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1. Introduction, aims and objectives

Analogue circuit signals continuously varying from ‘0’ to full power, are advantageous due to the
infinite amount of signal resolution.

This assignment will show the characteristics, design and application of amplifiers. An amplifier is a
device containing electrical components with the ability to amplify voltage, current and power
signals for a range of applications. A design of an amplifier will be created using ‘NI Multisim’
software, that will deliver the required specifications. A sine wave oscillator will be combined with
the amplifier to provide and input signal. Simulation data and theoretical calculations will be
recorded that will show the required amplification.

2. Research into amplifiers and oscillators

The desired amplifier characteristics are linearity, efficient, increased signal gain and power output.
The different classes of amplifiers, classify the method of operation and circuit configuration. The
more common classes of amplifiers are A, B, AB and C, which are controlled conduction angle
amplifiers.

Amplifier classes D, E, F and G use pulse width modulation that switches the signal ‘On’ and “Off’.
The use of pulse width modulation, RLC resonators or by using multiple power supply voltages are
switching techniques used to reduce the power loss and increase the efficiency of an amplifier.

Class A Amplifiers

The most common type of amplifier is the class A amplifier as seen in Figure 1. When carrying out
amplification tasks its properties keep the signal waveform out of the range of OV-0.6V, therefore
allowing low signal distortion levels and obtain the highest linearity among the different classes.
However, the class A amplifier is wasteful of power. It is continuously carrying current due to the
output stage being biased ‘on’. As a result, the amplifier generates a lot of heat reducing their
efficiency and making them unpractical for applications that require high power.
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Figure 1 - Class A Amplifier circuit showing operating curve characteristics

Class B Amplifiers




Class B amplifiers have a quiescent current of zero so that the transistor will only conduct half of
each cycle of signal waveform. Unlike class A amplifiers, they are more power efficient but create
signal distortion. Class B amplifiers configured in a ‘push-pull’ form, where two bipolar transistors
connected will conduct the missing half of each signal waveform, although crossover distortion
occurs on each cycle as the waveform passes through OV. This is due to the transistors having no

base bias and not conducting until the base voltage reaches 0.7V. Figure 2 shows a typical class B
amplifier circuitry and its operating characteristics.
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Figure 2 - Class B Amplifier circuit showing operating curve characteristics

Class AB Amplifiers

Class AB amplifiers are a combination of class A and B amplifiers. Waveform crossover distortion is
eliminated as both of the transistors are biased and conduct a small quiescent current at the same
time. As a result, class AB amplifiers are slightly less efficient as class B. Like class A, the transistors

generate a lot of wasted heat reducing their efficiency further. The AB amplifier circuitry is shown in
Figure 3.
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Figure 3 - Class AB Amplifier circuit showing operating curve characteristics




Class C Amplifiers

Class C amplifiers are used in some radio frequency amplifiers and high frequency sine wave
oscillators. The active device (transistor) conducts for less than one-half cycle of the input signal. This
increases the efficiency of the amplifier but allows for a large amount of distortion. It also beholds
the poorest linearity of the other amplifier types. Due to its vast amount of distortion this amplifier
is unsuitable for audio applications. Class C amplifier circuitry is shown in Figure 4.
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Figure 4 - Class C Amplifier circuit showing operating curve characteristics

Figure 5 shows all of the amplifiers previously stated, showing the different operating signal wave
characteristics.
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Figure 5 - Comparison between Class A, B, AB and C amplifier waveforms




Class D Amplifiers

A class D amplifier is completely different compared to the linear types class A, class B, class AB and
class C. When the output transistors are ‘on’ and passing current, there is no voltage drop across
them. When the transistors are off, there is no current passing through. With zero power loss, class
D amplifiers theoretically boast 100% efficiency. During a waveform cycle the voltage and current
waveforms do not overlap.

Class E, F, G, H Amplifiers

Amplifier classes E and F are similar to class D, yet offer improvements in efficiency and output with
the use of harmonic resonators to shape the output waveform into a square wave. Class G and H
amplifiers are similar to class AB characteristics. They have added supply rails to provide voltage
when the output signal peaks for an increased power output.

