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1. Executive Summary 
The assignment below will be about an analogue circuit design. It will require a class A amplifier and a 

Colpitts oscillator in order to complete the required tasks. Research will be undertaken into the 

different classes of amplifiers and also oscillators before making a comparison with the built analogue 

circuit. 

Appropriate calculations will be required to achieve the values for the amplifier circuit and also a 

computer software program called multisim to actually build the program on. The amplifier must 

contain both DC and AC components in order to be built and must show testing results in comparison 

to the worked calculations using appropriate equations. 

Once the Colpitts oscillator and amplifier are built and tested separately they must be combined and 

tested in order to meet the required specification. Appropriate and accurate conclusions with possible 

recommendations are to be drawn from this in comparison to results and theory-based knowledge. 

The required specification for that is to be achieved is as follows: 

• Centre frequency 200kHz 

• Bandwidth 60kHz 

• Gain 50 

• Input signal 50v (pk-pk) 
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2. Research into amplifier design techniques 

An amplifier is an electrical device which uses an input signal to control a power source, which as a 

result an output signal is produced. Amplifiers are classified by what is known as a Duty Cycle. The 

Duty Cycle of amplifiers classifies the amplifiers into the following types: Class A, Class AB, Class B, and 

Class C.  

Class A 

These amplifiers are thought to be the most common type of amplifiers are they are designed to only 

use one transistor within their circuit. As a result of only having one transistor within its circuit it is 

considered to be biased. This means that it has a low distortion level, so it is able to conduct high levels 

of current over one full 360˚ output cycle.  

As it is considered to be biased it is able to be kept on all the time which does come with a 

disadvantage. The disadvantage is its energy efficiency level, as it is extremely poor. It is thought to 

have an efficiency level of around 30%, which makes it an unviable piece of equipment which would 

use a high-power application. Therefore, an ideal source or use for this type of amplifier due to the 

disadvantage stated above would be for use in loudspeakers. 

(ET, 2020) 

Since the Class A amplifier is considered to be biased its current, also known as the collector current 

will operate even when there is no signal present. This means that the current will flow throughout 

one full cycle where conduction will take place, and at no point during this cycle should the transistor 

within the circuit be saturated. To prevent this from happening a small current value will flow in the 

base of the transistor. 

(Bird, 2017) 

Class B 

A class B amplifier is slightly different to the Class A amplifier as the transistor only conducts for half 

of the input signal which is 180˚. Therefore, the power efficiency is improved as the amplifier is off for 

half the time of the Class A amplifier as there is less power. 

However due to the amplifier only conducting half the input signal, there is a limitation in which 

distortion now takes place. To rectify this Class B amplifiers, have two transistors within their circuit, 

a P-N-P transistor, and a N-P-N transistor, or also known as a BJT transistor. 

(CT, 2020) 
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A BJT transistor is made up of two transistors P-N-P and N-P-N. The N-P-N transistor consists of two 

semiconductor materials and is separated by a much finer semiconductor material. Within this 

transistor the majority carriers are the electrons, and they flow from the emitter to the collector to 

generate the current flow, resulting in it being biased. It is mostly used for switching or amplifying 

signals. However, the P-N-P transistor is reversed biased meaning that the holes are the majority 

carriers, and the electrons are the minority carriers, making it ideal for controlling the current. 

(EH, 2020) 

Class AB 

The Class AB amplifier is a combination of both Class A and Class B amplifiers. The purpose of 

combining both of these amplifiers is to eliminate the disadvantages they both have being distortion 

from Class B and power efficiency from Class A. Due to the combination of these two amplifiers, it has 

made this type, the most selected type of amplifier used for audio equipment like radios because of 

its excellent energy efficiency and the quality of the output, due to the lowering of distortion. 

This type of amplifier works similarly to the Class B amplifier, in that it combines 2 transistors together. 

By having this within the circuit each transistor conducts its different cycles at different parts within 

the same circuit before combing at the output, which can also be known as pre- biasing. This allows 

the distortion value to fall of Class B but also improve the energy efficiency of Class A. As a result of 

this the conduction angles are withing the region of 180˚ and 360˚ cycles. 

There are different methods in which biasing can happen for this type of amplifier. The different 

biasing methods are as follows, the voltage across both transistors in order to balance the voltage 

difference, thus improving the load current.  

