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Introduction
The provided laboratory report details the steps taken to simulate, construct on a breadboard, and put together a printed circuit board (PCB) for a non-inverting amplifier circuit. As shown in figure 1.






Figure 1: A proteus schematic for a non-inverting amplifier circuit as specified in the lab instructions. Containing the components; operational amplifier, capacitors, resistors, oscilloscope, and signal generator.

The equation used for finding gain in this circuit is:
A= Vout
     						       Vin
















Amplifier Circuit Simulation
Measurements and gain calculations from proteus simulation
When the circuit shown in figure 1 is simulated in proteus the following table of results is obtained:
[image: A table with numbers and a number of objects

Description automatically generated] 
Table 1: results of proteus simulation showing the output voltage and gain of the amplifier circuit across varying values of frequency with a 2V (peak to peak) sine wave input.





Table 1 shows the circuit gain of frequencies from around 100Hz up to 50KHz to be 9.5dB. As frequencies exceed this point the gain begins to drop off before falling below 1dB at around 120KHz

Gain/Frequency Graph of simulated proteus circuit
Gain vs Frequency for LM741 Op-Amp simulated in proteus:
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Figure 2: Graph of gain against frequency for LM741 Op-Amp as simulated in proteus.

Breadboarding the Amplifier Circuit
Once the circuit had be simulated in proteus, which showed a peak gain result of 9.5dB, it was tested using breadboard to see how the simulated results compared to those achieved in real world conditions.
[image: A white board with wires connected to it

Description automatically generated]Figure 3: The amplifier circuit constructed on breadboard.
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[image: A table with text on it

Description automatically generated]Table 2: List of components used on breadboard, numbered to show position in figure 3.


Testing Details for Amplifier Circuit in Breadboard.
Whilst testing the circuit on breadboard, an input sine wave of 500mV was applied with frequencies 10Hz to 5MHz (within a logarithmic scale, as shown in table 3) and the resulting output was measured on an oscilloscope which was then used to calculate the gain values.
The signal generator's input waveform is connected to the ground and one side of component 3 (a DC blocking capacitor), allowing the signal to go to pin 2 of the IC. 
The output waveform is observed from one side of component 5 (another DC blocking capacitor), which takes its signal from pin 6 of the IC. 
This setup shows how the signal travels through the circuit, passing through the IC and capacitors for processing and observation.


[image: A table with numbers and symbols

Description automatically generated]Table 3: Output voltage and gain recorded for the breadboard amplifier circuit.






Figure 4 shows the output voltage and gain of the circuit on breadboard as a graph, highlighting a similar pattern of linear gain before a gradual decline after around 50kHz, however has a lesser gain of roughly 9 dB between values of 10Hz to around 50kHz compared to the simulated circuits gain of 9.5 dB, this could be due to several aspects, including, Modeling Accuracy: where the simulated models might not properly exhibit all the intricacies of the components or the interactions between elements in a circuit, and, Component Tolerances: as real-world components have tolerances, their actual values might slightly vary from their nominal values.

Gain/Frequency Graph of breadboard circuit
Gain vs Frequency for LM741 Op-Amp tested in breadboard:
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Figure 4: Graph of gain against frequency for LM741 Op-Amp when tested in a breadboard.


Amplifier construction on a PCB
Testing and building
The following images describe the process of building the operational amplifier and then testing it on a PC
[image: ]







Figure 5: initial set up of tools and components in preparation for assembly.
[image: ]In preparation for assembling the PCB, components were laid out on a clean workbench and checked for correct values. The soldering iron was cleaned and then tinned for efficiency in heating and to avoid tip corrosion. Not shown in figure 5, an extractor fan was used to limit solder fumes.








Figure 6: First component soldered on the PCB.
The first component added was a 20KΩ resistor. This was because when soldering, its best to start with the components that are least affected by heat build-up [1]. Also, by getting this resistor in first, confusion between the 20KΩ and 100KΩ resistors based on the similarity between bands, could be minimized.


