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Introduction
I was tasked to design, build and assemble a non-inverting amplifier circuit that produces a gain of 3. It will be tested at 3 different points; Proteus simulation, Breadboard testing, and finally PCB testing. To achieve this, I used software such as Proteus and Easy PC to design and simulate a PCB. 
Components used:
1x 741 OP-AMP
1x 20K resistor
3x 10K resistors
3x 1uF capacitors
Connecting pins (1x 2 pin, 1x 3 pin, 1x 4 pin)
My printed PCB board
Equipment used:
Breadboard
Oscilloscope 
Signal Generator
Power Supply
Soldering Iron
Solder
Clamp Stand
Wet Sponge
Active Carbon Filter
Software used:
Proteus
Easy PC
PEBBLE
PCB manufacturer used:
JLCPCB






[bookmark: _Toc121915590]Proteus Circuit
Initial circuit design: 
[image: ]
Figure 1 - Image showing my circuit design made on Proteus
A basic circuit design was created in Proteus. The circuit was made using a 741, resistors, capacitors, 9V power supply, ground, and an oscilloscope. Resistor 1 had a resistance of 20K, and the others were 10K. Each of the capacitors were set to 1uF. These components were arranged in a circuit (shown above), and connected, ensuring nodes were placed in the correct place. The aim of the circuit is to produce a wave that has a gain of 3. 
The circuit was then then run which produced these oscilloscope readings. You can see that the two waves are in phase with one another. You can also see that the second wave is 3 times bigger than the 1st wave, showing that the circuit is functioning as intended.
[image: ]
Figure 2 - Image showing an example of my oscilloscope readings produced by simulating my Proteus circuit
The circuit was then edited to include a signal generator. This meant that I could alter the frequencies and voltages of the circuit. Changing the frequencies changed the peak voltage of the sine waves produced. 
[image: ]
Figure 3 - Image showing my amended Proteus circuit after including a signal generator
An example of an oscilloscope and corresponding signal generator is shown below: 
[image: ]
Figure 4 - Image showing an example of me measuring the peak voltage of my wave using the curser option
I then recorded the voltage output for different frequencies. I tested a large range, between 100 and 500K Hz. To measure these voltages, I turned on the curser option and put that at the peak of my channel B wave. By doing this, I could calculate the half power point. This point is where the voltage lost is equivalent to 3db. The exact voltage output I was looking for was 212.1 mV. Looking at the initial results, I could estimate the approximate range where I could find this voltage output; between 250K-350K Hz. 320K Hz was the closest approximate frequency to the desired output. Once I had found this value, I multiplied it by 3 (because the circuit is a gain of 3), and therefore the calculated frequency was approximately 0.96 MHz. This frequency is the Gain Bandwidth Product (GBP), which is where the gain of a circuit decreases at the same rate as the gain of a point multiplied by the frequency for a point. Manufacturers was between 0.7 – 1 MHz (see below), which shows that the simulation was reasonably accurate. Note that the manufacturers values are real world values and therefore will include uncertainties and proteus uses ideal component values. 
[image: ]
Table 1 - table showing the measured peak voltage output for each frequency for my Proteus circuit
[image: ]
Figure 5 – graph of voltage gain against frequency for my Proteus circuit
[image: ]
Table 2 - Image showing the 741 manufacturers specification of their GBP range on Farnell [1]
[bookmark: _Toc121915591]Easy PC circuit
Next, I redrew the same circuit in Easy PC as a schematic drawing. This drawing shows more detail than the Proteus drawing, including showing the input and output components, as well as showing where the circuit contains areas of +V, and 0V. That schematic drawing is shown below: 
[image: ]
Figure 6 - Image showing my schematic drawing of the Proteus circuit

