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1. Executive Summary 

This report describes the process of designing, building, and testing an amplifier circuit.  

Firstly, research was conducted into what amplifiers are, how they are classed and what types 

they are. Then Oscillators were researched, and the theory of negative feedback was 

introduced and explored.  

Next the design process of the amplifier was described, all of the equations used were given 

and manipulated, with all of the corresponding calculations shown. Once sufficient 

calculations had been completed, the initial amplifier could be constructed. This circuit was 

tested and was found to need refinement, this refinement process was then described along 

with the reasons for the improvements. Now that the amplifier circuit was complete, an 

oscillator had to be modified to replace the signal source used in the initial circuit. After 

tweaking the component values within the oscillator so that it fit the criteria, it was connected 

to the amplifier circuit. At this point final tests were conducted on the circuit to ensure that 

it fit the design brief. 

The report is then concluded, in the conclusion the circuit values are compared to the desired 

values. Then recommendations were made as to how the circuit values could be improved in 

the future.   
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2. Research into amplifier design techniques 

Amplifiers are electronic components that have the ability to amplify an input signal. 

When a signal is amplified the power is increased. An amplifier is classed as an active 

device, an active device is a circuit component capable of electrically controlling the 

electric charge flow. (Kuphaldt, 2021) The function of an active device is to control the 

flow of electric charge through them, they can either use voltage or another current 

for this control. When amplifying the input signal, the only characteristic of the input 

to change is the amplitude, all other characteristics of the wave stay constant. 

Amplifiers can do this because they are powered by an external power source. This is 

how they can increase power without breaking the law of conservation of energy. 

There are 3 different types of amplifiers: Voltage, Current and Power. Voltage 

amplifiers are the most common type of amplifier and they increase the amplitude of 

the voltage; current amplifiers increase the current amplitude; and the power 

amplifiers increase the power. Power amplifiers increase the power by altering the 

voltage and current, as power is equal to the product of voltage and current. This 

means that although the power will be amplified the output voltage or current could 

be lower than the input voltage or current. Transistors are active devices that are often 

used as amplifiers, they can be grouped into 2 sections: bipolar transistors and field 

effect transistors. Bipolar junction transistors (BJT’s) are electronic devices that come 

in 2 forms: NPN and PNP. Both of these refer to the type of bipolar junctions within 

the device. In an NPN transistor the charge carriers in the n-type emitter are electrons 

whereas in an PNP transistor the charge carriers in the p-type emitter are holes.   

BJT’s can have 3 different configurations as they have 3 different legs, these are: 

Common base, Common emitter and Common collector. The common base 

Figure 1- diagram of different junctions 
https://shoptransmitter.com/blog/what-is-the-
difference-between-pnp-and-npn/ 
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configuration provides a voltage gain but no current gain. The common collector 

configuration is the opposite of this, current gain but no voltage gain. The common 

emitter configuration provides both current and voltage gain. The term “common” in 

these descriptions refers to what leg on the transistor the input and output are 

connected. (Bird, 2014) There are also Field Effect Transistors (FET’s) and there are 2 

variations: junction gate and insulated gate. All FET’s are unipolar, meaning that the 

charge flow through them is either electrons through the N-type semiconductor or 

holes through the P-type semiconductor.   

The N-type FET’s are more common than the P-type, the FET’s allow the current being 

controlled to flow from source to drain or visa-versa, the controlling voltage is applied 

between the gate and source, this acts as a “pinch” that limits the current flow.  

 Another type of amplifier is the operational amplifier (op-amp), these are 

complex integrated circuits that can have many functions. These are commonly used 

to preform mathematical operations and act as a high gain DC and AC voltage 

amplifier. Op-amps have 3 main properties: high open-loop voltage gain, which 

decreases with increasing frequency; very high input impedance, this ensures that 

most of input voltage is passed through the op-amp; and they have a very low output 

impedance, this ensures that the output voltage is transferred efficiently. (Bird, 2014) 

The circuit symbol for an op-amp is as below. 