[image: A hand holding a small green circuit board
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Figure 7: all resistors installed into the PCB.
In the process of soldering components both legs were pushed through the PCB in the appropriate location, the legs then were bent outwards slightly to prevent falling out. The board was then held in the third hand clamp. The tinned soldering iron was met up to the leg on the reverse side of the board before solder was fed in, once this had melted, the soldering iron was slowly pulled away to form a peak of solder around the base of the leg, fusing the component in place. When both legs were soldered, the excess was snipped off with cutters. Shown in figure 7 is the result of completing this method for all four resistors.
[image: ]









Figure 8: Capacitors in-situ with the resistors.
The process of soldering components was then repeated for the addition of the three 10µF capacitors. These had specific polarities that needed to be accounted for, the board had markings on it to show which orientation to install in. This was done by matching the longer of the legs to the positive. Equally the negative side on the capacitor was marked up by a white band on the correct side.
[image: ]








Figure 9: Breadboard with the addition of OP-AMP.
[image: A green circuit board with black and blue components

Description automatically generated with medium confidence]The finally the Op-AMP was added. This was because it was the most sensitive of the components and therefore more likely to be affected by heat build-up during soldering, risking damage. The OP-AMP was marked with a dot on the top left leg, this helped to correctly orientate to the board as it corresponds to diagram on the PCB. Although the soldering procedure remained consistent, the already short legs eliminated the need for snipping.









Figure 10: The completed circuit with the addition of test points.
The completed PCB was then tested with a 200mV input sine waveform. However, initially it was unsuccessful. On further inspection of the board a fault in the initial design showed a link within the board, shown in figure 11, connecting R4 and C2 which caused the issue. This was amended using a Dremel tool to break the connection.


[image: ]






Figure 11: Highlighting the faulty connection.
[image: A white electronic device with buttons and a screen
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Figure 12: Oscilloscope showing the output wave (red) when an input wave of 200mV is applied to the circuit
Once the fault was amended the circuit could be retested and was shown to work in the correct function. Figure 12 shows the resulting output waveform on an oscilloscope.

Gain (dB)	10	20	50	100	200	500	1000	2000	3000	5000	10000	20000	50000	100000	200000	4.7609220625759079	7.4213572454347254	9.187849755184617	9.4258342211787713	9.513423766488593	9.5424250943932485	9.5424250943932485	9.5424250943932485	9.5424250943932485	9.5424250943932485	9.5424250943932485	9.5424250943932485	9.5424250943932485	9.2479599579791216	6.2350772211150849	


Gain (dB)	10	20	50	100	200	500	1000	2000	3000	5000	10000	20000	50000	100000	9.1513543668796693	9.208311224336196	9.208311224336196	9.208311224336196	9.208311224336196	9.208311224336196	9.1513543668796693	9.1513543668796693	9.1513543668796693	9.1513543668796693	9.1513543668796693	9.0940215538476075	8.9197169158833667	5.9382685893829805	


General Business
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Frequency (Hz) Vout (V) Gain (dB)
10 3.46 4.761
20 4.7 7.421
50 5.76 9.188

100 5.92 9.426
200 5.98 9.513
500 6 9.542
1000 6 9.542
2000 6 9.542
3000 6 9.542
5000 6 9.542
10000 6 9.542
20000 6 9.542
50000 6 9.542
100000 5.8 9.248
200000 4.1 6.235
500000 1.65 -1.671
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Frequency (Hz) Vout (V) Gain (dB)
10 3.04 9.151
20 3.06 9.208
50 3.06 9.208

100 3.06 9.208
200 3.06 9.208
500 3.06 9.208
1000 3.04 9.151
2000 3.04 9.151
3000 3.04 9.151
5000 3.04 9.151
10000 3.04 9.151
20000 3.02 9.094
50000 2.96 8.920
100000 2.1 5.938
200000 1.08 0.162
500000 0.42 -8.041
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