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Executive Summary 

Within this task an amplifier circuit is to be created and within in this assignment shows from the 

start of the research and the calculations used for this assignment. The first task is looking into 

certain components used within the amplifier circuitry and a little bit of an explanation on said 

equipment. The second task is showing the design of the amplifier used within the circuit and shows 

on the conditions were set and from there adding more to the circuit for example an oscillator. After 

this is added simulation and testing will take place then finally evaluation of the circuit with a 

conclusion. 

 

Task 1 

In this task I was instructed to research the following components for a digital circuit that we would 

be creating:  

• Amplifier  

• Oscillator  

• Negative feedback 

Amplifiers: 

There is a wide variety of amplifiers within the digital electronic industry what is usually used in 

circuitry is a small signal amplifier, A ns the reason is they can amplify a small input signal to make it 

larger. It also enlarges the level of signal that goes through the amplifier. An amplifier offers a high 

input impedance and a low output impedance. they can have different operational tasks which can 

make them ideal for high power, low noise circuitry. Each amplifier is chosen for different 

specifications which will require a different need that is needed for that specific circuit it is being 

used for.  

There are a lot of different amplifiers used for example BJT, FET and OP-Amps each one has specific 

roles within a circuit. BJT amplifiers have a very high gain which can vary from transistor to 

transistor. The BJT is known as the Bipolar junction transistor and it is one of three basic amplifier 

configurations used. 

A field effect transistors (FET) uses voltage that is applied to the input terminal to a gate which then 

controls the current flowing though. The FET Transistor is a three terminal unipolar semiconductor. 

This also has a very high input impedance which is better than the BJT Transistor. 

The third example is a Op-amp also known as a operational amplifier can be the ideal amplifier 

within circuits because the gain and bandwidth can be over 100dB. The Op-Amp has 2 input and 1 

output this excludes the power supply. 

 

The three main properties that are looked for in an amplifier are: 

Input resistance (Rin) - this resistance is the signal source once it has been applied to the amplifier. 

The input resistance will become a load to the source. The Rin can be determined by using Ohms 

Law to calculate the resistance. 

Output Resistance (Rout) - this can be determined by measuring the output voltage under a no-load 

condition and then a loaded condition. 
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Gain - Gain of an amplifier is the key element of the equipment and this can be determined by using 

the following equation. 

𝑉𝑜𝑙𝑡𝑎𝑔𝑒 𝑔𝑎𝑖𝑛 , 𝐴𝑣 =  
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
 

Oscillator: 

When the oscillator is a connected to a circuit it produces a continuous, alternating waveform 

without any input. It can turn direct current (DC) into an alternating waveform of which frequency is 

required which would be decided by the circuits design for example 200kHz. Once a capacitor 

discharge and there is no current flow left within the circuit the stored electromagnetic field will 

generate E.M.F which in turn creates a current flow which will travel in exact way as the current 

flow. 

Oscillators are put into 5 different classifications and these are: 

• Feedback mechanism – positive/negative feedback 

• Shape of waveform – sine wave, square and rectangular waves 

• Frequency of the output signal – low, high, and very high frequency 

• Frequency control used – LC (Inductors and capacitors) Oscillators 

• Frequency of output waveform – fixed and variable frequency’s 

 

Negative Feedback 

Negative feedback is a process within a circuit where a fraction of the output signal is used as an 

input this can be the voltage or the current.  If this feedback fraction is opposite in value to the input 

signal, then this is classed as negative feedback but also known as degenerative feedback.  

If a change happens in the output of a circuit then the negative feedback affects the input in a way 

as to counteract and correct the change which in effect prevents harm to the circuit, the feedback 

reduces the overall gain of the circuit due to the open-loop gain.  

Negative feedback also has effects of reducing noise, distortion to the circuit but also provides 

improvement to the bandwidth and the input/output obstructions. Any feedback in a circuit is 

known as unilateral meaning that the signal only flows one way, and this is output to input making a 

loop gain. 

The equation to negative feedback is as follows: 

Task 2 

To design a class A voltage amplifier First the power supply is needed to be chosen which is 20v 

(VCC) after this was chosen, A transistor is needed with some research it was decided that a 

BCJ47BG transistor for would be used for the amplifier circuit. Next, I had to find the quiescent 

current, this is the current when there is no signal generated. The following calculation was used to 

find this value:  

Ic = 100mA 

10% of 100mA = 0.01A 

Therefore iq = 1mA 
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With these values the lowest available value of the circuit can be calculated using the following: 

𝑖𝐵 =
𝑖𝑞

𝐻𝐹𝐸
=

1𝑥10−3

100
= 1𝑥10−6 = 1µ𝐴 

The follow calculations where used to work out the load resistor required. 

𝑅𝐿
𝑉𝑐

𝐼𝑞
              

𝑉𝐶 =
1

2
 𝑜𝑓 𝑉𝐶𝐶 =

1

2
 𝑜𝑓 20 = 10𝑉 = 𝑅𝐿 

10𝑣

1𝑚𝐴
= 1𝐾Ω    

Next the RE resistor for the circuit must be found using the following equation: 

𝑅𝐸
𝑉𝐵

𝐼𝑞
 

𝑉𝑏 = 𝑉𝐸 + 0.7𝑉 

𝑉𝐸 = 10% 𝑜𝑓 20𝑉 = 2𝑉 

𝑉𝐵 = 2𝑉 + 0.7𝑉 = 2.7𝑉 

𝑅𝐸 =  
2.7𝑉

1𝑚𝐴
= 2700Ω 

Now R1 and R2 can be calculated: 

𝑅1 =
𝑉𝑐𝑐 − 𝑉𝐵

𝐼𝑅1
=

20𝑉 − 2.7𝑉

1𝑚𝐴
= 17300 = 17.3𝑘Ω 

𝑅2 =
𝑉𝐵 − 0

𝐼 𝑅1 𝑅2
=

2.7

1𝑚𝐴
= 2.7𝐾Ω 

Next is to add capacitors to the circuit these are known as C1, C2, C3 and C4 and the values are 

located below in the table. 