 

 

 

 

Figure 2 -
https://www.allaboutcircuits.com/textbook/semicondu
ctors/chpt-5/junction-field-effect-transistors-jfet/ 

Figure 3 - 
https://www.allaboutcircuits.com/textbook/semicond
uctors/chpt-5/junction-field-effect-transistors-jfet/ 
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The op-amp has 1 output (Vout), and 2 inputs, these are the inverting input (V-) and 

the non-inverting input (V+). Vs+ and Vs- are where an external power supply would 

be connected, the 0v point from the power supply is usually common to both the input 

and output side of the circuit, this provides the voltage reference level. In general, the 

op-amp can be viewed as a differential voltage amplifier, this means that it amplifies 

the difference between the 2 input voltages. This means we can have 3 different 

situations:  

1. V2 > V1, therefore Vout is positive 

2. V1 > V2, therefore Vout is negative 

3. V1 = V2, therefore Vout is zero 

A general equation for op-amps is  𝑉𝑜𝑢𝑡 = 𝐴0 (𝑉2 − 𝑉1), where A0 is the open loop 

voltage gain. (Bird, 2014)        

Amplifiers can be classed by their duty cycle, the most common classes are: A, AB, B, 

and C. These classes identify what the amplifier affects and its uses, the class of an 

amplifier indicates how much of the input waveform is used. Class A amplifiers are the 

most common and use 100% of the input and therefore are conducting all the time, 

this results in low distortion and low efficiency as lots of energy is lost due to heat. 

The low-level distortion means these are ideal for audio amplifiers. Class B amps use 

2 transistors, 1 BJT and 1 FET, they both amplify half of the input signal each, this 

means that the transistors are turning off for half of the wavelength, this results in a 

low distortion but better efficiency, roughly twice as efficient than class A. Class AB 

work with the same principle as class B, these amplifiers have very low distortion, 

around 0.1% and the efficiency is around 50% or lower. These amplifiers are 

Figure 4 - 
https://en.wikipedia.org/wiki/Operational_amplifier 



7 
 

commonly used in Hi-Fi systems. Class C amps are very high distortion and very high 

efficiency, and these are used for radio frequency amplification. (Elprocus, 2021) 

Oscillators are commonly used with amplifiers and they have different types. 

An oscillator produces a continuous, repeating, changing waveform, they are used to 

convert a DC source into a desired waveform. Oscillators can be sectioned into 2 

groups: harmonic and relaxation. Harmonic oscillators pass the energy from the active 

components to the passive. Whereas relaxation oscillators exchange the energy 

between the active and passive components. The frequency of oscillation for the 

harmonic is determined by the feedback path and for the relaxation the charging and 

discharging time constants of the exchange determines the frequency. Oscillators can 

be also be grouped depending on the type of feedback mechanism, these 2 groups 

are, positive feedback and negative feedback. Some common types of oscillators are, 

Wein Bridge and Colpitts. (Electrical 4 U, 2020) 

Negative feedback is the technique of sampling a part of the output signal and 

comparing that to the input signal. This makes the input partly reliant on the output, 

and by doing this it is possible to gain very precise control of the system. 

Negative feedback is commonly used in electronics and there are 4 types: Series-

parallel, series-series, parallel-parallel, and parallel-series. These refer to how the 

input/output of the amplifier is connected to the input/output of the feedback circuit. 

These different configurations will alter the input/output impedances, and therefore 

the configuration will alter the use case.  

