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Proteus Development and Testing
Basic Proteus Design and Simulation
We began by using Proteus to design the basic circuit. Proteus has the ability to virtually create circuits and circuit diagrams using a variety of components. We had to place and connect the correct components in the correct way in order to create a basic circuit to power an OPAMP. 
This involved placing resistors, capacitors, inputs, outputs and the OPAMP itself. These components were placed in a way that made sure the OPAMP was able to take 9V power and a wave input and able to output a correctly amplified wave of the same shape as the input.
We then used a basic sine wave function and connected the circuit output to a spectrum analyser in order to test the circuit. Proteus has the ability to simulate a circuit in software in order to make sure the design is correct, before moving onto further software. This allowed me to realise that I had used the wrong power input signals and that at first, I was getting an incorrect output and was able to fix it. After fixing my circuit, I was able to view the simple sine wave amplified by a fixed amount. 
Calculating the Gain Bandwidth Product (GBP) 
Next, we calculated the gain of the circuit using the formula Gain = 1 + (RF/R1). In the configuration we used during testing, RF was an 18k resistor and R1 was a 2K resistor. This resulted in a gain of 10 and the following output result on the spectrum analyser.
We then connected the input to a signal generator, allowing us to change the inputs on the fly to test different things. We set the signal generator to generate a signal on specific settings, and then used the peak frequency of the waves in that signal as an approximation of the bandwidth.
We then slowly increased the frequency, generating a range of signals and recording the output voltage. We then evaluated exactly which two frequencies the target bandwidth fell between and we used this to repeat the test but with a smaller range of frequencies. This was continued until we established that the approximate value for the closest frequency to the target bandwidth was approximate 320kHz. We then used our gain (which in this new scenario had been set to 3) and used these values to generate a gain bandwidth product using the formula GBP = Gain * Bandwidth. This gave us a final gain bandwidth product of approximately 960k.
Simple circuit design using a basic OPAMP circuit for an example:
Gain = 1 + (RF/R1)
[image: ]RF = 20k, R1 = 10K
Gain = 1 + (20-10) = 3
.3db = 212.1Hz
This was performed a series of frequencies, until the highest voltage was known. This was then used to find out an approximate value for the bandwidth. 
[image: ]This was then narrowed down by looking at which frequency values the bandwidth fell between, before repeating the test to work out a more accurate approximate value for the voltage that matches the bandwidth. 
This voltage was then multiplied by the gain to calculate the gain-bandwidth product. 
[bookmark: _Toc122080254]Easy-PC 
[bookmark: _Toc122080255]Development of Printed Circuit Board
[image: ]After designing the circuit layout in Proteus, we then had to design an actual PCB with this circuit design. This was done using a software known as Easy PC, which enabled us to place and connect components like Proteus, but we were also able to effectively design a proper PCB to be printed in real life. This included showing the location for the traces, testing faults, etc.
Since our circuit was fairly simple, it was easier to just keep the proteus schematic open on one screen and to load up a blank EasyPC schematic on the other monitor. This then made it easy to see which component had been used and connected where and how and to just follow this again in the EasyPC schematic. This schematic had to exactly match the layout of the circuit in Proteus, and this was easy to do.
[image: Shape, square

Description automatically generated with medium confidence]Once this was done we then had to create the actual PCB design from the schematic that was now in EasyPC. Thankfully, this is made very quick and simple with EasyPC’s ability to automatically connect and create traces for components. This enabled me to easily create a simple PCB that created the circuit in the schematic. However as seen in the proteus and EasyPC diagrams, there was a significant number of connections to make and thus we required an amount of traces that would not physically fit on the circuit board. 
[image: ]To solve this, we created an additional layer on the PCB in the software. Initially by creating dummy layers to serve as placeholders, we created a layer on the bottom of the PCB. We then poured copper onto this bottom layer in 2 sections, a +V and a 0V section. This now enabled us to connect a number of components together on the board without needing to have a ridiculous number of traces. Now that this was done, the dummy layers placed earlier could be removed and the board would properly come together.
To double check everything, we viewed the PCB in 3D which showed us a computer rendered version of what our circuit board would look like with all the components attached.
[bookmark: _Toc122080256]PCB Ordering 
[image: ]After the PCB was fully designed and built in Easy-PC, we exported the PCB file into gerber files. This is the format used by manufacturers to print the circuit boards. We took these gerber files and submitted them onto the website “JLC PCB” to view an estimate of the prices. This gave us a quote on roughly how much the boards would cost each to be printed (and shipped). This came to around £2.50 per board (excl. shipping).
Figure [1]: JLCPCB, “PCB Quote” https://cart.jlcpcb.com/quote (Accessed Dec. 15th, 2022)
[bookmark: _Toc122080257][image: A close-up of a circuit board