 

 

 

 

 

 

 

 

 

 

 

 

Bandwidth 

99.8𝑥10−3

50.1𝑥10−3
= 0.01v 

Gain = 
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
=

49.9𝑥10−3

99.8𝑥10−3
=

0.5𝑣 𝐺𝑎𝑖𝑛 

 

 

C4 = 
1

2𝜋𝑥2300𝑥900
=

7.68𝑥10−8 
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(Figure 1) 

 

With VCC, RL, RE etc. now in place on the circuit adding the transistor completed this side of the 

circuit it was time to run the simulation and make sure that the VRMS was close to 5v and in this 

case as seen in Figure 1 the result of Vrms is 5.60v and V(dc) is 5.17v which is acceptable.  

As seen in figure 1 the below table is the values. 

 

Equipment type and Name Value 

Power supply - VCC 20V 

Resistor – R1 17.3kΩ 

Resistor – R2 2.7kΩ 

Resistor – R4 2Ω 

Resistor – RE 178Ω 

Resistor – RL 1KΩ 

Transistor – Q1 BC547BG 

Capacitor – C1 730pf 

Capacitor – C2 800nf 

Capacitor – C3 1nf 

Capacitor – C4 768.9pf 

 

After the first part of the circuit was created it was time to run an AC sweep for testing purposes 

which can be seen in figure 2.  
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(Figure 2 – AC Sweep and frequency testing) 
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Once testing was completed the op-amps and the next stage of the circuit can be installed as seen in 

figure 3. The values of L1,C5 and C6 needed changing so that the values of V-p-p and V frequency 

can be correct as seen below the following where changed to allow this. 

• L1 = 10mH 

• C5 = 126pF 

• C6 = 126pf 

• R7 = 3kΩ 

• R8 = 110Ω 

 

 

 

 

 

 

 

 

 

 

(Figure 3 – Improving design and changing values) 

The capacitors C5 and C6 when changed they need to be the same value. This allows the frequency 

to be 200kHz which can be seen in the V(Freq) probe that is attached to the circuit. 
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(Figure 4 – further testing) 

Once testing had been completed it was time for the AC power source to be removed and an 

oscillator to be added in its place this can be seen in figure 4. 

 

 

 

 

 

 

 

 

 

 

 

 

(Figure 5 – AC to be removed) 
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(Figure 6 – oscillator and signal generator added to circuit) 

As seen in figure 6 the oscillator and a signal generator, this was added for testing purposes to look 

at the voltage amplification gain, the signal generator was set to 1kHz and results were taken which 

can be located below. After changing R8’s value a probe was placed to make sure that there was 

200mV V(P-P) and as seen in figure 6 below this value was 110ohms 

 

 

 

 

 

 

 

 

 

 

 

 

 (Figure 7 – showing 201mV at V (P-P) 

Now that there is 200kHz frequency and 200-201mV an AC Sweep for testing was conducted which 

can be seen in figure 7. This shows that the centre frequency is 200.5138kHz which is expected and 

within the values that is needed for the centre frequency. 
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(Figure 8 – AC Sweep) 

 

 

 

 

 

 

 

 

 

 

 

 

 

(Figure 9 – Results of the oscillator) 

The testing was calculated from peak to peak using the multisim probes located in figure 9. 

Once this was carried out a 10kΩ variable resistor was to be put into the circuit between the signal 

generator and the input to the circuit this would show the Input impedance and again the probes 

would be used at Peak to Peak to show results. 
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(Figure 10 – Adding variable resistor to circuit) 

Once the resistor was added to the circuit testing was performed keeping the 1kHz frequency we 

can see below in figure 10 at Peak to Peak is 13.645mV. As seen in figure 10 the resistor is set to 50% 

this shows the same value as Zin. The -3dB point was calculated using Vpp of the output which is 

185mV this was multiplied by 0.707 giving the value of 0.13v  
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(Figure 11 – overall results of circuit) 

As seen by the oscillator the waveform does have a dip within this and this can be caused by being unbiased This can be expected due to the values and 

equipment used within the circuit.  
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Conclusion 

As expected, the Bandwidth is not 60Hz and the reason for this is due to the transistor used and 

equipment that would have been used during practical however due to covid-19 the practical was 

cancelled for safety reasons. Therefore, a simulation of the amplifier circuit would suffice.  

The reason the calculations are slightly different to the simulation is that multisim runs on a perfect 

environment therefore all the equipment used for example resistors, capacitors, op-amps are 

perfect without any wear or damage. The calculations may or may not have been rounded up to the 

nearest whole value for the benefit of the report.  

This in turn would cause the values and results being different from each other, however there 

would only be a slight difference. Meaning that the results from the multisim can still be used for the 

report and be used as an accurate simulation to the calculations that were made in the design stage 

of the assignment.  

 As seen in the images above provided during the construction of the circuit and the results it shows 

that the amplifier circuit had in fact worked as expected with the correct values within the input and 

output. 
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