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In this lab, I will be building an operational amplifier with a non-inverted gain calculated at Gain = 1 + RF / R1, Gain = 1 + 20k / 10k, Gain = 3.

[bookmark: _Toc121917391][bookmark: _Toc121943991][bookmark: _Toc121945250]Proteus design
The first stage of this lab was to build a basic op-amp within proteus. This consisted of 1x 741 op-amp, 3x 10K resistors (labelled R1, R3, and R4), 1x 20K resistor (labelled RF), 3x 1uF Capacitors (labelled C1, C2 and C3), a signal generator and an oscilloscope. With these components, I assembled the Op-Amp as shown below:
[image: ]
(Above) Basic op amp non-inverting amplifier set up. (Below) The simulated experiment setup.
[image: ]
(Below) The Oscilloscope reading showing the non-inverted amplified signal. The yellow signal is the input and the blue is the output signal. 
[image: ]
Once I had completed making the simulated op-amp design and tested that it was set up correctly. I began to look for the Gain Bandwidth Product (GBP) of the simulated 741.  
This was achieved by applying an 100Hz frequency on the input of the system and worked up in 100 / 1000 / 10000 / 1000000 Hz implements. Each step of the way I marked down my results in a excel file (located below).  Once the results started to become constant before it began to decline, I tuck this constant high output frequency and times it by 0.707. This gave me 212.1Hz as my GBP target to aim for at the output. 
In the next stage, I isolate the closest input frequency’s (one above and one below) that gave me the closest results to the 212.1Hz output signal. Thiess inputs were between 250k and 500k. From hear, I gradually moved up from 250kHz input to 500kHz input in 50k jumps to slowly narrow down to the required output. This gave me a range of 300kHz to 350kHz to look throw in 10k jumps. 
On completion of this, I got the result I needed with that being 320kHz as my input signal which gave me the 212.1Hz output I was looking for. All thou this is my final result, it is not 100% accurate and this is due to proteus only being able to simulate at its smallest in increments of 10.   
Below is my results table for the GBP test and a oscilloscope reading from when preforming the experiment followed by a online characteristics table to support my results. 
[image: ]
(Above) Excel results table for prototype test. (Below) Oscilloscope reading at 340k. 
[image: ]
(Below) Electronic characteristics results of a 741 from a supplier.
[image: ]
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Once I had completed my testing of the Op-Amp system on Proteus, I then moved onto building the printed circuit board (PCB) of the Op-Amp on Easy-PC.  