Oscillators

Oscillators produce waveforms such as sinusoidal, square and triangular. To generate the output,
they use devices such as capacitors and resistors as well as an active device such as a transistor. The
two different types of oscillator are relaxation, which generate a triangular waveform, and sinusoidal
which consist of amplifiers that generate oscillation.

A Hartley oscillator circuit consists of tuned inductors and capacitors that determine the oscillation
frequency. This circuit is connected between the base and the collector of the transistor. These are
used in radio wave receiver devices, as it will produce a wide range of frequencies. They produce
fairly low distortion in the radio frequency range of 30KHz to 30MHz.

A Wein Bridge oscillator generates sine waves at a large range of frequencies. It is based on a bridge
circuit containing two capacitors and four resistors. The amplitude is stable and has low distortion as
well as a variable frequency. The maximum frequency output of a Wein bridge oscillator is around
1MHz due to the phase-shift and amplitude characteristics of the amplifier.

The RC phase shift oscillator circuit consists of a transistor or inverting op amp, that provides an
output signal, which feeds back to its input through a phase shift network of resistors and capacitors
to give positive feedback. Advantages of the RC phase shift oscillator are that they have a wide range
of frequencies with good frequency stability, do not require negative feedback, inexpensive to build
as it comprises of capacitors and resistors and the output is relatively distortion free.

Feedback

There are two different types of feedback; positive and negative feedback. The basic principle of
negative feedback that a small portion of the output signal feeds back and combines with the input
signal, which as a result reduces the input signal. This is advantageous as it allows for the amplifier
bandwidth to be increased and reduces noise and distortion. The negative aspect of the combined
input and output signals is that it reduces the overall gain of the amplifier.

According to Bird, ‘The advantages of using negative feedback outweighs the accompanying loss of
gain which is easily increased by using two or more op amp stages.” (Bird, 2017)

Within a control systems circuitry, if the output changes, the input is affected by the negative
feedback to counteract the changes. Introducing negative feedback into op amp circuits controls the
high open-loop voltage gain and significantly improves the op amp performance.

Positive feedback results in an increased output, after the output is fed back to the input. The effect
of positive feedback within control systems circuitry is to increase its overall gain.




3. Design method, choices and calculations

Figure 6 is the circuit design for the oscillator that will be incorporated within and will supply a
frequency input to the designed amplifier.
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Figure 6 - Oscillator Circuit

While designing the oscillator, the capacitors C1, C2 and C3 had to be fine-tuned to reach an output
frequency of 150KHz and produce an output of approximately 1Vrms.

The following set up shows the stages of the design of the amplifier and the chosen values of
components and reasoning for choosing them.

Transistor choice and Supply Voltage (Vcc)

Figure 6 shows the amplifier with configured components. The transistor in use is a 2N3904 (see
data sheet). The chosen DC supply voltage (Vcc) is 6V. The maximum value for the transistor in use is
40V,

Quiescent collector current (Iq)

To prevent the amplifier from being wasteful of power, the quiescent collector current must be kept
at a low value, but low enough to keep the load resistor value low to prevent the output impedance
of the amplifier from increasing. The data sheet acquired for the transistor indicates a maximum
value for the quiescent collector current (1q) to be 200mA. The chosen Iq for the amplifier design is
20mA (10% of the collector current maximum).

Resistor values (RL, RE)
Without driving the transistor into saturation, the output signal must be allowed to alternate above
and below the value of VCC. The Iq collector voltage needs to be approximately half of the VCC to
achieve this. Therefore, the value for RL is calculated.

R, =Half of Vee + 1,

3V =024 =150
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The emitter voltage VE chosen is the value of 12% of VCC to provide efficient bias stabilisation. RE is
then calculated.

RE = VE = IE
0.72V .
024 7

Value for base current (I1B)
Transistor gain differs between transistors of the same type. The value of IB will be an
approximation, but will be fine tuned during the testing of the amplifier to meet the required
specification. The Hfe for the transistor in use is 100mA.

