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Background Research

Amplifiers

“An Amplifier circuit is one which strengthens the signal.” (Anon., n.d.) This is the most basic
description of an amplifier but the subject of amplifiers is very broad and the circuits themselves can
be designed in so many different ways to manage signals differently.

Class A amplifiers are the most common types of amps in electronic circuits. This is due to the
waveform having the least distortion of them all, this means that as little or no part of the waveform
is clipped out of the operating range. Even when a class A amplifier is supposed to be off, some
current will still be passing through which is the main disadvantage. The amplifier will emit the
whole waveform itself.

Operating Curve

O +Vco

Operatin
Vout i s

Class B amplifiers only project half of the waveform to be amplified. This allows the amps to refrain
from overheating which was a main concern with Class A amps. To create the full waveform that a
Class A amp would make, the Class B will need two amps to project two halves of the waveform by
combining them together.
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Class AB amplifiers are a mixture of Class A and Class B characteristic’s; hence the name suggests.
With this type of configuration, both devices can conduct at the same time of the waveform




crossover. The configuration is most commonly used in audio power amplifiers.

Operating Curve

Unused === = e g e e e
Area

Class C amplifiers have the highest efficiency but the lowest linearity of these classes. Classes A, B
and AB are known as linearity configurations due to the phase and amplitude aspects of the inputs
being related to their outputs. The current flowing in a Class C amp is 0 for more than half the cycle.
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The efficiency of an amp is determined by the angle that the amp operates at, as shown in this
graph.
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Oscillators

Oscillator come in two different forms, sinusoidal and non-sinusoidal. Sinusoidal oscillators generate
a sine wave whereas non-sinusoidal types can create square, rectangular or saw tooth waves. Since
a sine-wave is required, a sinusoidal oscillator is used. The type used is an RC oscillator although
there are others such as crystal oscillators and CRT oscillators which use and inductor and a
capacitor instead of a resistor.

Mancini states that “using complex math the equivalent expression is AR = 12-180°. The —180°
phase shift criterion applies to negative feedback systems” (2000, p. 33) This is used to justify a
correct balance being required to effectively use an op amp for oscillation. The -180degrees part
means that the phase must be shifted that amount for the equation to be balanced which is one of
the challenges of creating an oscillator circuit.

Transistors

The two main types of transistors are in the form of PNP and NPN. “The Bipolar Transistor basic
construction consists of two PN-junctions producing three connecting terminals” (Anon., n.d.) the
terminals that are mentioned in the quote are the base, collector and emitter. The letters NPN and
PNP are not acronyms but instead indicate the polarity of the transistor on the inside. A PNP
transistor consists of two P type semiconductors separated by an N type semiconductor, An NPN
transistor consists of two N type semiconductors separated by a P type semiconductor. The different
layouts of these transistors allow for different uses in a circuit as the electrons will flow in a different
pattern in each. As is visible below in two separate images, the polarity of the cell and battery in
each circuit is different because the transistors behave differently.
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Negative Feedback

To get closer to the desired gain value, negative feedback can be used to achieve it without changing
the transistor used. Without using negative feedback, the gain of the circuit relies heavily on the hfe
rating of the transistor which can only be changed if the whole transistor is swapped out for another.
To alter the gain without doing that, another resistor is added below the emitter of the transistor.
This is primarily done in two different ways. The first is to put the two resistors in series and the
second is to put the new resistor in series with the capacitor. The image below shows these setups.

As seen in the image, the value of Re would have been virtually 0 but the addition of Rnrs has made it
possible to tweak the gain by adjusting the resistor values. When applying negative feedback to a
circuit it may be necessary to re-calculate values for other components that may have been affected.

FET Circuits

FET is a type of transistor that is controlled using a magnetic field, this is what gives it the name of
Field Effect Transistor. With bipolar transistors, the voltage flowing from the emitter to the collector
is controlled by the voltage at the base. With FET’s the voltage is managed by the field that
surrounds the path of voltage through the transistor. The diagram below shows a standard FET and
the voltage path within it.
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When the voltage at the gate increases, the depletion layer boundary tightens which restricts the
voltage through the FET. With lower voltages to the gate, higher voltages from drain to source are
achieved.




Designing an Oscillator

To design an oscillator an op amp is used with capacitors and resistors to create a phase shift of
180degrees. A single RC pole can contribute up to 90degrees each. This however is very difficult to
achieve with two poles because it gets harder to reach 90 degrees the closer you get. 3 poles will be
used to create the 180degree phase shift needed for the oscillator to function properly. The circuit

below shows the completed circuit for the oscillator.
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The configuration of capacitors and resistors creates the necessary 180degree phase shift required
for the feedback to the op amp. During creation, the values for R2,3,4 were changed and R5 was
tweaked during simulation to achieve the specification of 150KHz with 1Vrms.




Designing an Amplifier
To design an amplifier there are more steps to take than there are to build an oscillator circuit. These
steps are broken down into DC conditions, Feedback and Bandwidth.

DC conditions is the basic setup of the transistor with resistors to build the main frame of which the
rest of the circuit will be built from. The values of the resistors depend on what supply voltage is
chosen and thus some calculations are needed to be made to choose the right values.

