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Introduction 
In this assignment I shall be creating a non-inverting signal amplifier using a 741 OP-Amp, starting with the design and testing of a virtual circuit created using CAD software. I shall then also prototype this circuit on a breadboard and test this prototype. Then I shall be using more CAD software to design a Printed Circuit Board to get it manufactured before soldering components onto it. Finally I shall test the PCB to make sure that it works as intended and there are no faults. 
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[bookmark: _Toc122009552]Designing and simulating my circuit using Proteus

[image: ][image: ]First, I created a circuit diagram using the correct components on Proteus, you can also change the value of components such as the resistors and capacitors to match your circuit and make it accurate for simulation. I then connected a power supply and an oscilloscope so that I can measure the input and the output and see the amplified signal. By using the gain formula (gain = 1+ RF/R1), I deduced that the gain of the circuit was 3, this could also be seen by looking at the signal amplification on the oscilloscope shown below.
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I then used the oscilloscope and signal generator in Proteus to change the input and measure the output. This allowed me to take measurements from my amplifier to calculate the gain as shown in the table below.

I started by measuring from 100 – 500000 Hz, I did this to find the maximum gain.
	Frequency
	Output mV
	gain
	
	Frequency
	Output mV
	gain
	
	Frequency
	Output mV
	gain
	

	100
	282.5
	
	
	200
	295
	
	
	500
	297.5
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	1000
	297.5
	
	
	2000
	300
	
	
	5000
	300
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	10000
	300
	
	
	20000
	300
	
	
	50000
	295
	
	

	
	
	
	
	
	
	
	
	
	
	
	

	100000
	287.5
	
	
	200000
	255
	
	
	500000
	157.5
	
	

	
	
	
	
	
	
	
	
	
	
	
	



Once I had completed the measurements I used the maximum output in mV (300) to calculate the output value at which 3dBs of loss occurs. I can calculate this by multiplying the maximum output by 0.707 (where the output gain is reduced to 70.7% of its original value)
-3db = 300 * 0.707 
          = 212.1
 The bandwidth is then taken as the frequency at which this output value occurs (212.1mV) 
I can see that this value occurs between the frequencies of 250k and 400k, this means that I can create another table and measure more accurately between these values to find the precise frequency.
	Frequency
	Output mV
	
	Frequency
	Output mV
	
	Frequency
	Output mV

	250k
	237.5
	
	300k
	220
	
	350k
	202.5

	
	
	
	
	
	
	
	

	400k
	185
	
	
	
	
	
	

	
	
	
	
	
	
	
	









I then repeated it again to narrow it down further between 300k and 350k
	Frequency
	Output mV
	
	Frequency
	Output mV
	
	Frequency
	Output mV

	310k
	215
	
	320k
	212.5
	
	330k
	207.5

	
	
	
	
	
	
	
	

	340k
	205
	
	
	
	
	
	

	
	
	
	
	
	
	
	



Once I had finished my final measurements I could deduce from the table that a frequency of 320kHz gives me a 212.5 mV output which is very close to the calculated -3dB point.

I then calculated the Gain using the formula (Gain = 1+ Rf / Rin). Rf in this instance is R1 with a value of 20k and Rin is R2 with a value of 10k. Using the formula a gain of 3 is found (Gain = 1+ (20k/10k)).

I used this value of gain and my other calculated values to calculate the GBP (Gain Bandwidth Product) by multiplying the frequency (at which the output of 212.5mV was found) by the Gain of 3 
GBP = 320*3 
         = 960 kHz

This 960 kHz when compared to the manufacturers specifications (Shown Below) is very close to the typical 1MHz found.
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	Frequency (kHz) 
	Output Peak to Peak (mV)
	Half wave (mV)
	Gain(dB)

	0.1
	565
	282.5
	9.020369043

	0.2
	590
	295
	9.39644032

	0.5
	595
	297.5
	9.469739401

	1
	595
	297.5
	9.469739401

	2
	600
	300
	9.542425094

	5
	600
	300
	9.542425094

	10
	600
	300
	9.542425094

	20
	600
	300
	9.542425094

	50
	590
	295
	9.39644032

	100
	575
	287.5
	9.172756981

	200
	510
	255
	8.130803609

	250
	475
	237.5
	7.513272279

	300
	440
	220
	6.848453616

	310
	430
	215
	6.648769198

	320
	425
	212.5
	6.547178688

	350
	405
	202.5
	6.128500551

	410
	na
	na
	na

	420
	na
	na
	na

	425
	na
	na
	na

	430
	na
	na
	na

	440
	na
	na
	na

	400
	370
	185
	5.343434568

	450
	na
	na
	na

	500
	315
	157.5
	3.945611163


[image: ]
Graph of Gain Against Frequency
[bookmark: _Toc122009554]PCB Design (Easy-PC) 