[bookmark: _Toc121917393][bookmark: _Toc121943993][bookmark: _Toc121945252]The Schematic Process (Easy-PC)
When starting the proses of using Easy-PC, the first thing I had to do was make a project. By doing this, I had somewhere to store my work and allowed it to link across its different design Vues. 
Once I had maid a project, the next stage was for me to make a schematic Vue of the Op-Amp. This was a simple proses and followed the same lay out as the one made in Proteus excluding the Oscilloscope and signal generator but adding in an input and output pines in their place. There is also an added pawer pines that are located at the top of the schematics image. 
(Below) The power pins and the input signal pines with there respective key explaining the pin connections.
[image: ][image: ]
The difference between the schematic maid in Proteus to Easy-PC is that of the more formal lay out. (As can be seen by the image below of the OP-Amp schematics). This is the start of the PCB design and allows for the components to be ready for the for the next stage of the OP development.
[image: ]
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Once the schematic design was completed, I then open a new fil in my project. This new file was PCB design and from hear, I was able to begin making my PCB.
In the first stage, once the file had opened, I simply had to drag and drop my components onto the screen. These components related to the ones already outlined in the schematic design and the only thing I had to do was make sure Easy-PC know I wanted throw-hole components and not surface mount.
· A point to note! When components are placed, a light-yellow line coming from the connection of a component will link up to another component’s connection. This are the components and legs that are linked to each other in the circuit.   
After arranging the components on the screen into a layout I fort was reasonable. I then drew the PCB’s shape around the arranged components. This gave me the shape and size of my PCB witch I was working with. From this point, I was able lay copper tracks to the relevant connections but this proved to be in-practical, as certain connections overlapped making the circuit un-usable.
(Below) The PCB layout with some of the copper tracks linked up.
[image: ]
As manually laying the copper tracks wasn’t a reasonable option, I had to look for a more suitable alternative. This led me to copper poring, but before I did this I had to make 2 dummy layers, one representing 0V and a another to represent +V, on my PCB design. 
· Point to note: The dummy layers were put emplace to help with the construction of the PCB. This removes the connections from the main layer and leaves the necessary track level connections. This removed connections are now the +V and 0V layers.
I then selected my bottom layer on my PCB and market out all my +V pines. This was done by dragging an inverted box around the necessary pines isolating them from the rest of the bored. This isolated zone was then filled in by the pore copper tool linking all the +V pines in one go. After this was completed, I presided to use the copper on the rest of the base of the bored. This was my 0V connection for the necessary pines. 
(Below) Bottom of PCB showing the copper pore arear. The revursed J shape is the +V, where as the rest is 0V.
[image: ]
At this point, I removed the 2 dummy layers and went back to the top Vue of my PCB. Hear I laid the copper tracks to the relevant components that were not connected to aver the +V or 0V bases. Once completed, my circuit was completed in an operational sense and was ready for testing but before I presided on with the tests I had a cupule of cosmetic fetches to add onto the PCB. 
By using the top silk on the PCB, I placed my enisles and the name of my circuit. This was for identification purposes. Next, I rearranged the component names on the bored so that they all could be seen and easily related to the correct components once they all had been soldered into the PCB.     
 (Below) The finished top layer Vue of the PCB after cosmetic adjustments.
[image: ]
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Once I was happy with the layout of my PCB and placed my copper tracks linking up the components that ultimately completed my PCB design. I then proceeded onto testing my PCB design to check if it was feasible to be built in the real world. The first of these tests was to make sure that my PCB matched up with the schematic design I had started off with drawing at the beginning of the easy PC section of the lab. 
This first test was to make sure that no human error had occurred when arranging and connecting up the sections of my circuit. It did this by using the schematic design as a template to check that all relevant connections married up and that all the correct components were added to the PCB.  
(Below) Schematic and PCB completed test. The result is that they are the same.   
[image: Graphical user interface, diagram, schematic
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My next test was the connectivity check, this test was to make sure that all copper connections and components had no faults or short circuits within them (results imaged below).
[image: Graphical user interface, text, application
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The final stage of testing my PCB was the design rule check. In these tests, the PCB design underwent more manufacturers checks, compared to the previous two tests, making sure that all text, sizes and layers are feasible to be formed onto the physical PCB.
(Below) All of the test criteria covered in the Design Rule Checks. 
[image: Graphical user interface
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This test resulted in a couple of errors (shown below in the test report) that I quickly rectified as they were all just naming adjustments due to them aver not fitting on the PCB or overlaying on another name spot.
[image: Graphical user interface, text, application
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[image: ](Above) The print screen above shows the completed design rule test results after the errors had been rectified. Once all my tests had been completed. My PCB was ready for manufacturing. 
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After the successful completion of testing, my next stage was to send my PCB off for manufacturing. This was a simple task, starting with me going to Plot and Print within Easy-PC. In this setting, I specified certain actions that needed to be done during the manufacturing side such as drilling the holes for the component legs.
[image: ](Below) Is the procedures selected to be completed at the manufacturer. 
After I confirmed the Plot and Print tasks, I placed all of my Easy-PC files relating to my OP-Amp into a zip file and kept it saved within my Units files on my PC.
(Below) The selected Easy-PC files that were zipped.
[image: Table
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I then chose to use the company JLCPCB to manufacture my PCB as they were one of the cheapest options that still presented good quality PCBs. On there website I chose quick quotes and from hear I uploaded my zip file of my OP-Amp PCB. The quoted cost for my design came to £1.80 for 5 boards.
(Below) JLCPCB’s home page and my PCBs quote cost.
[image: A screenshot of a computer
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While waiting for my PCB to be made, I continued with my lab and testing by constructing my OP-Amp onto a breadboard using the components I was going to use in the final PCB.
To start off the breadboarding, I first planed out my design on software called PEBBLE. This helped me plan my placement of components and estimate the lengths and quantities of wires needed to construct my circuit. 
(Below) Pebble breadboard with yellow cable representing output signal point and black representing -V
[image: ]