Vee = 20V
Transistor = Fairchild BC547BG NPN 100mA 45V
Ic max = 100mA therefore 1Q = 10mA
RL = (Vcc - Ve)/1Q = (20-10)/10%107-3 = 1 KOhm
RE = VE/IQ, VE = Vee/10 = 2V

RE = 2/(10*10/-3) = 200 Ohm
Hfe = lout/lin

450 = (10*104-3)/IB

IB = (10*107-3)/450 = 22.22*104-6A = 22.22 uA

VB=VE+0.7=2.7V
IB*10 = 222.22uA
R1=V/IR1=20-27/(222.22*107-6) = 77.85 KOhm
R2 = VB/IRL = 2.7/(222.22*10A-6) = 12.15 KOhm

With these calculations completed the following circuit was built.
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The next step from this point is to add 3 capacitors at certain points and an AC input to simulate a
working oscillator. With the addition of the AC supply, is will be possible to begin simulating for the
ability to produce the correct bandwidth and frequency. The following circuit shows these changes.
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The gain and bandwidth is then tested for which is shown below. The results for the bandwidth are
important to ensure that the design meets the criteria for the build.




Electronics transistor task split resistors and set values for c1 and c4

AC Sweep
1k
0 100 s i & 4 & —t— )
a - T
2 e -
=R T u
& — -
g - ~
2 - —
1 et "
-
_—
100m
1 100 10k ™ 100M 110G
V%) wig)
- X
¥avprz Mypay) vis) vi4)
V{PRZ) V{(ER1)
50
x1 3.2537k 3.2537k
-50 ¥1 20.0038 1.0000
100 — " x2 742.9141M 742.9141M
S 150 T " 2 19.7485 1.0000
o T ax 742.9109M 742.91094
@ -200 dy -255.3306m 0.0000 T
& 20 dy/ax -343.6895p 0.0000 "
300 1/dx 1.3461n 1.3461n "
.

The graph shows a bandwidth of 3.25KHz to 742.91MHz which is out of spec by quite a lot, this will
need to be altered to suit the necessary bandwidth required. To then determine the impedance for
Zin and Zout a variable resistor is used as shown below.
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The impedances of Zin = 2 KOhm and Zout = 1 KOhm were discovered and using these, the values for
C1 and C4 were found with these equations

C1 = 1/(2*PI*F*Zin)
1/(2*PI*110K*2K) = 0.723 nF

C4 = 1/(2*PI*F*Zout)
1/(2*PI*190K*1K) = 0.838 nF

To achieve a gain of 20, RE must be split to create a ratio effect between two resistors. This is shown
in the next image.
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Once the resistors were split, the ratio was altered to produce the required gain and to improve on
the bandwidth that was previously achieved. With this all set up, a retest of the gain and bandwidth

will be necessary, this is shown below.
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Simulating the circuits

To complete the circuit, the oscillator and amplifier were put together in the same circuit. To allow
the two circuits to work together properly, a buffer is needed to drop the voltage down from the
oscillator to the amplifier. This buffer however will not influence the frequency into the amp. The
buffer and the complete circuit are shown below.
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The input at the left-hand side comes from the oscillator and is managed by a ratio of 1/20 to lower
the voltage ready to be relayed to the amplifier. In the full circuit, it is important to note that the AC
supply has been removed, this is due to it not being needed anymore as it was only temporary to
build the amplifier.
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RESEARCH-INFORMED LITERATURE

(

yﬁ

There was evidence of further reading and research
and appropriate in text referencing. Your
interpretation and understanding of the additional
research was good. Your references were
appropriate to the task, but the reference list was
very short and limited to a small range of sources.

KNOWLEDGE AND UNDERSTANDING

(

yﬁ

The knowledge and understanding of the subject
demonstrated by this assignment was generally
satisfactory. However the report lacked a lot of the
required detail and there were many gaps in your
knowledge of the basic principles. Additionally, your
understanding of the higher level concepts was not
shown. Further work - There were a few omissions
and misunderstandings throughout the task, which
could be read up on for future reference.
Explanations need to be written in much more detail
and written in a more logical and clearer way.

ANALYSIS

12

(

yﬁr

There was a brief testing section, but you should
have tested each block as you built it. When building
complex circuits you should test each block to
ensure it meets the specification, otherwise when
you test the overall circuit you will have big
problems fault finding. Further work — you could
have included a more detailed evaluation of the
circuit performance.

PRACTICAL APPLICATION AND DEP.

6

(



yﬁ

Your application of practical skills for this task were
generally OK, you used the resources available in
MultiSim appropriately when designing the circuit
and you used appropriate options for testing and
evaluating the circuit performance - albeit to a
limited fashion. Testing generally lacked a lot of the
required detail however and you should have
included a comprehensive set of results for each
stage.

SKILLS FOR PROFESSIONAL PRAC.

15

(

yﬁ

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was of an appropriate length, you
could however be more efficient with your word
count. The report was well presented, with good
diagrams in appropriate places, good

sentence/paragraph structure and clear calculations.
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