Type of feedback Input 

Impedance (Zin) 

Output impedance 

(Zout) 

Ideal use case 

Series-Parallel High Low Voltage amplifier 

Series-Series High High Voltage to current 

transducer 

Parallel-Parallel Low Low Current to voltage 

transducer 

Parallel-Series Low High Current amplifier 

Connecting circuits in series yields a high impedance, whereas connecting in parallel 

gives a low impedance. These configurations provide different models for the circuit, 
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the model refers to how the circuit behaves, a Series-Parallel configuration will 

provide a voltage-controlled voltage source, this is perfect for a voltage amplifier. A 

Parallel-Series configuration yields a current-controlled current source, ideal for a 

current amplifier. Series-Series and Parallel-Parallel do not provide a gain, instead they 

convert an input voltage to an output current (series-series) or an input current to an 

output voltage (parallel-parallel). (Fiore, 2021) 
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3. Practical task, design method, choices, and calculations 

The first step of the design process was to select DC components, firstly a power supply for 

the transistor had to be chosen, the decided value was 30v (VCC). Next a transistor was 

selected, the amplifier had to be small signal and low frequency, it must also be on Multisim. 

Therefore, a 2N3904 transistor was chosen. The data sheet then had to be analysed to 

determine what quiescent collector current (IQ) would be suitable. The sections of the data 

sheet that were used are in the annexe. The quiescent current is the collector current when 

no signal is applied. The value for IQ should be below 10% of the ICMAX value, the ICMAX was 

200mA, and the chosen IQ was 5mA. Now the value for the load resistor (RL) can be calculated, 

this is done using the equation:  

𝑅𝐿 =  
𝑉𝐶

𝐼𝑄
, 𝑤ℎ𝑒𝑟𝑒, 𝑉𝐶 =

1

2
𝑉𝐶𝐶 . 

𝐻𝑒𝑛𝑐𝑒, 𝑅𝐿 =  
15

5×10−3 = 3kΩ 

Next the value for the emitter resistor (RE) must be calculated, the equation used for this was: 

𝑅𝐸 =  
𝑉𝐸

𝐼𝑄
 , 𝑤ℎ𝑒𝑟𝑒, 𝑉𝐸 = 10% 𝑉𝐶𝐶   

𝑇ℎ𝑒𝑟𝑒𝑓𝑜𝑟𝑒, 𝑅𝐸 =  
3

5 × 10−3
= 600Ω 

Before the next value can be calculated the data sheet for the transistor must be consulted 

to find the value for hfe. This is known as the transistors current gain; this value will be 

different for each transistor even though they are the same type. Therefore, the base current 

(IB) that will be calculated next is an estimate. To calculate IB the following equation is used: 

𝐼𝐵 =  
𝐼𝑄

ℎ𝑓𝑒
 

𝐼𝐵 =  
5 × 10−3

200
= 25µ𝐴 

Now the base voltage (VB) can be calculated, the base voltage should be roughly 0.7V higher 

than the emitter voltage (VE), VE was found to be 3V, therefore VB is 3.7V.  The 0.7V increase 

is to make sure that the input signal is biased on the linear part of the transistor characteristic. 

Next the current flowing in the DC bias network, which consists of R1 and R2, can be calculated. 
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To make sure that the bias is stable the current should be 10x more than IB. IB was calculated 

as 25µA, so IR1/R2 is simply 250µA. Now the value for R1 can be calculated, this is done using 

the equation:  

𝑅1 =  
𝑉𝐶𝐶 −  𝑉𝐵

𝐼𝑅1/𝑅2
 

𝑅1 =  
30 −  3.7

250 × 10−6
  

𝑅1 = 105.2𝑘Ω 

The final DC component to be selected is R2, to calculate this VB will be divided by IR1/R2. Doing 

this gives us a value of 14.8kΩ. 

Now the DC components for the amplifier have been chosen, the AC components must now 

be decided upon. 4 capacitors must be added to our selection, C1, C2 and C3 will be the first 

to be chosen, C1 and C2 are known as coupling capacitors, these will be placed at the input 

and output side. Their job is to allow AC signals to pass through them while blocking any DC 

signals. This is to stop the bias conditions for the amplifier changing when it is connected to 

other circuits. C3 is connected between the emitter resistor and the 0V, it is called the 

decoupling capacitor. Its job is to remove any AC signals acting across RE, any AC acting on the 

emitter leg of the transistor would be in phase with the base leg signal, this will mean that 

the signals will fluctuate together and the input signal and therefore the gain will be reduced. 

