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Introduction

Amplifiers and oscillators are utilised repeatedly within electronics due to their abilities to
provide and control signals. Therefore, these electronics are readily available in abundance,
and it is therefore important that the correct component is chosen for a particular
application; as designing a circuit without the most suitable component is not desirable. In
order to ensure the components chosen are suitable, a gauge for the key aspects of each
component must be understood. In order to do this each form of oscillator and amplifier
readily available will be researched and compared in order to provide the most influential

and helpful information when deciding upon the most suitable component(s).




Research

Amplifiers have several different uses within electronic circuits, one common use of an

amplifiers is to increase/decrease the voltage or current within a circuit. Another use for

an amplifier is to match the impedance of a circuit, this is commonly known as impedance

matching, Frenzel states ‘impedance matching is most simply defined as the process of

making one impedance look like another.” (2011).

Amplifiers are segregated into different classes; in all there are many different classes, for

this task Class A, B and C are analysed;

Class A

Class A amplifiers are the simplest form of amplifier, the wave form that is outputted
from the amplifier conducts through a full 360°. This means that this amplifier must
produce a larger output signal than that of the input signal as they are of the same
waveform. Class A amplifiers are very desirable as they are the simplest amplifier to
design, they have a high-frequency response as the active device is always on and
therefore does not need time to be turned on. Class A amplifiers also have no
distortion as the signal is only amplified and not changed. Although the Class A
amplifier has many merits it also has its downfalls, these being; high cost due to
large power supply, poor efficiency and also poor frequency response due to

transformer coupling.
Class B

Class B amplifiers utilise an assortment of two different transistors in order to
operate, the transistors are constructed in such a way that when the input is
conducting on its positive half cycle the positive transistor is turned on and the
negative transistor is turned off. When the negative half cycle is produced the vice
versa occurs and the negative transistor is turned on and the positive transistor is
turned off. The two half waveforms are then combined together in order for the full
waveform to be produced, as a result of this technique this amplifier has around 70%
efficiency and is therefore more efficient than class A. However, Class B amplifiers
has one main disadvantage which is the high distortion that occurs in the output
signal (Anon., 2015), which can be unacceptable in certain applications such as audio
applications. Class B amplifiers are not as expensive as class A amplifiers.




Class C

Class C amplifiers are the most efficient, however they are non-linear, and this
means that the output waveform doesn’t have a full 360 degrees. This amplifier
works by having a heavy bias that means that the transistor only conducts for around
90 degrees of the positive cycle. This signal can be converted back into a 360 degree
waveform through the use of a ‘LC resonant circuits in its collector circuit.” (2016).
Class C amplifiers are often utilised in RF (radio frequency) circuits, this is due to its
high efficiency and high frequency capabilities. Class C amplifies are the relatively

inexpensive compared to Class A amplifiers.




There are many types of harmonic/sinusoidal oscillators available, three of these type of

oscillators are;

e Tuned circuit oscillators
e RC oscillators

e Crystal oscillators

Each of the different types of oscillators have their own particular benefits, in order to
understand this research needs to be carried out into each oscillator type. Each of these

oscillators produce an AC signal.

Tuned circuit oscillators

This particular form of oscillator uses a tuned circuit (Figure 1); this allows this particular
oscillator to be utilised in high frequency applications. An example of one application
for this oscillator is signal generators. Due to the feedback within this oscillator the
stability of its oscillation is dependent upon the phase shift of the feedback, if the
feedback is in-phase with the oscillations then the stability will be high.
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Figure 1 - Tuned oscillator circuit (Anon., 2016)

RC oscillators

This particular form of oscillator utilises an organisation of resistors and capacitors in
order to produce regenerative feedback. There is three stages to the oscillation each of
these stages have a 60° phase shift. Which in turn can be utilised in order to produce a
complete 360° and therefore produce a waveform. RC oscillators were widely used
within Morse code, due to its extremely low cost, however it is often found that the
stability of oscillation within this oscillator are not very good.
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Figure 2 - RC oscillator circuit (Anon., 2016)

Crystal oscillators

This particular oscillator has a very high level of frequency stability, this is achieved by
utilising the ‘piezo-electric effect’. The piezo-electric effect produces mechanical
vibrations that can be defined as oscillations. The crystal oscillator can also obtain very
high frequency operation. An application of this oscillator is a TV, as such crystal

oscillators are normally of low cost, and a high stability of oscillation.
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Figure 3 - Crystal oscillator circuit (Poole, n.d.)