Below is my circuit schematic, this was created by referring to my previous circuit designed in proteus. I then made sure to add pin headers with different layouts so that it reduces the number of mistakes that can be made when connecting the board up. When adding the pin headers, I made sure to attach them in such a way that the connectors could be attached in both orientations without it being detrimental to the circuit. I did this on the 3-pin connector by joining pins 1 and 3 and on the 4-pin connector by joining pin1 to pin 4 and pin2 to pin 3. Finally, I created a net of +V and a net of 0V and assigned them to the correct pins.
[image: ]

Once my schematic was complete I then used the translate to PCB function in the tools section to start adding my components onto a PCB. To do this I dragged the components onto the design plane starting with the Operational amplifier chip and then adding all of the others in a way that I thought would make my PCB as small as possible.

[image: ]
[image: ]

Once I had placed all the components I then used the add board function to add a border around the components leaving some space for tracks and labels. This defines the area of the PCB board but if I need to I can adjust the size later to fit the components on.
[image: ] [image: ]

Next, I used the design technologies button to delete unwanted layers and add 2 dummy inner layers, one called +V and one called 0V these also where set to the corresponding nets of +V and 0V. I did this to replicate an environment that I could add copper pours onto.
[image: ]


I then selected a pin that I knew was on the +V net (Identified using my circuit diagram) and used the highlight net button so that it highlights all of the connections of +V this means I can successfully connect all the +V connections to each other using a copper pour area.
[image: ] [image: ]

I then used the add copper pour area tool (under the ADD tab) and used the rectangle tool to draw an area around the board that connects all of the +V connections without touching or interfering with any other pin connections on the board. Once I had created the rectangle around the components I pressed the pour copper button found by right clicking the rectangle, this brings up a pouring page where I can select which net I want to assign the copper pour as, for this I selected the +V net and then pressed OK, this then poured the copper over the area and shows us as a highlighted area.
[image: ][image: ]







I then repeated these steps but drew a rectangle around the full board area making sure everything was enclosed, I then used the copper pour again but with the 0V net selected to create the 0V copper pour area. Below we can see both of the copper pour areas highlighted but also separated from each other as one is +V and one is 0V
[image: ]

I then connected the components that needed connecting together using tracks, I did this by finding out what component needed to be connected to what using the automatic routing nets and then connecting each component without interfering with others or crossing tracks. You can connect the components by double clicking on one that need connecting and moving the mouse to the other component and clicking again, this creates a track between the two.
[image: ]


[image: ][image: ]Once I had all the connections made I started testing the PCB by using the integrity and connectivity check. This checks that all the components are connected and that the PCB design matches the circuit schematic that I created at the start and is linked to the project.



I then went onto the final design test that I used, this was the design rule check. This checks all things such as component distance and lots of other things to make sure that my design is manufacturable. This brought some errors up that I had to fix such as components being too close to each other and also some component labels being too close to other components or the edges of the PCB. I fiddled with my design moving labels and components slightly whilst periodically running the test again until my PCB passed the design rule test.
[image: ]
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Next, I prepared my PCB design for printing by outputting the plots as Gerber files ready to print. I started the set-up process using the plotting and printing tab located under the output tab. To do this I made sure all the things that needed to be selected where selected such as the top silk board outline, top copper board outline and bottom copper board outline all needed to be ticked for manufacture. I then set the output to be a zip folder.
[image: ]
Once you have clicked RUN the folder of plots will be available in the selected output folder. This zip file can then be used on many websites to get your PCB’s printed. Or the plots can be used by yourself to program a CNC machine to print your PCB for you. Below you can see I used JLCPCB.I then sent off my PCB to be manufactured in China and waited for it to arrive.

[image: ]
[bookmark: _Toc122009555]Breadboard testing
[image: ]To make sure that my circuit was a working circuit I replicated it onto a breadboard using jumper wires and the components that will eventually go into my PCB.




