To calculate the capacitor values the following equation must be used: 

𝑐 =  
1

2𝜋𝑓𝑋𝑐
 

The frequency of the circuit is 200kHz and Xc will set as 1 as the capacitive reactance must 

be a low value when compared to the input impedance of the amplifier. Therefore, 

𝑐 =  
1

2𝜋 × 200 × 103
  

𝑐 = 800𝑛𝐹 

Enough of the components have now been selected to enable the circuit to be built, the 

values gathered are not the final values and they will have to be altered to make the circuit 

act according to the brief. The circuit can be seen in the annexe Fig. 5. With the circuit built 
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the gain and the bandwidth can be calculated, the gain calculation is shown on Fig 5 and 

comes out as 264.5, to calculate the bandwidth an AC sweep is conducted on Multisim, the 

results for this test is below. 

To calculate the bandwidth, the cursors must first be moved to the max value on the Y axis, 

this will give the reading of the centre frequency. Then 3db must taken away from this value 

and each cursor must be moved to this point on the Y axis, this value is exhibited twice on 

the graph, one on each side of the centre frequency. At this point the value for dx can be 

read from the AC sweep, this is the bandwidth. The bandwidth of the initial circuit was 

15.383MHz. To refine the circuit, the value for C1 must be tweaked and a 4th capacitor must 

be added between the output and the 0V rail. Before the values can be obtained the input 

and output impedances must be calculated.  To calculate the input impedance the circuit 

must be modified, a variable resistor (VR1) must be placed before C1, this will be set to 0Ω 

initially, under these conditions Vsource= Vinput. Now the Voutput is measured, next the 

resistance of VR1 is adjusted until the voltage across it is equal to ½ Voutput. When these 

conditions are met, the input impedance is equal to the value of VR1. With VR1 integrated 

into the circuit and set to 0Ω, Voutput was found to be 9.77mV, when the voltage across VR1 

dropped to 4.84mV the resistance was 1.7kΩ, therefore the input impedance of the circuit is 

also 1.7kΩ. The output impedance of the circuit is simply the value of the RL, 3kΩ. Now that 

these values have been found it is possible to refine the value for C1 and add C4. To find the 

values of C1 and C4 the following equations are used: 

Figure 6 - AC Sweep of Initial Circuit 
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𝐶1 =  
1

2𝜋×𝑓𝐿×𝑍𝑖𝑛
  and 𝐶4 =  

1

2𝜋×𝑓𝐻×𝑍𝑜𝑢𝑡
  

Where fL and fH are the ideal lower and higher frequency limit of the bandwidth, because 

the bandwidth is meant to be 60kHz and the centre frequency is 200kHz, this means fL and 

fH will be 170kHz and 230kHz respectively. Using these values: 

𝐶1 =  
1

2𝜋×170×103×1.7×103  and 𝐶4 =  
1

2𝜋×230×103×3×103  

𝐶1 =  550.71𝑝𝐹  and 𝐶4 = 230.66𝑝𝐹 

The final step for designing the amplifier is to introduce negative feedback, by introducing 

negative feedback the gain of the system will be reduced. The gain is reduced, and it is 

made much more reliable, this is because the gain was initially determined by the ratio of RL 

and RE. The decoupling capacitor C3 makes this ratio almost infinite and therefore the gain is 

now determined by hfe. The introduction of negative feedback changes this and now makes 

it rely on the fixed component values. Negative feedback will also reduce distortion and it 

will help to even the gain over the whole bandwidth. To introduce negative feedback into 

the system RE must be split into 2, with C3 connected in parallel with the bottom resistor.  