[bookmark: _Toc121917398][bookmark: _Toc121943998][bookmark: _Toc121945257]Construction
Once I was happy with my Pebble layout, I proceeded on to gather the components needed for the OP-Amp. The components gatherd were:
· 1x 741 OP-Amp
· 1x 20k Resistor
· 3x 10k Resistor
· 3x 1uF Capacitors
· Red, Black, Blue and Green wires of varying lengths
The next stage to this was for me to construct the circuit following the Pebble layout (Shown above). For the wires, I tried to keep the red for positive voltages and the black for 0 Voltages, with this I added one more black wire that was not to be connected to the power supply (Further details of this wire will be covered in testing). The blue wire I used as my input signal and my green wire was that of my output signal.


(Below) Completed Breadboard with red wire +V, Black wire 0V, Blue wire input signal and green wire Output signal.
[image: Diagram
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[bookmark: _Toc121917399][bookmark: _Toc121943999][bookmark: _Toc121945258]Set up and Testing
For the test equipment, I used the equipment located on my workbench. This being:
· Oscilloscope set to x1
· Power supply
· Signal generator 
· 2x Signal probes set to x1 
(Below Left) Oscilloscope. (Below Right Top) Signal generator, (Below Right Bottom) Power supply.
[image: ][image: ]
When setting up the test I used one black wire (previously mentioned) as a 0V reference point for my probes to attach to. I then proceeded to attack my probes to their reference point before attaching then to their points in the circuit. The first probe came from my signal generator and was attached to the blue wire, the 2nd probe came from my oscilloscope and was attached to the output signal wire (green).  The red and black wires were attached to the power supply which was set to 9V (9 volts). 
(Below) The breadboard test setup.
[image: ]
Once I was set up, I began testing. The testing was the same as the one Carried out on Proteus with a gradual increase of frequency being put into the input of the OP-Amp up to 500 kHz. On the output I was reading the peak voltage of the output signal. 
On the first attempt at this, I realized something was wrong as all my results were halved and did not match up to my proteus tests by a long shot. After checking my circuit, I realized that my resistors were wrong. Instead of having one 20 k resistor, I had 3 and then only one 10 k resistor. This was a quick rectify and once done, I started to get results that looked more like what I was expecting and similar to those gained from the Proteus tests.
(Below) My test results from my Breadboard design of the OP-Amp.
[image: Table
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The final stage of my lab was to solder the components into my PCB along with testing it. This section will cover the proses that I tuck during my PCB stage of the lab.

[bookmark: _Toc121917401][bookmark: _Toc121944001][bookmark: _Toc121945260]Construction
The components I used for my final OP-Amp were that used in my breadboard design. I chose these ones as they were already tried and tested, and I know none of them were damaged. Along with these components I did have some extras added on, listed below are what I used: 
· 1x 741 OP-Amp
· 1x 20k Resistor
· 3x 10k Resistor
· 3x 1uF Capacitors
· 2x strips of connector pins 
Along with the listed components above, I would have liked to of used a chip holder for my 741 but at the time I did not have access to any. The reason why I wanted to use a chip holder was due to it being more efficient and safer than soldering in my 741 straight into the board, as soldering a chip straight into something can result in the chip being damaged. There is also the added safety of having a chip holder if the chip happens to break, this allows a clean and simple swop over of the chip without the need to desolder. 
(Below) The PCB before components were soldered in. 
[image: A picture containing qr code
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With all the components all together, I gathered my soldering set. This working equipment consisted of:
· 1x Soldering iron 
· 1x Soldering iron holder
· 1x Damp sponge
· 1x Extractor fan
· Strip of solder 
· 1x Clamp stand
· Flux 
· 1x solder remover 
(Below) Workstation with all equipment and breadboard containing components.
[image: ]
When adding the components to the PCB, I started off with the smallest components first, this being the 741 and resistors, before gradually working my way up to the larger components such as the capacitors and connection pins. By doing it in this order, it made it easier to insert components closer to the surface of the PCB without larger components getting in the way. 
· A point to note, as little heat was applied to the soldering of the 741 as possible. This was to prevent any damage to the chip with it being slightly more sensitive than the other components.
· A point to note, the capacitors were polarised, so I had to make sure they were placed in the right way around into the PCB. 
(Below) PCB held in place with clamp stand.
[image: A picture containing text, wall, indoor
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(Below) Close-up of the bottom of the PCB, the soldering side, with resistor and 741 legs poking throw.
[image: A picture containing circuit, electronics
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(Below) Top view of the PCB with the soldered resistors and 741. 
[image: ]
(Below) Top completed view of the OP-Amp PCB.  
[image: A picture containing electronics

