltage gain (dB)

. i ! Bandwidth l
b) Phase distortion. .

T T -
1000 10000 106,00

c) Bandwidth distortion. ’ n ﬁlgreque ncy (Hz)

d) Amplitude Distortion.
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