Another method is by biasing the resistors. If the resistors within the circuit are put in series, when a 

voltage drop occurs across them, a voltage divider can be created. This allows the voltage across the 

transistors to be controlled and again improving the load current. 

A final method is by using diodes. If a pair of diodes are put in a circuit then this will produce voltages 

of the same value. By controlling this a voltage of 0.7v can be applied which then results in the 

transistors switching. 

(ET, 2020) 

Class C 

The Class C amplifier is a much more efficient amplifier than those above because it conducts at an 

angle less than 180˚, typically within the region of 80˚ to 120˚. As a result of this its efficiency level can 

be given at around 90%, however, it does suffer heavily with distortion. 
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Furthermore, with this type of amplifier, because of the high distortion levels it is unable to be used 

as an audio amplifier like the other classes, but it can be used with oscillators of a certain wave 

frequency and also in some radio frequency amplifiers. 

(EPC, 2020) 

Oscillators 

An oscillator is a device that converts a D.C power supply into and A.C supply to produce different 

types of sine waveforms. These waveforms are commonly used for devices such as digital clocks, 

radios, TV and in computers for gaming. 

An example of an oscillator in use is the Colpitts Oscillator. This type of oscillator is considered to be 

active and is built up of both capacitors and inductors. As the device is active it is also considered to 

provide positive feedback; this means that the output signal is in phase with the input signal. It usually 

operates between the frequencies of 10KHz and 300MHz. 

It does this by the use of devices like a BJT, FET and Op-Amps. Within a circuit the inductor is parallel 

to the two capacitors, which when a voltage is applied to the circuit it becomes induced. This induced 

voltage that goes across a capacitor will be applied to a transistor like the BJT and create the feedback 

for the oscillator. 

(ELP, 2020) 

Another type of oscillator is the Armstrong Oscillator. This type of oscillator works similar to the 

Colpitts but one of the differences is that it has an additional coil and it usually oscillates around 1MHz. 

When the current flows through the coil a voltage drop occurs through the resister giving negative 

feedback for one full cycle of oscillation. Negative feedback is when the output is fed back to the input 

to reduce fluctuations in the oscillation. It is when the inductor and capacitor work together to induce 

the voltage, does the feedback of oscillation become positive again. 

(EPC, 2020) 
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3. Design method, choices, and calculations 

For this section of the assignment there was a requirement to build a class A voltage amplifier that 

had to achieve the following specifications: Centre frequency 200kHz, Bandwidth 60kHz, a Gain of 50 

and finally an input signal of 50mV pk. 

Before starting the design of an amplifier there are steps that need to be taken, for example a 

datasheet will be needed in order to find the circuit conditions and also appropriate calculations for 

the biasing of components will need to be undertaken.  The transistor that is being used is 2N3904. 

(Semiconductor Components Industires LLC, 2019) 

The first stage is to choose the supply voltage (Vcc), this is done by using the datasheet and finding 

the Vceo. Once that is found decide on a value that is less than its maximum (see figure 11). 

𝑉𝐶𝐶 = 30𝑉 

Next is to find a quiescent collector current, which is the current when there is no signal generated. 

This is done by finding the maximum collector current and choosing a value less than that (see figure 

12). 

10% 𝑜𝑓 𝐼𝑐       𝐼𝑐 = 200𝑚𝐴 

10% 𝑜𝑓 200𝑚𝐴 = 0.02𝐴    

∴ 𝐼𝑞 = 2𝑚𝐴 

A large current would cause a power wastage so it must be kept low in order to prevent this hence 

the deduction of 10%. 

The next stage would be to estimate a base current, with use of the HFE value. A the HFE value is 

depends on the collector current it can be calculated as a value between the lowest available value 

and the largest as indicated in figure 13. 

𝐼𝐵 =
𝐼𝑞

𝐻𝐹𝐸
=

2𝑚𝐴

200
= 10 × 10−6 = 10𝜇𝐴 

The value of the load resistor can be calculated by use of the following formulas. 

𝑅𝐿 =
𝑉𝑐

𝐼𝑞
 

 

𝑉𝑐 =
1

2
 𝑜𝑓 𝑉𝑐𝑐     𝑉𝑐 =

1

2
 𝑜𝑓 30𝑉 = 15𝑉 
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𝑅𝐿 =
15𝑉

2𝑚𝐴
= 7.5𝐾Ω 

Next step is to calculate the emitter resistance by use of the following formulas. 