[bookmark: _Toc121915592]Designing the PCB
Using that drawing, I created a PCB containing the same parts, showing how the components would actually be laid out on a circuit board. After placing the components, I placed the edges of the PCB board around them, making sure that the edges were not too close to the components, but close enough to keep the board size small, to reduce manufacturing costs. I then connected the components together, making sure to avoid 90° corner bends. This is so the connections can flow seamlessly, without being impeded, as the aggressive 90° bends can cause a build-up in electric charge, which could damage the PCB. 
[image: ]
Figure 7 - Image showing my PCB design translated from my schematic drawing
I also included copper pours on the different layers of the PCB. This is used to separate some components from other components on the same layers. It also ensures all of the components are connected with each other. To do this, I create two dummy layers, a +V layer and a 0V layer. The first pour was connecting the positive pins. To do this, I highlighted the positive net, and drew the copper pour area, avoiding the 0V pins. I then did the same with the 0V net, avoiding the +V pins. The turquoise colour shows one of the different copper pours. After pouring the copper, the dummy layers were deleted.
After completing the PCB design, I labelled the components, board, and added my initials on the top silk layer. This included making sure they were all visible to see, and far enough away from the components in order to pass the PCB checks.    	
[image: ]
Figure 8 - Image showing my PCB after pouring the copper layers
After the PCB has been created, I could view it in 3D view. This let me see how the board would look in reality, showing all the different components. This also let me see one of the copper pours on the bottom of the PCB, which you cannot see on the 2D PCB drawing. It also showed to me that the labels on the PCB would still be visible after the components would be soldered on. Screenshots of this can be seen below: 
[image: ]
Figure 9 - Image showing the top side of my PCB on Easy PC using the 3D view
[image: ]
Figure 10 - Image showing the bottom side of my PCB on Easy PC using the 3D view
The final step using Easy PC was to check for errors. There are 3 different error checks to complete before the PCB could be sent off for manufacturing. These are, the connectivity check, the integrity check, and the design rule check. The integrity check and connectivity check were passed straight away. The design rule check was harder to complete, the two issues being that component names were too close together, and that 2 components were too close together. These were easy fixes however, as a little bit of moving the components around fixed these issues. The screenshots of the competed tests are shown below:
Connectivity check: 
The connectivity check is used to make sure that all components are connected together and connected correctly.
[image: ]
Figure 11 - Image showing the successful connectivity check
Integrity check: 
The integrity check is used to make sure that the PCB circuit is identical to the schematic design drawn earlier.
[image: ]
Figure 12 - Image showing the successful Integrity check
Design rule check: 
The design rule check is the final check to complete before the PCB can be manufactered. It checks that all the componets and labels are spaced out correctly, and that all the nets are connected correctly.
[image: ]
Figure 13 - Image showing the successful design rule check
After ensuring that the Easy PC design had no errors, it was sent away to be manufactured. The manufacturer used was JLCPCB. An aim whilst designing the PCB was to make it as small as possible to reduce the cost as much as possible. The screenshot below shows how much the board cost to be manufactured. I made the Easy PC file into a Gerber zip file before uploading it to JLCPCB. 
[image: ]
Figure 14 - Image showing the cost of manufacturing my designed PCB using JLCPCB [2]
[image: ]
Figure 15 - Image showing my manufactured PCB

[bookmark: _Toc121915593]Breadboard
Next, I took the same circuit design as in the schematic drawing and made it into a bread board. I drew a digital version on PEBBLE first before making it. This shows where the components will be placed on the physical breadboard. To design this, I used the same design that was created on the initial proteus circuit.  
[image: ]
Figure 16 - Image showing a visualisation of my breadboard made on PEBBLE
After modelling the bread board on PEBBLE, I then translated it onto an actual bread board, using a 741, capacitors, one 20K resistor, and three 10K resistors. These we connected the components with wires, and added additional wires for power, input, output and ground connections. Ensuring that the breadboard was need was a priority, as that helped massively when trying to diagnose errors.
[image: ]
Figure 17 - Images showing my made up breadboard before testing it
[bookmark: _Toc121915594]Testing the breadboard
After building up the breadboard, I had to test it to make sure that the components were working correctly. This involved wiring it up with an oscilloscope, a waveform generator and a power supply. The power supply was set to 9V as was in the original Proteus circuit. I then inputted the frequencies that were tested on the Proteus circuit made to see if it was accurate. Every time the frequency was changed auto-set was pressed. The results that the oscilloscope displayed was the output from one peak of a wave to the next peak of the wave. This was not what the Proteus circuit simulated, it simulated a half wave. I therefore halved my breadboard results to be able to compare them. The breadboard results and the Proteus results differed slightly, as the Proteus results are a perfect simulation of the circuit, not taking account uncertainty error bounds created by resistors etc.  
[image: ]
Table 3 - Table showing the measured peak voltage output for each frequency for my breadboard circuit
[image: ]
Figure 18 – graph of voltage gain against frequency for my breadboard circuit