Description automatically generated with low confidence]Bread Board Development and Testing
[bookmark: _Toc122080258]Bread Board Build Process
[image: Table

Description automatically generated]The first part of the bread board build process was to design the layout of the breadboard. To do this we initially used a software known as Pebble to develop and layout the breadboard virtually. This involved simply laying out the components on the virtual breadboard in a way that ensured they were all connected in the same way as the Easy PC and Proteus diagrams. This enabled us to test the circuit using real components. 
[bookmark: _Toc122080259]Bread Board Testing Process
The bread board was tested in a similar way to the proteus simulation, just using real components and a real signal generator and oscilloscope. On the bread board we left one end of some of the wires loose in order to be able to connect various things to them. This involved a positive power input, a ground, a signal input, and a signal output. It was recommended that we create multiple ground wires as there were many things to connect to this. 
The power supply was connected to the positive wire and the ground wire to power the components, while the signal generator was attached to the input wire on the bread board. We then attached a probe from the oscilloscope to the output wire to measure the output as well as optionally attached another probe to the input. Both of these had to be attached to ground as well to ensure that the signal was not affected by anything else. 
[image: Chart, line chart

Description automatically generated]We had this extra probe on the input wire in order to check that our input signal was correct as in some cases the output signal was not correct and sometimes not present, such as with one of my classmates who’s output signal was incorrect and eventually established to be due to a faulty OPAMP. We were only able to find this out using this second probe to check the input and output at the same time to confirm that an input signal was present. This second probe allowed us to test and ensure the system was working before taking measurements.  
We then tested at a variety of frequencies to establish the real gain of the OPAMP on a bread board which would be different due to differences such as specific wire resistance, resistance in the bread board itself, etc. Ultimately once I managed to iron out all the bugs and issues I had ascertained that my bread board circuit was amplifying the signal to the same degree as the simulated circuit (+/- some tolerance here and there). This meant that when the PCBs arrived, we could guarantee that the components worked before soldering them to the PCB for easier testing as we would be able to rule out any component failures. It also confirmed that our simulation and calculations done on Proteus were correct.
[bookmark: _Toc122080260][image: Table

Description automatically generated]Printed Circuit Board Development and Testing
[bookmark: _Toc122080261]PCB Build Process
The PCB build process was fairly simple. Once our PCBs had arrived, we simply had to check where the components went and solder them in. Checking where they went was fairly easy since all the component locations had been labelled on the PCB, meaning we simply had to look at the PCB and put in the matching component.
Soldering was also fairly simple. To solder the components once they were placed in the board. Ensuring that we had turned the extractor fan on, we clamped the board into the stand which meant we could use a hand to hold the solder rather than the board. We then heated the solder and placed it onto the trace on the board bridging the gap between board and component. There were many important things to check here, including but not limited to making sure we did not have too much solder, too little solder (and therefore no bridge) and that the solder had not bridged another gap to somewhere else.
We then had to trim and clean up the board once done, making sure the legs were trimmed as short as possible, all the components were fitted properly, and the solder applied correctly.
[bookmark: _Toc122080262]PCB Testing
[image: Chart, line chart

Description automatically generated]Testing the PCB was very similar to testing the bread board. The main difference was that instead of having a bread board with lots of variability. Thanks to the pins, it was just as easy to connect the input, output, ground, and power wires and taking measurements was the exact same as with the bread board. 
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