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[bookmark: _Toc122084098]Circuit Simulation
I used the Proteus software to create a “Non-inverting Opamp Amplifier” circuit, set up to amplify a sine wave with a gain of 3
[image: ]
[image: ]Shown left is the virtual oscilloscope, displaying the input as yellow and the amplified output of the circuit as green. The simulated circuit is performing as expected and is increasing the amplitude of the input signal. 
I configured the virtual oscilloscope to accurately measure the peak voltages of the signals. Doing this revealed that the output waveform has a slightly lower voltage than the theoretical 300mv.





[image: ]
To investigate this discrepancy, I replaced the input with a signal generator so I could adjust the input sine wave. By using precise voltage readings, I investigated how increasing frequencies impact the amplifier gain. There is a point at which increases in frequency will greatly diminish the output of the opamp. This is called the cut-off frequency.
[image: ]
In order to calculate the cut-off frequency, the rule of the -3dB point must be applied. After lowering the frequency to find the maximum output voltage (300mV), I used the following equation to calculate the Half-Power point:

The frequency that gets reduced to 0.212V is the cut-off frequency, which I found to be 340kHz. I then multiplied this by the gain of 3, to find -- closely matched the given value for the Gain Bandwidth Product in the specification datasheet for the opamp. This value determines the maximum frequency that the opamp can possibly generate.
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[bookmark: _Toc122084099]Designing a PCB
I spent this day on redrawing the circuit schematic in the Easy-PC software to prepare for creating a circuit board design. I employed methods for improving user-friendliness such as using unique connectors and symmetrically wiring those connectors so they could be plugged either orientation. The circuit was otherwise unaltered.[image: ]
Easy-PC cannot simulate circuits, but it does allow me to take this new schematic and arrange the components on what will become the physical board. It draws symbols for each component and lines illustrating what the required connections are. The components must be arranged in such a way that the lines have minimal length and no crossover, while maintaining a logical and practical layout. 
The below left picture is an early design with lots of room for improvement. It has messy connections, the silkscreen text will be obscured once assembled, and some components are not placed in suitable locations. The board can also be previewed in 3D (bottom right), showing a realistic model of what the finished board will look like. This helps to visualise how the components will physically fit on the board and to spot obvious mistakes in the design.
[image: ][image: A picture containing circuit, electronics
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[bookmark: _Toc122084100]Routing a PCB Design
Next, I had to create two Dummy layers in the design. These existed only to assist with generating copper regions for the power planes in the next step, and were removed at the end. For more complex designs, additional layers can be added as needed to contain all the connections. [image: ]
The board I am making will have two layers. This lets me put copper on both sides, with signal traces on the top and power planes on the bottom. Doing this reduces the difficulty of drawing the top-side connections later, and surrounding the circuit in ground-plane can help dampen RF emissions. Additionally, thick copper can be required to transfer high currents on a circuit board.
Here, I am defining the copper pour areas on the bottom. These will be on the underside of the board for providing power and ground. Power is shown in blue, and ground in cyan. These also appear in the 3D view, which shows what they will end up looking like.
[image: ][image: ]
After some adjustments (PL2’s middle pin was incorrectly grounded), I proceeded to draw the connections on the top side of the board. The software draws yellow lines showing all the missing connections, and I had to draw where the copper connections (red) should go. Additionally, I added the name of the project and my initials onto the board for future reference once it’s manufactured. The finalised board schematic and the 3D view are shown below.
[image: ] [image: ]
Next, I ran Integrity Checks, which are automatic design tests provided by EasyPC. These revealed some subtle mistakes in the design that I had to fix. For instance, some component labels were overlapping adjacent component pads. This issue was fixed by rearranging where that text was placed on the board.
[image: ]
There were other errors such as some silkscreen text being too close the edge of the board, or traces being too close to component pads. I resolved all the issues detected by the tests, which means the design is ready to be manufactured.
[image: Text

Description automatically generated]
Now the board design had been finished with no remaining errors, the next step was to export it to a Gerber file. This is the de-facto standard file format for PCB designs, with all software supporting it, and it is accepted by every single board manufacturer company.
[bookmark: _Toc122084101]PCB Ordering & Breadboard Prototyping
Exporting the PCB design to a Gerber file was a simple procedure. There’s a button in the EasyPC software which is specifically for converting the design into Gerber files. I instructed the utility to generate files for the whole design.
[image: ]
The utility outputs a collection of Gerber files into a directory, one for each element of each layer. Together, they fully describe the board’s design. The board manufacturers therefore need all of these files, so they often ask for them in a compressed Zip folder. 
[image: ]
Finally, I submitted the zip folder to JLCPCB, who are a reputable circuit board manufacturing company. Their website displayed a preview of the board and correctly reported both the dimensions and type of the board. This confirmed that the export was successful, so I handed in the finished file to Gary.
[image: ][image: ]
It would take a few weeks for the board to be manufactured, so I moved on to constructing a prototype on breadboard.
Pictured right was my first attempt at implementing the circuit on a breadboard. It ended up being very messy and hard to follow as connections were weaved around each other. 
I did not risk testing this because there could easily have been a mistake in the wiring capable of breaking something.


