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[bookmark: _Toc1180597756]Schematic of the amplifier drawn, and simulated in Proteus 
Bellow you can see the schematic of the amplifier circuit drawn in proteus, this is the same schematic used for both the LM 741 and TL 071 testing. This is a Non-Inverting Op Amp design, the output gain of this circuit can be calculated using the formula, 
Gain = 1 + R4/R2 (the R number is referring to the resistor in the diagram below). 
So, for the circuit bellow this would be 1 + 20K/10K, so gain would be equal to 3 so whatever the input voltage is equal to should be multiped by 3 if the circuit is working correctly. 
[image: ]

[bookmark: _Toc1819644301]Tables of voltage measurements and gain calculations taken from Proteus simulations at various frequencies 
As can be seen in the diagram bellow you can see that at the lower frequency's that gain Is equal to 3 or close then at the top ends of performance for both op amps this starts to drop off. Increasing the hz until falling below the GBWP (max gain x 0.707). 
[image: Table

Description automatically generated]

[bookmark: _Toc1976638995]Graph of gain plotted against Frequency for simulated circuit 
The graphs bellow shows the gain against the Frequency using a logarithmic scale along the base to better display the numbers. Using this graph and the tables above you can approximate what the Khz value for the GBWP would be equal to.
[image: Chart, line chart

Description automatically generated]

[bookmark: _Toc869822351]Details of your amplifier circuit built on bread board 
Using the diagram bellow I constructed this circuit onto a bread board. This was done by cutting wires to the appropriate sizes and collecting the relevant components to put together the circuit and put these into the breadboard as shown below. 
[image: Calendar

Description automatically generated]

[bookmark: _Toc41794739]Details of how you tested your circuit on bread board – What connected to what and why 
Before I started testing my breadboard it was important to test the Equipment, I was using to carry this out was calibrated correctly. The first thing I tested was my oscilloscope, this was done using the on-board calibration method of the 5v square wave that is output, this is done simply by connecting the lead to the output and ensuring that there is a 5v square wave on the display. Once I knew the oscilloscope was correctly calibrated, I could then use this to calibrate the function generator, this was done by setting up the function generator to the voltage output that I would want for the testing and then looking on the oscilloscope to ensure that this was the correct values being output. 
So, once I had tested all the equipment and had my output voltage of 110mV sine wave and the starting frequency of 100Hz. Then ensuring my DC output was 5V I then made all the connections to my circuit and carried out my testing, raising the frequency's as can be seen in the tables bellow. Every time raising the frequency noting down the Vout of the circuit and then using this to calculate the gain as before.

[bookmark: _Toc322951832]Tables of voltage measurements and gain calculations at various frequencies for the breadboarded circuit 
The table below displays the results gathered from the test; from this you can see a slightly lower gain than there should be in theory. This difference is due to the tolerances in the components used, in the simulation these tolerances are 0 whereas in the real world these are a few percent. 
[image: Table

Description automatically generated]

[bookmark: _Toc840281433]Graph of gain plotted against Frequency for bread board circuit 
Bellow you can see the Graph, same as before using a combination of this and the table you can calculate the Gain of this circuit, then plotting the gain against the frequency using a logarithmic scale to make it easier to visualise. 
[image: Chart, line chart

Description automatically generated]

[bookmark: _Toc86529970]Schematic of the amplifier drawn in Easy-PC 
The bellow image is a schematic made in Easy-PC this was done using the components in the program's library, this was important to get correct as it is what would be used to build up my PCB later, this means selecting the correct components and having the layout well organised and easy to read. 
[image: A screenshot of a computer

Description automatically generated with medium confidence]
[bookmark: _Toc603576985]Artwork of PCB drawn in Easy-PC 
After creating the schematic, you can then create a PCB model, this was done using the tools in the program then placing down the components and connecting these as needed. Once all the connections were created, I then used the copper plating function to connect all the 5V connections, so instead of doing this Via wired connections there would be a copper plate that did this instead, I also did the same for the 0V connections (the 5V is the dark blue, 0V is the light blue, you can see where these connect to the pins are there is a break in the outer black ring on the image bellow)
[image: A screenshot of a computer

Description automatically generated with medium confidence]
Once completing the PCB, I then had to export this into a format that could be sent off to a company and printed, this is all done using the tools within the applications. To do this you need to save and export the file as a Gerber file, this will output multiple files, once this is done if you put all of these into a Zip file, this file can then be put onto websites that can produce the PCBs, this should give you a display of what you have uploaded, this can be examined and ensured that this is what is expected. 

[bookmark: _Toc834726305]Details of the build and test of PCB 
Once the printed PCB was retuned, I then carried out the work on it, soldering the components that I had previously used on the on the bread board circuit. I then soldered the components into the relevant slots ensuring that t[image: ]he components were soldered closely to the board and then cutting the legs short. Once I soldered all the components in place, I then soldered some cables to the relevant inputs so that I would be able to test the board.
After completing the board, I then carried out the testing, this was done using the function generator for the +12V input (The black wire), a 0V ground (the grey wire) and a ~100mV sine wave (the yellow wire), then using an oscilloscope to test the output (the orange wire). Then using the same testing method as previous, I filled in the table below and created this graph. 
[image: ] 

[bookmark: _Toc396219626]Conclusion
From all the data found you can see that in the simulations the results are much higher than, this is because of all the things that the simulation does not consider, for example, each component has a tolerance, this would alter the results of the output. Other reasons are measurements that the simulation does not consider, for example on a resistor, there is also an internal inductance, which would also affect the output. 
In summary there are lots of things that a simulation does not consider when it comes to comparing this to reality. so even the calculations that went in said the dB should be 3 and the simulations say it should be 3dB to get 2.9 and 2.7 on the breadboard and PCB this shows that this is not always achievable. 
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UM 741 CN (Breadboard)
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UM 741 CN (PCB)

Khz__[vout(mv)] _gain
0] 336 2.683]
0.2 336 2.683]
03] 336 2.683]

1] 336 2.683]
2| 336 2.683]
5| 30| 2734
10] 30| 2734
20] 30| 2734
50] 3] 275
100) 340) 2.7
200] 316] 252
00| 220] 1.76]

01

UM 741 CN (PCB)

10

100

1000




image1.png
@ amplifier - Proteus 8 Professional - Schematic Capture:
Fie Edt View Tool Design Groph Debug Li

DEEAS AEGER DB -

3 Schematic Copture. X

Template System  Help

O B+ +RQ4Q4Q% (D¢ Xb@ [CFL

]
3
®
-4
(o]

Non inverting opam
gain=1+F14/R3g R

T o @ >

I m 0 'ROOT - Root sheet 1

> I
Y - o

18000 y: 28000





image2.PNG
LM 741 (Proteus Simulation)
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