Description automatically generated]


(Below) Bottom view of the completed PCB.
[image: A person holding a cell phone
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[bookmark: _Toc121917402][bookmark: _Toc121944002][bookmark: _Toc121945261]Testing 
Setting up for the test was much like the breadboard section, but with some slight changes. The list below is the equipment used:
· Oscilloscope
· Signal Generator
· Power supply 
· 3x probes set to x1 
· Black, Red, Purple and Blue wires 
With the differences to the breadboard test, two probes were connected to the input signal wire (the blue wire). This was so the input signal could be seen on channel one on the oscilloscope along with the output signal that was shown on channel two. Another added difference was the additional wires hooped onto the power pins; they were added as a temporary fetcher to aid with testing as the probes were a little to bulky to attach to the power pins. 
(Below) The PCB test set us with the oscilloscope in the back with both input (red) and output (Yellow) signals showing. 
[image: A picture containing text, electronics
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The testing for the PCB was dun the same as the tests carried out previously with the breadboard and on Proteus. This being an input signal starting at 100 Hz and gradually increasing over time to 500 kHz, with the output signal being measured at its peak voltage with that value being taken down as the test result.
At the start of the test, I came across issues with my output signal. After using a probe and testing around various points on my PCB and finding that all was operating as expected. I decided to change my signal generator to the one on the workbench next to me. This worked and I began to receive the expected output signals. (The issue with the signal generator had not been identified).
(Below) The results gained from the PCB test.
[image: Table

Description automatically generated]
(Below) A close-up of the attached wires for testing. 
[image: ]
[bookmark: _Toc121944003][bookmark: _Toc121945262]Comparing Test Results 
For each stage of designing and building my 741 OP-Amp circuits, I did identical testes to see the differences in each stage. In this section, I will explain each test result and compare them to each other along with explain any differences that may appear. 
The first of these tests tuck place on Proteus where I first prototyped my non-inverting 741 OP-Amp. This test was to be my foundation for further testing giving me a guide as to what result I was to expect going forward. The reasoning for this is the fact that testing in Proteus deals with the ideal scenario, it has no outside interference, and all components work exactly as they are intended to do so. 
With my next set of results, gathered from the PCB and Breadboard tests, I realized that they were very similar and followed the same path as the Proteus test (Can be seen and compared below with the line graphs). This gave me confidence in what I was doing and reassured me of any issues of construction I may of dun when assembling the physical pieces.  
[image: Chart, line chart
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All thou looking verry similar, the results for both the broadband and PCB tests did have different values, which can be easily seen by the comparison of the results written up within excel. (This can be seen from the image below)
(Below) Breadboard results on the left and PCB results on the right
[image: Table
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As you can see, the peak voltage stays at the same level for the first stages up until the input frequency gets to 100 kHz. From this point, both begin to decline in their pike voltage but give off different values at each reading point. The reasoning behind this can be related to a number of things such as poor connections between components, the temperature of components, the quality of the copper tracks, pore soldering on components, the tolerance bands that components operate in, human error and the sensitivity of the test equipment. 
Overall the results from the PCB should be slightly more accurate than those from the breadboard as long as the PCB had been designed correctly.  








[bookmark: _Toc121944004][bookmark: _Toc121945263]Sundries 
Below is the 3D image of my 741 OP-Amp produced in Easy-PC. This was the first look of my PCB before I gained the physical copy. 
[image: A picture containing text, electronics, circuit
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Electrical characteristics UA741
Table 3. Electrical characteristics at Ve = 15 V, Tymp, =25 °C
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