A different, tidier approach was needed. I pulled everything off the board and started from scratch using a breadboard designer. This ended up being far tidier and simpler to follow because the wires are exactly the length they need to be, and no wires are crossing paths. It also allowed me to add labels for future reference.
[image: ]
Copying this new design, I painstakingly measured and cut each wire and component to the correct length, except for the 4 power and signal wires. This took about 90 minutes to complete, but was well worth the effort. I was much more confident that this version of the board would function correctly, as the connections are simpler to follow.
[image: ]
[bookmark: _Toc122084102]Testing the breadboard prototype
[image: ]Now the prototype circuit had been built and checked, it had to be tested to ensure it works. I connected it to power, attached a signal generator to the blue input, and an oscilloscope to the yellow output. This setup would let me provide the circuit with a sine wave of any frequency and simultaneously compare it to the output waveform.
The circuit did work, but the output was far less than what it should have been. After carefully examining the circuit, I identified the problem to be incorrect resistor values. Instead of 3x10kΩ and 1x20kΩ, I was given 1x10kΩ and 3x20kΩ.
Fortunately, this did not affect the PCB design.
[image: ][image: ]
Since it was not possible to get replacement resistors, I proceeded with my experiment. The resistors are responsible for controlling the amplifier gain, and this configuration creates a gain of 1.5 instead of 3. Fortunately, this did not noticeably affect the overall performance of the op-amp. I configured the signal generator to create a sine wave of 1kHz with a peak-to-peak voltage of 3v. I then wrote down the peak positive voltage of the output and increased the frequency by 1kHz. I gathered readings up to 65kHz and plotted a chart.
[image: Chart, line chart

Description automatically generated with medium confidence]
[image: ]This clearly illustrates that the amplifier gain starts significantly dropping past 34kHz, which matches the cut-off frequency I calculated at the start with Proteus.
[bookmark: _Toc122084103]Placing components on the manufactured boards
The PCB design I made has now been manufactured into physical boards, and I can use these to construct a more permanent version of the circuit.
To save cost, I have reused the components from the breadboard and inserted them into the appropriate positions through the holes on the PCB. This is possible because I am only building 1 circuit, and the components used for the prototype have been proven to work correctly. 
[image: A picture containing text, electronics, circuit

Description automatically generated]The only issue I has was that I had forgotten to mark the capacitor polarity on the silkscreen, so I had to refer to the schematic to make sure they were oriented correctly.
The next step was to use the soldering equipment to secure the components in place. This will be necessary to form reliable connections between the components and the board. Currently, the components are only loosely fitted into place, and they can easily fall out if they aren’t soldered in place.
It’s very important to place the correct component into each slot, so the silkscreen’s purpose is to identify all the components on the board. By comparing the silkscreen against the circuit diagram, I was able to ensure that all the components were placed properly.

[bookmark: _Toc122084104][image: ]Soldering the components
At this point, I soldered the components onto the board. This was done by melting solder onto the base of the exposed pin legs on the back of the board, bonding them to the surrounding metal pads. These connections are very sturdy and permanent. The only potential issue is the lack of a chip socket for the opamp.
 It’s unusual for an integrated circuit to be directly soldered in place, because it’s exceedingly difficult to remove afterwards due to the number of pins. Typically, a socket is soldered into the board, which makes replacing broken chips much easier, but this was omitted to reduce cost.
[bookmark: _Toc122084105]Testing the final circuit
[image: ][image: ]I connected the circuit to the test equipment in the same manner as before, with a sine wave generator on the input and an oscilloscope on the output. My goal was to change as little as possible between tests, so I repeated the frequency test in the exact same procedure.
The only change in the circuit other than using a PCB was the correction of the resistor values. The breadboard circuit was built with incorrect resistors, so I obtained the correct set of resistors. After verifying the equipment was configured correctly, I then proceeded with the test just like before. I recorded the output waveform voltage for increments of 1kHz over a 60kHz frequency range and plotted them into a graph.
[image: Graphical user interface, chart, line chart

Description automatically generated]
Once again, the graph shows the expected drop-off in voltage past the 34 kHz point, according to the Half-Power point. This means the circuit is behaving just as it was on the breadboard, which makes sense because I was reusing many of the same components from the breadboard. 

[bookmark: _Toc122084106]Summary
In this logbook, I have demonstrated my ability to simulate a non-inverting amplifier circuit in the Proteus software, performing gain calculations for various frequencies and plotting voltage tables into graphs. I then constructed a copy of the circuit on prototyping breadboard, demonstrating that it works in the real world, and repeating the same test to prove it behaves the same way. I finally designed, built, and tested a PCB made to perform the same amplification function as the simulation and prototype, in a small form factor suitable for mass-production.
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Table 3. Electrical characteristics at Ve = 15 V, Ty = 25 °C
(unless otherwise specified) (continued)
Symbol Parameter Min. | Typ. | Max. | Unit
Gain bandwidth product
GBP | V=10 mV, R, =2ka C = 100 pF. =100 kHz o 1 Wz
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