To reduce the gain to the desired value of 50, trial and error was used. By altering the value 

of RE and R3 the gain can be adjusted. Initially the value of RE is split in two, it was 600Ω, so 2 

300Ω resistors were used. This produced a very small gain, to adjust this the value of RE is 

reduced and RE is increased, ensuring the total resistance was around 600 ohms. After a few 

attempts a gain of 50 was achieved using the values; R3 = 30Ω and RE = 560Ω. 

Now the amplifier circuit is in its final configuration and the component values can be tested 

and compared to calculated/desired values, the circuit used for testing can be seen in Fig.7, 

in the annexe. 

Once the amplifier circuit design was complete, a Colpitts oscillator was tuned, this was 

used to replace the signal generator. The basic version of the oscillator was provided but it 

did not meet the requirements for the circuit. The provided oscillator can be seen in fig.8. 

The frequency had to be modified, to do this the values for C1, C2 and L1 must be changed, 

although the values for C1/C2 must be the same. To produce the required frequency trial 

and error was used, interactive testing was done and the frequency values from the data 

points were read. The oscillator produced a signal frequency of 200kHz when C1/C2 = 98pF 
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and L1 was 13mH. The oscillator contains 2 op-amps, U1 is a buffer amplifier and U2 is an 

inverting amplifier. U2 reduces the output signal according to the equation: 

𝐺𝑎𝑖𝑛 =  
𝑅4

𝑅3
 

The required output of U2 is 100mV (p-p), the incoming voltage is 4.43V, therefore the gain 

required is 0.0226. To produce this the following resistor values were used, R3=900Ω and 

R4=20Ω, these changes resulted in the output being 98-101mV (p-p). The final oscillator 

used can be seen in Fig.9. 

To complete the construction of the circuit the oscillator and the amplifier must be 

connected. To do this the signal generator is removed from the circuit and the output of U2 

is connected to the base of the amplifier, the final configuration of the circuit can be seen in 

Fig.10. The circuit will be tested in this configuration to ensure it fits the criteria. 
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4. Testing, results, and analysis 

Testing was conducted throughout the design process; the initial testing was used to confirm 

that the calculated values were correct and were providing the expected results. Testing 

conducted later into the design process was used to refine the circuit to produce the desired 

values. The testing done within Multisim was either interactive testing, where values could 

be read at desired points in real time; or AC sweeps were conducted to obtain readings for 

the bandwidth and centre frequency. The first set of tests were conducted to check the DC 

voltages on each leg of the transistor, this was done with interactive testing, the results are 

below.  

 

The values here are not the same as the values that were gained through calculations, they 

are all slightly lower than expected. Importantly though the difference between the emitter 

and base voltages remained as 0.7V. Then the initial circuit testing for bandwidth and gain 

were condcuted, these results were described in the previous section and shown in Fig.6.  

The next group of testing was carried out once the values for C1 and C4 were tweaked and 

negative feedback was introduced through the splitting of the emitter resistor. The circuit 

used for these tests is shown in Fig.7. The results from this test showed that the gain was 

exactly 50 and the bandwidth was 348.4627kHz. When the AC sweep was conducted it was 

Figure 11- DC Voltages on Each Leg of Transistor 
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noted that the centre frequency had shifted to 125.89kHz, this was not correct and therefore 

the value for C1 had to be altered. 

 

Through repeated testing the new value for C1 became 200pF, when the AC sweep was tried 

again the centre frequency had become 199.53kHz, this fit the criteria for the circuit. Now the 

amplifier circuit had been fully tested and was complete.  

Next the osillator was built and tested. The value for frequency was found through interactive 

testing, the data points showed the frequency. The values for C1/C2 and L1 were altered until 

these data points showed that the frequency was 200kHz. The gain of the op-amps were 

measured in the same way, the resistor values were determined through calculations so that 

they provided the correct ratio. Once the resistors were changed to the desired values, the    

p-p voltage readings from the data points were read, and the desired output voltage of 100mV 

was confirmed. The last test done on the oscillator was conducted by connecting an 

oscilloscope to the output, the test was to check that the output signal was relatively 

sinusodial. The oscilloscope wave is below. 