𝑅𝐸 =
𝑉𝐵

𝐼𝑞
 

𝑉𝐵 = 𝑉𝐸 + 0.7𝑉 

𝑉𝐸 = 10% 𝑜𝑓 𝑉𝑐𝑐    𝑉𝐸 = 10% 𝑜𝑓 30𝑉 = 3𝑉 

𝑉𝐵 = 3𝑉 + 0.7𝑉 = 3.7𝑉 

𝑅𝐸 =
3.7𝑉

2𝑚𝐴
= 1850Ω 

Finally, the resistors R1 and R2 can be calculated as we have already worked out the necessary values 

for the equations (see figure 1). 

𝑅1 =
𝑉𝑐𝑐 − 𝑉𝐵

𝐼𝑅1
=

30𝑉 − 3.7𝑉

2𝑚𝐴
= 13150Ω 

𝑅2 =
𝑉𝐵

𝐼𝑅
=

3.7𝑉

2𝑚𝐴
= 1850Ω 

Adding the AC components to the amplifier was the next stage of the designing. In order to do this a 

capacitance value for C1, C2 and C3 was needed and also a calculation for the gain, see figures 2 and 

14 for the amplifier. 

𝐶 =
1

2𝜋𝐹𝑋𝑐
=

1

2 × 𝜋 × 200𝑘𝐻𝑧 × 1
= 795.77𝑛𝐹 

𝐺𝑎𝑖𝑛 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

26.8𝑉

141𝑚𝑉
= 190.07 

The purpose of adding capacitors into the amplifier is to prevent the DC voltages by allowing the AC 

side of the circuit to act as a coupling capacitor (C1 and C2). The capacitor C3 is present to stop as 

much current as possible across the emitter resistor as this would affect the amplifiers gain. 

The next stage of building the amplifier was to calculate the input and output impedance values (Zin 

& Zout). By doing this a calculation for new values of C1 and C4 could be calculated. This was needed 

in order to achieve a bandwidth of 200kHz (see figures 3 and 4). 

The input impedance value was calculated by adding a variable resistor to the circuit. At 1kΩ 0% the 

voltage out was 26.8v and for the Zin value to be calculated the emitter resistance voltage had to be 

halved so at 3kΩ 88%, the voltage was halved to 13.4V. 

𝑍𝑖𝑛 = 88% 𝑜𝑓 3𝑘Ω = 2640Ω 













































































































































































































































9 
 

𝐶1 =
1

2𝜋 × 𝐹𝐿 × 𝑍𝑖𝑛
=

1

2 × 𝜋 × 170𝑘𝐻𝑧 × 2640Ω
= 354.623𝑝𝐹 

𝐶4 =
1

2𝜋 × 𝐹𝐻 × 𝑍𝑜𝑢𝑡
=

1

2 × 𝜋 × 230𝑘𝐻𝑧 × 7.5𝑘Ω
= 92.263𝑝𝐹 

As the bandwidth of 200kHz is now achieved the gain can be calculated by splitting the resistor across 

C3. By doing this it introduces negative feedback which as a result reduces the distortion levels. The 

resistor can be seen to be split in figure 5.  

𝐺𝑎𝑖𝑛 𝑜𝑓 50 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

5.01𝑉

99.5𝑚𝑉
= 50.35 

Due to achieving the required gain of 50, it affects the bandwidth and vice versa. In order to achieve 

and gain of 50, centre frequency of 200kHz and a bandwidth of 60kHz the bandwidth needed refining. 

In order to do this C1 and C4 needed adjustment as shown in figure 6. This enabled a gain of 49.3 to 

be achieved and also a centre frequency of 200kHz shown in figure 7. However, the closest bandwidth 

achievable was 533kHz due to the design of the amplifier as shown in figure 8. 

𝑅𝑒𝑓𝑖𝑛𝑒𝑑 𝑔𝑎𝑖𝑛 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

4.91𝑉

99.6𝑚𝑉
= 49.3 

After the amplifier was designed the next task required was to build a Colpitts Oscillator and add it to 

the amplifier circuit (see figure 16). The sign wave oscillator had to achieve 100mV (p-p) and also be 

able to work at 200kHz (see figure 8). 

 The next stage after designing the oscillator was to combine it with the amplifier. This meant that the 

amplifiers signal generator had to be removed in order for the Colpitts oscillator to be the input signal. 

Figure 15 shows the circuits combined, however in order to prove the gain and also the sinusoidal 

waveforms an oscillator had to be connected to the amplifier as opposed to using the AC sweep like 

the other graphs in the assignment. 