I+ Hpe = Ig

200mA +100mA = 2mA
Base voltage (VB)

To ensure that the input signal is biased on the linear part of the transistor input characteristics, the
base voltage is to be 700mV higher the VE.
VB = VE + U.?V

0.72V + 0.7V = 1.42V

The DC bias network current

To achieve bias stability, the current value flowing through the R1 and R2 resistors must be 10 times
greater than the base current (IB). Therefore, the current flowing through R1 and R2 is 0.02A.

This allows values of R1 and R2 to be calculated.

_ Vee — Vi

" DC bias network current through R1 and R2

6V — 1.42V
20mA

R1

= 2290

Base Voltage Vg

R2 =
DC bias network current through R1 and R2

Figure 7 shows the amplifier design with the calculated values for the components.
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Figure 7 - Amplifier design DC components

When the circuit was simulated and tested, the value of R2 needed to be slightly increased to 85Q to
achieve the correct voltage values at the collector, base and emitter of the transistor. Figure 8 shows
the adjustment made to achieve this.
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Figure 8 - Amplifier circuit

Adding the AC components

By adding coupling capacitors to the circuit, AC signals are allowed to pass. They will stop DC signals
at both the input and output so that voltages will not change the bias condition of the amplifier.
These are labelled C1 and C2. The chosen value of the capacitors is 1uF to ensure that the capacitive
reactance allows signals of the required frequencies to pass.

To prevent the transistor from being in phase with the AC and reducing the amplifier gain, another
capacitor (C3) will prevent this by stopping AC signal from appearing across the emitter resistor. C3
must have a reactance that is small compared to the value of RE at all frequencies above 20Hz. The
chosen value for this capacitor is 1uf. Figure 9 shows the amplifier configuration with the added AC
components.
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Figure 9 - Amplifier circuitry with added AC components

The addition of another capacitor (C4) gives a reduction in amplification at the high frequency end of
the amplifiers bandwidth. This value is determined during the simulation testing.

The simulation shown in Figure 10 shows the voltage measurements with the DC circuit and the AC
circuitry combined.
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Figure 10 - Circuit Testing

An oscilloscope added to the output of the amplifier shows the generated sine wave as shown in
Figure 11.
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Figure 11 - Sine wave produced by the amplifier circuit
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The current gain value of the circuit is 11.4. To achieve a gain of 20 as in the required specification,

this can be done by fine tuning the values of the C3 capacitor. The increase in value also increases
the gain to 20. This is shown in Figure 12.
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Figure 12 - Amplifier with a gain of 20

The following shows the combination of the designed oscillator and amplifier. The oscillator will
provide the input to the amplifier. Under the current value of the components, the output frequency

has decreased along with the amplifier gain. Figure 13 shows a combination of the oscillator and
amplifier.
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Figure 13 - Oscillator and Amplifier

4. Testing and improving the design
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By changing the values of the components used in the circuit, the output can vary dramatically. The
gain of the amplifier increases and decreases if C3 capacitor increases and decreases. With the C3
capacitor value at 10uF, the output voltage p-p reads 3.94V. The amplifiers gain increases to 28. If C3
value is reduced to 0.5uF the output voltage p-p reads 1V reducing the amplifier gain to 7.

By introducing negative feedback to the amplifier would help reduce the level of distortion at the
output. This would reduce the gain, but even it out over the amplifiers bandwidth. This can be
achieved by adding a resistor into the emitter circuit. By splitting the RE resistor and adding value to
the added resistor reduces the decoupling effect of the capacitor.
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RESEARCH-INFORMED LITERATURE

(



y‘ There was some evidence of further reading and

research and your interpretation and understanding
of the additional research was OK. The sources
were insufficient at this level given the amount of
potential research areas for this assignment.

KNOWLEDGE AND UNDERSTANDING

(

y‘ 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

(

y“ 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.

8

(

y‘ Your application of practical skills for this task were

generally OK, you used the resources available in

12



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.

(

y‘ 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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