[bookmark: _Toc121915595]Assembling the PCB and soldering
After testing the breadboard and ensuring that all the components were working correctly, I then soldered the 741, resistors, capacitors and connecting pins onto my PCB. To begin, I set up the soldering iron with a clamp stand to hold my PCB in place. Next to them, I had a wet sponge which is used to remove any excess solder from the iron, and an active carbon filter. I soldered the smallest components on first. To solder the components, I poked the component legs through the holes, pushing them down to be as close to the board as possible to be neater, then clamped them in place. To solder components in place, ensure the iron is hot and hold the tip of the iron up to the hole where the component leg is poking through. Then, briefly touch the end of the iron with the end of a piece of solder, creating a blob of solder on the board. Finally, cut the excess leg wire off of the leg, making sure to not cut any solder. The order of soldering was resistors, 741, connecting pins, and finally capacitors. I ensured that the capacitors were placed in the correct orientation (positive and negative) as they were in my Easy PC drawing. It was imperative that this was correct, as if they were soldered the incorrect way, they would not work and have a build-up of heat, which could potentially damage the PCB and the other components.  
[image: ]
Figure 19 - Image showing my completed PCB board after soldering
[image: ]
Figure 20 - Image showing the underside of my PCB with the components fully soldered
[bookmark: _Toc121915596]PCB testing
After soldering my PCB together, I had to test it again to make sure all the components were soldered correctly. I once again wired it up with an oscilloscope, a waveform generator and a power supply. I then inputted the same frequencies that were tested on the Proteus circuit and tested on the breadboard. To connect the oscilloscope, I connected the input pin on my PCB to the output of the signal generator, and the input pin to the oscilloscope output wire. The power input from the power supply was connected to the +V pin on the PCB. The power used was once again 9V, in line with what was used on the Proteus circuit and breadboard. The frequency was adjusted using the oscilloscope, and auto-set was used every time the frequency was changed. 
[image: C:\Users\harry\AppData\Local\Packages\microsoft.windowscommunicationsapps_8wekyb3d8bbwe\LocalState\Files\S0\4\Attachments\IMG_20221124_122503865[1041].jpg][image: C:\Users\harry\AppData\Local\Packages\microsoft.windowscommunicationsapps_8wekyb3d8bbwe\LocalState\Files\S0\4\Attachments\IMG_20221124_132250320[1039].jpg][image: C:\Users\harry\AppData\Local\Packages\microsoft.windowscommunicationsapps_8wekyb3d8bbwe\LocalState\Files\S0\4\Attachments\IMG_20221124_132256080[1043].jpg]
Figure 21, 22, and 23 – Images showing my soldered PCB connected to an oscilloscope and signal generator for testing
Once again the results that the oscilloscope displayed was the output from one peak of a wave to the next peak of the wave, so all recorded values were once again halved. The results I got were fairly similar to my breadboard and Proteus results, which shows that the circuit is operating correctly. In particular, the results were similar to the breadboard circuit results, which shows that my soldering was correct.
[image: ]
Table 4 - Table showing the measured peak voltage output for each frequency for my PCB
[image: ]
Figure 24 – graph of voltage gain against frequency for my breadboard circuit


[bookmark: _Toc121915597]Concluding statements
As seen by my oscilloscope results, I successfully built and assembled a non-inverting amplifier circuit that produces a gain of 3. This is also evident through my results over the 3 different simulations. All 3 produced fairly similar results which shows that my final PCB was operating as intended. 
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