Choice of active device:

In order to construct an amplifier certain components are desirable, however there are

several different components that could be utilised. Each individual components has its

merits and disadvantages. The components that could be utilised are:

Bipolar transistor (BPT)

A BPT or bipolar transistor is a form of transistor; it has a large gain bandwidth and
shows good performance at high frequencies. The transistor has a good voltage gain
but subsequently a low voltage drop. The BPT can also be utilised within most power
applications whether they be low power or high power. The only real disadvantages

of a BPT is its low thermal stability and its low switching frequency.

FET (Field effect transistor)

A FET or field effect transistor is another type of transistor. A FET has low power
consumption and also has high input impedance. The FET is a majority charge carrier
which therefore means it does not emit that much noise. The main disadvantages of
a FET is its poor performance at higher frequencies due to internal capacitance of
feedback and its low gain bandwidth.

IC (Integrated Circuit)

Figure 4 - Integrated Circuit (Solarbotics, n.d.)

An IC or integrated circuit can be utilised to function in the same way as many
different semi-conductors. An IC has very low power consumption and can be easily
repaired, it is most suitable for small signal operations. However the IC can only
handle a low amount of power and also does not have the capabilities of being

utilised in a PNP assembly




Feedback can be useful within electronic circuits, when used properly feedback from
electronic circuits can allow a specific control to be made of the output from the circuit.

An example of a feedback system can be seen in Figure 5.
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Figure 5 - Feedback on a simple electronic circuit
There are two main types of feedback, these types are positive and negative;

Positive feedback - positive feedback is utilised in order to give part of the output back to
the input, this is done so that the output is increased, this in turn produces oscillations. The
feedback itself is in phase with the input which then increases the output. A common use

for positive feedback is within oscillators.

Negative feedback - negative feedback is utilised in order to stabilise the gain of an
amplifier, this is achieved by taking part of the output and giving it back to the input in
order to decrease the output, the same feedback is utilised a positive feedback however
with negative feedback it is out of phase and therefore reduces the output. A common use

for negative feedback is within most amplifiers.




Design method, choices and calculations

Designing of Amplifier

In order to design and produce the amplifier for this task, an understanding on how to design
an amplifier was needed, after conducting research into this matter, a step-by-step guide
for designing an amplifier was produced. Due to the simplicity of the A class amplifier it was
decided that this type would be produced. The ‘step to step’ (Coates, 2007) guide can be

seen below;

1. DC conditions

2. AC conditions

3. Applying the gain

4, Applying the bandwidth

Each one of these steps need to be carried out in order to produce the amplifier, to

begin with the DC conditions needed to be met.

The DC conditions within the amplifier circuit are the four resistors (Rr, Re, Ri and
R:) in order to determine the values of the resistors, the following calculations are

utilised;

Vee—Ve

In order to calculate R, the following formula is utilised; T

An example of this formula being used can be seen within Figure 6;
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Figure 6 - Calculations carried out in order to find value of R,
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In order to calculate Re the formula utilised is; RE = %

Vee=VB

In order to calculate R1 the formula utilised is; R1 = =

VB-0

In order to calculate R2 the formula that is used is; R2 = T
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Figure 7 - Amplifier design DC components

There were also more steps within the guide, one of these steps was to decide upon a
suitable transistor that could be utilised as the active device within the amplifier; In order
to decide upon the transistor that would be the most suitable for the amplifier that was
going to be created, requirements were needed. The first requirement for the transistor
was that it had to be a NPN type transistor. This means that the transistor needs to be a
bipolar type. This is crucial as the voltage within the amplifier circuit needs to be given to
the collector leg of the transistor and then given out by the emitter leg of the transistor.
The transistor must also be available within ‘multisim’ so that the circuit can be built and

tested. The requirements for the transistor were;

e Supply voltage of 16v
e NPN transistor
e ICmax minimum of 300mA

e HFe = minimum of 150
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Ultimately after conducting some research into the various amplifiers available it was

decided that the BD-139 transistor was suitable for this application.