𝐶𝑜𝑚𝑏𝑖𝑛𝑒𝑑 𝐺𝑎𝑖𝑛 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

4.75𝑉

100𝑚𝑉
= 47.5 

 

 

 

 

 

 


































































































































































10 
 

4. Testing, results, and analysis 

 

FIGURE 1: TESTING OF VOLTAGE ON BASE, COLLECTOR AND EMITTER. 

 

FIGURE 2: TESTING OF GAIN 
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FIGURE 3: TESTING THE BANDWIDTH OF THE AMPLIFIER 

 

FIGURE 4:BANDWIDTH AFTER C1 AND C4 RECALCULATION 
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FIGURE 5: ACHIEVING GAIN OF 50 

 

FIGURE 6:ADJUSTED C1 AND C4 VALUES 
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FIGURE 7:CENTRE FREQUENCY 

 

 

FIGURE 8: COLPITTS OSCILLATOR WITH TESTING 

 

 

FIGURE 9: COLPITTS OSCILLATOR AND AMPLIFIER TESTING 
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FIGURE 10: OSCILLATOR GRAPH OF COMBINED CIRCUITS 

The results obtained throughout the assignment in comparison to what the calculations are worked 

out at are relatively accurate however, rounding issues and the actual accuracy of the multisim 

software could be the reasoning for minor discrepancies. 

In order to get the figure for bandwidth there is a feature on multisim called AC sweep which allows 

this. On the interactive menu there is an option of AC sweep and once selected with the variables that 

are required to be measured (VPR2) select run and it will create a graph as shown in figure 3 and 4. 

Using the cursors select R1 and right click it to select “Ymax value” then right click it again after its 

moved to the centre and select “y-value”. From that take off -3db and repeat for the second cursor. 

The value given by dx is the bandwidth value. 

It is possible to make some comparisons with the amplifier and the oscillator with the research given 

at the start. A comparison that can be made is shown in figure 10, with the distortion level as stated 

above in the research it is thought that class A amplifiers have “a low distortion level”. This is shown 

as the waveform produced is not as clean of a waveform which indicates distortion is present. 

Another comparison between results and theory is the use of the Colpitts oscillator that was created 

as the signal source in the combined circuit. The oscillator is working at 200kHz which is between the 

values stated in the research and also the way it works is identical to the research in that it uses op-

amps to control the frequencies and also indicates induced voltage on the oscillator as shown in figure 

10. The op-amps induce the voltage by not allowing the impedance produced by the amplifier affect 

the readings of the output impedance from the oscillator.  
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5. Conclusions and recommendations 

From building the circuits on multisim it is possible to say that due to the values chosen it would be 

highly unlikely that the required bandwidth as stated in the specification could be achieved. This is 

because of the transistor selected had to be on the multisim software which was why the 2N3904 was 

chosen as there are limited options. If the multisim software was capable of storing more transistors, 

then it is possible that all the values including the bandwidth could be accurately shown. 

As already stated, there are some inaccuracies which could be down to the type of equipment used. 

For example, when the calculations were done there could be a slight human error in the rounding of 

figures or not being as accurate as possible by giving calculated values to 3dp. Whereas, with the 

multisim values calculated they will never suffer with this as they are generated by a computer 

software. 

Another factor to consider could be that multisim will not face any sort of real-life problems like a 

practical task would as again it is a computer software program which its values will always be accurate 

and do what they are set to as they do not have a tolerance like a real component would. 

A possible recommendation that would further improve the accuracies and provide evidence as to 

how this amplifier works is by building a practical circuit with real life components. This would further 

the evidence and produce a better comparison of results to look at. However, it will bring some minor 

issues like not knowing the real values of the resistors as they all will have a different tolerance. 

Another possible recommendation could be to improve the accuracy of calculated results, make all 

working to 3dp as this will be more alike to the generated values of the multisim software program. 
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Annexe 

 

FIGURE 11: SNIPPING OF VCEO OFF THE DATASHEET 

 

FIGURE 12:SNIPPING OF IC OFF THE DATASHEET 

 

FIGURE 13: SNIPPING OF HFE OFF THE DATASHEET 

 

FIGURE 14: IMAGE OF THE AMPLIFIER 

 

FIGURE 15:COMBINED COLPITTS OSCILLATOR AND AMPLIFIER CIRCUITS 
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