I then used the bread boarded circuit to amplify a signal. I attached a signal generator, power supply and an oscilloscope to measure the input signal and the output signal. Below you can see images of the equipment when in use. I attached the signal generator to the input and the power supply to the +v and 0V rails on the breadboard.
[image: ]











I then also connected the oscilloscope up to measure the input and output signals, I did this by connecting channel 1 (YELLOW) to the input signal coming from the signal generator. I then connected channel 2 (RED) to the output of the amplifier so that I could measure both the input and the output at the same time. As you can see below the signal is being amplified by a factor (gain) of roughly 3, this shows me that my circuit is working exactly as intended and that I can move further onto creating the fully functional PCB. I also recorded values into a table shown below.
[image: ]
	Frequency (kHz) 
	Output Peak to Peak (mV)
	Half wave (mV)
	Gain(dB)

	0.1
	534
	267
	8.530225227

	0.2
	550
	275
	8.786653877

	0.5
	569
	284.5
	9.081645415

	1
	569
	284.5
	9.081645415

	2
	569
	284.5
	9.081645415

	5
	569
	284.5
	9.081645415

	10
	569
	284.5
	9.081645415

	20
	569
	284.5
	9.081645415

	50
	569
	284.5
	9.081645415

	100
	569
	284.5
	9.081645415

	200
	535
	267.5
	8.546475727

	250
	510
	255
	8.130803609

	300
	479
	239.5
	7.586110355

	310
	470
	235
	7.421357245

	320
	463
	231.5
	7.291019907

	350
	455
	227.5
	7.13962802

	410
	409
	204.5
	6.213866247

	420
	409
	204.5
	6.213866247

	425
	401
	200.5
	6.042287539

	430
	393
	196.5
	5.867251094

	440
	393
	196.5
	5.867251094

	400
	417
	208.5
	6.382121186

	450
	385
	192.5
	5.688614677

	500
	385
	192.5
	5.688614677


[image: ]
Graph of Gain against Frequency for my Breadboard

[bookmark: _Toc122009556]Soldering my PCB Board
[image: ][image: ]The next step of my project was to make the real PCB, once my PCB’s arrived I started with a visual test making sure that my PCB’s were made according to the design that I had sent the PCB printing company and also making sure nothing was visually damaged.



The next step was to start soldering my components into the PCB. Firstly I set up my soldering station, this included getting an active carbon filter, soldering iron with wet sponge, helping hand and Lead free solder. I then started soldering my components, starting with the smallest components. I soldered the components in the following in order; resistors, 741 OP-AMP Chip, PCB header pins and finally capacitors. (Picture below). Once soldered I then also did another visual check making sure that all of my components where soldered properly and that I had no dry joints or short circuits.

[image: ]


[image: ][image: ]I then started to begin the testing phase of my completed PCB board. To make this step easier I got some DuPont/Molex connectors wired up so that they can connect straight to the board using the PCB pin headers that I had soldered earlier. I then set up the PCB to test using the same tools for testing my bread-board. I used my circuit diagram to find out which pins to connect up to the input, output, +V and 0V. 

[image: ]I then inputted a signal with the same characteristics as my breadboard test and measured the input and output on my oscilloscope recording the data in a spreadsheet. Below is a picture of the results on the oscilloscope, Yellow being the output and red being the input. From the results we can see that my input (RED) is amplified and becomes the output (YELLOW) this is amplified with a gain of 3, and indicates that my PCB amplifier also works as intended.


	Frequency (kHz) 
	Output Peak to Peak (mV)
	Half wave (mV)
	Gain(dB)

	0.1
	544
	272
	8.691378081

	0.2
	568
	284
	9.066366801

	0.5
	568
	284
	9.066366801

	1
	568
	284
	9.066366801

	2
	568
	284
	9.066366801

	5
	568
	284
	9.066366801

	10
	568
	284
	9.066366801

	20
	568
	284
	9.066366801

	50
	552
	276
	8.818181641

	100
	536
	268
	8.562695881

	200
	448
	224
	7.004960367

	250
	400
	200
	6.020599913

	300
	348
	174
	4.810984966

	310
	336
	168
	4.506185635

	320
	332
	166
	4.402161761

	350
	308
	154
	3.750414417

	410
	268
	134
	2.542095967

	420
	264
	132
	2.411478624

	425
	264
	132
	2.411478624

	430
	260
	130
	2.278867046

	440
	256
	128
	2.144199393

	400
	276
	138
	2.797581728

	450
	248
	124
	1.868433703

	500
	228
	114
	1.138097027


[image: ]
[bookmark: _GoBack]Graph of Gain against Frequency for my PCB
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