The AC conditions within the amplifier circuit are the three capacitors, in order to
determine the values of the capacitors calculations are undergone, C4, C; and Czare

calculated in the same way. This calculation is as follows:

1
€= 2xmx F xXc

C = Capacitance
Xc = Capacitive reactance
F = Frequency

Figure 8 shows this formula being utilised in order to calculate the values of Cq, C; and Cs.
Figure 9 shows the amplifier design after adding the capacitors to the circuit, the waveform

has also been taken from the circuit by utilising an oscilloscope.
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Figure 8 - Capacitor calculations
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Figure 9 - Amplifier with AC and DC conditions

Designing of Oscillator

It was decided that a RC oscillator would be the type of oscillator produced, the RC oscillator
works by utilising an assortment of resistors and capacitors in ladder like assortment. As a

result of this assortment each 180°is produced utilising three stages of 60° phase shift.

Therefore in order to design the oscillator the values of the capacitors and resistors within
the circuit are needed, in order to determine these an educated capacitor value is produced

and then utilised within this calculation.

For this particular calculation the capacitor value that was chosen is 0.8nF;

R= ! R=—
T 2xmwxVBx(150x10%)x (0.8x10-%) 1.847

Therefore, R = 541.5Q

By utilising this formula the values of the resistors can be determined, it was found that

slight adjustments to the values had to be made in order to achieve the desired output.

Ultimately through trial and error with the oscillator circuit and its RC values Figure 10 was

produced, although the output Vs was below the specified value it was deemed acceptable.
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Figure 10 - Oscillator circuit
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Having designed and built the oscillator circuit the last thing to do is analyse its

oscillations by utilising the oscillator (Figure 11 and Figure 12).
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Figure 11 - Oscillator circuit with oscillator connected
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Testing and improving design

Having built the amplifier the next step was to fine tune the amplifier and improve its
design, in order to do this the first thing that was to be done was to ensure the gain of the
amplifier was correct this is achieved by splitting the Rg resistor. The resistors value is 540
therefore in order to split it the two resistor values must add up to 54Q. Therefore to begin
with a combination was utilised. The first combination that was utilised was the use of two
27Q resistors. By then testing the circuit a conclusion was able to be drawn up on what kind
of values are needed for each resistor. By then utilising a trial and error method the values
of 8Q and 46Q were found to give the required gain of 20.

Following achieving the appropriate gain the next step is to achieve the required bandwidth,
in order to do this the value of Ci needs to be modified and also C4 needs to be added to
the circuit. In order to determine the values of both capacitors the input and output
impedance must be found; the output impedance of this amplifier is equal to R, which is
therefore 267Q. However in order to determine the Input impedance a variable resistor is
utilised, this resistor is utilised within the circuit in order to reduce the Vou, when the Vou
is reduced to exactly half of what Vo originally was, the input impedance is equal to the
value of the variable resistor. In this particular circuit the input impedance was 250Q. The
calculations to find the values of C1 and C4 are shown in Figure 13. Figure 14 shows the

amplifier with the correct gain and the capacitor values that were calculated.
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[
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@ Lﬁi‘:;c 2 pf

Figure 13 - Capacitor calculations
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Figure 14 - Amplifier circuit with gain of 20 and C4

Having completed the amplifier the next step was to measure the bandwidth of the circuit
in order to do this an AC sweep needed to be undergone of the circuit. By doing this the
bandwidth of the circuit can then be analysed by utilising the high and low frequencies

(Figure 16) and the centre frequency (Figure 15).
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Figure 15 - Centre frequency of amplifier
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Figure 16 - Low and High frequency of amplifier

After producing both circuits the next thing to do is to combine the two circuits, in order to
combine the circuits an op amp is needed (Figure 17), in order to reduce the output from
the oscillator down to the desired input of 50mV into the amplifier circuit.

Figure 17 - Final assembly of oscillator and amplifier circuit

Having completed the final assembly of the circuits it is important that tests are carried out
in order to determine whether the final assembly functions correctly, the first collaboration
of the circuit was working partly however although there was a 50mV input to the amplifier
the output from the amplifier was not amplified. This can be seen in Figure 19 within the

annexe.

Having looked at the circuit the first thing that was noticed was that the VCC of the amplifier
had been automatically changed to -15v because that is what was stated within the oscillator
circuit, this value was therefore changed to the desired supply voltage of 16v. After doing
this the gain was still not the desired gain of 20, therefore it was decided that the R, resistor

be split again in order to achieve the desired gain.