Figure 12 - AC Sweep Showing Incorrect Centre Frequency 

Figure 13 - Oscilloscope Results Showing Oscillator Waveform 
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This waveform is acceptable for this application. 

Now the 2 circuits could be combined to produce the final, desired circuit, this is shown in 

Fig.10. With the circuit in this configuration the final round of tests can be completed. The 

final circuit provided a gain of 33.4, this was found by dividing the output voltage by the input. 

𝐺𝑎𝑖𝑛 =  
3.34

0.1
 = 33.4 

The data point at the output of the circuit showed the frequency was 200kHz. Finally, the 

waveform was checked to see if it was sinusodial, to do this an oscillascope was connected 

bewteen the output and the 0V rail. Here is the resulting waveform: 

 

This waveform is the correct shape, this concluded the testing for the circuit. 

   

Figure 14 - Oscilloscope Reading of Output Signal 
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5. Conclusions and recommendations 

In conclusion the amplifier built was only partially able to achieve the criteria set. The 

characteristics of the built amplifier have been tabulated to be compared to the brief. 

Criteria Specification Built Circuit 

Gain 50 33.4 

Centre Frequency 200 kHz 199.53 kHz 

Bandwidth 60 kHz 348.4627 kHz 

  

These results show that the combined circuit only met 1 of 3 criteria. The constructed 

amplifier had a gain of 50 before being connected to the oscillator, it is unknown why the gain 

experienced this drop. The values shown above were achieved through repetitive testing and 

adjustments. The bandwidth was reduced from 15.383MHz to 348.4627kHz, and the gain 

reduced from 264 to 50. This was done by introducing negative feedback to the amplifier. The 

negative feedback was connected in the ‘series-parallel’ configuration described in the 

research. The task required the voltage to be amplified, the research showed that it was best 

to connect the circuit in series-parallel for this application. 

The bandwidth could have been improved more using a tuned circuit. A tuned circuit is an L-

C circuit, this would have to be connected to the output of the amplifier. The L-C circuit can 

tune the output signal by setting the component values to a desired resonant frequency. The 

equation to calculate this is: 

𝑓𝑟 =  
1

2𝜋√𝐿𝐶
 

The L-C circuit will be constructed to the required frequency and when connected to the 

output it will filter any frequencies that aren’t close to the 200kHz resonant frequency. The 

range of the filtered frequencies is determined by the quality factor. The equation for Q 

factor is: 

𝑄 =  
2𝜋𝑓𝑟𝐿

𝑅
  

The higher the value for the Q factor, the better the selectivity of the circuit will be.  
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7. Annexe for diagrams, data sheets, results tables etc 

 

Figure 7 - Complete Amplifier Circuit 

Figure 8 - Provided Colpitts Oscillator 

Figure 5 - Initial Circuit Design 
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Figure 9 - Final Colpitts Oscillator 

Figure 10 - Complete Circuit 
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qualitative data was excellent with sound
judgements based on wholly valid arguments.

Your application of practical skills for this task was
generally exceptional. You used both the basic and
advanced features of the resources appropriately
when designing the circuit and you used
appropriate advanced options for testing and
evaluating the circuit performance. You managed
to design an effective circuit that functioned well
within the specification and achieved this by rarely
asking for assistance thus demonstrating some
advanced problem solving skills. Your results were
comprehensive and allowed for a detailed
conclusion to be attempted.
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SKILLS FOR PROFESSIONAL PRAC.

In this assignment you have demonstrated skills in
working individually and also collaboratively. Your
written report was exceptionally well structured
and written in a highly coherent and logical way.
The report was presented in a professional
manner using appropriate language and
formatting, good diagrams in appropriate places,
good sentence/paragraph structure and clear
calculations. Word count exceeded by 1000 words.