After splitting the resistor for the correct gain it was found that the centre frequency was

incorrect therefore in order to rectify that the capacitor values of C1 and C4 were lowered,
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this therefore gave the circuit a centre frequency of 158kHz (Figure 18). The final circuit

can be found within the annexe (Figure 20).

requency (Hz)

Figure 18 - Centre frequency of final circuit
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Conclusion

Amplifiers have many different characteristics and it is important that these characteristics
are understood before designing a circuit. An amplifier not perfectly tuned or suited to a
certain circuit can cause re-occurring problems and can therefore lead to circuit damage.
Therefore, it is important that a good knowledge is built on the different classes of amplifier
and their each individual characteristics, by understanding the amplifiers capabilities a
more prominent and advantageous circuit can be designed and built with utter confidence

on the end circuit/product.

Similarly to amplifiers the correct oscillator design should be chosen for a particular
application. If an oscillator is not chosen correctly then it can lead to distortion at certain
frequencies and ultimately makes the oscillator invalid. This can therefore cause more
problems within a circuit and in due course lead to invalid signals being analysed or circuit
failure. It is therefore important to choose the correct components before having to rectify

a problem.

Knowing how to manipulate a circuit can benefit heavily in circuit design. This is evident
when introducing feedback within a signal circuit. Feedback itself can allow control over all
aspects of a circuit whether it be the input signal or the output signal. The efficiency of a
circuit can also be improved through the use of feedback, this evident as ‘the gain is
stabilised, the distortion of a circuit is reduced and also there is a reduction in the noise of

the circuit’ (Anon., 2016) therefore improving the signal.

It is also evident that when designing a circuit it is extremely important that extensive
testing is carried out; this should be important as without extensive testing a circuit is
definitely not built in the perfect manner. By testing a circuit it can allow a circuit to be
slightly altered until the circuit cannot become any more efficient or reliable. However with
ever-growing technology circuits will only become more efficient and more reliable.
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Annexe

Figure 19 - Combined circuit without amplification
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Figure 20 - Final circuit
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BD125 - BDN3s - B39 - BInao

Electrical ratings

1 Electrical ratings

Table 2. Absclute ratings

Symbel Farameter

alue

NFPN L Unit

BD135|BD139 |[BD13E | BOLD

Vomg | Colctonbase voltge g = 0)

45 &0 45 -0

Voen | Cobector-emitiar voltage (1 = 0)
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Veag | Emitter-bes vellage (g = 0)
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15 15

low | Coloctor peak cusont
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T [mac oporstng hunction tomporates

slal=|s|=]>]|»]<]<|=

150

Table 3. Thenmal data

Symbel Parametes

Max value Uit

Flpuse | Thiarmal msistanca junction-caso

10 CAY|

Rt | TROFMAI fogistanea juncticn ambiont

100 T

Figure 21 - Data Sheet 1 for BD-139 (STMicroelectronics, 2008)

Electrical characteristics

BD135 - BD136 - BD139 - BDM40

2 Electrical characteristics
(T eana= 25 *C unless cthenwise speciliad)

Table 4. Onfoff states

Value
Symbol Paramater Polarity Test oonditi Unit
Min. | Typ. | Max,
now  |Vea=20V 01 | pa
gy |Cotector st Vgg=20V Tg=125°C 10 | pa
% |cumont (a) onp | Ves=-30V 01 [ wa
Vegu-30V.Tce125°C -10 | wa
&b Emitter cut-off cumrant [NPN - [Vea =5V 10 | wa
{lc=0} PP Veg=5V -0 | wA
I = 30 ma
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v i Collecior-amitier B0 20 v
CEOjum) e o= ®mA
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PNP  |lc=-05A, Vg 4|
lemSMA Voem2V =
NPN [l =150mA Veem2V | 40 250
N lc=05ANge=2V | 2%
hez!!) | DC curront gain
Ig=-5mA Veg=-2V | 25
PHE  [Ig=-150ma Vge =2V 40 260
lo= 058, Veem-2V | 25
I = 150MA Ve =2V
NPN BD132-10 a3 160
e BD135. 168013316 100 250
nee ! | hee groues
lom =150 mA, Veg = -2V
PNP BOA40-10 & 160
BD136-16BD140-16 100 20

1. Puled: pubse duration = 300 p. cuty oy 1.5%

Figure 22 - Data Sheet 2 for BD-139 (STMicroelectronics, 2008)
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